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Linh vue k§ thuit dwec dé cap

Sang ché dé cap dén hat lua c6 aloron diy. Sang ché con dé cip dén cay lua
chira it nhat la mot bién di di truyén ma lam gidm hoat tinh cua it nhét la mot gen
ROS!Ia & cay nay. Hat theo sang ché, hodc aloron cta nd, ¢ cac tinh chét dinh dudng
tét hon, va do d6 1a ddc biét hitu ich dbi v6i thue phdm ding cho ngudi va thirc in chin

nudi.

Tinh trang ky thuit cia sing ché

Trén thé gi01, hat ngti cbe nhu lta my, gao, ngd va & muc do thép hon lta mach,
yén mach va lia mach den 13 ngudn chinh cung cip calo cho ngudi tir tinh bot ciia hat.
Hat ngii cbc con 14 quan trong trong viée cung cip céc thanh phan dinh dudng khac nhu
protein, cdc vitamin, cic chit khoang va chit xo tir ché dd dn. Céc phan khac nhau cia
hat déng gop mot cach khac nhau vé cac thanh phan dinh dung nay. Tinh bt dwoc
béo quan trong ndi nhid tinh bot cua hat ngi che, trong khi cac thanh ph?m dinh dudng
khéc tap trung nhidu hon & phdi va cam (xem tai liéu: Buri et al., 2004). Tuy nhién,
cam thudng dugc loai ra trude khi dimg & thuc phim, dic biét 12 & gao ma sau ny
dugc an & dang gao tréng.

Hat ngii c6¢ hinh thanh tr cc hién twong thu thai kép gita thé giao tir me va thé
giao tir bd. Mot trong hai té bao tinh tir éng phin hoa hop nhit véi trimg dé tao ra mot
hop t&r ma phét trién thanh phdi, va t& bao tinh khac hop nhét véi t& bio trung tim
ludng bdi cua thé dai giao tu dé tao ra nhan chinh ctia n6i nhii, tor d6 phat trién noi nhi
tam boi vé& mat di truyén. Do d6, ndi nhil bao gém ca aloron la tam bdi, ¢6 hai ban sao
cua hé gen don bdi clia me va mdt ban sao cua hé gen don bdi cua bd. O hat hai 14
mém, noi nhil bi tiéu thy boi phoi dang phat trién trong khi & cac loai mét 14 mam nhu
lGa, ndi nhil van tao nén phan chinh cta hat chin.

N¢i nhil thanh thuc cua ngti cbe c6 bdn loai té bao véi cac tinh chét khac biét, cu
thé 1a ndi nhii tinh bt ma dugc dac trung boi lugng 16n hot nho tinh bot va protein du
trit clia no, aloron kiéu biéu bi ma thudng 13 16p t bao day xung quanh da phan néi nhii
tinh bdt, véan chuyén chc té bao & day hat trén hé mach chinh clia me, va lop té bao
xung quanh phdi ma tao nén moé boc mat trong ctia phoi o giai doan dau trong qué trinh
phét trién ciia hat nhung sau dé c6 thé chi bao quanh cudng nodn ma lién két phoi va
ndi nhi tinh bét (xem tai liéu: Becraft ef al., 2001a). Phoi tao thanh trong khoang trong
ndi nhi tinh bot. Do do, md aloron cua ngil cbe chira (cac) 16p ngoai cliing ctia ndi nhil

trong hat ngli coc, va bao quanh ndi nhi tinh bdt va mot phan ctia phdi.



39377

Cac té bao aloron khac biét v6i cdc té bao ndi nhil tinh bot & hinh théi hoc, thanh
phan sinh hoa va bién dang biéu hién gen cta ching (xem tai liéu: Becraft and Yi,
2011). Cac té bao aloron thuong gidu protein va dau va tiét ra cac enzym cho phép huy
dong ndi nhii du trit trong qué trinh ndy mam cta hat. Mdi té bao aloron dugc bao
trong thanh té bao xo ma 1a day hon thanh t& bao ndi nhii va chi yéu gom arabinoxylan
va beta glucan theo cac ty 1€ khac nhau va ty phat huynh quang ¢ mtrc do cao. Lop
aloron 1a 16p duy nhét cta ndi nhit ma & ngii coc doi khi tao mau voi antoxyan.

Aloron ctia ngil coe chi 1a mdt 16p té bao day ¢ laa my va ngd loai thuong (xem
tai liéu: Buttrose 1963; Walbot, 1994), hau hét [ mot nhung c6 thé dén ba 16p té bao ¢
ving séng lung clia ndi nhil ¢ la (xem tai liéu: Hoshikawa, 1993), va ba 16p té bao ¢
lta mach loai thuong (xem tai li¢u: Jones, 1969). O ndi nhil binh thuong, aloron la rat
déu va cac mau hinh phan chia té bao 1 rét trat tu. Cac té bao aloron thuong thanh thuc
gan nhur 12 hinh khéi & phéan ¢ té bao chat dic ké ca hat, cdc khong bao nho va cac thé
vii dugc tao nén bai protein, lipit va phytin hodc protein cong véi hydrat cacbon. O hat
ngili coc thanh thue, aloron 13 mé ndi nhit duy nhét con séng, mic du ¢ dang ngu da
duoc say kho. Sau khi hut hoi am, phdi tao ra giberelin ma n6 gay ra qua trinh tong hop
amylaza va cic hydrolaza khac nhd aloron duoc giai phong vao ndi nhil tinh bot dé
phan hiy cac hop chit du trit dé tao ra duong va céc axit amin cho giai doan sinh
trudng ban dau cua phoi thanh cay con.

Sy diéu tiét qud trinh hinh thanh aloron & hat ngii cdc di duogc xem xét bai
Becraft va Yi (2011). Nhiéu muc d6 diéu tiét vé mat di truyén kiém soat sd phan, mirc
do biét hoa va td chirc ciia té bao aloron, va nhiéu gen tham gia vao cac quy trinh nay,
chi mdt vai trong sb cac gen d6 da duoc xac dinh. Vi du, dot bién mét chiic nang hat
nhén 16i1 (defective kernall - dekl) & ngd khong c6 16p aloron cho thay rang polypeptit
Dekl loai thudng 1a can thiét dé dinh 13 16p ngoai ciing cua té bao 14 aloron (Becraft ez
al., 2002). Polypeptit Dek1 14 protein mang tron ven 16n ¢6 21 mién dan qua mang va
mot mién bao chét chira calpain proteaza hoat tinh. Mot gen khac & ngd, CRINKLY4
(CR4) ma hoa kinaza thy thé ma thuc hién chirc ning nhw tac nhan diéu bién tich cuc
cta sb phan aloron, va dot bién cr4 da khir bot aloron (Becraft et al., 2001b).

‘Trong céc tai li¢u da co thong bao mot sb vi du vé aloron day & thé dot bién ca
hat ngll cde, nhung khong dot bién nao duge chirng minh 1a httru dung do tic dung da
hiéu cua gen, hoac van dé néng hoc hoac van dé san xuét.

Shen va cac ddng tac gia (2003) da théng bdo vé viée xac dinh cac thé dot bién
ngd & gen [op aloron dw thiral (supernumary aleuron layers I - sall) ma ¢ cac thé dot
bién khac nhau c6 2 dén 3 hodc dén bay 16p té bao aloron thay vi chi c6 mét 16p thong

thuong. Polypetit SAL1 dugc xac dinh [a protein phéan loat khong bao nhom E. Hat dot
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bién sall-1 ddng hop tir c¢6 phoi 181 ma chiung khong nay mam dwoc va co ndi nhii tinh
bt gidm nhiéu. Thé dot bién kém hoan chinh hon ma 1a ddng hop tir d6i vé6i alen sall-
2 thé hién aloron 2 16p t& bao. Tuy nhién, cac cdy dot bién chi sinh truéng dén chicu
cao bang 30% loai thuong, ¢6 khdi lugng ré giam va kém vé su bd tri hat (Shen ez al.
2003). Céc cdy nay 1a khong hitu dung vé mit nong hoc.

Yi va cac ddng tac gia (2011) da thong béo vé viée xac dinh dot bién aloron day
| (thkl) & ngd. Cac hat nhan dot bién 1a aloron da 16p. Tuy nhién, cac hat nhan dot bién
ndy thiéu phdi phat trién tot va khong nay mam khi dugc gico hat. Gen Thkl loai
thuong ma hoa polypetit Thkl ma tdc dong xudi dén polypeptit Dek1 von 1a can thiét
cho sy phat trién cua aloron ¢ ngd (Becraft et al., 2002).

Dot bién gen thém 16p té bao (extra cell layer - Xcl) & ngd duge xac dinh boi tac
dong cia no dén hinh thai hoc ciia 14. N6 tao ra 16p aloron kép cling nhu biéu bi 14 da
16p (xem tai liéu: Kessler er al., 2002). Dot bién Xel 1a dot bién ban troi ma pha v kiéu
hinh phén chia té bao va kiéu hinh biét hoa & ngd, tao ra 1a day va hep véi hinh thirc
béng mét cach bat thudng.

Céc thé dot bién ¢ ngd & cac gen disorgall va disorgal2 (dill va dil2) la cac
aloron c6 sb 16p thay d6i va cac té bao co hinh dang va kich thudc bét thuong (xem tai
lieu: Lid et al., 2004). Tuy nhién, hat dét bién dill va dil2 déng hop tir bi teo do mirc
tich liy tinh bot giam, va hat dot bién thanh thuc ndy mam & ty 1¢ thap va khong phat
trién thanh cay séng duoc.

O lna mach, ddt bién elo2 thé hién cac t& bao mat trat tu theo cach tuong tu va
cac bat thuong & céc 16p aloron, tao ra tir sy phan chia té bao bét thudng song song voi
mat bang (Lewis et al., 2009). Cac ciy con thé hién s6 16p té bao tang & biéu bi 14, véi
cac té bao 151 va bi méo trén biéu bi. Quan trong 13, cac ciy dot bién dong hop tir bi coi,
tao ra trong luong hat thép hon 60% so véi loai thuong, va khong hiru dung dé tao hat.

O lha, hai yéu td phién ma ma kiém soét sur biéu hién cua cac protein du trir cua
hat cling anh huéng dén sé phan cua té bao aloron (Kawakatsu et al., 2009). Hién
twong giam muc do biéu hién cta cac cdu tric kim ham dong thoi cia gen ghi ma
polypeptit yéu t6 lién két hop prolamin & lua (rice prolamin box binding factor -
RPBF), ma vén thuéc nhom yéu td phién ma ngén tay kém DOF, tao nén aloron da 16p
roi rac bao gém céc té bao to 16n x6n. Con c¢b hién tuong giam déng ké vé mutrc do biéu
hién va tich trir protein du trit ctia hat, va tinh bot va lipit duoc tich trit & mitc thap hon
dang ké. Muc d6 biéu hién cua cac thé twong dong cna cic gen Dekl, CR4 va SALI
cta ngd & laa cling bi giam, cho thiy rang cac yéu to RPBF va RISBZ1 hoat dong theo

cung mot chu trinh di€u ti€t nhu cac gen nay.



39377

Loai metyl dbi voi ADN

Theo khia canh hoan toan khéc cta thuc vat hoc, qua trinh loai metyl ddi voi
ADN duoc tom tit lai dudi ddy. Cac cay metyl hoa mot sd xytosin nucleotit & ADN cia
nhan & nguyén to cacbon 5 cua nhdn pyrimidin, tao ra S-metylxytosin (5-meC).
Xytosin dd dugc metyl hoa co thé xuat hién & mot trong ba tinh huéng, cu thé 1a metyl
héa CG, CHG (trong d6 H=A, C hodac T) va CHH, mdi loai dugc xic téc boi
metyltransferaza khac nhau. it nhat & Arabidopsis thaliana va c¢6 1& & hau hét cac ciy,
ké ca lta (xem tai li€u: Zemach et al., 2010), qua trinh metyl hoa CG dugc xuc tac bdi
cac enzym thudc ho metyltransferaza 1 (Metl), qué trinh metyl hoéa CHG dugc xtc tac
boi cac metylaza thudc hg chromometylaza, va qué trinh metyl héa CHH xay ra thong
qua phan ung gian tiép qua ARN duoc xtc tic boi metylaza nim & cudi cdc mién
(Domains Rear-ranged Methylases - DRM) bing cach st dung cic ARN nhé lam cac
trinh ty din dit (xem tai liéu: Law and Jacobsen, 2010). Viéc metyl hoa xytosin, ma
xay ra chi d6i véi ty 1é nho trong sb tat ca cac xytosin, thudng xay ra nhat & ADN di
nhidm séc va & cac ving gidu ADN 13p lai va gen nhay, @c ché hoat tinh cta ching.
Hién tuong nay con xdy ra & cac ving da duoc sao mi cia ADN cia nhan, ké ca o
ving khoi dong cia gen, va do dé lién quan dén viée kiém soat mic do biéu hién cua
nhiéu gen.

Qua trinh metyl hoa xytosin cua ADN la thudn nghich thong qua viéc loai
metyl, ma cé thé xay ra mét cach bi dong théng qua su sao chép ADN hoidc mét cach
chi dong thong qua hoat tinh ctia cac enzym loai metyl. Mot chu trinh dé loai metyl
tich cuc ddi v6i ADN & thuc vat la théng qua chu trinh stra chira cat bazo (base
excision repair - BER) ma st dung cac enzym ADN glycosylaza. Céc enzym nay loai
b6 5-meC ra khoi khung ADN soi d6i va sau d6 phén cit khung ADN (hoat tinh lyaza)
tai vi tri khong co purin hodc pyrimidin theo cac phan tng lan Iuot loai bo B va 8. Viéc
stra chita duoc hoan thanh bing cach cai xen nucleotit xytosin khéng duoc metyl hoa
nho hoat tinh ADN polymeraza.

Co bdén ADN glycosylaza/lyaza 5-meC trong hé gen Arabidopsis, dwgc goi 1a
Demeter (DME), kiéu Demeter 2 (DML2), kiéu Demeter 3 (DML3) va gen kim ham
cua gen cdm (ROS1). Phén tich di truyén va phan tich sinh héa cho thiy ring ci bbn
enzym nay déu thyc hién chirc ning ciia ADN demetylaza (xem cic tai lidu: Gong et
al., 2002; Agius et al., 2006; Morales-Ruiz et al., 2006), trong d6 DME chu yéu thuc
hién chtrc nang & té bao trimg va ndi nhil va con cac enzym khac thue hién chirc nang &
cac mo khéc. Tuong tu, cac ciy khac thé hién chi s da boi cua demetylaza (xem tai
liéu: Zemach et al., 2010).
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Can ¢6 hat lia c6 aloron day tr cac cdy, dac biét la cdy lua ma con la binh

thuong ve kiéu hinh va hiru dung vé€ mat ndng hoc.

Ban chit ky thuit ciia sang ché

Theo mét khia canh, sang ché dé xuit hat cua cay lua, hat nay chira aloron, ndi
nhii tinh bdt, gen ROSIa ghi ma polypeptit ROS1a va (i) mot hodc nhiéu bién di di
truyén mdi bién dj trong s6 d6 1am giam hoat tinh cta it nhat 1a mét gen ROSIa & cay
khi so v&i cdy lua loai thuong twong Ung, va/hodc (ii) aloron d6 day hon so voi aloron
tir hat loai thuong tuong trng.

Theo mot phuong an, polypeptit ROSla c6 hoat tinh ADN glycosylaza. Theo
mét phuong an, polypeptit ROSla ¢6 muc do hoat tinh ADN glycosylaza nam tir 2%
dén 60% murc do hoat tinh ADN glycosylaza cua polypeptit ROS1a loai thuong twong
ung va/hodc cua polypeptit ROS1a véi cdc axit amin ¢6 trinh ty néu ¢ SEQ ID NO: 2.

Theo phuong 4n khac, polypeptit ROS1a la bién thé ciia polypeptit ROS1a loai
thudng twong Umg o chd cic trinh ty axit amin cla ching 13 khac nhau. Theo mdt
phuong an dugc uu tién, hat la chira polypeptit ROS1a (Ta2) bién thé ma c6 trinh tu
axit amin nhu SEQ ID NO:1, polypeptit nay 1a bién thé cia polypeptit ROSIa loai
thuong co trinh ty axit amin nhu SEQ ID NO:2.

Theo mot phuong an, hat chira ndng d polypeptit ROS1a nam trong khoang tir
2% dén 60% lwong co & hat so véi ndng do cua polypeptit ROSla & hat loai thuong
tuong ung.

Theo mdt phuong 4n, aloron day cé it nhat 1 hai, it nhat Ia ba, it nhat 12 bén
hodc it nhat 4 nam 16p té bao, khoang 3, khoang 4, khoang 5 hoic khoang 6 16p té bao,
hoac 2 dén 8, 2 dén 7, 2 dén 6 hodc 2 dén 5 16p té bao.Theo mét phurong an, hat nay la
tir cdy lta va aloron day c6 5 dén 8, 5 dén 7, 5 dén 6 hodc 2 dén 5 16p té bao. Theo mot
phwong an, 16p aloron ting vé d0 day so véi aloron cua hat lta loai thuong khoang
100%, hoac khoang 150% hodc khoang 200%, hodc khoang 250%.

Bién di di truyén, tdt hon 1a bién di di truyén duoc dua vao, ma lam giam hoat
tinh cta it nhat 1a mot gen ROSIa & thuc vat, c¢o thé 1a loai xu 1y di truyén bat ky ma
lam giam hodc sut kém san wong cua ham lugng polypeptit ROS1a thong thudng & hat
lta. Cac vi du vé céc bién dj di truyén nay bao gom, nhung khong nhét thiét bi gii han
0,

(a) gen ROS!Ia ghi ma polypeptit ROS1a dot bién c6 hoat tinh ADN glycosylaza
thap hon so véi polypeptit ROS1a loai thudng (SEQ ID NO:2);

(b) gen ROS1a ma khi duogc biéu hién tao ra ham luong polypeptit ROS1a loai

thuong thap hon, vi dy, ma chtra dgt bién tai vi tri noi ghép ma gay ra mirc do biéu hién
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gidm cua gen ROSIa, so voi gen ROSIa loai thuong ma trinh ty ADN b tro ctia no
duoc thé hién ¢ SEQ ID NO:8, hoic gen ROS1a chua dot bién & gen khoi dau cua no
ma ma lam giam muc do biéu hién cua gen ROSIa so vé1 gen ROS1a loai thuong;

(¢) céu trac axit nucleic ngoai sinh ma ghi mi polynucleotit ma lam giam murc
d6 bicu hién cua gen ROSIa & ciy lua, tot hon néu cdu tric axit nucleic chtra ving
ADN ghi mi polynucleotit duge lién két khi hoat dong véi gen khéi dau ma dugc biéu
hién ¢ hat dang phat trién cua cay lua it nhat tai mot thoi diém gitta thoi diém né hoa va
7 ngay sau khi no hoa, va

(d) gen ROSIa chira codon dung dich ma@ sém trong vung ma hoa protein cua no
sa0 cho gen ma hoda, nhung cé thé hodc khong thé tao ra, polypeptit cut so vdi
polypeptit ROS1a loai thuong.

- Theo phuong an dugc vu tién, hat lta chtra (1) aloron, (i1) nd1 nha tinh bot, (ii1)
gen ROS1a ma chira bién di di truyén ma lam giam hoat tinh ctia gen ROSIa & cay lua
s0 voi gen ROS!a loai thuong, trong do gen ROSIa nay chita bién di di truyén ghi ma
polypeptit ROS1a bién di so véi trinh ty SEQ ID NO:2, v trong d6 aloron day hon so
voi aloron tir hat lta loai thuong wrong tmg. Theo mot phwong an, bién di di truyén ¢
gen ROSa la cai bién di tmyén da dugc dua vao. Theo mdt phuong an dugc uu tién,
polypeptit bién thé ROS1a la khac nhau vé trinh tu axit amin so v&i trinh ty da duoc
néu.0 SEQ ID NO:2 it nhat & cai xen hodc loai bo mdt hodc nhiéu axit amin hodc thay
thé axit amin so véi trinh tu SEQ ID NO:2. Theo mét phuong an dugc wu tién hon na,
polypeptit bién thé ROS1a 1a khac nhau trong trinh tw axit amin so véi trinh tu da duoc
néu ¢ SEQ ID NO:2 ¢ su cai xen mot hodc nhiéu akit amin hodc mot thay thé axit amin
so voi trinh tu SEQ ID NO:2, vi du, mot trong sb cac thay thé axit amin nhu liét ké
trong Bang 3. Hat laa co thé duoc xi 1Y sao cho no khong con kha nang nay mam, vi
du, dd duoc lam chin, hodc no6 cé thé khong duge xtr 1y sao cho nd c6 kha nang nay
méam va sinh truong va bang cach dé tao ra ciy lia theo sang ché. Theo phuwong 4n
duoc uu tién nhét, aloron ctia hat lta dwoc nhudém mau, vi du, hat lga la gao mau den
nhu dugce xac dinh trong ban mo ta nay.

Theo phuwong an dwoc uu tién khac, hat laa chira (i) aloron, (ii) ndi nht tinh bdt,
(iii) gen ROS/a ma chira bién di di truyén ma lam giam hoat tinh cta gen ROSIa & cay
lha so voi gen ROSIa loai thuong, trong d6 gen ROS/a nay ma chtra bién di di truyén
m3 hoa polypeptit ROS1a ma trinh ty axit amin ctia né giong hét nhu polypeptit ROS1a
loai thuong, vi du, SEQ ID NO:2, trong d6 gen ROS!a nay dugc biéu hién ¢ cay lia &
mtrc d6 thap hon so v6i gen ROS/a loai thuong, trong d6 aloron day hon so voi aloron
tr hat loa loai thuong twong tng. Theo mot phuong 4n, bién di di truyén & gen ROSIa

14 cai bién di truyén da dwoc dwa vao ma khién cho gen ROS/a dugc biéu hién ¢ muc
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d6 thép hon. Theo mdt phuong an, bién di di truyén- dLi'QC chon tur nhém bao gom (i)
dot bién tai vi tri ndi ghép ma khién gen ROSIa biéu hién & mirc d6 thap hon so voéi
gen ROS!1a loai thuong ma trinh ty ADN bd tro cta néd duoc thé hién & SEQ ID NO:§,
(i) dot bién & phan khoi dau ciia gen ROSIa ma lam giam mirc do biéu hién cua gen
ROS1a so vdi gen ROSIa loai thudng, va (iii) phan tir axit nucleic ngoai sinh, t6t hon
néu dugc tich hop vao hé gen nhan clia cdy lda, ma né ghi ma polynucleotit cia ARN
ma lam gidm muc do biéu hién cua gen ROSIa & cay lha. Hat lua co thé duoc xur 1y sao
cho n6 khong con kha ndng nay mam, vi du, da duoc lam chin, hodc nd cé thé khong
duoc xtr 1y sao cho no6 c¢6 kha nang nay mam va sinh trudng va bang cach d6 tao ra ciy
ta theo séng ché. Theo phuong an dugc uu tién nhét, aloron ctia hat lia duoc nhudm
mau, vi dy, hat 14a 1a gao mau den nhu dugc xac dinh trong ban mo ta nay.

Theo mét phuong an, cdy lia co mirc d hoat tinh ADN glycosylaza trong hat
dang phat trién clia n6 nam trong khoang tir 2% dén 60% muc do hoat tinh ADN
glycosylaza o hat loai thuong tuong ing dang phat trién. Theo mdt phuong an duoc wu
tién, ciy laa c6 mirc d hoat tinh ADN glycosylaza trong hat dang phat trién cua no
nam trong khoang tir 2% dén 50%, hodc nam trong khoang tir 2% dén 40%, hodc ndm
trong khoang tir 2% dén 30%, hodc nam trong khodang tur 2% dén 20% muc do hoat tinh
ADN glycosylaza ¢ hat loai thuong tuong tng dang phat trién. _

Theo mot phuong an, hoat tinh cua it nhét 1a mot gen ROS!a & cay lha bl giam ¢
mot hodc nhiéu hodc tat ca cac aloron, vo qua, phén 16i ra & nhan, bau nhuy, vo ngoai
cuia hat va ndi nhil tinh bot ctia hat dang phat trién.

Theo mét phuong an, hoat tinh ctia gen ROS/a bi giam it nhét tai thoi diém giiia
thoi diém né hoa va 7 ngay sau khi né hoa va/hodc ¢ té bao trimg trude khi nd hoa.
Theo mo6t phuong an, phan tr axit nucleic ngoai sinh cé thé duoc lién két khi hoat dong
véi gen khéi dau ma duoc biéu hién it nhat tai thoi diém giita thoi diém né hoa va 7
ngay sau khi nd hoa, sao cho polynucleotit cia ARN dd dugc ma hoa lam giam muc do
biéu hién ctia gen ROSIa & ciy lha trong khoang thoi gian do.

Theo mdt phwong an, cay Iua la hitu duc duc va hitru duc cai.

Theo mot phuong an, cay lba thé hién qué trinh thanh thuc hat tré. Theo mot
phuong an, sy thanh thuc cta hat bj tré 2 ngay dén 10 ngay hoic 2 ngay dén 15 ngay so
véi cay lna loai thudng.

Theo mét phuong an, hat nay, so voi hat loai thuong tuong (ng, c6 mot hoac
nhiéu hodc toan bo cac mic duédi dy, tAt ca cac mirc déu tinh theo trong luong,

i) ham luong khoang cao hon, tét hon néu ham lugng khoang la ham
luong ciia mot hodc nhiéu hodc tit ca kém, sat kali, magie, phospho va [uu huynh,

i) ham lugng chit chong oxy héa cao hon,
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1i1) ham luwgng phytat cao hon,

iv) ham luong ciia mdt hodc nhiéu hodc tit ca cac vitamin B3, B6 va B9
cao hon,

v) ham luogng chit xo trong ché d dinh dudng va/hodc ham luong chét xo
khong hoa tan cao hon,

vi) ham luong tinh bot nam trong khodang tor 90% dén 100% trong lugng
so voi ham lugng tinh bot cua hat loai thuong tuong img;

vii) ham luong sucroza cao hon,

viil) ham lugng monosacarit cao hon, va

ix) ham luong lipit it nhit 13 90% hodc it nhit 1a 100% so v&i ham luong
lipit cua hat loai thuong twong tng. Theo mot phuong an, ham lugng cta thanh phan
duoc ting 10% dén 50% hodc tot hon 14 10% dén 100% so véi ham luong twong Gmg &
hat lia loai thudng.

Theo mét phuong an, hat nay chira phoi.

Theo mét phuong an, hat nay 14 nguyén hat hodc hat nut vo.

Theo mot phuong an, hat nay da duge xit ly sao cho n6 khong con kha nang nay
mam, tdt hon 1a béng cach xu ly nhiét. Vi du, hat da dugc néu chin béng nudc ¢ nhiét
d6 100°C trong thoi gian it nhat 5 phat. Theo mét phuong 4n, hat nay la hat nut vo
hoac hat da duoc nghién.

Theo phuong an thay thé, hat nay co ty 1& ndy mam ndm trong khoang tir 70%
dén 100% so véi ty 1&é ndy mam cta hat loai thuéng twong tng. Tirc 1a, phan gom géom
it nhat 12 100 hat ¢6 ty 1& nay mam trung binh nam trong khoang tir 70% dén 100% so
v6i loai thuong. Khi hat nay mam va sinh truéng, ciy lta theo sang ché duoc tao ra.

Theo mot phuong an, hat nay chira gen ROS/a ma ghi ma polypeptit ROSla
vdn ¢6 hoat tinh ADN glycosylaza, t6t hon 1 & mot hodc nhiéu aloron, vo ngoai cua
hat va ndi nhil tinh bot ciia hat, trong do tot hon, néu polypeptit ROS1a ma co hoat tinh
ADN glycosylaza la polypeptit ROS1a dot bién.

Theo phuong an khac, hat nay chira polypeptit ROS1a dot bién ¢ lam hoat tinh
ADN glycosylaza giam khi dugc biéu hién & ciy lta so véi polypeptit ROSla loai
thuong twong ung, tét hon néu trong d6 polypeptit ROS1a dot bién chira mét hodc
nhiéu thay thé, loai bé hodc cai xen axit amin ma 1am giam hoat tinh ADN glycosylaza
so vOi polypeptit ROS1a loai thudng tuong tng. polypeptit ROSla dot bién co thé
khong c¢6 hoat tinh ADN glycosylaza, voi diéu kién hat chira polypeptit ROS1a khéc
ma c6 hoat tinh ADN glycosylaza. Vi du, gen ROS/a cé thé ghi ma hai polypeptit
ROS1a thong qua ghép ndi thay thé, mot trong s6 ching cé hoat tinh ADN glycosylaza
polypeptit con lai khong c6. Theo mét phuwong dn duge uu tién, polypeptit ROSla dot
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bién ¢6 cai xen bdy axit amin so v6i polypeptit ROS1a loai thuong, vi du polypeptit
ROS1a dot bién ma trinh tu axit amin caa n6 dugc thé hién & SEQ ID NO:1.

Theo phuong an khac nita, hat ¢6 tong lwong polypeptit ROS1a giam so voi hat
loai thudng twong tng, t6t hon 14 gidm & mot hodc nhiéu aloron, vo ngoai ctia hat va
nd1 nhii tinh bdt cua hat, voi diéu kién hat chira gen ROSIa ma ghi ma polypeptit
ROS1a c6 hoat tinh ADN glycosylaza. Téng lugng polypeptit ROSla ciing c¢6 thé bi
giam & phan cla cdy la.

Theo phuong én khéc, bién di di truyén, t6t hon 1a bién di di truyén duge dwa
vao, 1a cdu tric axit nucleic ngoai sinh ma ghi mi polynucleotit ma lam gidm murc do
bidu hién cua gen ROSIa & cdy lia, tot hon 1a giam ¢ cdy 10a it nhét tai thoi diém gilta
thoi diém no hoa va 7 ngay sau khi nd hoa, voi didu kién hat chua it nht 1a mot gen
ROS1a ma ghi ma polypeptit ROS1a c6 hoat tinh ADN glycosylaza.

Theo mot phuong an, hat duge nhudém mau & (cac) 1op ngoai cung cua nd, vi dy,
hat la hat lua mau ndu hodc hat lta mau den, hat nay chura (i) aloron c6 do day it nhét 1a
2 16p té bao, hodc 2 dén 7 16p té bao, va (ii) gen ROSIa dot bién ma ghi mi polypeptit
ROS1a ma chira mot hodc nhiéu thay thé, cai xen hodc x0a bd axit amin ma lam giam
hoat tinh ADN glycosylaza so vdi polypeptit ROS1a cua lua loai thuong tuong Ung,
hoat tinh ADN glycosylaza giam xuét hién & cAy lGa it nhit tai thoi diém gitra thoi
diém no hoa va 7 ngay sau khi no hoa, voi didu kién it nhat tai thoi diém giita thoi diém
n& hoa va 7 ngay sau khi né hoa cdy laa c6 muc do hoat tinh ADN glycosylaza nam
trong khoang tir 2% dén 60% & hat dang phat trién so v6i cay lta loai thuong.

Theo mét phuwong an, hat dugc nhudém mau & (cac) 1dp ngoai cung cia no, vi du,
hat 1a hat l0a mau nau hodc hat lia mau den, hat nay chura (i) aloron ¢ do day it nhat la
2 16p té bao, hodc 2 dén 7 16p té bao, va (i) cau tric axit nucleic ngoai sinh ma ghi ma
polynucleotit ma lam giam muac do biéu hién cua gen ROSIla & ciy lua, trong d6 céau
truc axit nucleic ngoai sinh chira ving ADN ghi ma polynucleotit dugc lién két khi hoat
dong v6i gen khoi ddu ma duge biéu hién & hat dang phat trién ctia cdy laa it nhat tai
thoi diém gitra thoi diém né hoa va 7 ngay sau khi né hoa, sao cho it nhat tai thoi diém
gitta thoi diém nd hoa va 7 ngay sau khi né hoa cdy lua nay co mure d6 hoat tinh ADN
glycosylaza & hat dang phat trién ndm trong khodng tir 2% dén 60% so véi cdy lua loai
thudng. Theo mdt phuong 4n duge wu tién, gen khéi dau nay la gen khai dau khac gen
khéi dau co dinh, vi du, gen khoi dau ma dugc biéu hién & noi nhii cua hat dang phat
trién. theo phuong an duoc wu tién nhét, gen khoi dau nay 1a gen khoi dau LTP.

Theo phuong &n khac, polypeptit ROS1a chtra cac axit amin ma trinh ty cta no
it nhat 14 95% déng nhét voi trinh tw SEQ ID NO: 2, hodc (céc) polypeptit ROS1a chira

cac axit amin ma trinh ty cua ching déng nhat it nhat 1a 95%, it nhat 1a 97,5%, hodc it
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nhat 1a 99% ddng nhét véi SEQ ID NO: 2 va cac trinh tir 13 khdc trinh ty axit amin cta
polypeptit ROS1a loai thuong tuong ung.

Theo mot phuwong an, polypeptit ROS1a chira mt hodc nhiéu hodc toan bd cac
motif dudi ddy; DHGSIDLEWLR (SEQ ID NO: 44), GLGLKSVECVRLLTLHH
(SEQ ID NO: 45), AFPVDTNVGRI (SEQ ID NO: 46), VRLGWVPLQPLPESLQLH-
LLE (SEQ ID NO: 47), ELHYQMITFGKVFCTKSKPNCN (SEQ ID NO: 48) va
HFASAFASARLALP (SEQ ID NO: 49).

Sang ché con d& xuét nhom hat 1Ga, moi hat ma chtra cung (céc) bién di di
truyén, cung gen ROSIa, cung polypeptit ROS1a va/hodic cO clng cac déc tinh nhu da
duge bdc 16 trong cac phuong an néu trén. Tre 1a nhom nay la dong nhat vé mat di
truyén va/hodc kiéu hinh. Nhom hat gao nay cé thé thu duoc hoac co 11gu6r1 gbe tir mot
hat hodc cay lua to tién, vi duy, co thé ¢o nguén géc tir mot hat hodc cay t6 tién cach it
nhét 1a 2, it nhét 1a 3 hodc it nhat 1a 4 thé hé cay con.

Céc tac gia sang ché da xac dinh duoc polypeptit bién thé ROSIa c6 hoat tinh
ADN glycosylaza giam. Do do, theo khia canh khac, sang ché dé& xuét polypeptit
ROS1a tinh khiét va/hodc tai td hop ma trinh tu axit amin ctia né la khéac trinh tu axit
amin cua polypeptit ROS1a loai thuong twong tng va c6 hoat tinh ADN glycosylaza
giam, t6t hon la khéng c6, so vai polypeptit ROS1a loai thuong tuong img.

Theo mo6t phuong an, polypeptit ROS1a tinh khiét va/hodc tai to hop chira cac
axit amin c6 trinh tu ma la dong nhat it nhit 1a 95%, déng nhét it nhat 1a 97,5%, hoic
dong nhét it nhat 1a 99%, véi SEQ ID NO: 2.

Theo khia canh khac, sang ché dé xuét polynucleotit phan lap va/hodc ngoai
sinh ghi ma polypeptit ROS1a theo sang ché.

Thec khia canh khac, sang ché dé xuét polynucleotit phan lap va/hodic ngoai
sinh ma, khi c6 mat ¢ cay lta, lam giam mirc do biéu hién cua gen ROS1a.

Ngudi co hiéu biét trung binh trong linh vuc k§ thuat nay biét rd vé cac loai
polynucleotit khac nhau ma c6 thé duoc dung dé lam giam muc do biéu hién cia gen
dich, va cac polynucleotit nay co thé dwoc thiét ké nhu thé nao. Cac vi du bao gom,
nhung khong chi gidi han &, polynucleotit d6i nghia, polynucleotit co6 nghia,
polynucleotit xuc tdc, ARN ¢& micron, phan tir ARN sgi d6i (dsRNA) hodc san pham
ARN da dugc xu ly cia chung.

Theo mot phuong éan, polynucleotit 1a phan tr ARN soi doi, hodc san pham
ARN di duoc xtt 1y ciia chiing, chira {t nhat 13 19 nucleotit lién tuc ma ddng nhat it nhat
14 95% véi trinh tu bd tro cua trinh tu SEQ ID NO: 7 hodc 8 (trong d6 thymin (T) la
uraxil (U)), hoic dong nhat it nhat 12 95% véi trinh tu bo tro cia ARN thong tin ghi ma

polypeptit ROS1a ma trinh ty axit amin ctia né da dwgc néu ¢ SEQ ID NO: | hogc 2.
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Theo phuong an khac, phan tu ARN sg¢i doi la tién ARN ¢& micron (ARN
micro) va/hodc trong d6 san phdm ARN d3 dugc xir 1y ctia chiing 1a ARN ¢& micro.

Theo mdt phuong an, polynucleotit duge dung dé lam giam muc do biéu hién
ctia gen ROSIa & hat dang phét trién cia cdy lia it nhat tai thoi diém giita thoi diém no
hoa va 7 ngay sau khi n¢ hoa.

Theo khia canh khac, sang ché dé xuit cdu truc axit nucleic va/hodc vat tmyén
ghi ma polynucleotit theo sang ché, trong d6 céu triic axit nucleic hodc vat truyén chira
vung ADN ghi ma polynucleotit dugc lién két khi hoat dong véi gen khai dau ma duoc
biéu hién & hat dang phat trién cta cay lua it nhat tai thoi diém gitra thoi diém no hoa
va 7 ngay sau khi n¢ hoa.

Theo khia canh khéc, sang ché dé xuit té bao tai t6 hop chtra polynucleotit ngoai
sinh theo sang ché, hodc cu truc axit nucleic va/hoic vat truyén theo sang ché.

TheornétphuangzhLtébaolétébéocﬁacﬁyluanhutébéoc&ah@thﬁLtéthqn
la aloron cua lba.

Theo mot phuong an, polynucleotit ngoai sinh, cdu truc axit nucleic hodc vat
truyén duoc tich hop vao hé gen ciia té bao, t6t hon 1a vao hé gen clia nhan.

Sang ché con d& xudt té bao cla cdy la chira gen ROSIa ghi ma polypeptit
ROSIa va bién di di truyén, t6t hon 12 bién di di truyén dugc dua vio, ma lam giam
hoat tinh cua it nhit 1a mét gen ROSIa trong té bao so voi té bao twong tmg loai
thuong.

Theo mot phuong an, té bao 1a té bao aloron, vo qua, phﬁn 161 ra & nhan, bau
nhuy, vé ngoai cta hat hodc ndi nhii tinh bot.

Theo khia canh khac, sang ché dé xudt cay laa, hodc quan thé cdy lua, ma tao ra
hat theo sang ché, polypeptit theo sang ché, polynucleotit theo sang ché, cdu tric axit
nucleic va/hodc vat truyén theo sang ché va/hodc ma chira té bao theo sang ché. Theo
mdt phuong an, mdi cay lia

Sang ché con dé xuat quan thé gdm it nhat 1 100, hoic it nhat [ 1.000 cay lua
theo sang ché sinh truong trén canh dong. Theo phuong an duoc uu tién, hau hét
(>50%), tét hon 1a tht cd cac cAy lia trén canh ddng 14 cdy la theo sang ché. Theo
phuong an duoc wu tién nhét, it nhét 14 100, hodc it nhét 1a 1.000 cay lua la giéng nhau
vé mit di truyén va/hogc kiéu hinh, vi dy, chita cing mét loai bién di di truyén.

Theo khia canh khac, sang ché dé xuat phuong phap tao ra té bao theo sang ché,
phuong phap nay bao gbm budc dua polynucleotit ngoai sinh theo sdng ché, hodc cu
triic axit nucleic va/hodc vat truyén theo sang ché, vao trong té bao, t6t hon 1a té bao

lua.
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Theo khia canh khéc, sang ché dé xuit phuong phap tao ra cdy lia theo sang ché
hodc hat chuyén gen thu duge tir d6, phuwong phép nay bao gdm cac budc dudi day:

i) dua vao té bao lta, polynucleotit ngoai sinh theo sang ché, hodc cu tric axit
nucleic va/hodc vit tmyén theo sang ché,

ii) thu nhén cdy lta chuyén gen tir té bao thu duoc theo bude i), ciy lta chuyén
gen 1a chuyén gen ddi véi polynucleotit ngoai sinh, ciu tric axit nucleic hodc vat
truyén hodc phan cia ching, va

111) tuy y thu hoach hat tir cay theo budc ii), hat nay la chuyén gen doi voi
polynucleotit ngoai sinh, céu triic axit nucleic hodc vat truyén, va

iv) ty ¥ tao ra mot hodc nhiéu ciy con chuyén gen tir hat chuyén gen, cac céy
con nay la chuyén gen dbi v6i polynucleotit ngoai sinh, ciu trac axit nucleic hodc vat
truyén,
nh¢ d6 tao ra cdy laa hodc hat laa chuyén gen.

Theo khia canh khéc, sang ché dé xuat phuong phap tao ra cy lua theo sang ché
hoac hat tir no, phuwong phap nay bao gdm cac budc

i) dua vao té bao lta dot bién cua gen ROSIa ndi sinh sao cho gen ROSIa dot
bién ma héa polypeptit ROS 1a theo sang ché, hoic khong ghi ma polypeptit ROS1a,

11) thu nhén cay lua tir té bao thu duogc theo bude i), cdy lua ndy chia dot bién
cua gen ROS!a ndi sinh, va

iii) thy ¥ thu hoach hat tir ciy theo budc ii), hat nay chira dot bién cua gen
ROSIa ndi sinh, va

iv) tlly ¥ tao ra mot hodc nhidu thé hé cay con tir hat, thé hé ciy con chira dot
bién ctia gen ROSIa noi sinh,
nho do6 tao ra cdy lua hodc hat lua.

Theo mdt phwong an, cdy lua hodc hat ltia chira it nhat 1 mot gen ROS/a ma ghi
ma polypeptit ROS1a ma c6 hoat tinh ADN glycosylaza.

Theo khia canh khac, sang ché dé xuat phuong phéap chon loc cdy lua hodc hat
lta theo sang ché, phuong phap nay bao gdbm cic budc

i) sang loc quéan thé ciy lta hodc hat lia mdi cay hodc hat trong s6 nay thu duoc
tr xu 1y dot bién ddi voi té bao, hat hodc cay lua td tién, dé tao ra hat theo sang ché
hodc vé su ¢b mat cia dot bién & gen ROSIa, hodc sy c6 mdt cua hat lua theo sang ché,
va

i) chon loc tir quan thé theo budc (i) cAy la ma tao ra hat theo sang ché hoac
ma chira gen ROS1a dot bién, hodc hat lta theo budc (i) ma 1a hat lta theo sang ché,

béng cach do6 chon loc dugc cdy lua hodc hat lua.
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Phuong phap co thé bao géln budc tao ra mdt hodc nhiéu cady con hodc hat tuor
cay lua chon loc, hodc it nhit 12 hai thé hé cay con, va’hodc thu hoach hat tu thé hé cay
con. Tt hon, néu céc cay con nay 1a ddng hop tir d6i véi bién di di truyén.

Theo khia canh khéc, sang ché dé xuat phuong phép chon loc cdy la theo sang
ché, phuong phap nay bao gom cic budc

1) tao ra mot hoac nhiéu cdy con tu hat lia, hat lta nay thu dugc tir viéc lai hai
cay lua b6 me,

ii) sang loc mét hodc nhiéu cy con theo budce i) dé tao ra hat theo sang ché, va

i1i) chon cdy con ma tao ra hat,
béng cach do chon loc cay lta. Theo mét phuong an dwgce wu tién, hat 1da 13 hat loa
mau den.

Theo mdt phuong an, bude sang loc i) hoac budc ii) bao géln mdt hodc nhiéu
hodc tat ca céc cong doan sau:

i) phan tich mau chira ADN tir cay con vé bién di di truyén,

11) phan tich d§ day cua aloron cua hat thu dugc tur cdy con, va

ii1) phan tich ham lugng dinh dudng cua hat hodc mot phé”m cua no.

Tét hon, néu bién di di truyén 1a bién di di truyén dugc dua vao.

Theo mét phuong an, bude iii) bao gdm mot hodc nhidu hodc tit ca cac cong
doan:

i) chon cay con la ddng hop tir dbi v6i bién di di truyén, trong d6 bién di di
truyén nay lam giam hoat tinh ADN glycosylaza & cdy lia khi so voi cay lta loai
thudong twong g,

11) chon cay con ma hat cia n6 cé aloron day hon so véi hat loai thuong twong
ing,

iii) chon cdy con ma hat ctia né hodc phan ctia ching c6 ham luong dinh dudng
thay ddi so véi hat loai thuong twong mg hodc phan cia chiing.

Theo phuong an khéc nita, phuong phap con bao gém cic budc

1) lai hai cay lua bd me, tdt hon 1a trong d6 mot trong sb cac cay lua bd me tao ra
hat theo séng ché, hodc

ii) lai nguge mot hodc nhiéu cay con thu duge theo bude i) véi cac cdy co cung
kiéu di truyén nhu cay laa bd me dau tién ma khong tao ra hat theo sdng ché véi s6 1an
du dé tao ra cay c6 phin 16n kiéu di truyén cua cdy lta bd me dau tién nhung tao ra hat
theo sang ché, va

111) chon cdy con ma tao ra hat theo sang ché.

Sang ché con dé xuét cay lua va hat lua, va cac san phém cua chung, tao ra dugc

bang cach ap dung phwong phép sang ché.
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Sang ché con dé xuét viée sir dung polynucleotit ngoai sinh theo sang ché, hodc
cAu tric axit nucleic va/hodc vat truyén theo sang ché, dé tao ra té bao tai td hop, cay
laa chuyén gen hodc hat chuyén gen.

Theo mét phuong 4n, viée sir dung la dé tao ra hat la theo sang ché.

Theo khia canh khéc, sang ché dé xuat phuong phap xac dinh cdy lua ma tao ra
hat theo sang ché, phuong phap nay bao gdm céc budc

i) thu nhan mau axit nucleic tr cay lta, va

i) sang loc mau theo sy c6 mat hodc khdng co bién di di truyén ma lam giam
hoat tinh cta gen ROSI1a ¢ thuc vat khi so véi cay lua loai thuong trong Gng.

Theo mot phuong 4n, bién di di truyén la mot hodc ca hai trong sO

a) cdu tric axit nucleic biéu hién polynucleotit, hodc polynucleotit dugc ghi ma
bdi no, ma khi co mit & cay lua thi 1am giam muarc do biéu hién cua gen ROSIa, va

b) gen, hoidc ARN thong tin dugce ghi ma bai nd, ma biéu hién polypeptit ROS1a
d6t bién co hoat tinh polypeptit ROS1a giam.

Theo mot phuong an, sy ¢d mat cua bién di di tnlyén cho théy réng hat cua cay
nay co aloron day so véi cay tuong ing khong co bién di di truyén.

Theo khia canh khac nira, sang ché dé xuat phuong phap xic dinh ciy lia ma
tao ra hat theo sang ché, phuong phap nay bao gdm céac budc

1) thu nhan hat tr cay lua, va

11) sang loc hat hodc mot phén ctia né theo mot hoac nhiéu tiéu chi

a) aloron day,
b) luong polypeptit ROS1a va/hodc hoat tinh trong hat, va
¢) lugng ARN thong tin dugc ghi ma boi gen ROS!a trong hat.

Theo mdt phuong an, phwong phap xéac dinh ciy laa theo sang ché.

Theo khia canh khéc, sang.ché d& xudt phuong phap tao ra mot phan cta cay
lia, tot hon 1a hat, phwrong phap niy bao gom cac budc,

a) trong cdy lua theo sang ché, hodc it nhat 1a 100 cdy [a nhu vdy trén canh
dong, va

b) thu hoach phén cay lua tir cay laa hoic cac cay lua.

Theo khia canh khéc, sang ché dé xuit phuong phap san xuét bot gao, cam, bot
nguyén hat, mach nha, tinh bot hodc diu thu dugc tir hat, phuong phép bao gém céc
budc;

a) thu nhan hat theo sang ché, va

b) xt Iy hat nay dé tao ra bot, cam, bot nguyén hat, mach nha, tinh bot hoac dau.

Theo khia canh khac, sang ché dé xuit san ph?im tao ra dugc tu hat theo sang

ché, hodc cay lta theo sdng ché, hoic tir mot phan cua hat do hodc cay lua do.
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Theo mdt phuong an, san phém chtra mdt hodc nhiéu hodc toan bo gen ROS/a,
bién di di truyén (6t hon 1a bién di di truyén dugc dua vao), ciu truc axit nucleic ngoai
sinh va aloron day.

Theo mdt phwong &n, phan d6 13 cam gao.

Theo mot phwong an, san pham 1a thanh phan thuc pham, thanh phan do udng,
thuc pham hodc san phdm d6 ubng. Cac vi du bao gbm, nhung khong chi gidi han ¢,

i) thanh phan thuc phdm hodc thanh phan d6 udng duoc chon tir nhom bao gém
bdt nguyén hat, bot, cam, tinh bdt, mach nha va dau,

i) thuc pham duoc chon tir nhom bao gém: banh my 1én men hodc banh my
khong 18n men, my éng, my, c¢6 kho cho dong vat, ngi cbe dé an sang, d6 an qua loa,
banh ngot, banh nuéng va thuc pham chira x4t 1am tir bot, hodc

iii) 36 ubng 1a d6 ubng dong goi hodc do udng chira etanol.

Theo khia canh khéc, sang ché dé xuat phuong phap ché bién thuc pham hoic
thanh phdn d6 udng theo sang ché, phuong phap nay bao gom viéc xir 1y hat theo sang
Ché, hodc cam, bot, bot nguyén hat, mach nha, tinh bot hodc dau tir hat, dé tao ra thuc
phédm hogc thanh phan do udng.

Theo khia canh khac, sing ché d& xuat phuong phap ché bién thuc pham hoic
san pham dd udng theo sang ché, phuong phap nay bao gém viéc tron hat theo sang
ché, hodc cam, bot, bot nguyén hat, mach nha, tinh bot hodc dau tur hat, v6i thanh phﬁn
thuc pham hodc d6 udng khac. Tét hon, néu trong lugng ctia hat, cam, bot, bot nguyén
hat, mach nha, tinh bdt hoac dau ma duoc dung trong phuong phap la it nhét 1a 10%
trén trong lwong cua thyc pham.

Sang ché con dé xuét viéc sir dung hat theo sang ché hodc mot phan cta no,
hodc cdy lua theo sang ché hoic mot phan cia né, lam thirc dn chidn nudi hodc thuc
phém, hodc dé tao ra thtrc an dung cho déng vat hodc thuc phém dé dung cho nguoi.

Theo khia canh khac, sang ché dé xuit ché phé“im chira mdt hodc nhiéu
polypeptit theo sang ché, polynucleotit theo sang ché, cau trc axit nucleic va/hodc vat
tmyén theo sang ché, hodc té bao theo sang ché, va mot hodc nhiéu chat mang duoc
dung.

Phuong 4n bét ky theo sang ché s& dwoc xem 1a 4p dung véi nhiing sia d6i thich
dang vé chi tiét d6i v6i phuong an bat ky khéc trir khi ¢ quy dinh rd rang khéac

Sang ché khong chi giéi han vé pham vi & cdc phuong 4n cu thé duoc boc 16
trong ban mo ta nay, ma vdn chi duge du dinh nhdm muc dich minh hoa. Céc san
pham, cac ché pham va cdc phuong phap tuong duong vé mit chirc ning rd rang nam

trong pham vi cua sang ché, nhu dugc boc 1§ trong ban mo ta nay.
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Trong toan bd ban mo ta nay, trir khi c6 quy dinh cu thé khac hodc tinh hudng
yéu cdu khac, viéc dé cap dén mot bude, ché phém, nhém bao g6m cac budc hoac
nhom bao gdm cac ché pham s& cin phai dwoc hiéu 1a bao gdm mot va nhiéu (tie 1a
mdt hodc nhiéu) cdc bude, cac ché phdm, cic nhom bao gém cac budce hoic nhém bao
gbm cac ché pham do.

Sang ché dugc mé ta dudi ddy bang cac vi du dudi day khong gioi han pham vi

cta sang ché va c6 dua vao céc hinh vé kem theo.

MG td vin tit cdc hinh vé

Hinh 1 13 biéu dd tach dong dya trén ban dd gen fa2. Cic con s6 dudi mdi dong biéu
thi s luong thé tai to hop trong quan thé lap ban dd ma thé hién su tai to hop giita gen
danh ddu va gen fa2. Cac cot dic trén hang thir ba thé hién pham vi ctia cac ving ma
hoa trén nhidm sic thé cua lta. Cac cot dic trén hang thir tu thé hién cac ving ma hoa
protein trén gen; cac dong xen vao giita thé hién cac intron (intron 1 nam ¢ S’UTR va
khong duge thé hién ¢ ddy). DAu hoa thi thé hién vi tri ctia dot bién a2 trén intron 14

tai vi tri Chrl: 6451738 c6 tham chiéu dén trinh tu hé gen cua lda.

Hinh 2 14 céc trinh tu nucleotit ciia ADN bd trg tuong tmg véi ARN thong tin thu duoc
tir hat dang phat trién thudc kiéu di truyén thuong (wild-type - WT) va kiéu di truyén
ta2. Cac nét ngang & WT va hai trinh tu ta2 biéu thi su ving mit clia nucleotit. Hau hét
cac ARN thong tin ta2 cé 21 nucleotit cai xen. Trinh tu loai thuong la SEQ ID NO: 10,
trinh tu dot bién 12 SEQ ID NO: 11.

Hinh 3 1a c4c trinh tu axit amin tir ADN b tro tuong tng véi cic ARN thong tin thu
duoc tir hat dang phat trién loai thuong (trinh tw axit amin trén, SEQ ID NO: 12) va ta2
(trinh tu dudi, SEQ ID NO: 13). Céc nét gach ngang ¢ trinh ty WT biéu thi sy ving mat
cla céc axit amin ddi dién véi bay axit amin cai xen (CSNVMRQ; SEQ ID NO: 14) &
polypeptit ta2. Cac hinh ngdi sao dudi cac trinh tw biéu thi ring cac axit amin giéng

nhau c¢6 mit & ca polypeptit loai thudng va polypeptit dot bién tai cc vi tri do.

Hinh 4 1 hinh dudi thang trinh tu axit amin cla cac thé twrong dong DME cua
Arabidopsis (NM001085058.1), ROS!Ia cua Arabidopsis (NM129207.4) va ROS1a cua
lta. Cac dau hoa thi dudi trinh tu dudi théng biéu thi cac vi tri axit amin ma dwoc bao
toan & cé ba polypeptit. Dau chdm phay biéu thi cac thay d6i bao toan vé axit amin,

trong khi cac ddu chdm 1é thé hién céc thay doi bao toan mot phan vé axit amin.
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Hinh 5 1 trinh tu axit amin dudi thing cua thé tuong dong ROSIa cua Arabidopsis
(NM129207.4) va thé tuong dong ROSIa cia lta. Cac dau hoa thi dudi cic trinh tu
dudi thang thé hién cac vi tri axit amin ma duge bao toan & ca ba polypeptit. Cac dau
chdm phay biéu thi cac thay ddi bao toan vé axit amin, trong khi cic ddu cham 1é biéu

thi cac thay do6i bao toan mdt phan vé axit amin.

Hinh 6 1a cac két qua RT-PCR theo thoi gian thuc thé hién mirc d6 biéu hién tuong doi

cua gen 742 cua lta ¢ nhiu loai mo.

Gidai thich danh muc trinh tw

SEQ ID NO: 1 — polypeptit dot bién ROS1a (Ta2) cua lda.

SEQ ID NO: 2 — Polypeptit ROS1a cua lua loai thuong.

SEQ ID NO: 3 — Polypeptit ROS1b cua lia loai thuong.

SEQ ID NO: 4 — Polypeptit ROS1c cua lua loai thuong.

SEQ ID NO: 5 — Polypeptit ROS1d cua lia loai thuong.

SEQ ID NO: 6 — Polypeptit DEMETER cua Arabidposis.

SEQ ID NO: 7 — ADN bd tro dai ddy du ghi md polypeptit ROS1a cia lia dot bién
(Ta2). Khung doc m& trai tir nucleotit 341 dén 6220.

SEQ ID NO: 8 — ADN b6 trg dai day du ghi ma polypeptit ROS1a cua lta. Khung doc
mé tai tir nucleotit 341 dén 6199.

SEQ ID NO: 9 — gen ROSIa cia lta. Gen khoi dau va 5UTR: cic nucleotit 1 dén
4726, codon khai dau dich md ATG 4727 dén 4729; codon dung dich ma TAG 15867
dén 15869; 3°-UTR tir 15870 dén 16484, sau gen tir 16485 dén 16885. Cac vi tri
nucleotit ciia céc intron 1a: intron 1, 7494 dén 7724; 2, 7816 dén 7909; 3, 9426 dén
9571; 4, 9652 dén 10452; 5, 10538 dén 10628; 6, 10721 dén 10795; 7, 10865 dén
10951; 8, 10989 dén 11069; 9, 11153 dén 11834; 10, 12282 dén 12385; 11, 12423 dén
12508; 12, 12567 dén 12650; 13, 12791 dén 13017; 14, 13084 dén 13201; 15, 13317
dén 14668; 16, 14708 dén 15732.-11006. Trinh ty nay bao gém 401 nucleotit & dau tan
cling 3’ ma khong tao thanh mot phan cta gen.

SEQ ID NO: 10 — Trinh tu@ ADN bd trg ROS1a cua lua loai thudng mot phﬁn duoc thé
hién trén hinh 2.

SEQ ID NO: 11 — Trinh tu ADN b trg ROS1a cua laa dot bién mot phan (Ta2) duogc
thé hién trén hinh 2.

SEQ ID NO: 12 — Trinh ty protein ROS1a cua lta loai thudong mot phén duoc thé hién

trén hinh 3.
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SEQ ID NO: 13 — Trinh tu protein ROS1a cua loa dot bién mdt phan (Ta2) duge thé
hién trén hinh 3.

SEQ ID NO: 14 — Cac axit amin b sung & polypeptit ROS1a dot bién (Ta2) khi so véi
loai thuong (SEQ ID NO:2).

SEQ ID NO 15 dén 43 — Cac doan moi oligonucleotit.

SEQ ID NO 44 dén 49 - Cac motif axit amin béo toan & muc do cao trong mién
glycosylaza cua polypeptit ROS1a cua lta loai thuong.

SEQ ID NO: 50 — Polypeptit ROS1a cua Arabidposis.

M0 ti chi tiét sang ché
Cdc ky thudt va dinh nghia

Trur khi ¢6 quy dinh cu thé khéc, tat ca cac thuat ngtr ky thudt va thuat ngtr khoa
hoc duge ding trong ban mé ta nay s& co cting nghia nhu thuong duge hiéu boi ngudi
c6 hiéu biét trung binh trong linh vyc k¥ thuét nay (vi dy, linh vyc nudi cdy té bao, di
truyén phan tir, sinh hoc phén ti thyc vat, hoa hoc protein, va sinh hoa).

Trir khi ¢6 quy dinh cu thé khac, cac k¥ thudt protein téi t6 hop, nuéi cay té bao,
va mién dich hoc duge 4p dung theo sang ché 1a cic quy trinh chuan, da biét dbi voi
ngudi ¢o hiéu biét trung binh trong linh vuc ky thuat nay. Céc k¥ thuét nay duge boc 19
va giai thich k¥ trong cac tai liéu nhu J. Perbal, 4 Practical Guide to Molecular
Cloning, John Wiley and Sons (1984), J. Sambrook et al., Molecular Cloning: A
Laboratory Manual, Cold Spring Harbour Laboratory Press (1989), T.A. Brown
(editor), Essential Molecular Biology: A Practical Approach, tap 1 va tap 2, IRL Press
(1991), D.M. Glover and B.D. Hames (editors), DNA Cloning: A Practical Approach,
cac tap 1 dén 4, IRL Press (1995 va 1996), va F.M. Ausubel et al. (editors), Current
Protocols in Molecular Biology, Greene Pub. Associates and Wiley-Interscience (1988,
bao gdm ci cac phan cap nhat cho dén nay), Ed Harlow and David Lane (editors)
Antibodies: A Laboratory Manual, Cold Spring Harbour Laboratory, (1988), va J.E.
Coligan et al. (editors) Current Protocols in Immunology, John Wiley & Sons (bao
gdm ca cac phén cép nhat cho dén nay). ,

Thuét ngtt “va’/hoac”, vi duy, “X va/hodc Y can phai dugc hiéu vai nghia 1a “X
va Y” hodc “X hodc Y” va can phai dugc xem la co s¢ minh hoa 13 rang cho ca hai
nghia nay hodc cho tirng nghia trong hai nghia nay.

Thuat ngit “khodng” dugc dung trong ban moé ta nay, trir khi ¢c6 quy dinh khéc,
déchi +/- 10%, tot hon nira la +/- 5%, tdt hon nita 1a +/- 2,5%, con tdt hon nira la +/-

1%, tri s& da duoc chi dinh. Thuat nglt “khoang” bao gém ca tri s6 da duoc chi dinh.
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Cac thuat ngir "chira", hodc céc bién thé nhu "gdm" hodc "bao gbm" trong toan
bd ban md ta nay s& dugc hiéu 1a am chi sy bao trum yéu 6, s6 nguyén hoic budc,
hodc nhém bao gdém céc yéu td, cac sé nguyén hoic cac bude di néu, nhung khong loai
trr yéu td, s6 nguyén hodc budc, hodc nhém bao gdm céc yéu to, cic s6 nguyén hodc

céc bude bat ky khac.

Dinh nghia dwoc chon

Cac thuat ngir “aloron” va “lop aloron” dugc st dung thay thé nhau trong ban
md ta nay. Lop aloron la 16p ngoai cung clia ndi nhii cua hat laa, khac biét véi ndi nhi
tinh bot bén trong, va xung quanh ndi nhii tinh bot va phan cua phoi. Do do, cac té bao
ma tao nén 16p aloron 14 cac té bao ndi nhil ngodi cling, thanh phan tinh bot cua hat.
Trong khi vé mat k¥ thudt no 1a mot phﬁn cua ndi nhi, doi khi duoc goi 1a ndi nhi
ngoai bién, aloron duge xem la mot phén cua cam tur goc do thyc té vi n6 duoc loai bo
cung voi 16p vo va 16p vo ngoai hat ciia cdm. Khong gibng nhu cac té bao ndi nhil tinh
bot, cac té bao aloron van song khi hat thanh thyc. Lép aloron 1a phan quan trong c6
gia tri dinh dudng cua hat lua chira cac chat khoang, cac vitamin nhu vitamin A va cac
vitamin nhom B, cac hoa chit thue vat, va chét xo.

Céc phuong an theo sang ché lién quan dén mot khoang s6 luong “16p té bao”, it
nhat 14 mot phan vi tai diém mit cit ngang bat ky ciia hat theo sing ché, cac 10p té bao
quan sat dwoc tai mdi diém bét ky trong mat cat ngang, hodc giita cac mit cat ngang, ¢o
thé thay ddi dén muc dé nhét dinh. Cu thé hon, aloron c6, vi du, bay 16p té bao c6 thé
khong c6 bay 16p xung quanh toan bd ndi nhil tinh byt bén trong nhung c6 bay lop
xung quanh it nhat 1a mdt nira ndi nhi tinh bot bén trong.

Thuat ngtr “day” duoc dung lién quan dén aloron cta hat theo sang ché 1a mot
tinh tir so sdnh dugc sir dung khi so sanh hat theo sang ché véi hat loai thuong twong
ung. Aloron cua hat theo sang ché c6 s6 lwong té bao ting va/hodic s6 16p té bao tang
khi so v&i aloron cta hat loai thudng tuong ng. Vi vay, aloron c6 do day ting nhu do
duoc theo um. Theo modt phuong an, do day ting it nhit 50%, tot hon 1a it nhét la
100%, va c6 thé ting nhiéu nhét 12 500% hodc 600%, mdi ty 1& phan trim la so véi do
day cua aloron cta hat loai thwong tuong ung, va hiéu mdi ty 1& phan trim la muc ting
trung binh so v&i mat bung cua hat va t6t hon néu trén toan thé hat. Theo mét phuong
an, do day cua lop aloron dugce xac dinh ngang toan by mat cat ngang cta hat. Theo
mdt phuong an, d6 day cua aloron dugc xdc dinh it nhat theo phan tich trén mit bung
cua hat. Theo mdt phuwong an khac, aloron day cuta hat theo sang ché chira cac té bao c6

kich thudc thay doi va dinh hudng bét quy tic so voi kich thude va dinh hudng dé cua
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hat loai thuong tuong Ung khi aloron thudng cé céc té bao hinh chit nhét dinh hudng
déu.

Polypeptit

Thuat nglr “polypeptit ROS1” duge dung trong ban md ta nay dé chi mot thanh
vién cuia ho protein cua cac phan to ADN glycosylaza co lién quan ma ching lién quan
vé trinh ty axit amin véi SEQ ID NO: 1 dén 5 dén muc ching la ddng nhat it nhat la
95% vo&i mot hodc nhiéu trinh ty axit amin trong s6 cac SEQ ID NO: 1 dén 5. Cac
polypeptit ROS1 bao gdm cac polypeptit ROS1a, ROS1b, ROSIc va ROSId cua lta
loai thudng, ké ca cac bién di ¢ trong tu nhién va cac dang dot bién cta chimg. Cac
polypeptit ROS1 bao gdm cic polypeptit ndy tim thdy & cac ciy lua loai thuong ciing
nhu cac bién thé cua ching dugc tao ra mot cach nhan tao hodc duoc tim théy trong tu
nhién, nhu tim thay ¢ cdy lda Indica va cdy lua Japonica, va c6 hodc khong c6 hoat tinh
ADN glycosylaza, ké ca cac polypeptit ROS1 ma c¢6 mot chit hoat tinh ADN
glycosylaza nhung ¢ muc d thdp hon so v&i polypeptit ROS1 twong tng loai thudng.
Céc vi du vé polypeptit ROS1 ctia cdy lua loai thuong bao gom cac loai ma co trinh tur
axit amin néu & mot trong sé cac trinh ty SEQ ID NO: 2 dén 5, ciing nhu polypeptit
bién thé ma c6 trinh ty axit amin ma 1a déng nhét it nhit 1a 95%, it nhit 1a 97%, hoac
t6t hon, néu it nhat 1a 99% véi mot hodc nhiéu trinh tu axit amin trong s6 cac SEQ ID
NO: 2 d&n 5 va duoc tim thiy trong ty nhién. Thuat ngit polypeptit ROS1 duge dung
trong ban mé ta ndy khéng bao gom polypeptit Demeter (DME) ma 1a ho ADN
glycosylaza lién quan ma la ddng nhét it hon 95% vé trinh ty axit amin v6i SEQ ID
NO:1 dén 5.

Thuét nglr “polypeptit ROS1a” duge dung trong ban mo ta nay c6 nghia la phan
ttr ¢é lién quan ADN glycosylaza ma trinh tu axit amin cua nd d6ng nhat it nhat 1a 95%
véi trinh tw SEQ ID NO: 2, tdt hon 1a {t nhit 97% hodc tot hon nita néu dong nhat it
nhét 12 99% véi trinh tw SEQ ID NO:2. Cac polypeptit ROS1a bao gdm cac polypeptit
tim théy & cdy lua loai thuong cling nhu céc bién thé cua chung duoc tao ra mot cach
nhan tao hodc tim théy trong tu nhién, va c¢6 hodc khong c6 hoat tinh ADN glycosylaza,
v6i diéu kién chung co6 tinh twong ty vé trinh tu axit amin & muc do nhét dinh so véi
SEQ ID NO:2. Vi du, polypeptit ROS1a ma c6 trinh tu duogc thé hién & SEQ ID NO:1
duoc xem la khong co hoat tinh ADN glycosylaza, nhung no van 1a polypeptit ROS1a
nhu dugce xac dinh trong ban mo ta nay. Theo mdt phuong 4n dugc wu tién, polypeptit
ROS1la c6 mdt chat hoat tinh ADN glycosylaza nhung ¢ muc do thip hon so véi
polypeptit ROS1a loai thuong ma trinh ty axit amin ctia n6 1a SEQ ID NO:2. Vi du,
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Bang 3 liét ké cac polypeptit ROSla dot bién ma dugc xem 1a ¢ hoat tinh ADN
glycosylaza giam.

Ngudi c6 hiéu biét trung binh trong linh vuc k¥ thuét nay co thé dé dang ap
dung céac ky thuét da biét dé phan biét polypeptit ROS1a v6i cic protein khac c6 lién
quan vé mit cau tric nhu cic polypeptit ROS1 khéc, dic biét la voi cac polypeptit
ROS1b, ROS1c va ROS1d, vi du, bang cach 4p dung phan tich hé phat sinh giéng loai
in silico hoac dudi thing protein. Do dé, polypeptit ROSla c6 thé duge xac dinh la
polypeptit ROS1a chi riéng trén co so d4u hiéu cdu trac. Vi dy, xem hinh 4 va hinh 5
trong ban moé ta nay. Polypeptit ROS1a theo sang ché co thé ¢ hodc c6 thé khong co
hoat tinh ADN glycosylaza, hodc ¢6 thé ¢é hoat tinh ADN glycosylaza giam khi so véi
polypeptit ROS1a loai thudng nhu loai ¢é trinh tyr axit amin thé hién & SEQ ID NO: 2.

Thuat nglt “ma trinh ty la khéc trinh ty axit amin cua polypeptit ROSla loai
thudong tuong ung”, hodc cac thudt nglt trong ty, duwgce dung trong ban mo ta nay la cac
thudt nglr so sanh, trong do trinh ty axit amin cua polypeptit ROSla theo sang ché 1a
khac trinh tu axit amin cta protein ma 13 gbc cua no va/hodc lién quan gan nhat ton tai
trong tu nhién. Theo mdt phuong an, trinh tu axit amin cua polypeptit ROSla c6 mot
hoac nhiéu cai xen, loai bo hodc thay thé axit amin (hodc t6 hop cua chung) so vai trinh
tr axit amin loai thuong tuong ung. Polypeptit ROS1a cé thé ¢6 2, 3, 4, 5 hodc 6 d&én
10 thay thé axit amin so véi polypeptit ROSla loai thuong twong Gng. Theo mdt
phuong an dugc uu tién, polypeptit ROS1a chi cé mdt cai xen, mot loai bé hodac mot
thay thé axit amin so v&i polypeptit loai thuong twong tmg. Trong ban md ta nay, cac
thuat ngl “mot cai xen” va “mét loai bo” bao gém ca trudng hop khi nhiéu (vi du, 2, 3,
4,5,6,7,8,9, 10 hodc nhiéu), axit amin lién ké 1an luot duoc cai xen vao hodc duoc
loai bo, va “polypeptit loai thuong tuong ing” c6 nghia la polypeptit loai thuong ma tu
dé thu dugc bién thé va/hodc polypeptit tw nhién ma bién thé co lién quan gan nhat voi
no. Polypeptit ROS1a c6 thé 1a polypeptit ROS1a cut ma co thé dwoc ghi mé boi, vi dy,
gen ROSIa ma chira codon dung dich ma sém trong khung doc mé protein so voi gen
ROS1a loai thuong ma nd ¢6 ngudn goc tir d6, hodc polypeptit ROS1a co thé 1a dai day
du tire 1a ¢6 cung s6 lugng gbe axit amin nhu polypeptit ROS1a loai thuong twong Gng.
Vi du vé polypeptit ROS1a co trong tu nhién (loai thuong) la polypeptit ma trinh tu
axit amin cta né duoc thé hién & SEQ ID NO: 2, va céc vi du vé polypeptit bién thé
ROS1a ma chi c6 mdt cai xen, loai bo hodc thay thé axit amin duoc thé hién & SEQ ID
NO:1 va Bang 3.

Thuat ngit “hoat tinh ADN glycosylaza” dugc dung trong ban md ta nay deé chi
enzym tham gia vao viéc stra chira cit bazo (dugc phan loai theo EC s6 EC 3.2.2).

Enzym nay thuong con c¢6 hoat tinh ADN lyaza, trong d6 bazo cua ADN duoc cat va
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soi ADN khung dugc tach ra. Theo mdt phuong an, thuit ngt “hoat tinh ADN
glycosylaza” dugc dung trong truong hop theo sang ché lién quan dén viéc loai metyl
tich cuc, trong d6 cac gbc S-metylxytosin bi cit va thé bang xytosin khéng duoc metyl
héa.Theorn@tphuong:hlduqcLnlﬁén,pohpepﬁtRﬁﬁﬂatheoséngchévdihoatﬂnh
ADN glycosylaza c6 it nhat nim motif c6 thé xac dinh duoc. Mot 1a motif vong xoén-
kep toc-vong xoan (HhH) (vi du, cac axit amin 1491 dén 1515 & trinh ty SEQ ID NO:2
hodc trinh ty axit amin twong dong). Mot motif khac 1a motif giau glyxin/prolin tiép
theo 14 axit aspartic bdo toan (GPD), va bdn gdc xystein bao toan (¢ vung cb cac axit
amin 1582 dén 1598 cta trinh tu SEQ ID NO:2) dé giit cum [4Fe-4S] dung chd. Con co
vung giau lysin (vi dy, cac axit amin 87 dén 139 ¢ trinh ty SEQ ID NO:2 hodc trinh tu
axit amin tuong dong). Khong giéng nhu cic thanh vién khic cia siéu ho HhH ADN
glycosylaza, cac thanh vién cua ho polypeptit ROS1a chira hai mién bao toan bd sung
(mién A va mién B) nim bén sudn cua mién glycosylaza trung tim. O polypeptit
ROS1a cla lta (SEQ ID NO:2), mién A xuét hién & cac axit amin 859 dén 965, mién
glycosylaza xuét hién & cac axit amin 1403 dén 1616, va mién B xuét hién & cac axit
amin 1659 dén 1933. Mién A chtra cum sac hdn hop ldp lai & cac axit amin 882 dén
892. Hoat tinh ADN glycosylaza c6 thé duoc do biang cach ap dung cac k¥ thut chuan
da biét trong linh vue ki thuat ndy, nhu duge md ta trong Vi du 8.

Céc motif axit amin bao toan & muc dd cao trong mién glycosylaza cta
polypeptit ROS1a cua lta loai thuong bao gébm DHGSIDLEWLR (SEQ ID NO: 44, cic
axit amin 1467 dén 1477 & trinh tu SEQ ID NO:2), GLGLKSVECVRLLTLHH (SEQ
ID NO: 45, céc axit amin 1493 dén 1509 & trinh tw SEQ ID NO:2), AFPVDTNVGRI
(SEQ ID NO: 46, cac axit amin 1511 dén 1521 & trinh tu SEQ ID NO:2), VRLGW VP-
LQPLPESLQLHLLE(SEQII)NCM47¢mcaxhanﬁn1523dén1543dtﬁnhurSEQID
NO:2), ELHYQMITFGKVFCTKSKPNCN (SEQ ID NO: 48, cac axit amin 1569 dén
1590 ¢ trinh ty SEQ ID NO:2) va HFASAFASARLALP (SEQ ID NO: 49, cac axit
amin 1600 dén 1613 ¢ trinh tu SEQ ID NO:2). Mot hodc hai thay thé axit amin co thé
xuét hién & cdc motif nay, hodc khong. Céac axit amin bao toan khac co thé dwoc xéac
dinh mot cach d& dang nho viée dudi thing céc trinh tu axit amin dbi voi ROSla cia
lua loai thuemg (SEQ ID NO:2) bang polypeptit DME cua Arabidopsis thaliana (SEQ
ID NO:6) va/hodc polypeptit ROSla cia A. thaliana (xem hinh 4 va hinh 5). Hudng
din thém vé viéc xac dinh cac axit amin bdo toan co6 thé duogc tim théy trong tai li¢u:
Kapazoglou et al. (2012).

Cac thuat nglt “ma lam giam hoat tinh ADN glycosylaza so v&i polypeptit
ROS1a loai thuong twong ung”, “ma lam giam, t5t hon 1a khong, hoat tinh ADN
glycosylaza khi so v6i polypeptit ROS1a loai thuong twong tmg”, hodc cac thuat ngir
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tu*ong ty, dugc dung trong ban mo ta nay 1a cac thuat ngt so sanh, trong do hoat tinh
ADN glycosylaza ctia polypeptit ROS1a bién di/dot bién 1a thap hon protein ma né cé
ngu6n géc tir do va/hodc lién quan nhét ton tai trong tu nhién. Vi dy, nhu nguoi co hiéu
biét trung binh trong linh vuc k¥ thuat ndy c6 thé hiéu dugc, dot bién a2 cua la dugc
boc 16 trong ban mod ta nay (SEQ ID NO:1) co hoat tinh ADN glycosylaza giam khi
duoc so sanh v&i polypeptit ROS1a cua lta loai thuong twong umg (SEQ ID NO:2).
Céc vi du khac vé polypeptit ROS1a c6 hoat tinh ADN glycosylaza giam bao gom céc
dot bién/bién thé twong mg véi cac axit amin di dugce boc 10 trong Bang 3 ma co kiéu
hinh aloron day nhu thay thé serin & vi tri axit amin twong tng voi axit amin s6 156 cua
trinh ty SEQ ID NO:2 bing axit amin khac nhur phenylalanin, thay thé serin & vi tri axit
amin tuong Ung véi axit amin $6 214 cua trinh tv SEQ ID NO:2 bang axit amin khac
nhu phenylalanin, thay thé serin & vi tri axit amin trong g véi axit amin sO 1413 cia
trinh ty SEQ ID NO:2 bing axit amin khac nhu asparagin, thay thé alanin ¢ vi tri axit
amin tuong Gng voi axit amin s6 441 cia trinh ty SEQ ID NO:2 bang axit amin khac
nhu valin, thay thé serin & vi tri axit amin twong Ung v4i axit amin s6 1357 cua trinh ty
SEQ ID NO:2 bang axit amin khac nhu phenylalanin, thay thé lysin o vi tri axit amin
twong mg véi axit amin s6 501 cua trinh ty SEQ ID NO:2 bang axit amin khac nhu
serin, va thay thé arginin & vi trf axit amin twong (mg v&i axit amin s6 482 cua trinh ty
SEQ ID NO:2 bing axit amin khac nhu lysin. Theo phwong an dugc dédc biét uu tién,
hat co it nhét 1a mot chit hoat tinh ADN glycosylaza, t5t hon la mot chat hoat tinh
ADN glycosylaza cua ROSla, vi bang chimg cho thdy rang hién twong khong c6 hoat
tinh ADN glycosylaza & té bao trimg va ¢ giai doan sdm trong qué trinh phat trién cia
hat giong cé ¥ nghia chi tu dbi véi cay lta. Theo mot phuong én, hat ¢é it hon khoang
30% dén 98%, hoic khodng 40% dén 98%, hodc khodng 40% dén 90%, hodc khoing
40% dén 85%, hodc khoang 40% dén 80%, hoat tinh ADN glycosylaza khi so voi hat
tr cdy twong Ung cung ngudn gbc khong co bién di di truyén (tot hon 14 bién di di
truyén dugc dua vao) ma lam giam hoat tinh ADN glycosylaza trong hat.

Thuét ngir "polypeptit hau nhu tinh khiét" hodc "polypeptit tinh khiét" dugc
dung trong ban mo ta nay dé chi polypeptit ma thuong duoc tach ra khoi lipit, axit
nucleic, cac peptit khac, va cac phéan tit tap nhiém khéc ma két hop v&i nd o trang thai
tir nhién. Tét hon, néu polypeptit hdu nhu tinh khiét it nhat 12 90% khong chira cac
thanh phan khac ma thuong két hop voi no & trong ty nhién. Theo mot phuong én,
polypeptit theo sdng ché ¢6 trinh ty axit amin ma 1a khac polypeptit ROS1a c6 trong tu
nhién tirc 1a no 12 bién thé cua trinh tu axit amin, nhu néu trén.

Hat, cdy va té bao chu theo séng ché ¢o thé chira polynucleotit ngoai sinh ghi méa

polypeptit theo sang ché. Trong cac vi du nay, hat, cdy va t& bao tao ra polypeptit tai to
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hop. Thuét ngit "t4i to hop" lién quan dén polypeptit dwoc dung dé chi polypeptit dwoc
ghi ma boi polynucleotit ngoai sinh khi dugc tao ra bai té bao, ma polynucleotit dwoc
dua vao té bao hoic té bao tién than theo cac k¥ thudt ADN hodac ARN tai t6 hop, vi duy,
bién nap. Néi chung, té bao chia gen phi ndi sinh khién tao ra luong polypeptit thay
d6i. Theo mot phuwong an, "polypeptit tai to hop" 1a polypeptit duge tao nén nho su
biéu hién cta polynucleotit ngoai sinh (tai to hop) trong té bao thuc vat.

Céc thuét ngit "polypeptit" va "protein” thuong duoc sir dung thay thé nhau.

Mirc 36 dong nhat tinh theo % cua polypeptit duoc xac dinh theo phan tich GAP
(xem tai liéu ctia Needleman va Wunsch, 1970) (chuong trinh GCG) vai diém trv tao
khoang cach=35, va diém trir cho viée kéo dai khoang cach=0,3. Trinh ty chét van c6
chiéu dai it nhat 1a 1.000 axit amin, va phan tich GAP dudi thing so sanh hai trinh ty
trén ving gdm it nhit 13 1.000 axit amin. Tét hon nita, trinh tw chat van co chiéu dai it
nhét 1a 1.250 axit amin va phén tich GAP dudi thing so sdnh hai trinh tyr trén ving gdm
it nhat 1 1.250 axit amin. Tt hon nita, trinh tw chat van c6 chiéu dai it nhat la 1.500
axit amin va phén tich GAP dudi thang so sanh hai trinh tu trén ving gom it nhét 13
1.500 axit amin. Con tot hon nita, phan tich GAP dudi thing so sanh hai trinh tu trén
toan bo chiéu dai cia ching, ma ddi véi polypeptit ROS1a niam trong khoang tir 1.800
dén 2.100 gdc axit amin.

Lién quan dén mot polypeptit nhét dinh, ¢6 thé théy réng cac sb liéu vé muc do
ddng nhat tinh theo % cao hon cac s6 liéu da néu s& bao gdm céc phuong an dwoc wu
tién. Do d6, néu thich hop, trén co s& cac s6 lidu vé muc do déng nhét tinh theo % tdi
thiéu, t6t hon 13 polypeptit ¢ trinh ty axit amin ma 1a ddng nhat it nhat 1a 95%, tot hon
nita néu it nhat 1a 96%, t6t hon nita néu it nhit 1a 97%, tét hon nita néu it nhat 1a 98%,
tbt hon nita néu it nht 1a 99%, t6t hon nita néu it nhét 1a 99,1%, tot hon nita néu it nhat
14 99,2%, tot hon nita néu it nhat 12 99,3%, t&t hon nita néu it nhat 12 99,4%, &t hon
nita néu it nhét 12 99,5%, tot hon nita néu it nhét 1a 99,6%, tdt hon nita néu it nhat 1a
99,7%, t6t hon nita néu it nhat la 99,8%, va con tét hon nira néu it nhét la 99,9%, véi
trinh tw c6 lién quan da duoc chi dinh.

Thuét nglr "tai vi tri tuong irng v&i axit amin 6", hodic cac bién thé cla no, duoc
ding trong ban mé ta nay dé chi vi tri trong dbi cia axit amin so v&i cac axit amin
xung quanh. Lién quan dén vin d& nay, theo mdt sb phuong 4n polypeptit theo sang ché
c6 thé c6 dot bién loai b hodc dot bién thay thé ma lam thay ddi su xac dinh vi tr
twong ddi cua axit amin khi duoc dudi théng so voi, vi du, SEQ ID NO: 2. Viéc xac
dinh vi trf axit amin twong Gng gitra hai protein co lién quan gan 1a nam trong hiéu biét

clia ngudi co hiéu biét trung binh trong linh vuc k¥ thuét nay.
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Dot bién vé trinh ty axit amin cua polypeptit theo sdng ché c6 thé duge tao ra
bang cach dua cic thay ddi nucleotit thich hop véo axit nucleic theo sang ché, hoac
bing cach tong hop polypeptit mong muén in vitro. Cac dot bién bao gdm, vi du, loai
bo, cai xen hoac thay thé céc géc trong trinh ty axit amin. Viéc két hop loai bo, cai xen
va thay thé ¢6 thé dugc thyuc hién dé dat duoc cAu truc cudi cung, voi diéu kién san
pham peptit cudi cung c6 cac dic tinh mong mudn. Trinh ty axit amin d6t bién duoc uu
tién chi c6 mot, hai, ba, bdn hodc it hon 10 thay doi vé axit amin so v&i polypeptit dang
thuong tham chiéu. Céc polypeptit dot bién theo sang ché 1am giam “hoat tinh cua
polypeptit ROS1a” khi so vdi polypeptit ROS1a loai thuong twong ung cé trong tu
nhién nhu polypeptit ma cé trinh ty axit amin thé hién & SEQ ID NO: 2.

Céc polypeptit d6t bién (da bién ddi) co thé dugce tao ra bang cach ap dung k¥
thuat bat ky da biét trong linh vuc k¥ thuit nay, vi dy, béng cach ap dung chién luoc
tién hoa c6 dinh huéng hodc chién luge thiét ké hop 1y (xem dudi day). Cic san phim
thu duge tr ADN dot bién/da thay doi c6 thé dé dang duoc sang loc bang cach ap dung
cac k¥ thuat da duogc bdc 10 trong ban md ta nay dé xac dinh liéu chung c6 hoat tinh
polypeptit ROS1a giam, nhu hoat tinh ADN glycosylaza gidm, hay khong khi so vdi
mot hodc nhiéu hodc tat ca cac polypeptit ROS1a ma co trinh ty axit amin da duoc néu
& SEQ ID NO: 2. Vi du, phuong phap c6 thé bao gdm viéc tao ra thuc vat chuyén gen
biéu hién ADN dot bién/da thay ddi va xéac dinh i) tic dong cia ADN dot bién/da thay
dbi dén do day cua aloron va ii) liéu gen ROS/a da bi dot bién/thay d6i hay chua.

Trong qua trinh thiét ké trinh tu axit amin dot bién, viéc dinh vi vi tri dot bién va
ban chit cua dot bién s& phu thudc vao (cac) dac tinh can duoc cai bién. Cac vi tri dé
dot bién c6 thé duoc cai bién riéng 1& hoac hang loat, vi du, bang cach (1) thay thé bang
cac lya chon axit amin khong bao toan, (2) x6a bo géc dich, hodic (3) cai xen cac gbc
khac lién ké véi vi tri da dinh.

Viée loai bo trinh ty axit amin thuong nam trong khoang tir 1 dén 15 gbe, tot
hon nira khoang tir 1 dén 10 gbc va thuong khoang tir 1 dén 5 gdc lién ke.

Dot bién thay thé co it nhit 14 mot gde axit amin trong phan tir polypeptit duoc
loai ra va mot géc khéac dugce cai xen vao vi tri cia no. Néu khéng mong muén duy tri
mot hoat tinh nhat dinh, hodc lam giam mot hoat tinh nhat dinh, thi vu tién tao ra cac
thay thé khong bao toan, dac biét 1a ¢ vi tri axit amin ma dugc bdo toan ¢ mirc do cao
trong ho protein lién quan. Céc vi du vé thay thé bao toan dugc thé hién trong Bang 1,
va do d6 céc thay thé khong bao toan s& 1a cac thay thé khong dwgc thé hién trong Bang
1.

Theo mot phuwong an, polypeptit dot bién/bién di c6 mot hodc hai hodc ba hodc

bon thay ddi vé axit amin khi so véi polypeptit co trong tu nhién. Theo mdt phuong an
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duoc wu tién, cac thay doi nay 1a & mot hodc nhiéu motif ma duge bao toan & nure do
cao gilra céac polypeptit ROS1a khéc nhau theo sang ché, dac biét 14 & cac mién cdu tric
bao toan d3 biét. Nguoi co hiéu biét trung binh trong linh vuc k¥ thuat nay can phai
hiéu ring hoan toan c6 thé dyu doan ring céc thay d6i nay lam thay doi hoat tinh cua
polypeptit khi dugc biéu hién & té bao.

Trinh ty axit amin béc nhit ctia polypeptit theo sang ché c6 thé duoc dung dé
thiét ké cac thé bién di/cac thé dot bién cia no trén co so so sanh véi enzym co lién
quan gan, dic biét 1a cac ADN glycosylaza. Nguoi ¢ hiéu biét trung binh trong linh
vuc k¥ thudt nay biét ring cac gde duge bao toan & mirc dd cao trong sO céc protein c6
lién quan gin dé c¢6 kha ning duoc bién d6i, ddc biét 1a bang cac thay thé khong bao
toan, va ¢o hoat tinh giam thap hon cac gbc duge bao toan & mic do thap hon (xem

trén day).

Béang 1. Cac thay thé bioe toan.

Gbc ban dau Cac thay thé bao toan
Ala (A) val; leu; ile; gly

Arg (R) lys

Asn(N) gln; his

Asp (D) ' glu

Cys (C) ser

Gin (Q) asn; his

Glu (E) ' asp

Gly (G) pro, ala

His (H) asn; gln

e (I) leu; val; ala

Leu (L) ile; val; met; ala; phe
Lys (K) arg

Met (M) leu; phe

Phe (F) leu; val; ala

Pro (P) gly

Ser (S) thr

Thr (T) ser

Trp (W) tyr

Tyr (Y) trp; phe

Val (V) ile; leu; met; phe, ala
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Céc polypeptit theo sang ché ma la dugc cai bién khac nhau sau quy trinh téng
hop, vi dy, bang cach cai bién sau dich mé trong té bao, vi du, bang cach phosphoryl

hoa, ma co6 thé diéu bién hoat tinh cia nd, cling nam trong pham vi ctia sng ché.

Polynucleotit va gen

Sang ché dé xuit cac polynucleotit khac nhau. Cac thuat ngr "polynucleotit"
hodc "axit nucleic" hodc "phén tir axit nucleic" dugce dung trong ban md ta nay c6 nghia
la polyme gbm céac nucleotit, ma co thé 14 ADN hodc ARN, va bao gdm ADN hé gen,
ARN thong tin, ARN bd sung, ARN soi d6i, va ADN b6 trg. N6 c6 thé 14 ADN hodc
ARN ¢6 ngudn gdc té bao, hé gen hodc tong hop, vi du, duge tao ra trén thiét bi tong
hop ty ddng, va co thé dugc két hop v&i hydrat cacbon, lipit, protein hodc nguyén liéu
khac, dugce danh ddu bang nhom huynh quang hoiic nhém khac, hodc dugce gén vao nén
ran dé thuc hién mot hoat tinh cu thé boc 16 trong ban mo ta nay, hodc bao g6m mot
hosc nhidu nucleotit d3 dugc cai bién ma khong tim thdy trong ty nhién, da biét ddi voi
nguoi co hiéu biét trung binh trong linh vuc k¥ thuét ndy. Polyme ¢ thé 1a soi don, co
ban la sgi dd1 hodc mot phﬁn la soi d6i. Thuat ngit ghép cap bazo dugc dung trong ban
md t& nay dé chi sy ghép cip bazo chuén gitra cac nucleotit, ké ca cac cap bazo G:U.
"B tro" ¢6 nghia la hai polynucleotit c6 kha ning ghép cdp bazo (lai) doc theo mot
phén chiéu dai cua chung, hoic doc theo toan bd chiéu dai cia mét hodc ca hai. Mot
"polynucleotit lai" c6 nghia la polynucleotit thuc ra duoc ghép cdp bazo vai trinh tu bo
tro ctia nd. Thudt nglt "polynucleotit” dugc trong ban md ta nay st dung thay thé 1an
nhau vai thudt ngtr "axit nucleic". Cac polynucleotit dwgc wu tién theo sang ché ghi ma
polypeptit theo sang ché.

Thuat nglt "polynucleotit phan lap" dugc dung trong ban mé ta nay dé chi
polynucleotit ma thuong dugc tich ra khdi céc trinh ty polynucleotit ma né két hop voi
hodc lién két & trang thai tu nhién, néu polynucleotit d6 dugc tim thdy trong tu nhién.
Tét hon, néu polynucleotit phan 1ap it nhét 12 90% khong chira cac thanh phan khac ma
thuong két hop véi né & trong tu nhién, néu n6 duge tim thiy trong tu nhién. Tot hon,
néu polynucleotit khong c6 trong tu nhién, vi du, bang cach lién két cong hoa trj hai
trinh tu polynucleotit ngin hon theo cich khong duoc tim thidy trong tu nhién
(polynucleotit kham).

Sang ché bao gdm viéc lam gidm hoat tinh cua gen va viéc xdy dung va viéc sir
dung gen kham. Thuat ngtr "gen" dwgc dung trong ban moé ta nay dé chi trinh tu
deoxyribonucleotit bt k¥ ma bao gdm viing ma hoa protein hodc duge phién ma trong

té bao nhung khong duoc dich ma, cling nhu cac ving diéu bién va khong ma hoa lién
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quan. Céac vung lién quan thuong nam lién ké ving ma héa hodc ving dugc phién ma &
ca ddu tan cung 5' va ddu tan cung 3' voi khoang cach khoang 2kb vé mdi bén. Lién
quan dén van dé nay, gen c6 thé bao gom céc tin hiéu kiém soat nhu cac gen khoi dau,
cac gen tang cuong, tin hiéu két thuc va/hodc tin hiéu polyadenyl hoa ma cé lién quan
trong tu nhién véi gen nhét dinh, hodc cac tin hiéu kiém soat khac loai trong truong
hop d6 gen dugc goi 14 "gen kham". Cac trinh tw ma ndm & vi tri 5° clia ving ma hoa
va c6 mat trong ARN thong tin dugc goi 1a trinh tv khong dugc dich ma o dau tan cung
5°. Céc trinh ty ma nam & vi trf 3° hodc sau ving mi hoéa va c6 mat trong ARN thong
tin duoc goi 1a trinh tu khong duoc dich mi & dau tan cung 3°. Thudt ngit "gen" bao
ham ca ADN b6 tro va dang hé gen ciia gen.

Thuét ngtr "alen" dugc ding dé chi mot dang déc bi€t cua trinh ty vat chat di
truyén (nhu gen) trong mot té bao, mot cdy hodc trong mot quan thé, dang ddc biét nay
khac biét véi cac dang khac ciia cung gen vé trinh ty cla it nhét 1a mot, va thuong la
nhiéu hon mét, vi tri bién dj trong trinh ty gen. Céc trinh tw & céc vi tri bién di nay ma
khac biét gitra cac alen khac nhau dugc goi la "cac phuong sai”, hodc "cac dang da
hinh". Thuét ngi "dang da hinh" duoc ding trong ban mé ta nay biéu thi bién di trong
trinh tu nucleotit giita cac alen tai locus di truyén theo sang ché, cia cac loai, cac cay
trong, cac chung hodc cac ca thé thuc vat khic nhau. Mot "vi tri da hinh" 13 vi tri
nucleotit da dugc chon trudce trong trinh tu cua gen ma khac biét vé trinh tu xay ra tai
do6. Trong mot sb truomg hop, hién twong da hinh di truyén giy ra bién di vé trinh tu
axit amin trong polypeptit dugc ghi ma bdi gen, va do do vi tri da hinh ¢6 thé trg thanh
noi xay ra hién tuong da hinh vé trinh ty axit amin tai vi tri d3 dinh trude trong trinh tyr
polypeptit. Theo cac vi du khéc, ving da hinh co thé nim & ving khong ghi ma
polypeptit ciia gen, vi du, trong ving gen khoi dau va do d6 c6 thé anh hudng dén mirc
d6 biéu hién cua gen. Céc dang da hinh dién hinh la loai bo, cai xen hodc thay thé. Cac
dang nay co thé bao gém mot nucleotit (hién tugng da hinh don nucleotit hay SNP)
hodc hai hodc nhiéu nucleotit.

Thuat nglt "dot bién" duogc dung trong ban mo ta nay la hién twong da hinh ma
tac ra thay ddi vé kiéu hinh & ciy hodc mot phan ciia n6. Nhu da biét trong linh vuc k¥
thuat nay, mot sb dang da hinh 1a cam, vi du, thay ddi mot nucleotit & ving ma hoéa
protein ma khong thay doi trinh tu axit amin ciia polypeptit duge ma hoa do thira ma di
truyén. Cay ludng boi thuomg s& c6 mot hodc hai alen khac nhau cua mdt gen, nhung
chi mot néu ca hai ban sao cua gen 13 giéng hét nhau, tic 13 ciy nay 1a ddng hop tir dbi
véi alen d6. Cac cay da boi thuong c6 nhigu hon mot thé twong dong ctia gen cu thé bat

ky. Vi dy, loa my luc bdi ¢ ba h¢ gen phu (thuong duoc goi la “hé gen”) duogc dat t€n
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la cac hé gen A, B va D, va do 4o ¢ ba thé twong déng cua hau hét cac gen ciia no, mot
thé twong déng & mdi hé gen A, B va D.

Thuat ngr “gen ROSIa ghi ma polypeptit ROS1a” hodc “gen ROS/a” duoc
ding trong ban md ta nay dé chi trinh ty nucleotit ma ghi md polypeptit ROS1la nhu
duoc xac dinh trong ban mo ta nay. gen ROSIa co thé 1a gen ndi sinh co trong ty nhién,
hodc mang bién dj di truyén (tét hon 12 bién di di truyén duoc dua vao) nhu dugc xac
dinh trong ban mé ta nay. gen ROSIa ghi ma polypeptit ROS1a ¢ hat theo sang ché c6
thé co hodc co thé khong cé intron. Theo mot vi duy, hat theo sang ché 1a tir 1ha va it
nhat 1|a mot alen cia gen ROSIa ghi mad polypeptit ROSla voi hoat tinh ADN
glycosylaza giam khi dugc so vdi polypeptit ROS1a tir cdy laa loai thuong twong ung
(nhu ma chira trinh tuy axit amin nhu dugc thé hién & SEQ ID NO: 2). Vi du vé
polypeptit ROS1a véi hoat tinh ADN glycosylaza giam nay la dot bién Ta2 cia lua
(SEQ ID NO:1).

Thuat nglt “hodc lam bt hoat gen ROSIa” hodc “giam muc do biéu hién cla
gen ROS1a” hodc céc bién thé cua ching duoc dimg trong ban mo ta nay dé chi bién di
di truyén bat ky ma lam giam (mot phan), hodc ngin nglra hoan toan, su biéu hién cta
gen ghi ma polypeptit ROS1a chirc nang. Céc bién di di truyén bao gém cac dot bién o
ving gen khoi dau ctia gen ma lam giam mirc d§ phién ma cta gen dugc phién ma, vi
du, bang cach ap dung ky thuat bién tdp gen dé loai bo hoic thé cac nucleotit tir gen
khoi ddu cia gen ROSIa, hodc cac dot bién ghép ndi intron ma lam thay dbi luong
hodc vi tri ghép nbi dé tao ra ARN thong tin.

‘Dang hé gen hodc dong gen chira vang dugc phién ma ¢6 thé bi pha v& bang cac
trinh tu khong ma hoéa duge goi 1a "cac intron" hodc "cac vung can thiép" hodc "céc
trinh tw can thiép", ma c6 thé 13 tvong dong hodc khic loai lién quan dén “cac exon”
cua gen. Thudt nglr "intron" dugc dung trong ban moé ta nay la mét doan cua gen ma
dugc phién ma lam mot phan ctia ban sao bac nhét cia ARN nhung khéng c6 mit trong
phan t&r ARN thdng tin thanh thuc. Céc intron dugc loai ra hodc "bi cit bo" khoi nhan
hodc ban sao so cép; do d6 cac intron véng mét & ARN thong tin (mRNA). Thuat ngtr
"exon" dugc dung trong ban mé ta nay dé chi cac ving ADN tuwong ng véi cc trinh tu
ARN cé mit & ARN thong tin thanh thuc hodc phan tu ARN thanh thuc trong cac
trudng hgp ma & d6 phan tr ARN khong duge dich ma. ARN thong tin hoat dong trong
qué trinh dich ma dé cu thé héa trinh tu hodc thi tu ctia cac axit amin & polypeptit moi
¢6. Thuat ngir "gen" bao gdm phan tir téng hop hoic phan tr dung hop ghi ma toan bd
hodc mot phan cia cac protein theo séng ché duoc boc 16 trong ban mé ta nay va trinh

tr nucleotit bd tro cho trinh tu bat ky trong sb cac trinh tu néu trén. Gen co6 thé duoc
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dua vao vat truyén thich hop dé duy tri ngoai nhiém sic thé trong té bao hodc, tét hon
1a, nhdm hop nhat vao hé gen cta vét chu.

Thuét ngit "gen kham" dugc dung trong ban mé ta nay dé chi gen bat ky ma
chira cac trinh tu lién két cong hoa tri ma khong dugc thay lién két trong tw nhién. Noi
chung, gen kham chira trinh ty diéu hoa va duge phién mé hoic trinh ty protein ghi ma
ma khong dugc thdy cing nhau trong ty nhién. Do d6, gen kham c6 thé bao gdm cac
trinh tu diéu hoa va céc trinh tu ghi mad ma thu dugc tur cac nguén khac nhau, hodc cac
trinh tu diéu hoa va céc trinh ty ghi ma thu duge tir cing ngudn, nhung duge bd tri theo
cach khéc cach tim thay trong tu nhién. Theo mot phuong 4n, ving ghi ma protein cua
gen ROSla duge lién két khi hoat dong voi gen khoi dau hodc ving polyadenyl
hoa/ving két thuc ma 1a khac loai ddi véi gen ROS1a, nho do tao ra gen kham. Theo
mot phuong an khac, gen ghi ma polynucleotit ma, khi co mat trong hat laa, diéu tiét
giam san luong va/hodc hoat tinh cua polypeptit ROS1a trong hat dugc lién két khi
hoat dong vai gen khoi dau hodc ving polyadenyl hoa/ving két thuc ma la khac loai
d6i v4i polynucleotit, nhdr d6 tao ra gen kham, ,

Thuét ngit "ndi sinh" dugce dung trong ban mé ta niy dé chi chat ma thudng co
mat hodc duoc tao ra ¢ cay chua dugc cai bién & cung giai doan phat trién nhu cay
dang dugc khéo sat. Thuat ngtr "gen ndi sinh" dugc dung dé chi gen ty nhién & vi tri tu
nhién ctia n6 trong hé gen cua mét sinh vat. Cac thuat ngir "phan tir axit nucleic tai to
hop”, "polynucleotit tai t6 hop" hodc cac bién thé ciia ching duge dung trong ban mb ta
nay dé chi phén tir axit nucleic ma dugc cAu truc hodc duoc cai bién theo ky thuat ADN
ti to hop. Cac thuét ngir "polynucleotit la" hodc "polynucleotit ngoai sinh" hodc
"polynucleotit khac loai" va cac thuat ngit twong tu duge dung dé chi axit nucleic bat
ky ma duogc dua vao hé gen cua té bao nho cac thao tc thi nghiém.

Gen la hodc gen ngoai sinh co thé 1a gen ma dugc cai xen vao a sinh vat khong
tw nhién, gen tu nhién dugc dua vao vi tri maéi trong vat chu tu nhién, hodc gen kham.
Thuat ngit "gen chuyén" c6 nghia 1a gen ma dwoc dua vao hé gen theo quy trinh bién
nap. Thudt ngtr "dugc cai bién vé mat di truyén” bao gém viéc dua gen vao cac té bao
bang cach bién nap hoic tai nap, gdy dot bién & cac té bao va lam thay doi hodc diéu
bién qua trinh diéu chinh gen & té bao hodc sinh vat ma cac bude nay da duogc thuc hién
hodc thé hé con clia ching.

Ngoai ra, thuat ngit "ngoai sinh" lién quan dén polynucleotit (axit nucleic) dugc
ding dé chi polynucleotit khi c6 trong t¢ bao ma trong ty nhién khong bao gém
polynucleotit nay. Té bao nay c6 thé la té bao ma chita polynucleotit phi ndi sinh tao ra
san lugng thay d6i cua polypeptit dugc ma hoa, vi du, polynucleotit ngoai sinh ma lam

tang mirc do biéu hién cta polypeptit ndi sinh, hodc té bao ma trong trang thai tu nhién
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cua nd khong san sinh polypeptit nay. San lugng tang cua polypeptit theo sang ché con
duoc goi 1a “su biéu hién qua mic” trong ban mé td nay. Polynucleotit ngoai sinh theo
sang ché bao gdm céac polynucleotit ma khong duoc tach ra khoi cac thanh phan khac
cua té bao chuyén gen (tai tb hop), hodc hé¢ biéu hién khong bao gdm té bio, noi né co
mat, va cac polynucleotit san sinh ra trong cac té bao ndy hodc hé khong té bao ma sau
d6 duoc tinh ché ra khoi it nhat mot sb thanh phan khac. Polynucleotit ngoai sinh (axit
nucleic) co thé 1a soi kéo dudi nucleotit lién ké co trong ty nhién, hodc bao gf')m hai
hodc nhiéu soi kéo dudi nucleotit lién ké tir cac ngudn khac nhau (xdy ra trong tu nhién
va/hoic tong hop) két hop dé tao ra mét polynucleotit. Thong thuong, cac polynucleotit
kham nay bao gdm it nhat khung doc m& ghi ma polypeptit theo sang ché dugc lién két
khi hoat dong v&i gen khéi dau thich hop cho viéc dan qué trinh phién md khung doc
mo trong té bao dang quan tam.

Mirc d6 ddng nhat tinh theo % cua polynucleotit duge x4c dinh theo phén tich
GAP (xem tai liéu cha Needleman va Wunsch, 1970) (chuong trinh GCG) v61 diém trur
cho viéc tao khoang cach=5, va diém trir cho viée kéo dai khoang cach=0,3. Trinh tu
chit vAn c6 chiéu dai it nhat 1a 3.000 nucleotit, va phan tich GAP dudi thang so sanh
hai trinh tu trén vung gé)m it nhét 1 3.000 nucleotit. Con tot hon nita, trinh tu chat van
c6 chiéu dai it nhét 1a 3.750 nucleotit va phan tich GAP dudi thang so sanh hai trinh ty
trén ving gom it nhat 1a 3.750 nucleotit. Con t6t hon nita, trinh ty chit van c6 chiéu dai
it nhét 1a 4.500 nucleotit va phan tich GAP dudi thing so sanh hai trinh tu trén ving
gdm it nhét 4.500 nucleotit. Con t6t hon nita, phan tich GAP dudi thang so sanh hai
trinh ty trén toan b chiéu dai ctia chung.

Lién quan dén cac polynucleotit da dinh, c6 thé thay rang cac so liéu mic do
dbng nhét tinh theo % cao hon cic 36 liéu dd néu s& bao gdm cac phuong an dugc uu
tién. Do do, néu thich hop, trén co s& cac s6 liéu tdi thiéu vé mic do déng nhét tinh
theo %, t6t hon 1a polynucleotit ¢ trinh tu polynucleotit ma la dong nhat it nhit 1a
95%, tot hon nita néu it nhét 1a 96%, tot hon nita néu it nhit 1a 97%, t6t hon nita néu it
nhat 1a 98%, tot hon nita néu it nhét 12 99%, tdt hon nita néu it nhat 1a 99,1%, tét hon
nita néu it nhit 12 99,2%, tdt hon nita néu it nhat 1a 99,3%, t5t hon nita néu it nhét 1a
99.4%, tot hon nita néu it nhat 12 99,5%, t6t hon nita néu it nhét 1a 99,6%, tot hon nita
néu it nhit 1a 99,7%, t6t hon nita néu it nhit 12 99,8%, va con tot hon nita néu it nhat 1
99,9% vai trinh tu lién quan da dinh.

Sang ché con dé xuat viée sit dung céc oligonucleotit, vi du trong cdc phuong
phap sang loc polynucleotit theo sang ché, hodc ghi ma polypeptit theo sang ché. Thuat
ngit "oligonucleotit" dwge dung trong ban mo ta nay la cac polynucleotit ¢o chiéu dai

dén 50 nucleotit. Kich thude tdi thiéu cta cic oligonucleotit nay 12 kich thude can thiét
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dé tao ra thé lai 6n dinh gitta oligonucleotit va trinh ti bd trg trén phan tr axit nucleic
theo sang ché. Chung c6 thé 13 ARN, ADN, hodc két hop hodc cac chat din xudt cua
chung. Cac oligonucleotit thuong 1a cac phan tr sgi don tuong d6i ngan co chidu dai
gdm 10 dén 30 nucleotit, thuong la 15 dén 25 nucleotit. Khi dugc dung lam mau hodc
lam doan mdi trong phan ung khuéch dai, kich thudce t61 thiéu cua oligonucleotit nay 1a
kich thude cin thiét dé tao ra thé lai 6n dinh gitra oligonucleotit va trinh tu bd tro trén
phan tir axit nucleic dich. Tét hon, néu cic oligonucleotit nay c6 chiéu dai it nhat 1a 15
nucleotit, tdt hon nira néu it nhat 13 18 nucleotit, t6t hon nita néu it nhit 14 19 nucleotit,
t6t hon nita néu it nhét 1a 20 nucleotit, con tdt hon nita néu it nhét 14 25 nucleotit. Cac
oligonucleotit theo sang ché duoc dung lam mau thuong duoc tiép hop v&i nhian nhu
ddng vi phong xa, enzym, biotin, phan tir ¢6 huynh quang hodc phén tir phat quang hoa
hoc.

Sang ché bao gdm cac oligonucleotit ma co thé dwoc sir dung, vi dy, 1am mau do
dé xac dinh cac phan tir axit nucleic, hodc lam cac doan moi dé tao ra cac phan tr axit
nucleic. Cac miu do va/hoic cac doan mdi cb thé duwge sir dung dé tach dong céc thé
twong dong cua cac polynucleotit theo sang ché tir cac loai khac. Hon thé nita, cac k¥
thuat lai da biét trong linh vyc k¥ thuat nay cling co thé duogc ap dung dé sang loc thu
vién hé gen hodc thu vién ADN b tro dbi véi cac thé tuong déng nay.

Cac polynucleotit va cac oligonucleotit theo sang ché bao gom cac phan tir ma
lai trong cac diéu kién nghiém ngdt vdi mot hodc nhiéu trinh ty da duoc néu & SEQ 1D
NO: 1 hodc 2. Thuat ngtr cac diéu kién nghiém ngat duoc dung trong ban mo ta nay dé
chi cac diéu kién ma (1) st dung cuong d6 ion thap va nhiét do cao dé rua, vi du,
0,015M NaCl/0,0015M natri xitrat/0,1% NaDodSOs ¢ 50°C; (2) st dung trong qué
trinh lai tic nhan 1am bién tinh nhu formamit, vi du, 50% (thé tich) formamit véi 0,1%
albumin huyét thanh bo, 0,1% Ficoll, 0,1% polyvinylpyrolidon, 50mM dung dich dém
natri phosphat ¢ do pH=6,5 véi 750mM NaCl, 75mM natri xitrat & 42°C; hodc (3) st
dung 50% formamit, 5 x SSC (0,75M NaCl, 0,075M natri xitrat), S0mM natri phosphat
(40 pH=6,8), 0,1% natri pyrophosphat, 5 x dung dich Denhardt, ADN tinh dich ca hoi
da duoc nghién bang séng am (50g/ml), 0,1% SDS va 10% dextran sulfat & 42°C trong
0,2 x SSC va 0,1% SDS.

Céc polynucleotit theo sang ché o thé chitra, khi so véi cac phan tit ¢6 trong tu
nhién, mot hodc nhiéu dot bién ma 12 loai bd, cai xen, hoic thay thé céac géc nucleotit.
Dot bién co thé co trong tw nhién (tirc 13, phan 1ap duoc tur ngudn tu nhién) hodc tong
hop (vi du, béng cach thuc hién gay dot bién dinh huéng diém trén axit nucleic). Bién
thé cua polynucleotit hodc oligonucleotit theo sang ché bao gdm cac phan tr ¢6 kich

thude thay doi, va/hodc co kha ning lai vdi, hé gen cua lua gan vai kich thude clia cac
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phéan tir polynucleotit hodc oligonucleotit tham chiéu da duoc boc 16 trong ban mo ta
nay, tt hon la gen ROSIa ndi sinh. Vi du, cac bién thé co thé bao gdm cac nucleotit bo
sung (nhu 1, 2, 3, 4, hoac nhiéu), hodc it nucleotit hon ching nao ching van lai voi
ving dich. Hon thé nifa, mét vai nucleotit c6 thé duoc thé ma khong anh huodng dén
kha nang cua oligonucleotit lai véi ving dich. Ngoat ra, cac bién thé co thé d& dang
duoc thiét ké ma lai gin véi, vi duy, trong khoang 50 nucleotit, viing ciia hé gen clia
thue vat do khi oligonucleotit cu thé nhu dugc xac dinh trong ban md ta nay lai. Cu the,
no bao gdm céac polynucleotit ma ghi mi cing mot trinh tu polypeptit hodc cing mdt
trinh tu axit amin nhung thay doi vé trinh tu nucleotit do thira ma di truyén. Cac thuét
ngit "bién thé polynucleotit” va "bién thé&" con bao gdm cac bién thé alen c6 trong tu

nhién.

Cac bién dj di truyén

Thuat ngit “bién di di truyén” dugc dung trong ban mo ta nay dé chi mot hodc
nhiéu té bao cua hat, tdt hon 1 céc té bao ¢ it nhat 1a mot hodc nhiéu hoac tat ca aloron,
v qua, phan 16i ra & nhan, bau nhuy, vé ngoai ctia hat va ndi nhil tinh bot cua hat dang
phét trién, hodc cua cdy hodc mot phdn cua né theo sang ché ma c¢o cai bién di truyén
ma c6 thé duoce dua vao bai con ngudi, hodc co thé xuét hién & cdy lua trong tu nhién
(vi du, duoc lai chéo dé tao ra cay theo sang ché).

Thuat nglr “mot hoac nhiéu bién di di truyén duogc dua vao” dugc dung trong
ban mo ta nay dé chi mot hodc nhidu té bao cia hat, tot hon 14 cac té bao ¢ it nhat 1a
mot hodc nhiéu hodc tat ca aloron, vo qua, phén 16i ra & nhén, bau nhuy, vo ngoai cua
hat va ndi nhii tinh bt cia hat dang phat trién, hodc cua cay hodc mot phén cua no theo
sang ché ma co cai bién di truyén duoc dua vao bdi con ngudi. Theo mot phuong an
dugc uu tién, ting té bao trong hat hodc cay hoac phén clia no chira bién di di truyén
duoc dua vao. Nhu ngudi c6 hiéu biét trung binh trong linh vire k§ thut nay hiéu dugc,
c6 nhiéu loai cai bién di truyén khac nhau ma c6 thé duoc tao ra nhu, nhung khong chi
gi6i han &, cau tric nucleic ghi ma polynucleotit ngoai sinh ma lam giam mirc do biéu
hién ctia gen ROS/a (nhu phéan tir ARN s¢i d6i hodc ARN ¢& micro), céu tric nucleic
ghi ma polynucleotit ngoai sinh ma ghi ma polypeptit ROS1a ma trinh tu axit amin cua
no 1a khéc trinh ty axit amin cia polypeptit ROS1a loai thuong tuwong tmg va co hoat
tinh ADN glycosylaza giam (t6t hon 14 mdt chut nhung c6 thé 1a khong) khi so voi
polypeptit ROS1a loai thuong twong trng, hén gen dugc xur ly bang cach bién tap gen
dé lam giam hoat tinh ctia gen ROS!Ia ndi sinh, va bang cach s dung TILLING dé dua
cac dot bién vao va chon cac cay tao ra hat c6 hoat tinh ADN glycolyaza gidm ¢

polypeptit ROS1a.
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Thuét ngi “lam giam hoat tinh cia it nhat 1a mot gen ROSIa”, khi dé cap dén
“mot hodc nhiéu bién di di truyén” hodc “mdt hodc nhiéu bién di di truyén duoc dua
vao”, duoc dung trong ban md ta nay dé chi bién di di truyén tao ra giam luong hoic
hoat tinh ctia polypeptit ROS1a dwoc biéu hién bang gen khi so vdi cay lua loai thuong
trong Ung. Theo mét phuong an, hat ndy chira polypeptit ROS1a co it nhét 14 mot chut
hoat tinh ADN glycolyaza.

Theo mdt phuong 4n, bién dj di truyén khong diéu tiét giam hoat tinh ADN
glycolyaza cua pclypeptit khong 1a ROSla. Vi dy, bién di di truyén khong lam giam
hoat tinh ADN glycosylaza cua tirng polypeptit trong s6 cac polypeptit ROS1b, ROSIc
va ROS1d nhiéu hon 10% hodc 30% & cdy la theo sang ché. Theo cich khic, bién di
di truyén lam giam hoat tinh ADN glycosylaza cua it nhit 1a mot trong sb céc
polypeptit ROS1b, ROS1c va ROSId it nhét 1a 30%.

ARN can thiép

ARN can thiép (RNAI1) 1a dac biét hitu ich dé 1am giam mdt cach 1o rét mac do
biéu hién clia gen, ma dan dén giam san lugng clia mot protein cu thé néu gen nay ma
hdéa mot protein. Mac du khong mudn bi rang budc boi 1y thuyét, Waterhouse va cac
ddng tac gia (1998) da d& xuit mé hinh vé co ché ma theo d6 ARN soi doi (ARN kép)
o thé duoc dung dé 1am giam san luwgng protein. Cong nghé nay dua vao su ¢ mit cua
cac phan tr ARN sgi doi ma chéa trinh tw ma héu nhu dong nhét véi ARN thong tin
cua gen dang quan tdm hodc phﬁn cta chung. Mot cach thuan tién, ARN so1 do1 ¢o thé
duogc tao ra tr mot gen khoi dau trong vat truyén tai to hop hodc t& bao chu, khi trinh tu
c6 nghia va trinh tu dbi nghia dugc boc suon bang mot trinh tu khong lién quan ma cho
phép trinh tu c6 nghia va trinh tu d6i nghia lai dé tao ra phan tir ARN s¢i d6i véi trinh
tw khong lién quan tao ra céu triic quai. Thiét ké va qua trinh tao ra cc phan tor ARN
s0i doi thich hop ndm trong pham vi cia nguoi ¢o hiéu biét trung binh trong linh vuc
ky thut nay, dic biét xem céc tai liéu: Waterhouse et al. (1998), Smith er al. (2000),
WO 99/32619, WO 99/53050, WO 99/49029 va WO 01/34815.

Theo mot vi du, ADN duge dua vao ma diéu khién quy trinh téng hop (cac) san
phdm ARN soi d6i it nhat la mot phan twong dong véi gen ROSIa. Do d6, ADN nay
chtra ca trinh tu ¢6 nghia va trinh tu dbi nghia ma, khi dugc phién mi vao ARN, ¢ thé
jai dé tao ra ving ARN soi doi. Theo mdt phuong &n cia sang ché, trinh tu c6 nghia va
trinh tw doi nghia duoc tach bai ving dém ma chira intron ma, khi dugc phién ma vao
ARN, thi bi cét bo. Da thay rang cach bd tri ndy tao ra hiéu qua lam cam gen cao hon
(Smith et al., 2000). Vung so¢i do1 ¢ thé bao g@)m mot hodc hai phan tr ARN, da duoc

phién ma tir mot ving ADN hodc hai. Su c6 mét ctia phan tr soi doi duge xem la khoti
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mao dap Umg tir hé ndi sinh ma pha huy ca ARN so1 doi va cd ban sao ARN tuong dong
tr gen dich, lam gidm hiéu qua hodc loai bo hoat tinh cuia gen dich.

Chiéu dai cta trinh tw c6 nghia va trinh tu dbi nghia ma lai can it nhat 1a 19
nucleotit lién k&, tot hon néu it nhat 1a 30 hodc it nhét 50 nucleotit lién k&, tét hon nira
néu it nhét 1a 100 hodc it nhat 200 nucleotit lién k&. No6i chung, trinh tr gdm 100 dén
1000 nucleotit trong Ung voi vung cua ARN thong tin cua gen dich dugc su dung.
Trinh tu dai day di tuong (mg véi ban sao cua toan bd gen co thé duoc str dung. M
d6 ddng nhét cua trinh ty c¢6 nghia v6i ban sao dich (va do do ca mire do ddng nhét cua
gen d6i nghia trinh ty so voi su bd tro cua ban sao dich) can it nhat 1a 85%, it nhét la
90%, hodc nim trong khodng tir 95% dén 100%, tot hon 1 ddng nhat véi trinh ty dich.
Tét nhién, phan tr ARN c6 thé bao gdm céc trinh tu khong lién quan ma co thé hoat
dong dé lam on dinh phan tir. Phan tr ARN nay c6 thé duge biéu hién dudi sy kiém
504t clia cac gen khai dau polymeraza ARN II hodc polymeraza ARN I Céac vi du vé
thanh phan sau bao gdm cac gen khdi dau tRNA hoic snRN.

Cac phan tt ARN can thiép ngin ("siRNA") dugc uu tién bao gdm trinh tu
nucleotit ma 1a ddng nhat dén 19 dén 25 nucleotit lién tuc véi ARN thong tin dich. Tét
hon, néu trinh ty ARN can thiép ngan bat dau voi dinucleotit AA, co ham luong GC
nam trong khoang 30% dén 70% (tét hon la 30% dén 60%, t5t hon nita 1a 40% dén
60% va tt hon nira ndm trong khoang 45% dén 55%), va khong co muc do dong nht
cao tinh theo ty 1& phan trim véi trinh tyr nucleotit nao khéac dich trong hé gen cua sinh
vat noi ma no sé duge dua vao, vi du, nhu xac dinh dugce theo tra ciru BLAST chuan.

ARNA kép htru ich theo siang ché c6 thé dé& dang duoc tao ra biang cach ap dung

cac quy trinh thong thuong.

ARN ca micro

Céc ARN ¢& micro (duoc viét tat 1a miRNA) 13 cac phan tir ARN khong ma hoa
thuong c6 chiéu dai nam trong khoang tir 19 dén 25 nucleotit (thudng nam trong
khoang tir 20 dén 24 nucleotit & thuc vat) ma thu dugc tr cac tién chat lén hon tao nén
ciu trac vong than quai khong hoan chinh. ARN ¢& micro thudng b tro hoan toan cho
mdt vung ctia ARN thong tin dich ma mtrc do biéu hién cta no can duoc giam, nhung

khong can b tro hoan toan.
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Céc ARN micro lién két véi cac trin an sao cua ARN thdong tin
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(mRNA) dich, thuong dan dén sy kim ham dich ma hodac
cam gen. Cac ARN ¢& micro nhan tao (amiRNA) co thé duoc thiét ké trén co s cac
ARN ¢& micro tw nhién dé 1am giam muc do biéu hién cia gen bat ky dang dugc quan

tam, nhuw da biét trong linh vuc ky thuét nay.
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O céc té bao thue vat, tin rang cac phan tor ARN ¢& micro tién than duge xir 1y
dang ké & nhan. ARN micro tién than (chtra méot hodc nhiéu ving soi déi tai chd hodc
"kep toc" cling nhu "chup" 5' thong thuong va dudi da duoc polyadenyl hoa cuia ARN
thong tin) dugc xU 1y thanh phan tr ARN ¢& micro tién than ngan hon ma con bao gém
vong quai thin hodc cdu triic ghp nguge va dugc goi 1a "tién ARN micro". O thuc vit,
cac tién ARN micro duoc phan cit boi cac enzym kiéu DICER (DCL) khac biét, tao ra
cap doi ARN c& micro:ARN micro*. Trudc khi van chuyén ra khoi nhan, cac cap doi
nay dugc metyl hoa.

Trong té bao chat, ARN ¢& micro diing riéng khoi cip déi ARN ¢d micro:ARN
micro dugc két hop mot cach chon loc vao phirc lam cam do ARN gy ra (RNA-
induced silencing complex - RISC) hiéu nghiém dé nhan dién dich. Cac phtrc RISC
chira tiéu tap hop cu thé gdm cic protein Argonaute ma gy ra su kim ham gen dac biét
theo trinh tu (vi dy, xem céc tai liéu: Millar and Waterhouse, 2005; Pasquinelli ez al.,
2005; Almeida va Allshire, 2005).

ARN ¢& micro hitu ich theo sang ché c6 thé duoc tao ra mot cach dé dang bang
cach ap dung cac quy trinh thong thuong. Vi du, thiét ké cua céu tric ARN micro nhan
tao ROS1a (amiRNA - artificial microRNA) cé thé dua trén phuong phap chung duoc
mé td bséi Fahim va cac ddng tic gia (2012). Phan mém WMD3
(www.wmd3.weigelworld.org/) co thé dugc ding dé xac dinh cac dich ARN micro
nhan tao thich hop ¢ gen ROSIa. Céc dich ARN micro nhan tao dugc chon theo bén
tiéu chi: 1) tinh khéng 6n dinh twong d6i & déu tan cing 5' bang cach sir dung cac trinh
toy ma la giau AT & dau tan cung 5' va giau GC ¢ dau tan cung 3, 2)Uovitril va Ao
vi tri phn cét (giita vi tri 10 va vi tri 11); 3) t6i da 1 va 4 15i ghép d6i lan luot & cac vi
tri 1 dén 9, va 13 @én 21; va 4) ¢ nang luong ty do dd du doan (AG) thap hon -30kcal
mol! khi ARN micro nhan tao lai vdi ARN dich (xem tai liéu: Ossowski et. al., 2008).
Pé 1lam giam muc do biéu hién dic thu theo gen, trinh ty ARN micro nhan tao ing vién
duoc chon trong ving ma thé hién mirc do twong ddng thip nhat khi dudi thang tat ca
céc thé twong dong cia OsROSIa, nhd d6 lam giam tiém ning lam giam muc do biéu
hién theo dich la cta cac thé twong déng ROS1 va cac cdp gen. Tién chét cia miR395
cua lta (xem céac tai liéu: Guddeti et al, 2005; Jones-Rhoades and Bartel, 2004;
Kawashima et al., 2009) c6 thé duoc chon 1am khung ARN micro nhén tao dé cai xen
cac trinh tu ARN micro nhéan tao. Dé thiét ké va tao ra cau tric nay, ndm dich ARN c&

micro ndi sinh & miR395 dugc thé béng nim dich ARN micro nhan tao dé ha TA2.

Ue ché dong thoi
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Céc gen ¢ thé e ché su biéu hién cia gen ndi sinh co lién quan va/hodc gen
chuyén da c6 mat trong hé gen, hién tugng nay dugc goi la viéc [am cdm gen phu thudc
vao su tuong ddng. Hau hét cac truong hop lam cdm gen phu thudc vao sy twong dong
chia thanh hai nhom - cac truong hop xay ra & mirc do phién ma gen chuyén, va céac
trrong hop van hanh sau phién ma.

Viéc lam cam gen phu thudc vao muc do tuong déng sau khi phién ma (tic la
e ché déng thoi) boc 10 hién tugng mat biéu hién cta gen chuyén va gen noi sinh co
lién quan hoac gen cua virut ¢ cac thuc vat chuyén gen. Thong thuong, nhung khéng
thudng xuyén, su e ché dong thoi xdy ra khi cac ban sao cua gen chuyén thira qua
nhiéu, va thudng duoc xem la duogc khoi mao & mic dd xir 1y, dinh vi, va/hodc lam
thoai bién ARN thong tin. Mot sé6 mé hinh ton tai dé giai thich hoat dong cta su tic ché
déng thoi (xem tai liéu: Taylor, 1997).

Viée trc ché dong thoi bao gdm viée dua thém ban sao ciia gen hodc doan cua no
vao cy theo dinh hudng co nghia lién quan dén gen khoi dau cho su biéu hién cia no.
Kich thude cia doan c6 nghia, sy trong Gng cia nd voi cac vung gen dich, va muie do
déng nhét vé trinh tu cta no véi gen dich co thé duoc xac dinh béi ngudi co hiéu biét
trung binh trong linh vuc k¥ thuat nay. Trong mot s6 trudng hop, ban sao bd sung ca
trinh tir gen can tré sy biéu hién ctia gen dich ctia cay. Tham chiéu WO 97/20936 va EP

0465572 vé cac phuong phap thuc hién cac cach thirc e ché dong thoi.

Cdc polynucleotit déi nghia

Thuét ngir "polynucleotit di nghia" dwoc dung dé chi phéan tir ADN hodc phan
tir ARN ma bd tro cho it nhit 13 mot phan ciia phan tir ARN théng tin cu thé ghi ma
polypeptit ndi sinh va cd kha nang can thi¢p vao hién tuong sau phién ma nhu dich ma
ctia ARN théng tin. Viée 4p dung cac phuong phap gen ddi nghia 14 da biét trong linh
vuc k¥ thuat nay (vi du, xem tai liéu: G. Hartmann and S. Endres, Manual of Antisense
Methodology, Kluwer (1999)). Viéc ap dung cac ky thuét gen dbi nghia & thuc vat da
duoc xem xét bdi Bourque (1995) va Senior (1998). Bourque (1995) liét ké rat nhiéu vi
du vé céach cac trinh tuy gen ddi nghia duoc ding & hé thuc vat lam phuong phap lam
bat hoat gen. Bourque con néu rang c6 thé la khong can thiét dat hiéu qua 100% tc ché
hoat tinh ctia enzym bét ky vi tre ché mot phan cé kha ning cao hon gy ra thay d6i do
duoc & hé théng nay. Senior (1998) néu rang cic phuong phip gen d6i nghia hién la ky
thuat chinh thtrc dé xir Iy qu trinh biéu hién gen.

Theo mét phuong an, polynucleotit di nghia lai trong cac diéu kién sinh 1y, tirc

1a polynucleotit dbi nghia (ma la s¢i don hoan toan hoac mot phﬁn) it nhat ¢6 kha nang
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tao ra sg1 doi polynucleotit véi ARN thong tin ghi ma polypeptit ndi sinh ROS1a trong
cac diéu kién binh thudng trong té bao.

Céc phén tir d61 nghia c6 thé bao gém céc trinh tw ma twong Ung véi gen ciu
truc hodc ddi v6i cac trinh ty ma thye hién viée kiém soat mirc do biéu hién gen hodc
hién tugng ghép ndi. Vi du, trinh ty gen ddi nghia c6 thé twong tmg véi ving ghi ma
dugc hudng dich dén cua gen ndi sinh, hodc vung khong dich ma & dau tan cung 5'
(UTR) hoac 3'-UTR hoéc to hop cua ching. N6 ¢cé thé 1a b tro mot phén cho trinh tu
intron, ma c6 thé bi ciit bo trong khi hodc sau khi phién ma, tdt hon 13 chi ddi véi cac
trinh tu exon cua gen dich do. Vi mirc d§ khac nhau noi chung cao hon cua cac UTR,
cac vung hudng dich nay dem lai tinh dac hi¢u cao hon ¢ vi¢c tc ché gen.

Chiéu dai cta trinh tu gen ddi nghia can it nhat 1a 19 nucleotit lién k&, tot hon
néu it nhét 1a 30 hodc it nhat 50 nucleotit, va t&t hon nita néu it nhat [a 100, 200, 500
hodc 1000 nucleotit. Trinh ty dai day du bd tro cho ban sao ciia toan bd gen c6 thé duoc
sir dung. Tét nhat, chidu dai la 100 dén 2000 nucleotit. Mirc do dong nhat cla trinh tu
gen dbi nghia v&i ban sao dich can it nhit 1a 90% va tét hon nira 1a nam trong khoang
tr 95% dén 100%, thuong 1a ddng nhit 100%. Tat nhién, phan tr ARN cua gen doi
nghia c6 thé bao gém cac trinh ty khong lién quan ma co thé thyc hién chic nang lam

6n dinh phan tir.

Bien tap hé gen bc%ng cach s dung cdc nucleaza dac hiéu vi tri

Viéc bién tap hé gen sir dung cac nucleaza da dugc xu ly ciu thanh boi cac mién
lién két ADN dic hiéu theo trinh ty ngung ty véi mddun phan cit ADN khong dic
hiéu. Cac nucleaza kham nay cho phép cac cai bién di truyén chinh xéc va hiéu qua
bang cach cam Gng cac doan gdy soi ddi cia ADN duoc huéng dich dén ma kich thich
cac co ché sira chita ADN té bao ndi sinh cua té bao dé sira chita doan giy dugc cam
tmg. Cac co ché nay bao gdm, vi du, két hop dau cubi khong dong nhit (non-
homologous end joining - NHEJ) d& 18i va sua chita theo dinh huéng ddéng nhat
(homology directed repair - HDR).

Vi su ¢6 mit cla plasmit cho v6i cac nhanh dong nhat kéo dai, HDR cé thé
din t¢i viée dua vao mdt hodc nhiéu gen chuyén dé sira cho dung hoic thay thé gen
dang ton tai. Khi khong c6 plasmit cho, viéc stra chita nho NHEJ tao ra céc dot bién
nho cai xen hodc loai bo & dich ma gay ra su pha v gen.

Céac nucleaza da dugc xit Iy hitu dung trong cac phuong phap theo sang ché bao
gdm cac nucleaza k&m ngon tay (ZFN), cac nucleaza tac dong kiéu hoat hoa (TAL)
phién ma (TALEN) va céc nucleaza déc hi€u vi tri loai CRISPR-Cas9.
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Thong thuong, cac gen dugc ma hoa boi nucleaza gen duge phan phéi vao té
bao nhd ADN plasmit, vét truyén virut hoic ARN thong tin phién mi in vitro. Viée sir
dung cac vat truyén thong bao thay thé huynh quang con cho phép lam giau ZFN-,
TALEN- hoic Cc té bao di duoc cai bién bang CRISPR.

Céc hé gen phue thudong chira nhiéu ban sao clia cic trinh tu ma la giéng hét
nhau hoic twong dong & muc do cao véi dich ADN dy kién, c6 tiém niang dan dén hoat
tinh ctia dich la va ddc tinh cia té bao. Bé dap tmg muc dich nay, phuong thirc cau tric
(xem céac tai liéu: Miller et al., 2007; Szczepek et al., 2007) va phuong thirc dya trén
lra chon (Doyon et al., 2011; Guo et al., 2010) co thé duoc ap dung dé tao ra cac
heterodime ZFN va TALEN t6t hon v6i tinh ddc hidu phan cit da duoc t6i uu hoa va
doc tinh giam.

Nhim dé huéng dich dén viée tai to hop di truyén hodc dot bién nhe ZFN theo
phuong an dugc uu tién cla sang ché, hai trinh tu nhan biét ADN ngoén tay kém gém 9
cdp bazo phai dugce xac dinh & ADN cua vét chu. Céc vi tri nhan biét nay s€ theo hudng
nghich chuyén so v&i nhau va cach nhau khoing 6 cip bazo ctia ADN. Tiép do, cac
ZFN duoc tao ra béng cach thiét ké va tao ra cac to hop ngoédn tay kém ma lién két dac
hiéu voi ADN tai locus dich, va sau do lién két cac ngon tay kém voi mién phan cit
ADN.

Nucleaza tac dong kiéu hoat hoa (TAL) phién ma (TALEN) chita mién lién két
ADN tac dong TAL va mién endonucleaza.

Cac chit tac déng TAL la cac protein cua vi khuén gay bénh thuc vat ma dugc
truyén bai sinh vat gay bénh vao té bio thyc vat, khi ching di chuyén dén nhan va thuc
hién chitc nang cua cac yéu t6 phién ma dé bat cac gen ddc hiéu caa thyc vat. Trinh tu
axit amin bac nhét ctia chét tac dong TAL quy dinh trinh tu nucleotit ma no lién két. Do
do, cac vi tri dich co thé duoc du doan cho céc chét tac dong TAL, va cac chét tac dong
TAL c6 thé duoc xur ly va tao ra nhim muc dich lién két voi cac trinh t nucleotit cu
thé.

Puoc dung hop véi cac trinh tu axit nucleic ght ma yéu t6 tac dong TAL la cac
trinh tw ghi mi nucleaza hoic mot phan ctia nucleaza, thuong la a mién phan cét khong
dic hiéu tir endonucleaza cat gidi han typ 2 nhu Fokl (Kim ef al, 1996). Cac
endonucleaza hitu dung khac co thé bao g6m, vi du, Hhal, Hindll1, Nod, BbvCl, EcoRI,
Bgll, va Alwl. Thuc té 12 mot vai endonucleaza (vi du, Fokl) chi thuc hién chic nang
cua cc dime c6 thé duogc st dung dé nang cao muc do ddc hiéu dbi véi dich cua yéu tb
tac dong TAL. Vi du, trong mot sb truong hop, mdi monome Fokl c thé duoc dung
hop vai trinh tyr cua chét tac dong TAL ma nhin biét trinh tu dich cia ADN khéc nhau,

va chi khi hai vi tri nhan biét 1a gan nhau thi cac monome khoéng c6 hoat tinh mdi ket
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hop lai dé tao ra enzym chirc nang. Do yéu céu lién két ADN dé hoat hoa nucleaza, a
enzym cat gi61 han déc hiéu vi tri cao cé thé duoc tao ra.

TALEN déc hiéu trinh tw c6 thé nhén biét trinh tu cu thé trong trinh tu nucleotit
dich da dugc chon trude cé trong té bao. Do d6, theo mdt sb phuong an, trinh tu
nucleotit dich ¢o thé duoc quét tim cac vi tri nhan biét nucleaza, va nucleaza cu thé co
thé duogc chon loc trén co s trinh ty dich. Trong cac trudng hop khac, TALEN c6 thé

duogc xu ly dé hudng dich dén trinh tu cu thé cua té bao.

Céu triic axit nucleic

Sang ché dé xuit cac cdu truc axit nucleic chtta cac polynucleotit theo sang ché
hodc hiru dung d6i voi sang ché, va cac vit truyén va cac té bao cha chira chung, cac
phuong phap tao ra va st dung chung, va cac img dung cua ching.

Sang ché dé xuit cac yéu td ma ndi hodc lién két khi hoat dong. Cac thuat ngir
"ndi khi hoat dong" hodc "lién két theo chirc nang" va thudt nglt twvong ty dugc dung dé
chi lién két ciia cac yéu t6 polynucleotit trong mdi quan hé chirc ning. N6i chung, cac
trinh tu axit nucleic ndi khi hoat déng duoc lién két lién ké va, khi can thiét két hop hai
ving ma héa protein, 14 lién ké va trong khung doc. Trinh ty ghi ma "dugc ndi khi hoat
dong véi" mot trinh tu ghi ma khac khi polymeraza ARN s€ phién ma hai trinh tu ghi
ma thanh mot ARN, ma néu duoc dich mi thi sau d6 duoc dich ma thanh mot
polypeptit cO cac axit amin thu dwgc tir ca hai trinh ty ghi ma. Céc trinh ty ghi ma
khoéng nhét thiét 1a 1ién ké v&i nhau chirng nao céc trinh ty dugc biéu hién cubi cung
duoc xur 1y dé tao ra protein mong mudn.

Thuat ngtr "trinh tu hoat dong cis", "yéu t6 hoat ddng cis" hoac "vung diéu hoa
cis" hodc "viung diéu hoa" hodc thuat ngit twong tu duge dung trong ban mé ta nay dé
chi trinh tu nucleotit bét ky, ma khi dugc dinh vi thich hop va ndi voi an trinh tu di
truyén 6 thé biéu hién duoc, c6 kha nang diéu hoa, it nhat 1a mot phén, su biéu hién
cua trinh tu di truyén. Nguoi ¢o hiéu biét trung binh trong linh vuc ky thudt nay biét
ring ving diéu hoa cis co thé c6 kha ning hoat hoa, lam cAm, nang cao, kim ham hogc
lam thay dbi theo cach khac mae d6 biéu hién va/hodc tinh dic hiéu theo loai té bao
va/hodc tinh dic hiéu phat trién cia gen trinh ty & muc d6 phién ma hodc muc do sau
phién ma. Theo cac phuong an dugc wu tién cua sdng ché, trinh ty hoat dong cis 1a trinh
tu hoat hoa ma lam gia tang hodc muc biéu hién cua trinh tu di tmyén c6 thé biéu hién
duoc.

Yéu t6 gen khoi dau hodc gen ting cuong "ndi khi hoat doéng" véi polynucleotit
c¢6 thé phién ma dugc c6 nghia 1a dit polynucleotit co thé phién ma duoc (vi du,

polynucleotit ghi ma protein hodc ban sao khac) dudi sy kiém soat diéu hoa cua gen
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khoi ddu, ma khi d6 kiém soat mirc d6 phién mé cta polynucleotit d6. Trong qué trinh
dung cac t6 hop gen khoi dau khac loai/gen céu tric, thuong wu tién dat gen khoi dau
hodc bién thé cua ching & vi tri cach xa vi tri khoi dau phién ma cua polynucleotit co
thé phién mi dugc ma khoang bang ding khoang cach giita gen khoi dau do va ving
mé hoa protein ma noé kiém soat trong cac thiét 1ap tu nhién; tirc 13 gen ma tir d6 thu
duoc gen khoi ddu nay. Nhu da biét trong linh vyc ki thudt nay, mét sé dao dong vé
khoang cach nay cé thé duge xem xét ma khong mat chirc nang. Tuong tu, viéc dat vi
tri dugc uu tién cua yéu td trinh ty diéu hoa (vi du, gen chi huy, gen tang cuong v.v.)
lién quan dén polynucleotit co thé phién ma dugc can dugc dat dudi su kiém so4t cua
n6 duge xac dinh bai vie dat vi tri cia yéu td ndy trong cac thiét 1ap tu nhién; tie 1a
gen ma nd cd ngudn gde tir dob.

"Gen khoi dau" hodc "trinh tu gen khoi dau" duoc dung trong ban mé ta nay dé
chi viing ctia gen, thuong nim trude (ddu tin cung 5') ctia ving ghi ma ARN, ma kiém
so4t su khoi dau va mirc d6 phién mi & té bao dang dugc quan tam. "Gen khoi dau”
bao gdm céc trinh tu diéu hoa phién ma cua gen thudc hé gen kinh dién, nhu trinh ty
hop TATA va trinh tw hdp CCAAT, ciing nhu cac yéu to diéu hoa bo sung (tirc 1a trinh
tw hoat héa phia trudc, gen ting cudng va gen lam cdm) ma lam thay doi mirc do biéu
hién gen dap lai kich thich cta qua trinh phat trién va/hodc kich thich ctia méi trudng,
hodc theo cach dic hiéu mé hodc dic hiéu loai té bao. Noi chung, nhung khong nhét
thiét (vi du, ddi v6i cac gen khoi dau Pollll), gen khoi ddu ndm trude gen céu triic ma
n6 didu hoa biéu hién. Hon thé nita, cdc yéu té diéu hoa chira gen khoi dau thuong nim
trong khoang cach 2kb tir vi tri khéi dau cta gen phién ma. Cac gen khai déu co thé
chira cac yéu té diéu hoa dic hiéu bd sung, nim xa vi tri khoi dau hon nita dé nang cao
hon nita mtc do biéu hién ¢ t& bao, va/hodc dé 1am thay dbi vé mat thoi gian hodc kha
nang cam ung su biéu hién cua gen cAu trac ma né ndi khi hoat dong.

Thuét ngit "gen khoi dau co dinh" duoc dung dé chi gen khoi dau ma chi huy sy
biéu hién cuta trinh tu da duoc phién ma lién két khi hoat dong o nhiéu hodc tit ca cac
moé cia mot sinh vat nhu mot cdy. Thuat ngt co dinh dwoc dung trong ban moé ta nay
khong nhét thiét thé hién réng gen duogc biéu hién & cung mot muc do & tat ca cac loai
té bao, ma réng gen dugc biéu hién & nhiéu loai té bao, mic du dao dong mdt chut ¢
muc d6 thuong la du doan dugc. Thuat nghr "biéu hién chon loc" duge dung trong ban
md ta nay dé chi su biéu hién hau nhu chi riéng & cac bo phan cu thé, vi du, cua cay, vi
du, nd1 nht, phoi, 14, qud, than cu hoac ré. Theo mot phuong 4n duoc uu tién, gen khdi
déu duoc biéu hién mét cach chon loc hodc mdt cach wu tién & hat cua cay, tdt hon la

cay lua. Do d6, su biéu hién chon loc c6 thé dugc so sanh twong phan vaéi sy biéu hién
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co dinh, ma thuat nglt nay dugc dung dé chi sur biéu hién ¢ nhiéu hodc tat ca cdc mod
cha cdy trong hau hét hodc toan bd cac diéu kién ma ciy niy trai qua.

Su biéu hién chon loc con c6 thé khién nging riéng cic san pham cua sy bicu
hién cua gen & mo, bd phan, hodc giai doan phat trién cu thé cua cay. Su ngdn riéng o
cac vi tri cu thé dudi mirc té bao nhu thé hat, dung dich bao tuong, khong bao, hodc
khong gian cta hat khong mau cé thé dat duoc biang cach dwa vao chu tric cua san
pham gen cac tin hiéu thich hop, tirc 14 tin hidu peptit, dé vn chuyén dén khoang té bao
quy dinh, hodc trong truomg hgp cua cac hat co quan ban ty tri (thé hat va ty thé) bing
cach gén gen chuyén voi cac trinh ty diéu hoa thich hop truc tiép vao hé gen cua hat co
guan nay.

"Gen khoi dau dic hiéu véi mo" hodc "gen khoi dau dac hiéu véi co quan" la
gen khoi ddu ma duoc vu tién biéu hién & moét mé hodc co quan so Vol nhiéu md hodc
co quan khac, tét hon 14 hau hét néu khong phai tat ca cac mo khac hodc cac co quan &
cay ché’ing han. No6i chung, gen khoi dau nay dugc biéu hién & muc do cao hon 10 lan &
mo hodc co quan cu thé so v&i cdc mo hodc cac co quan khac.

Céc gen khai dau dic hiéu voi hat gidng theo sang ché ma la thich hop 1a gen
khoi dau cua gen napin cia cdy hat cai ddu (US 5,608,152), gen khoi dau USP cua
Vicia faba (xem tai lidu: Baumlein et al., 1991), gen khai déu oleosin cta Arabidopsis
(xem cong bd don qudc t& s6 WO 98/45461), gen khoi dau phaseolin cia Phaseolus
vulgaris (xem patent My s6 US 5,504,200), gen khoi ddu Bee4 ctia cai be xanh (WO
91/13980) hodc gen khai dau legumin B4 (xem tai liéu: Baumlein et al., 1992), va cac
gen khoi ddu ma dan dén su biéu hién ddc hidu theo hat gidng o lha va cac gen khoi
dAu twong tu. Cac gen khéi dau dang chi ¥ ma 14 thich hop 1a gen khoi dau ctia cac gen
LPT2 hodc LPTI cta lba mach (xem cac cong bb don quéc té s6 WO 95/15389 va WO
95/23230) hodc cac gen khoi dau da duoc boc 16 trong cong bd don quéc té s6 WO
99/16890 (cac gen khoi dau tr gen hordein cta lia mach). Cac gen khoi dau khac bao
o0m cac gen khoi dau di duoc mé ta bai Broun va cac dong téc gia (1998), Potenza v
cac dong tac gia (2004), cac cong bd don yéu cau cip bang doc quyén sang ché My s6
US 20070192902 va US 20030159173. Theo mot phuong an, gen khoi dau dic hiéu hat
giéng dwoc wu tién biéu hién & phén da dinh cua hat giéng nhu ndi nhi, tot hon 1a
aloron dang phat trién. Theo mét phuong 4n khac nita, gen khai dau dic hiéu hat giéng
khong dugc biéu hién, hodc chi duogc biéu hién & muc do thép, sau khi hat giéng nay
mam.

Theo mét phuong 4n, gen khoi ddu nay it nhat 1a c6 hoat tinh tai thoi diém giira
thot diém no hoa va 7 ngay sau khi nd hoa, hodc ¢ hoat tinh trong toan bg giai doan

nay. Vi du v& gen khoi dau d6 1a gen khéi dau cua gen ROS!a.
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Theo mdt phuong 4an, gen khoi dau nay duge lién két khi hoat dong voi
polynucleotit ngoai sinh ma lam giam mérc do biéu hién ctia gen ROSIa khong 1 gen
khoi dau co glutenin phén tir lugng cao.

Céc gen khoi dau duoc du tinh theo sing ché c6 thé 1a ty nhién dbi voi cdy cha
cén duoc bién nap hodc ¢ thé thu duoc tir ngudn khac, khi viing nay co tinh chirc nang
& cdy chu. Cac ngudn khéc bao gom gen T-ADN ctia Agrobacterium, nhu cac gen khoi
diu cua gen dé sinh téng hop nopalin, octapin, mannopin, hodc cac gen khoi dau opin
khac, cac gen khoi dau ddc hiéu mé (vi dy, xem patent My s6 US 5,459,252 va cong bd
don qudc té s6 WO 91/13992); cac gen khoi dau tir virut (ké ca virut dac higu véi vat
chu), hodc cac gen khoi dau tong hop mét phin hodc hodn toan. Nhiéu gen khéi dau ma
¢6 chirc nang & cdy mdt 14 mam va ciy hai 14 mam 14 da biét trong linh vuc ky thuat
nay (vi du, xem tai li¢u: Greve, 1983; Salomon ef al., 1984; Garfinkel et al., 1983;
Barker ez al., 1983); ké ca cac chit khac nhau khéi dau phan lap duoc tir ciy va virut
nhu gen khai dau cia virut kham & sup lo (CaMV 35S, 19S). Cac phuong phap khong
nhan gi¢i han pham vi cta sang ché dé danh gid hoat tinh cta gen khoi dau duoc boc 16
boi Medberry va cdc ddng tac gia (1992 va 1993), Sambrook va cac dong tac gia (1989,
néu trén) va patent My s US 5,164,316.

Theo cach khac hodc ngoai ra, gen khoi dau nay c6 thé 1a gen khoi dau co thé
cam ung duoc hodc gen khoi diu co thé diéu hoa vé sy phét trién ma c6 kha nang chi
phdi sy biéu hién cta polynucleotit da dugc dua vio & giai doan phat trién thich hop
cua cay chéng han. Céc trinh tu hoat dong cis khac ma co thé duoc sur dung bao gém
gen tang cuong phién ma va/hodc gen tdng cuong dich ma. Cac vung cua gen tang
cuong 1a da biét ddi v6i ngudi co hiéu biét trung binh trong linh vue k¥ thuat ndy, va cé
thé bao gdm codon khéi déu dich md ATG va cac trinh tu lién ké. Khi dugc bao gom,
codon khéi ddu cdn & cung pha véi khung doc cua trinh tuy ghi mi lién quan dén
polynucleotit la hodc polynucleotit ngoai sinh dé dam béo dich m3 toan b trinh ty néu
né can duoc dich mé. Cac ving khai d4u dich ma c6 thé duoc tao ra tir nguén cua vung
khai dau phién ma, hodc tir polynucleotit la hodc polynucleotit ngoat sinh. Trinh tw
cling 6 thé thu duoc tir ngudn cua gen khoi d4u nay duoc chon dé din qué trinh phién
ma, va co thé duge cai bién mot cach dic hiéu nhim dé tang muc do dich ma ARN
thong tin.

CAu truc axit nucleic theo sang ché c6 thé bao gom trinh tu khong dwoc dich ma
3' gdm khoang tir 50 dén 1.000 cip nucleotit bazo ma c6 thé bao gdm ca trinh tyr két
thuc phién ma. Trinh tu khong duoc dich ma 3' ¢o6 thé chia tin hiéu két thic phién ma
ma co thé hodc co thé khéng bao gdbm tin hiéu polyadenyl hoa va tin hiéu diéu hoa bat
ky khac c6 kha nang thuc hién viéc xir [y ARN thong tin. Tin hiéu polyadenyl hoa thue

-44-



39377

hién chtc ning bd sung céc dai axit polyadenylic vio ddu tan cing 3’ cua tién ARN
thong tin. Cac tin hi¢u polyadenyl hoa thuong dugc nhén biét boi sy c6 mat cua tinh
twong déng véi dang chuan tic 5' AATAAA-3" mic du cic bién d6i 14 khong hiém. Cac
trinh tu két thic su phién ma ma khong bao gdm tin hiéu polyadenyl hoa bao gém cac
gen két thic cho ARN polymeraza Poll hoiic Pollll ma bao gdm loat bon hodc nhidu
thymidin. Cac vi du vé cic trinh ty khong dugc dich ma 3' thich hop la cac vung khong
dugc dich md da dugc phién ma 3' chda tin hiéu polyadenyl hoa tr gen octopin
synthaza (ocs) hodc gen nopalin synthaza (nos) cua Agrobacterium tumefaciens (xem
tai liéu: Bevan et al., 1983). Céc trinh tu khong dugc dich md 3' thich hop con cd thé
thu dugce tir gen thyuc vat nhu gen ribuloza-1,5-bisphosphat carboxylaza (ssRUBISCO),
mic du cac yéu td 3' khac ma ngudi ¢ hiéu biét trung binh trong linh vuc k¥ thuét nay
da biét cling c6 thé duoc str dung.

Vi ADN trinh tu dugc cai xen vao gitra vi tri khoi dau phién ma va khoi dau cua
trinh ty ghi ma, tac 1a trinh tu dan 5' khong duoc dich ma (5°UTR), ¢ thé anh hudng
dén mirc d6 biéu hién gen néu n6 duoc dich ma cling nhu dugc phién md, nén cling ¢o
thé sir dung trinh tu dan dau cu thé. Céc trinh tu dan dau thich hop 1a cac trinh ty ma
bao gém cac trinh tu dugc chon dé diéu khién qua trinh biéu hién t6i wu cia trinh tu
ADN la hodc trinh ty ADN ndi sinh. Vi duy, céc trinh tu dan dau nay bao gém trinh tu
lién tng duogc wu ti€én ma co thé lam tang hodc duy tri tinh on dinh cia ARN thong tin
va ngin ngira sy khoi dau khong thich hop cua qué trinh dich ma nhu da dugc md ta
bai Joshi (1987).

Vit tmyén

Sang ché bao gdm viée st dung cic vat truyén dé xir 1y hodc chuyén cic céu
trie di truyén. Thudt ngit "vat truyén kham" c6 nghia 1a phan tir axit nucleic, tot hon la
phéan tir ADN co nguén géc, vi du, tur plasmit, thé thuc khuén, hodc virut thuc vat, ma
trinh tu axit nucleic c6 thé dugc cai xen hodc duoc tach dong vao do. Tt hon, néu vat
truyén la ADN soi doi va chita mdt hoac nhiéu vi tri cit gidi han ddc biét va co thé ¢co
kha ning sao chép tu dong & té bao chil di dinh bao gbm té bao dich hodc mé hoic té
bao tién than hodc mé cua ching, hodc ¢ kha ning tich hgp vao hé gen cua vat chu da
dinh sao cho trinh tu da dugc tich dong c6 thé tai sinh. Do d6, vat truyén nay c6 thé 1a
vat truyén tu sao chép, tic la vat truyén ton tai ¢ dang thuc thé ngoai nhiém sdc thé, su
sao chép cua nod la doc 1ap vdi su sao chép cua nhidm sic thé, vi du, plasmit thﬁng hoac
plasmit vong kin, yéu t6 ngoai nhiém sdc thé, nhiém sic thé loai thu nho, hodc nhiém
sic thé nhan tao. vat truyén nay c6 thé chira phuong tién bét ky dé dam bao viéc ty sao

chép. Theo céach khac, vat truyén nay co thé 1a mot vat truyén ma khi duoc dua vao té
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bao thi dugc tich hop vao hé¢ gen cua té bao nhan va dugc sao chép cung voi (céc)
nhiém séc thé ma né dugc tich hop vao. Hé vat truyén 6 thé bao géln mot vat tmyén
hodc plasmit, hai hodc nhiéu vat tmyén hodc plasmit, ma cung nhau chua téng ADN
can duoc dua vao hé gen cua té bao chi, hodc gen nhay. Viéc lya chon vat truyén nay
s¢ thuong phu thudc vao tinh twong thich cua vat truyén ndy véi t& bao ma vat truyén
ndy dugc dua vao. Vat truyén ndy cé thé con bao ¢dm gen danh diu chon loc nhu gen
khang khang sinh, gen khang thudc diét co hoic gen khic ma co thé duoc su dung dé
chon loc céc thé bién nap thich hop. Cac vi du vé gen nay 1a da biét doi véi nguoi ¢6
hiéu biét trung binh trong linh vuc k¥ thuat nay.

Céu trac axit nucleic theo sang ché c6 thé duge dua vao vat truyén, nhu plasmit.
Cac vat truyén plasmit thuong bao gom cac trinh ty axit nucleic b6 sung ma lam dé
chon loc, khuéch dai, va bién nap catxet biéu hién & té bao khong nhéan va té bao nhan
chuén, vi du, vat truyén cé ngudn gbe tir pUC, vat truyén co ngudn goc tir pSK, vit
truyén c6 ngudn goc tr pGEM, vt truyén c6 ngudn goc tir pSP, vat truyén cd ngudn
géc tr pBS, hodc céac vat truyén ddi chira mot hodc nhiéu vung T-ADN. Céc trinh tu
axit nucleic bd sung bao gdm ngudn gdc sao chép dé gay ra su sao chép tu dong clia vat
truyén, gen danh ddu chon loc duoc, t6t hon 1a ghi md tinh khang khang sinh hodc tinh
khang thubc diét co, nhidu vi tri tach dong ddc biét tao ra nhidu vi tri dé cai xen céc
trinh ty axit nucleic hodc gen dwoc ghi ma & cAu tric axit nucleic, va cdc trinh tu ma
lam gia tdng mic do bién nap cua té bao khong nhén va té bao co nhan chuan (dc biét
14 té bao thuc vat).

Thuét ngit "gen ddnh ddu" c6 nghia 1 gen dem lai kiéu hinh khac biét cho céc té
bao biéu hién gen danh ddu va do d6 khién cac té bao da bién nap nay trd nén khic biét
véi céc t& bao ma khong c6 gen danh ddu. Gen danh déu chon loc duoc truyén tinh
trang ma co thé "chon loc" trén co s& mitc khang tdc nhan chon loc (vi du, thude diét
c0, khang sinh, burc xa, nhiét, hodc xu ly khac c6 tinh pha huy ddi vai té bao chua duoge
bién nap). Gen danh dau sang loc dugc (hay gen thong bio) truyén tinh trang ma c6 thé
xac dinh théng qua quan sat hodc thir nghiém, tuc la béng cach "sang loc" (vi du, -
glucuronidaza, luxiferaza, GFP hodc hoat tinh enzym khac khong c6 ¢ té bao chua
duoc bién nap). Gen danh dau va trinh tu nucleotit quan tim khong can duoc lién két.

Pé tao diéu kién thuan loi cho viéc x4c dinh cac thé bién nap, mong mudn réng
cdu truc axit nucleic chira gen danh ddu chon loc duoc hodc sang loc duoc nhu, hodc
ngoai ra, polynucleotit la hodc polynucleotit ngoai sinh. Viéc lya chon thuc té mot gen
danh dau la khong quan trong chiig ndo né con cé tinh chitc nang (tic 1a chon loc) két
hop vé1 cac té bao thuc vat dugc chon. Gen danh dau va polynucleotit la hoac

polynucleotit ngoai sinh quan tdm khong can dugc lién két, vi sy bién nap dong thoi
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cua cac gen khong lién két nhu da dugce boc 16 trong patent My sb US 4,399,216 chéng
han ciing & mot quy trinh hidu qua trong qua trinh bién nap & thuc vat.

Céac vi du vé cac gen danh dau c6 thé chon loc duoc & vi khudn 14 cac gen danh
ddu ma truyén tinh khing khang sinh nhu khang ampixilin, erythromyxin,
cloramphenicol hodc tetraxyclin, tot hon 1a khang kanamyxin. Cac gen danh dau co thé
chon loc duoc lam vi du dé chon loc céac thé bién nap thuc vat bao gém, nhung khong
chi gidi han ¢, gen hyg ma ghi md tinh khédng hygromyxin B; gen neomyxin
phosphotransferaza (nptl) truyén tinh khang kanamyxin, paromomyxin, G418; gen
glutathion-S-transferaza tir gan chudt truyén tinh khang cac thude diét cé c6 ngudn goc
tir glutathion nhu da dugc boc 10 trong patent chau Au sb EP 256223 chéng han; gen
glutamin synthetaza ma khi dugc biéu hién qua murc truyén tinh khang cac chét tc ché
glutamin synthetaza nhu phosphinothrixin nhu da duge bdc 16 trong cong bd don qubc
t¢ s6 WO 87/05327 ching han, gen axetyltransferaza tir Streptomyces
viridochromogenes truyén tinh khang tac nhan chon loc phosphinothrixin nhur da duoc
boc 16 trong patent chau Au sb EP 275957, gen ghi mi S-enolpyruvylshikimat-3-
phosphat synthaza (EPSPS) truyén kha ning dung nap dbi v6i N-phosphonometyl-
glyxin nhu da dugc bdc 1§ trong tai liéu Hinchee et al. (1988) chﬁng han, gen bar
truyén tinh khang bialaphos nhu da dugc boc 16 trong cong bd don qubc té so
WO091/02071 ching han; gen nitrilaza nhu bxn tir Klebsiella ozaenae ma truyén tinh
khéng bromoxynil (Stalker er al., 1988); gen dihydrofolat reductaza (DHFR) truyén
tinh khang metotrexat (Thillet ez al., 1988); gen axetolactat synthaza ddt bién (ALS),
ma truyén tinh khang imidazolinon, sulfonylure hodc cic hoa chat uc ché ALS khac
(xem patent chau Au sb EP 154,204); gen anthranilat synthaza dot bién ma truyén tinh
khang 5-metyl tryptophan; hodc gen dalapon dehalogenaza ma truyén tinh khang thudc
diét co.

Céc gen danh diu sang loc dwoc duge wu tién bao gdm, nhung khong chi gidi
han &, gen uid4 ghi ma enzym B-glucuronidaza (GUS) ma da biét nhiéu co chat sinh
mau khac nhau cua né, gen B-galactosidaza ghi ma enzym ma da biét cac co chit sinh
mau cua no, gen aequorin (xem tai liéu: Prasher et al., 1985), ma co thé duoc su dung
trong viéc do phat quang sinh hoc nhay véi canxi; gen protein huynh quang xanh (xem
tai liéu: Niedz ez al., 1995) hodc cic chit din xuét ciia nd; gen luxiferaza (luc) (xem tai
liéu: Ow et al., 1986), ma cho phép do phat quang sinh hoc, va cac gen khac da biét
trong linh vuc k¥ thudt nay. Thudt nglt "phan tu thong bao" dugc dung trong ban mo ta
nay c6 nghia [a phan tir ma, theo tén hoéa hoc ctia no, lién quan dén tin hiéu xac dinh
duoc nho phan tich ma tao diéu kién thuan loi cho viéc xac dinh hoat tinh cia gen khoi

dau bang cach tham chiéu vdi san pham protein.
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Tét hon, néu ciu tric axit nucleic duge két hop mot cach on dinh vao h¢ gen cua
cdy hodc té bao theo sang ché chang han. Do d6, axit nucleic chira cac yéu té thich hop
ma cho phép phan tr dwoc két hop vao hé gen, hoic chu trac duge dat vao vat truyén
thich hop ma c6 thé dugc két hop vio nhidm séc thé cta té bao thuc vat.

Mot phuong an theo sang ché bao gdm vat truyén tai to hop, ma bao gom it nhét
la mét phéan tir polynucleotit theo sang ché, cai xen vao vat truyén bat ky c6 kha ning
phan phdi phan tir axit nucleic vao té bao chii. VAt truyén nay chira trinh tu axit nucleic
khéc ngudn gbc, ma 13 trinh ty axit nucleic ma trong tu nhién khong duge tim thay lién
k& céc phan tir axit nucleic theo sang ché va tot hon la thu duoc tir loai khéc loai ma tur
d6 thu duoc (cac) phan tir axit nucleic nay. Vit truyén ndy c6 thé 1a ARN hodc ADN,
khong nhan hodc ¢6 nhan chuén, va thuong 13 virut hodc plasmit.

Sé luong vat truyén thich hgp dé chuyén nhiém 6n dinh céc té bao thuc vat hoac
dé thiét 1ap cac thyc vat chuyén gen da duoc boc 10, vi duy, trong tai liéu: Pouwels et al.,
Cloning Vectors: A Laboratory Manual, 1985, supp. 1987; Weissbach and Weissbach,
Methods for Plant Molecular Biology, Academic Press, 1989; va Gelvin et al., Plant
Molecular Biology Manual, Kluwer Academic Publishers, 1990. Noi chung, cic vat
tmyén biéu hién thuc vat bao gém, vi du, mot hodc nhiéu gen thyc vat da dugc tach
dong dudi su kiém soat phién ma ctia cac trinh ty didu hoa 5° va 37 va gen danh dau
tro1 chon loc dugc. Cac vat truyén biéu hién thuc vat nay con co thé chira vung diéu
hoa cua gen khoi dau (vi du, ving didu hoa kiém soat sy biéu hién cam tng duogc hoic
co dinh, duoc diéu hoa trong moi truong hodc trong qua trinh phat trién, hodc dic hiéu
ddi voi té bao hodc md), vi tri bét dau khai dau phién ma, vi tri lién két ribosom, tin
hiéu x{r Iy ARN, vi tri két thic phién ma, va/hodc tin hiéu polyadeny! hoa.

Luong polypeptit ROS1s co thé 1a didu bién bang cach lam giam muc d6 bicu
hién cta gen ghi ma protein & cdy lua, dan dén tang do day cua aloron. Mic do biéu
hién ciia gen c6 thé duoc diéu bién bing cach lam thay d6i s6 lugng ban sao trong mai
té bao, vi du, bang cach dua cau tric di truyén téng hop chua trinh tw ghi ma va yéu to
kiém soat phién ma ma duge ndi khi hoat dong vao do va co tinh chire nang trong té
bao vao. Nhiéu thé bién nap-co thé duoc chon va duoc sang loc cho nhiing thé co muc
dd va/hoac tinh dac hiéu biéu hién gen chuyén thudn loi ndy sinh tir tic dong cua cac
trinh tu ndi sinh & 1n cAn vi trf tich hop gen chuyén. Mtre d6 va kiéu biéu hién gen
chuyén thuan loi 1a yéu t6 khién ting do day cua aloron. Theo cach khéc, quan thé hat
gibng da dugc gy dot bién hodc quin thé thyc vat tir chwong trinh nhén gidng co thé

duoc sang loc doi vai cac dong ca thé c6 do day cua aloron tang.
Te bao tdi to hop
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Phuong 4n khéc theo sang ché bao gdm té bio tai to hop chira té bao chu da
duoc bién nap voi mot hodc nhidu phan tir téi td hop theo sang ché, hodc cac té bao con
cua chung. Viéc bién nap phan tir axit nucleic vao té bao co thé duge thuc hién theo
phuong phap bat ky ma theo dé phan tir axit nucleic c6 thé duogc cai xen vio té bio.
Cac ky thuat bién nap bao g6m, nhung khong chi gi¢i han o, chuyén nhiém, xung dién,
nap vi luong, chuyén nhidm liposom, hap phy, va dung hop thé nguyén sinh. Té bao tai
t6 hop co thé van 1a don bao hodc co thé sinh trudng thanh mo, co quan hodc sinh vat
da bao. Céc phan tur axit nucleic d duge bién nap theo sang ché ¢6 thé vin nam ngoai
nhiém séc thé hodc cé thé tich hop vao moét hoac nhiéu vi tri trong nhiém sdc thé cua té
bao da dugc bién nap (tire 1a tai t6 hop) theo cach sao cho duy tri kha ndng dugc biéu
hién cua ching. Cac té bao chii duge wu tién 1a cac té bao thuc vat, tét hon nita té bao

laa.

Thue vat co bién di di trLtyén

Thuat ngir "thuc vat" duge dung trong ban md td nay la danh tu dé chi nguyén
ciy va dé chi phan bat ky ciia thé gidi thuc vat, nhung con duge dung lam tinh tir dé chi
vat chét bét ky ma co6 mat ¢, thu dugc tur, co nguén géc ttr, hodc lién quan dén cay, vi
du nhu cac bd phan cta cay (vi du, 14, than, ré, hoa), céc té bao don (vi duy, phén hoa),
hat, cac té bao thuc vat va cac loai twong tu. Cay non va hat dd nay maim ma ré va choi
¢6 thé nay ra tir d6 cling dwoc bao ham trong nghia ciia "cay". Thuat ngit "phan cia
cay" duoc dung trong ban md ta ndy dé chi mot hodc nhiéu mé hodc phan cia ciy ma
thu duge tir cAy va ma chira ADN hé gen ciia cdy. Phin clia cdy bao gdm céc cdu trac
sinh dudng (vi du, 14, than cay), ré, cic co quan/céu truc hoa, hat giéng (ké ca phoi, la
mam, va vo hat giéng), mo thue vat (vi du, mé mach, mo co ban, va mo twong tu), cac
té bao va thé hé con cua chung. Thuat ngir "t& bao thuc vat" duge dung trong ban mo ta
ndy dé chi t& bao thu duoc tir cdy hoidc trong ciy va bao gdm thé nguyén sinh hodc cac
t& bao khéc thu duoc tir cdy, té bao tao ra giao tir, va cic té bao ma tii sinh thanh
nguyén cdy. Cac té bao thie vat co thé 14 cac té bao trong mdi trwong nudi cay. Thuat
nglt "md thyuc vat" ¢ nghia 1a mé da duoc biét hoa ¢ thuc vat hodc thu duoc tir thuc vt
("md cay") hodc moé khong dwgc biét hoa thu duge tir phdi thanh thuc hodc khong
thanh thuc, hat, ré, choi, qua, than cu, phém hoa, md cua khéi u, nhu ndt san & cay, va
nhidu dang tap hop khac nhau ciia cac € bao thyc vat trong mdi truong nudi cay, nhu
nbt san. Mo thuc vat 1am vi du trong hodc tir hat 13 14 madm, phéi va truc phdi. Do do,
sang ché bao gom cay va cac phan ctia cay va cac sdn pham chira ching.

Céac thuat nglt "hat" va "hat giéng" duoc su dung thay thé nhau trong bdn mo ta
nay. "Hat" co thé chi hat thanh thuc & thye vat, hat dang phét trién ¢ thue vat, hat thu
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gom dugc hodc hat sau khi xur 1y, vi dy, nghién hoac danh bong, trong do hau hét hat
con nguyén ven, hodc sau khi hat 4m hodc nay mam, tiy theo timg truong hop. Hat
thanh thuc thudong c6 ham luong am thap hon 18% dén 20%. Theo mot phuong an, hat
dang phat trién theo sang ché it nhat 1a khoang 10 ngay sau khi thy phan (days after
pollination - DAP). Theo mot phwong 4n, hat dang phat trién theo sang ché it nhét 1a
bao gdm hat trong thoi ky gitra thoi diém né hoa va 7 ngay sau khi ng hoa.

Thuét ngit "thuc vat chuyén gen" duoc ding trong ban mo ta nay dé chi thuc vat
vé1 mot hodc nhiéu bién di di tmyén nhu dugc xac dinh trong ban mo ta nay nhu thuc
vat chtra cdu tric axit nucleic khong tim thdy & cdy loai thuong thude cing mot loai,
gibng hodc cdy trong. Thrc 13 cac thye vat chuyén gen (cac thyc vét da duge bién nap)
chira nguyén liéu di truyén (gen chuyén) ma chung khong chira trude khi bién nap. Gen
chuyén c6 thé bao gdm cac trinh ty di truyén thu dwoc tir hodc o ngudn goc tir té bao
thyc vat, hodc té bao thuc vat khéac, hodc nguén phi thuc vat, hodc trinh ty téng hop.
Noi chung, gen chuyén dugc dua vao cay nho xir Iy chia con ngudi, vi du, bang cach
bién nap nhung phuong phap bit ky theo nhan biét ciia ngudi ¢6 hiéu biét trung binh
trong linh vuc ky thuat nay c6 thé dugce ap dung. Tt hon, néu nguyén liéu di truyén
duge tich hop mdt cach 6n dinh vao hé gen ciia ciy. Nguyén lidu di truyén duoc dua
vao c6 thé bao gdm céc trinh ty ma xuét hién trong ciing mét loai trong tu nhién nhung
theo thir tu da duoc bd tri lai hodc theo cach khac dé sép xép cac yéu t3, vi du, trinh tw
gen dbi nghia. Céc cdy chira cac trinh ty nay dugce bao gdm trong thuit ngir "thuc vt
chuyén gen".

"Thye vat khong chuyén gen" la thuc vat ma khong duge cai bién vé mit di
truyén bing cach dua nguyén lidu di truyén vao theo cac ky thuat ADN tai t& hop.

Thuét ngi "loai thuong" duge dung trong ban md ta ndy dé chi té bao, mé, hat
hodc cay ma khéng dugc cai bién theo sang ché. Té bao, mé hodc ciy loai thudng cé
thé duoc dung lam d6i chung dé so sanh mirc do biéu hién cua axit nucleic ngoai sinh
hodic mirc dd va ban chit cua cai bién tinh trang voi té bao, mo, hat hodc cdy da duogc
cai bién nhu duoc boc 16 trong ban mo ta nay. _

Thuat nglr cay lha hodc hat lba "loai thuong tuong ung", hodc cac thuat ngtr
twong tu, dugc ding trong ban md ta nay dé chi cay lta hodc hat lua, trong d6 chua it
nhét 50%, tdt hon nita néu it nhat 75%, tét hon nita néu it nhit 12 95%, tt hon nira néu
it nhat 1a 97%, tot hon nita néu it nhat & 99%, va con tot hon nita 99,5% kiéu di truyén
cua cdy lua hodc hat theo sang ché, nhung khong bao gbm mdt hodc nhiéu bién di di
truyén (nhu bién di di truyén dugc dua vao) ma moi bién di lam giam hoat tinh ctia gen
ROSIa & cay hodc hat, va/hodc aloron day. Theo mdt phuong an, hat lta hodc cay Iua

theo sang ché ¢o cung nguon goc vai hat lba hodc cay l0a loai thuong ngoai trir mot
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hoac nhiéu bién di di tmyén (nhu bién di di tmyén duoc dua vao). Tét hon, néu cay
hodc hat loai thudng tuong mg 13 tir cing mot cay trong hodc gidng nhu 16 tién cua
cay/hat theo sang ché, hodc dong cay anh chi em ma thiéu mot hodc nhiéu cai bién di
truyén va/hodc khong co aloron day, thuong duge goi 1a "thé phan cach". Theo mot
phuong 4n, cdy lGa hodc hat lua theo sang ché ¢6 kiéu di truyén ma la dong nhét ¢ muc
do thap hon 50% véi kiéu di truyén cua gidng la Zhonghua 11 (ZHI1). ZH11 duoc
ban trén thy trrdong tir ndm 1986.

Thue vat chuyén gen, nhu duge xac dinh trong pham vi cia sang ché, bao gdm
ca cdy Ita con ma da duoc cai bién vé mat di truyén bang cach ap dung céac ky thuét tai
t& hop, trong d6 cac ciy con chira gen chuyén quan tim. Céc cdy con nay cé thé thu
duoc bang cach ty thy phan thuc vat chuyén gen chinh hodic bang cach lai chéo céc ciy
nay voi cay lua khac. No thuong duge diéu chinh sén luong cua it nhat 1a mot protein
nhu duge xac dinh trong ban mé ta nay & ciy hodc bé phan cia cdy mong mudn. Cac
phan cta cay chuyén gen bao gom tat ca cac phan va cac té bao cia cay do chira gen
chuyén, vi du, mé, thé san va thé nguyén sinh dugc nuéi trong.

Thuét ngtr "lta" duge dung trong ban mo ta nay dé chi loai bat ky thudc gidng
Oryza, ké ca thé hé con cia no, ciing nhu thé/hé con cua no duoc tao ra boi vige lai
chéo voi cac loai khac. Tt hon, néu cay nay 1a thude loai Oryza ma duoc ban trén thi
truomg, vi du, ching hodc cay tréng hoic giéng Oryza sativa hodc thich hop dé san
xuét hat cho muyc dich thuong mai. |

Thuat nglt "gao nau" dugc dung trong ban mo ta nay cd nghia la nguyén hat gao
ké cd 16p cam va phoéi (madm) nhung khong phai 1a phan vo dugc loai bo, thuong la
trong qua trinh thu hoach. Tirc la gao ndu chua dugce danh bong dé loai bo aloron va
phdi. Tt “nau” duoc dung dé chi sy co mit cta cic chét tao mau nau hoic vang-nau &
16p cam. Gao nau duoc xem la nguyén hat. Thudt ngit "gao tring" (gao da duoc st)
nhu duge dung trong ban mo ta nay c¢6 nghia 1a hat [a ma cam va mam dugc loai ra tir
do, tirc 1a chi yéu 14 noi nhii tinh bt ctia ca hat la. Ca hai nhém hat lia nay c6 thé co
dang hat ngén, trung binh hodc dai. Bugc so sanh véi gao tréng, gao nau cd ham luong
protein, cac chat khoang va cac vitamin cao-hon va ham lugng lysin cao hon trong
luong protein cua no.

Thuat ngir “gao mau” dugc dung trong ban md td nay bao gbém gao mau den va
gao mau do, mdi loai chira cac chat tao mau & 16p aloron, nhu proanthoxyanidin
(tannin). Gao mau c¢6 ham luong riboflavin cao hon so vé1 gao khdng ¢6 mau, nhung
ham lugng thimin tuong tu. “Gao mau den” c6 16p cam mau den hodc hau nhu 1a mau
den do céc antoxyanin, va co thé chuyén thanh mau tim dam sau khi ndu. “Gao tim”

{con duoc goi 1a “gae bi cam™) 1a bién thé hat ngan cuia gao mau den va duoc dua vao
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gao mau den theo sang ché. V& mau, n6 1a mau tim & trang thai chwa nau va tim dam
sau khi ndu. “Gao d6” chta nhiéu loai antoxyan khién cho cam trd thanh mau dé/nau
sam, bao gdm xyanidin-3-glucosit (chrysanthemin) va peonidin-3-glucosit
(oxycoccizy-anin). ,

Maéi loai trong s6 cac loai hat lua nay co thé duoc xir ly dé tranh nay mam, vi dy,
bang cach niu (ludc) hodc bang cach lam néng kho. Gao niu va gao c6 mau thuong
duoc ndu trong khoang théi gian tir 20 phut dén 40 phat, tiy theo két cau mong mudn,
trong khi gao tring thuong duoc néau trong thoi gian tir 12 phit dén 18 phiit. Viéc nau
hodc lam nong lam giam lugng cia cac yéu to chdng dinh dudng ¢ hat lia nhu chat tc
ché trypsin, oryzacystatin va haemagglutinin (lectis) bang cach lam bién tinh céc
protein nay, nhung khong giam ham luong phytat. Hat lua con ¢o thé duwoc ngdm ngép
trong nudc khi niu, hodcduoc niu cham trong khoang thoi gian dai hon, nhu da biét
trong linh vuc k¥ thudt nay. Hat lGa con co thé duoc lam v, duoc lude so, hoac duoc
lam 6n dinh bang nhiét. Cam gao co thé dugc xtr Iy bang hoi dé 1am 6n dinh né, vi du,
trong khodng thoi gian 6 phut ¢ nhiét do 100°C.

Theo mot phuong an, hat theo sang ché co qué trinh thanh thuc cta hat bi tri
ho@n khi so v&i hat loai thuong twong ing. Qué trinh thanh thyc bi tri hodn co thé duoc
xéc dinh bang cach sir dung ty 18 ra qua & hat gidng (%) ma can phai tinh ty 1& phan
tram cua hoa con & cidy ma co hat giéng cho dén giai doan hat thanh thuc.

Theo mot phuong an, hat theo sang ché c6 kha nang nidy mam giam khi so sanh
hat loai thuong twong tung. Vi du, hat ¢ khoang 70% dén 80%, hodc khoang 75%, t6t
hon 1a 70% dén 100%, kha ning nay mam cta hat loai thuong twong tng khi duoc nuéi
cdy ¢ nhiét d6 28°C trong céc chu ky 12 gio chiéu sang/12 gi bong ti khong kiém
soat do 4m trong budng sinh trudng. Thuat ngir “nay mam” dung trong ban md ta nay
duoc xéc dinh 1a khi nhin thay ré con ndy ra khoi vo hat gidng.

Theo mot phuong an, cdy theo sang ché c6 mot hodc nhiéu hodc tat cd trong sb
chiéu cao cua cdy, kha ndng sinh san (duc va céi), cd hat va trong luwong cua 1000 hat la
binh thuong so véi gidng bd me loai thuong (nhu cay dang gen chira polypeptit ROSla
v&i trinh tu axit amin thé hién & SEQ ID NO: 2). Theo mot phwong an, hat theo sang
ché co6 kha nang tao ra cay lia ma c6 mot hodc nhiéu hodc tit ca: chiéu cao cla cay,
kha ndng sinh san (dyc va cai), c¢d hat va trong lugng cua 1000 hat binh thudng so vl
gidng bo me loai thudng. Thuat ngit “binh thudng” duge dung trong ban mé ta nay co
thé duoc x4c dinh bang cach do cing mdt tinh trang & giéng bd me loai thuong sinh
trudng trong cing cac diéu kién nhu cay theo sing ché. Theo mot phuong an, dé la

binh thudng thi cay theo sang ché cé dau hiéu xac dinh ¢ mirc do/vai so lugng v.v. +/-
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10%, t6t hon nira +/- 5%, tt hon nita +/- 2,5%, con tt hon nita +/- 1%, khi so voi
gibng bd me loai thuong.

Cay chuyén gen, nhu duge xac dinh trong pham vi clia sang ché, bao gbm cac
cdy (cling nhu céc phéan va cac té bao cac cdy ndy) va thé hé con clia ching ma di dugc
cai bién vé mat di truyén bang cach ap dung cac ky thuat tai to hop dé khién tao ra it
nhét 12 mot polypeptit theo sang ché & cdy hodc bd phan cta cidy mong mudn. Céc cy
chuyén gen co thé duoc tao ra bang cach ap dung cac k¥ thuat da biét trong linh vuc ky
thudt nay, nhu cac k¥ thuat da duoc boc 10 chung trong cac tai ligu: A. Slater et al.,
Plant Biotechnology - The Genetic Manipulation of Plants, Oxford University Press
(2003), va P. Christou and H. Klee, Handbook of Plant Biotechnology, John Wiley and
Sons (2004).

Theo phuong an dwgc wu tién, cc cay chuyén gen la ddng hop tir doi voi timg
gen hodc ciu tric axit nucleic ma duge dua vao (gen chuyén) sao cho thé hé con cua
ching khong phan tach vé kiéu hinh mong mubn. Cac thuc vat chuyén gen con ¢ thé
1a di hop tir ddi véi (cac) gen chuyén duoc dua vao, vi du, & thé hé con F1 ma duoc
sinh trudng tir hat giéng lai. Cac cdy nay co thé c6 cac wu diém nhu sinh lyc lai, da biét
trong linh vuc k¥ thuat nay. ,

Theo mot phuong an, phuong phap chon loc cay lia theo sang ché con bao gom
viéc phan tich miu ADN tir cdy theo it nhit 12 mot “gen danh dau di truyén khac”.
Thuat ngii "gen danh diu di truyén khac" dugc dung trong ban md ta nay ¢6 thé 1a cac
phén tir bat ky ma lién két voi mot tinh trang mong mudn ciia cay. Cic gen danh dau
ndy la da biét ddi v6i nguoi co hiéu biét trung binh trong linh vuc k¥ thudt nay va bao
gdm cac phan tir gen danh dau lién két v6i gen xac dinh cac tinh trang nhu khang bénh,
san luong, hinh thai hoc cua cay, chét lrong hat, cac tinh trang ngu, mau cua hat, ham
lugng cua axit gibberelic trong hat giéng, chiéu cao clia ciy, mau cua bdt va cac tinh
trang tuong tu. Cac vi du vé cdc gen ndy la gen Rkt ma xéc dinh su sinh truéng ban lun
va do dé chéng lai bi dé rap.

Bén phuong phép chung dé chi huy sy phan phdi gen vao cic té bao da duoc
boc 16: (1) cac phuong phap hda hoc (Graham et al., 1973); (2) cac phuong phap vat Iy
nhu nap vi lwgng (Capecchi, 1980); xung dién (vi du, xem tai liéu: WO 87/06614, US
5,472,869, 5,384,253, WO 92/09696 va WO 93/21335); va sing gen (vi du, xem tai
liéu: US 4,945,050 va US 5,141,131); (3) cac vat truyén virut (Clapp, 1993; Lu ef al.,
1993; Eglitis et al., 1988); va (4) cac co ché gian tiép qua thy thé (Curiel et al., 1992;
Wagner et al., 1992).

Cac phuong phéap thic ddy ma c6 thé duge ap dung bao goém, vi du, ban pha

bang hat vi mo va cac phuong phap tuwong ty. Mot vi du vé phwong phap phan phdi cac
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phan t0r axit nucleic bién nap dén cic té bao thuc vét 1a ban pha bang hat vi md. Phuong
phap nay da dugc xem xét trong tai liéu: Yang et al, Particle Bombardment
Technology for Gene Transfer, Oxford Press, Oxford, England (1994). Cac phan t0r phi
sinh hoc (dan ¢d micro) ma co thé duogc pht céc axit nucleic va dugc phan phéi vao cac
t& bao bang luc déy. Cac phan tir lam vi du 13 cdc phén tir bao gdm vonfram, vang,
platin, va cac phén tir tuong tw. Uu diém cu thé cia phuong phap ban pha bang hat vi
mo, ngoai viéc 1a cach hiéu qua dé of bién nap mot cach sinh san dugc cac cay mot la
mam, 14 ¢ chd khong can ca viée phén 14p thé nguyén sinh, 1an nhiém tinh man cam cua
Agrobacterium. Hé phan phdi phan tir thich hop dé st dung theo sang ché la sing PDS-
1000/He thiic ddy bang heli do Bio-Rad Laboratories cung cép. D¢é ban pha, cac phoi
chua thanh thuc hodc céc té bao dich thu dugc nhu manh mai hoic ndt san tr cac phoi
chua thanh thuc c6 thé dwoc bd tri trén moi trudng nudi cay cimg.

Theo phuong 4n thay thé khac, céc thé hat cé thé duoc chuyén nhiém maot cich
dn dinh. Phuong phap da boc 16 dé bién nap thé hat & cac cdy bac cao bao gom phan
phdi ADN bing sting ban gen chira gen danh d4u chon loc duoc va hudng dich ADN
dén hé gen cta thé hat théng qua tai t6 hop tuong dong (xem cac patent My s6 US 5,
451,513, US 5,545,818, US 5,877,402, US 5,932479, va cong bd qubc t& s6 WO
99/05265).

Viéc chuyén qua Agrobacterium la hé duoc ap dung rong rii dé dua gen véo cac
té bao thuc vat vi ADN c6 thé duoc dura vao mé thuc vt nguyén ven, nhd d6 bo qua
dwoc nhu cau phuc hoi cay nguyén ven tir thé nguyén sinh. Viée st dung cay tich hop
vat truyén gian tiép qua Agrobacterium dé dwa ADN vao cac té bao thuc vat 1a da biét
trong linh vuc k¥ thuét nay (vi du, xem cac patent My s6 US 5,177,010, US 5,104,310,
US 5,004,863, US 5,159,135). Ngoai ra, viéc gin T-ADN la quy trinh tuong d6i chinh
xac tao ra mot vai cach sép Xép lai. Vang ADN can dugc chuyén dugc xéac dinh boi cac
trinh tu Vién, va ADN can thiép thudng dugc cai xen vao h¢ gen cua cay do.

Cay chuyén gen thu duoc bing cich &p dung cidc phuong phép bién nap
Agrobacterium thuong chira mot locus di truyén trén mot nhiém sic thé. Cac ciy
chuyén gen nay c6 thé duoc goi 1a ban hop tir d6i véi gen dugc b6 sung vao. Pugc uvu
tién hon nita 1a cay chuyén gen ma la dong hop tir d6i voi céu triic gen duge bo sung
vao; tirc 1a ciy chuyén gen ma chira hai gen duoc bd sung vao, mot gen ¢ cling locus
trén mdi nhidm séc thé cua cip nhidm sic thé. Cay chuyén gen dong hop tir co thé thu
duoc biang cach giao phdi theo gidi tinh () cay c_huyén gen tach doc 1ap ma chua mot
gen duoc bd sung vao, cho nay mam mot vai trong sé cac hat gidng tao ra va phan tich

cac cay thu dugc vé gen quan tam.
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Céc phuong phéap bién nap té bao khéac ciing ¢6 thé duge 4p dung vi bao gom,
nhung khong chi gidi han o, viéc dua ADN vao cdy theo cach chuyén ADN truc tiép
vao phin hoa, bang cach nap tryc tiép ADN vao co quan sinh san clia cdy, hoic bang
cach nap truc tiép ADN vao té bao ciia phoi chua thanh thuc tiép theo 1a hydrat héa lai
cac phoi da dugce lam kho.

Viéc phuc hoi, phét trién, va trdng trot ciy tir cac thé bién nap nguyén sinh thuc
vét don hodc tr mot sé md ce‘iy da duoc bién nap la da biét trong linh vuc ky thuét nay
(xem tai liéu: Weissbach et al., Methods for Molecular Biology, Academic Press, San
Diego, (1988)). Qua trinh phuc hoi va sinh truéng nay thuong bao gom cac budce chon
loc t bao di dugce bién nap. nudi ciy cac t& bao di dugc cd biét hoa thong qua cac giai
doan thong thuong cliia qua trinh phat trién phoi dén giai doan cay non di bén ré. Cac
phdi va hat chuyén gen duoc tai tao theo cach tuong tw. Sau do, choi chuyén gen bén ré
thu duge duoc trdng trong mdi trudng thich hop dé nudi cay cay nhu dit.

Su phat trién hoic phuc hdi cta cic cdy chira gen la, ngoai sinh 14 da biét trong
iinh vuc ky thuat nay. Tdt hon, néu cay da dugc phuc héi duoc tu thy phém dé tao ra
cac cay chuyén gen ddng hop tir. Theo céch khac, phan hoa thu dugc tir cay da dugc
phuc héi duoc lai chéo voi cdy tréng bing hat gidng cla cac dong quan trong vé mit
ndng nghiép. Nguoc lai, phdn hoa tir cac cay trong sd cic dong quan trong ndy dugc si
dung dé thu phin cho cac ciy dd phuc hoi. Cay chuyén gen theo sdng ché chira axit
nucleic ngoai sinh mong mudn dugce nudi trong bang cach ap dung cc phuwong phap da
biét d6i voi nguoi ¢6 hiéu biét trung binh trong linh vire k¥ thuat nay.

‘ Dé x4c nhén sy c6 mit cua cac gen chuyén trong cac té bao va cac ciy chuyén
gen, viéc khuéch dai biang phan tmg chudi polymeraza (PCR) hodc phan tich thim Nam
¢6 thé duge thuce hién bing cach dp dung cic phuong phéap ma ngudi co hiéu biét trung
binh trong linh vire k¥ thudt nay da biét. Cac san pham biéu hién cia cic gen chuyén c6
thé duoc do theo cach bit ky, tiy theo ban chit clia san pham, va bao gom tham tay va
thir nghiém enzym. Mt cach déc biét hitu ich dé dinh luong muc do biéu hién protein
va dé phét hién sao chép & cac mé thuc vat khac nhau la sir dung gen thong bao, nhu
GUS. Sau khi thu duge cac cay chuyén gen, ching co thé duoc trong dé tao ra mo thuc
vat hodc cac phén c6 kiéu hinh mong mubn. Mo thuc vat hodc cac phﬁn cua cay, co thé
duoc thu hoach, va/hodc hat gibng duge gom. Hat gidng co thé co tac dung 1am ngudn

dé trong thém céc cay bo sung ¢c6 mo hodc phan ¢é cac dic tinh mong mudn.
Chon loc voi s tro giup cua gen danh dau
Chon loc v6i su trg gitip cua gen dénh dau la phwong phap duoc chap nhan dé

chon loc céc cdy di hop tir can thiét khi lai chéo v6i cha me truy hoi theo chwong trinh
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nhan giéng kinh dién. Quan thé ciy & mdi thé h¢ lai chéo s& 1a di hop tir ddi véi gen
quan tdm thuong c6 mat theo ty 1€ 1:1 ¢ quan thé lai chéo, va phan tir gen ddnh dau co
thé duge st dung dé phan biét hai alen cla gen nay. Béng cach chiét ADN, vi dy, tur
chdi non va thir nghiém béng mot gen danh ddu cu thé vé tinh trang mong mudn da
duoc dua vao, viéc chon loc sém cay dé lai chéo tiép duoc thuc hién trong khi ndng
lwong va ngudn luc dugc tip trung trén mot s it cay. Bé thiic day hon nita chuong
trinh lai chéo, phoi tir hat chua thanh thuc (25 ngay sau khi né hoa) co thé duoc cat va
dugc cho sinh trrdéng trén moi treong dinh dudng trong cac diéu kién v6 trung, hon 1a
cho phép thanh thuc hat giéng day du. Quy trinh nay, dugc goi la "giai thoat phdi',
duoc 4p dung két hop voi vide chidt ADN ¢ giai doan ba 14 va phan tich it nhat 1a mot
bién di di truyén ma lam thay d6i hoat tinh ROSIa va truyén cho ciy do day ting cua
aloron, cho phép chon lgc nhanh cdc cdy mang tinh trang mong mudn, ma co thé duge
nudi trong dén thanh thyc trong nha kinh hodc trén canh ddng cho budc lai chéo tiép
theo voi cha me truy hoi.

K§ thudt sinh hoc phan tir bit ky d biét trong Iinh vire k¥ thuat nay c6 thé duoc
ap dung trong cac phuong phap theo sang ché. Céac phuong phap nay bao gbm, nhung
khong chi gigi han ¢, viéc ap dung khuéch dai axit nucleic, xac dinh trinh tu axit
nucleic, lai axit nucleic véi mAu di duge danh dau thich hop, phan tich hinh thé soi don
(single-strand conformational analysis - SSCA), dién di gel theo gradien lam bién tinh
(denaturing gradient gel electrophoresis - DGGE), phan tich chudi kép di hop (chudi
kép di hop analysis - HET), phan tich phan cit hoa hoc (chemical cleavage analysis -
CCM), phan cit axit nucleic co xGc tac hodc két hop chang (vi dy, xem cac tai liéu:
Lemieux, 2000; Langridge et al., 2001). Sang ché con bao gbm viée st dung cac k¥
thut phan tir gen danh dau dé phat hién dang da hinh lién két v6i alen (vi du) cua gen
ROS!a ma lam thay d6i hoat tinh ROSIa va ma truyén cho cay do day ting ctia aloron.
Cac phuong phép nay bao gdm viéc do hodc phén tich dang da hinh theo chiéu dai phan
doan cét gidi han (restriction fragment length polymorphism - RFLP), RAPD, dang da
hinh theo chiéu dai phan doan di dwgc khuéch dai (amplified fragment length
polymorphism - AFLP) va dang da hinh vé tinh nho (ldp lai trinh ty don gian, simple
sequence repeat - SSR). Cac gen danh dau lién két gan co thé dé dang thu dugc theo
cac phwong phép da biét trong linh vuc k¥ thudt ndy, nhu phén tich thé phan ly gop.
nhu dugc xem xét trong tai liéu: Langridge et al. (2001).

Theo mot phwong an, cac locus lién két dé chon loc voi su tro gitip cua gen danh
dAu trong khoang céch it nhat la 1cM, hodc 0,5¢M, hodc 0,1cM, hodc 0,01¢cM tr gen
ghi ma polypeptit theo sang ché.
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"Phan {mg chudi polymeraza" (polymerase chain reaction - "PCR") 1a phan (g,
trong do céc ban sao sao chép duge tao ra tir polynucleotit dich bang cach sir dung "cap
doan mdi" hodc "bd doan mdi" bao gém doan moi "trude" va doan moi "sau", va chat
xuc tac polyme hoa, nhu ADN polymeraza, va thong thudng ca enzym polymeraza bén
nhiét. Cac phuong phap PCR 1a di biét trong linh vuc k¥ thuét nay, va duoc boc 19, vi
du, trong tai liéu "PCR" (M.J. McPherson and S.G Moller (editors), BIOS Scientific
Publishers Ltd, Oxford, (2000)). PCR ¢co6 thé duoc thuc hién trén ADN bd tro thu duoc
tir viéc phién ma ngugc ARN thong tin phan 1dp dugc tu cac té bao thyc vat biéu hién
gen ROS1a hodc alen ma trén do cay tang do day cua aloron. Tuy nhién, viéc thuc hién
PCR trén ADN hé gen phan 1ap dugc tir cdy thuong 1a dé dang hon.

DPoan modi 14 trinh ty oligonucleotit ma ¢6 kha ning lai theo kiéu ddc hiéu trinh
ty vai trinh ty dich va duge mé rong trong qua trinh PCR. Cac don vi si€u sao chép
hodc cac san phém PCR hoac cac doan PCR hodc céac san phém khuéch dai 13 cac san
phdm mé rong ma bao gdm doan moi ndy va ban sao mdi duge tong hop cua cic trinh
tu dich. Hé PCR da thanh phén bao gé)m nhiéu bd doan modi ma khién tao ra déng thoi
nhiéu hon mét don vi siéu sao chép. Cac doan mdi ¢ thé pht hgp mot cach hoan hao
v6i trinh tu dich hodc ching c6 thé chia cic bazo ndi bo khong ghép doi phu hop ma
c6 thé gly ra dua vao enzym cét gidi han hodc céc vi tri nhan biét/phan cat axit nucleic
cd xuc tac trong trinh tu dich cu thé. Cac doan moi con co thé chira cac trinh tu bo sung
va/hodic chita cac nucleotit d3 duoc cai bién hodc danh ddu dé tao diéu kién thuan loi
cho viéc gianh dugc hodc do dugc cac don vi siéu sao chép. Cac chu ky lam bién tinh
ADN béng nhiét 1dp lai, ghép doi cac doan moi v6i cdc trinh tu bo tro cla chung va mé¢
rong cac doan moi da duoc ghép ddi véi polymeraza gy ra viée khuéch dai theo sb mii
trinh tu dich. Cac thuat nglt dich hodc trinh tu dich hodc khudn la cac trinh tu axit
nucleic ma duoc khuéch dai.

Céc phuong phap truc tiép xac dinh trinh tur clia céc trinh tw nucleotit 1a da biét
dbi v6i ngudi ¢ hiéu biét trung binh trong linh vuc k¥ thuit nay va cé thé duoc tim
thdy theo trong cac tai liéu: Ausubel ef al., (néu trén) va Sambrook ef al., (néu trén)
chfmg han. Viéc xac dinh trinh tu c6 thé dugce thuc hién theo phuong phap thich hop
bat ky, vi du, xéc dinh trinh tu dideoxy, xac dinh trinh tw hda hoc hodc cac bién thé cna
chiing. Viéc xdc dinh trinh tu truc tiép c6 wu diém xac dinh bién ddi ¢ cip bazo bat ky

ctia trinh tu cu thé.
TILLING

Cay theo sang ché co thé dugc tao ra bing cach ap dung quy trinh da dugc biét
la TILLING (Targeting Induced Local Lesions IN Genomes). G budce thu nhét, cac dot
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bién dugc dua vao nhu cac thay d6i moi & mot cdp bazo duge cam ung & quén thé thuc
vat bang cach xtr 1y hat gidng (hodc phén hoa) bang tac nhan giy dot bién hoa hoc, va
sau do dua cac cay dén thé hé ma cac dot bién duge thira hudéng mot cach on dinh.
ADN duoc chiét, va hat dugc bao quén tir tit ca céc thanh vién cia quén thé dé tao ra
ngudn ma c6 thé duoc tiép can mot cach lip lai sau mot khoang thoi gian.

Déi voi thtr nghiém TILLING, cac doan mbi PCR duoc thiét ké dé khuéch dai
mot cach dic hiéu mot gen dich quan tim. Tinh dac hiéu 1a vo clng quan trong néu
dich 1a mot thanh vién cua nhom gen hodc mot ph?m cua hé gen da boi. Tiép theo, cac
doan mdi da duge danh dau bang mau co thé duge dung dé khuéch dai cac san pham
PCR tir ADN gom dugc tir nhidu ¢4 thé. Céc san pham PCR ndy bi bién tinh va duoc
ghép doi lai dé cho phép tao ra céc cip bazo ghép doi khong phu hop. Loi ghép doi,
hodc cac chudi kép di hop, ca hai déu 1a dang da hinh nucleotit don c6 trong tu nhién
(SNP) (tire 12 vai cdy trong quan thé c¢6 thé mang cung dang da hinh) va SNP duoc cam
ung (tirc 13 chi céc cay hiém riéng 1é co thé biéu hién dot bién nay). Sau khi hinh thanh
chudi kép di hop, viéc sit dung endonucleaza, nhu Cel I, ma nhan biét va phan cat ADN
ghép doi khéng phu hop la chia khoa dé phat hién cac SNP moéi trong quan thé
TILLING.

Bang cach ap dung cach thirc nay, hang nghin ciy co thé duoc sang loc dé xac
dinh cé thé bat ky c6 moét thay ddi vé bazo cling nhu céac cai xen hodc loal bo nho (1
dén 30 cap bazo) & gen bét ky hodc ving cu thé cia hé gen. Cac doan hé gen dugc thi
nghiém co thé c6 kich thude nim trong khoang tur 0,3kb dén 1,6kb. Sau 8§ lan gom, cac
doan 1,4kb (bét di cac ddu tAn cung clia cic doan noi viéc do SNP ¢6 van dé do nhidu)
va 96 lan mdi thir nghiém, t6 hop nay cho phép dén hang tridu cip bazo clia ADN hé
gen duogc sang loc ¢ moi thir nghiém, khién cho TILLING la k¥ thuat hi¢u sudt cao.

TILLING con dugc bdc 10 trong cac tai ligu cua Slade va Knauf (2005), va
Henikoff va cac dong tac gia (2004).

Ngoai viée cho phép do cac dot bién mot cach higu qua, cong nghé TILLING
hiéu suét cao la Iy tudng dé do dang da hinh ty nhién. Do d¢, viéc truy van mot ADN
twong ddng khong biét bing cach tao chudi kép di hop véi trinh tw da biét cho biét s6
lwong va vi tri cia cac vi tri da hinh. Ca cac thay ddi nucleotit va céc cai xen va loai bo
nhé duoc xac dinh, bao gém it nhat mot s6 dang da hinh Igp lai. Hién tugng nay duoc
goi la Ecotilling (xem tai liéu: Comai ef al., 2004).

Mdi SNP duoge ghi nhén theo vi tri gan ding clia nd trong vong vai nucleotit. Do
d6, mdi kidu don co thé duoc luu trit trén co sé tinh d& thay doi ctia no. Dir lidu vé trinh
tw ¢6 thé thu duoc véi cb ging gia ting twong ddi it bang cach sir dung cac phan phan

wéc cua cung mdt ADN da duge khuéch dai ma dugce s dung cho thir nghiém phén cat
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ghép doi khong phu hgp. Doan mdi x4c dinh trinh ty trai hodc phdi cho mét phan ung
duoc chon theo muc do gé‘ln da hinh cta nd. Phian mém xac dinh trinh tu thuc hién
nhiéu bude dudi thing va phat hién thay doi vé bazo, ma trong mdi truong hop xac
nhan dai gel.

Ecotilling co thé dugc thuc hién mot cach d& tén kém hon viée xac dinh trinh tu
day du, phuong phép nay hién dugc sir dung cho hau hét phat hién SNP. Cac dia chua
ADN sinh thai tia c6 thé duoc sang loc hon 14 cac von ADN tir cac ciy da dugc gay dot
bién. Vi do dwge thyuc hién trén gel voi viée phan gidi ciip bazo gan va cdc mau hinh
nén 1a thong nhat & cac lan, cac dai ma co6 kich thuéde dong nhét c6 thé duoc ghép doi
phu hop, nho do phat hién va xac dinh kiéu di truyén cta cac SNP trong mot budc.
Theo cach nay, viéc xac dinh trinh tu co ban ciia SNP 1a don gian va hiéu qua, hon thé
nita duoc thue hién vi cac phan phan udc cla cing cac san pham PCR duge sur dung dé

sang loc ¢o thé dugc dua dén bude xac dinh trinh ty ADN.

Xue Iy hat

Do aloron day, hat lta theo sang ché, va bdt va cam ctia no, cd ham lwgng dinh
dudng tdt hon. M6 aloron phédn 1ap can chita lugng tinh bdt va vo thdp, va 1a a phan
chinh cda cac chit ¢6 loi v& mit sinh 1y & hat cho nhu cau dinh dudng ¢ nguoi. Vi du,
hat theo sang ché va/hoic bot tao ra duge wr d6 chiia, so voi hat loai thuong tuwong
trngva/hodc bot tao ra dugc tr do, mot hodc nhiéu hodc toan bd cac thanh phém dudi
day, moi thanh ph?m déu duoc tinh theo trong luong,

i) ham luong khoéng cao hon nhu cao hon it nhét 1a khoang 20% hoic it nhit 1a
khoang 25%, tt hon 1a ham lugng khoang 1a ham lugng ctia mot hodc nhiéu hogc tat
ca bao g(;)m kém (nhu cao hon it nhét 1a khoang 10% hodc it nhét 1a khoang 15%), sit
(nhu cao hon it nhat 1a khoang 10% hoac it nhat 1a khoang 15%), kali (nhu cao hon it
nhét 1a khoang 20% hoic it nhét 13 khoang 25%), magie (nhur cao hon it nhat 1a khoang
18% hodc it nhét 1a khoang 22%), phospho (nhu cao hon it nhit 1a khoang 17% hoic it
nhét 1a khoang 21%) va luu huynh (nhu cao hon it nhét 1a khoang 5% hodc it nhat la
khoang 8%), N

ii) ham luong chit chéng oxy hoéa cao hon nhu it nhét 14 khoang 25%, hoic it
nhét 12 khodng 35%, nhiéu hon téng céc hop chat phenol, va/hodc it nhit 14 khoang
60%, hodc it nhét 1a khoang 70%, nhiéu cac chat chéng oxy héa wa nude hon,

ii1) ham lwgng phytat cao hon nhu cao hon it nhét 1a khoang 10% hodc it nhat 1a
khoang 15%,

iv) ham lugng cao hon cua mot hodc nhiéu hodc tit ca cac vitamin B3, B6 va
B9,
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v) ham lugng cao hon cua chét xo trong ché do dinh dudng va/hoic ham lugng
chat xo khong hoa tan (nhu tong ham lugng chat xo cao hon it nhat 1a khoang 150%,
hodc it nhét 12 khoang 180%),

Vi) ham lugng tinh bot nam trong khoang tir 90% dén 100% trong luong so véi
ham luong tinh bot cua hat loai thuong twong ung,

vii) ham luwgng sucroza cao hon,

viii) ham luwgng monosacarit cao hon (vi du ham luong arabinoza, xyloza,
galactoza, glucoza) nhu cao hon it nhét 1a khoang 1,5 l4n hodc it nhat 1a khoang 2 lan,

ix) ham luong chét béo cao hon nhu cao hon it nhét 1a khoang 20%, it nhat 1a
khoang 30% hodc it nhat 1a khodng 50%, hodc khoing 50%, va

X) cac murc n611g do nito tuong tu.

M3i thanh phan trong céc thanh phan dinh dudng nay ciia hat co thé duoge xac
dinh bang cach 4p dung cac k¥ thuat thong thudmg nhu néu trong cac Vidu 1 va 5.

Theo mdt phuong an, hat lha theo sang ché va/hodc bt tao ra duoc tir do, chira
mdt hodic nhidu hodc toan by dudi day, moi thanh phin déu dugce tinh theo trong luong,

i) nhidu chat béo hon it nhat 1a khoang 20%, it nhat la khoang 30% hodc it nhat
la khoang 50%, hodc khoang 50% so vdi hat/bot loai thuong tuong ung,

ii) tong phytat it nhat 1a khoang 11mg/g hoic it nhat 1a khoang 12mg/g,

‘ iii) ham lugng khoang trong bt thu duoc tur hat nhiéu hon it nhat 1a khoang
20% hodc it nhat [a khoang 25% so véi bot tir hat loai thudong tuong tng,

iv) tong k&m it nhat 1a khoang 14mg/kg hoic it nhat 1a khoang 15mg/kg,

v) tng st it nhét [a khodng 13 mg/kg hodc it nhat 14 khoang 13,5mg/kg,

vi) tdng chat xo nhiéu hon it nhat 1a khoang 150%, hoic it nhét 1 khoang 180%
so voi hat/bot loai thuong twrong Ung,

vii) ham luong tinh bot ma ndm trong khoang tir 90% dén 100% trong luong so
vGi ham luong tinh bot cua hat/bdt loai thuong tuwong tng,

viii) ham luwong monosacarit (vi du ham luwong arabinoza, xyloza, galactoza,
glucoza) cao hon it nhat la khoang 1,5 lan hoic it nhat 1a khoang 2 1an so v&i hat/bot
loal thwdong tuong ung, va

ix) tong cac hop chét phenol nhiéu hon it nhét 1a khoang 25%, hodc it nhét la
khoang 35%, va/hodc cac chit chéng oxy héa wa nudc nhiéu hon it nhit 1a khodng
60%, hodc it nhat 1a khoang 70%, so voi hat/bdt loai thudng twong tmg.

Theo mdt phuong an, hat nay chua ty phan amyloza cao hon trong tong ham
lwong tinh bot cua nd so voi hat loai thuong twong uing. Cac phuong phép tao ra hat
ndy da dugc boc 16, vi dy, trong cac cong bd don qudc € s6 WO 2002/037955, WO
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2003/094600, WO 2005/040381, WO 2005/001098, WO 2011/011833 va WO
2012/103594.

Theo mét phuong 4n, hat theo sang ché chtra ty phan axit oleic cao hon va/hoic
ty phan axit palmitic thdp hon trong tong ham luong axit béo ctia no so véi hat loai
thuong tuong ung. Cac phuong phép tao ra hat ndy da dugc bdc 19, vi du, trong cac
cbng bd don qubc té s6 WO 2008/006171 va WO 2013/159149.

Hat/hat giéng theo sang ché, hodc phan khéc ctia cdy theo sang ché, co thé duoc
xr 1y dé tao ra thanh phan thyc pham, thuc phdm hodc san pham phi thyc phim bang
cach ap dung k¥ thuat bat ky da biét trong linh vuc k¥ thuat nay.

Thuat ngit "thanh phan thyc pham hodc d6 udng khac" duoc ding trong ban moé
ta nay dé chi chat liéu bat ky thich hop dé tiéu thy boi dong vat, tot hon la chét bat ky
thich hop dé ding cho nguoi, khi duoc cung cip lam mot phan cia thue pham hodc dd
ubng. Cac vi dy bao gém, nhung khong chi gidi han &, hat tir cac gidng cay khac,
duong, v.v., nhung khong ké nudc.

Theo mot phuong an, san phém la bot cua hat nguyén ven, vi du, bot nghién siéu
min ctia hat nguyén ven, hodc bot dugc tao ra tor 100% hat. Bot cua hat nguyén ven bao
g6m thanh phén bot tinh ché (bot tinh ché hodc bot tinh luyén) va phan doan thd (phan
doan thé da duoc nghién siéu min).

Bot tinh ché co thé 13 bot ma duoc ché bién, vi du, béng cach nghién va sang hat
dd duoc lam sach. C3 hat bot tinh ché duge mo ta & dang bot, trong do khong it hon
98% di qua vai c6 16 khéng to hon 16 ctia vai ludi dét goi 1a "212 micromet (U.S. Wire
70)". Phan doan tho bao gdm it nhit 1a mot trong s6: cam va mam. Vi du, mam la phoi
thue vat nam trong nhan cua hat. Mam chira lipit, chit xo, cac vitamin, protein, cac chat
khoang va cic chat dinh dudng thuc vét, nhu cc flavonoit. Cam bao gom vai 16p té
bao va chira lwong dang ké lipit, chit xo, cac vitamin, protein, cac chat khoang va cac
chat dinh dudng thuc vat, nhu cac flavonoit. Ngoai ra, phan doan tho co thé bao gbm
16p aloron ma con bao gdm lipit, chat xo, cic vitamin, protein, cic chat khoang va cac
chit dinh dudng thuc vat, nhu cac flavonoit. Lop aloron, du vé mat ky thuat duge xem
14 mot phén ctia ndi nhil, thé hién nhiéu tinh chat giéng nhu cam va do d6 thuong duoc
loai ra ciing v6i cam va mam trong qua trinh nghién. Lép aloron chira cac protein, cac
vitamin va cdc chét dinh dudng thuc vat, nhu axit ferulic.

Hon thé nita, phén doan thé co thé duoc tron voi thanh phﬁn bot tinh ché. Phan
doan tho c6 thé duoe tron véi thanh phﬁn bot tinh ché dé tao thanh bot cua hat nguyén
ven, nho d6 cung cép bot cuia hat nguyén ven voi gia tri dinh dudng, ham luong chat
X0, va khd ndng cua chat c-héng oxy hoéa cao hon so voi bot tinh ché. Vi dy, phan doan

thd hodc bot cua hat nguyén ven co thé duoc dung vdi cac lugng khac nhau dé thay thé
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bot tinh ché hodc bot cua hat nguyén ven trong cdc moén nudng, cac san phém an qua
loa, va thuc phfim. Bt ctia hat nguyén ven theo sang ché (trc 13 - bot nghién siéu min
ctia hat nguyén ven) con c6 thé dua truc tiép ra thi truong dén ngudi tiéu dung dé dung
trong cac san pham nudng tai nha ciia ho. Theo mot phurong an 1am vi du, a bién dang
nghién hot ctia bot cuia hat nguyén ven 1a sao cho 98% phan tir tinh theo trong luong
ctia bot cua hat nguyén ven la bé hon 212 micromet.

Theo phuong 4n khac nira, cac enzym tim thiy trong cam va mam cia bot cua
hat nguyén ven va/hodc phan doan thd duge lam bét hoat dé 1am 6n dinh bot cua hat
nguyén ven va/hodc phan doan thd. Lam 6n dinh 1a quy trinh st dung hoi, nhiét, birc
xa, hodc xir Iy khac dé lam bét hoat cac enzym tim thiy ¢ 16p cam va mam. Bt ma da
duoc lam 6n dinh duy tri cac tinh chat cia né trong niu nuéng va cé thoi han sir dung
dai hon. . :

Theo cac phuong an bd sung, bot cuia hat nguyén ven, phan doan tho, hoac bot
tinh ché c6 thé 14 thanh phan (c4u thanh) cia thyc pham va co thé duoc sir dung dé taioj
ra thuc phém, Vi duy, thuc phém ¢6 thé 1a banh vong, banh quy, banh my, banh bao
nhén nho, banh simg bo, banh bao, banh nudng x6p kiéu Anh, banh nuéng xbp, banh
my 6 det, banh lam nhanh khong 1 1én men, sn pham bot nhao dé ti lanh/dong lanh,
b6t nhao, ddu nudng, burrito, &t, banh taco, tamale, banh bép, banh pot pie, ngt cbe dn
lién, bita an san sang, hdn hop nhdi, thire an ché bién béng vi soéng, banh socola hanh
nhan, banh ngot, banh ngot phomai, banh ngot ca phé, banh det nho, dd an trang miéng,
bot nhdi, banh cudn ngot, thanh keo, vé banh, nhan banh, thuc phém dung cho tré¢ em,
hédn hop nudng, bot nhido, banh my, hdn hop nude xdt, phu gia thit, thanh phan thay thé
thit, hdn hop gia vi, hdn hop sap, nude xot, nude cot cho nude x6t, gia vi tron salat,
stp, kem chua, my, my 6ng, my ramen, my xdo, my xao lo mein, kem xtc, kem que,
kem &c qué, kem kep, banh quy gion, banh my nuéng, banh rén, trimg cudn, dd an nhe
& dang ép dun, thanh qua va hat, thuc phdm in qua loa ché bién bang vi séng, thanh
dinh dudng, banh kép, san pham banh kiéu nudng. banh quy cay, banh puding, thuc
pham trén co s& mon an sang granola, khoai tay lat ran dé An vat, thuc pham an vat,
hdn hop #n vit, banh Xép, vO banh pizza, thirc @n cho dong vat hoac thuc phém cho tha
cung.

Theo cac phuong an thay thé, bot cta hat nguyén ven, bot tinh ché, hodc phan
doan thd c6 thé 1a thanh phan bd sung dinh dudng. Vi du, thanh phan b sung dinh
dudng co thé 1a san phdm ma duoc bd sung vao ché d6 an chtra mot hodc nhidu thanh
phan bb sung, thuong bao gdm: c4c vitamin, cac chat khodng, cic thao mdc, cac axit
amin, cac enzym, cac chét chéng oxy hoa, cac thao moc, cac loai gia vi, cac vi khuan

co loi, cac chiét xuat, chat tién trg sinh va chat xo. B4t cua hat nguyén ven, bot tinh ché

-62-



39377

hodc phan doan tho theo sang ché bao gém céc vitamin, cac cht khoang, céac axit amin,
cac enzym, va chét xo. Vi du, phan doan tho chira luong c6 dac cac chat xo dé an cing
nhu céac chit dinh dudng thiét yéu khéc, nhu cac vitamin nhém B, selen, crom, mangan,
magie, va cac chit chdng oxy hoa, ma ma la thiét yéu déi véi ché do dinh dudng co loi
cho strc khoe. Vi du, 22 gam phén doan thé theo sang ché cung cap 33% luong chit xo
khuyén céo tiéu thy hang ngay cho mdi ca thé. Thanh phan bd sung dinh dudng cé thé
bao gdm cac thanh phan dinh dudng bat ky da biét ma s& hd tro sic khoe noi chung cua
ca thé, cac vi du bao gém, nhung khong chi gi¢i han &, cdc vitamin, cac chat khoang,
cac thanh phan xo khac, cac axit béo, cac chat chdng oxy héa, axit amin, céc peptit, cac
protein, lutein, riboza, cac axit béo omega-3, va/hodc céc thanh phan dinh dudng khac.
Thanh phin bd sung cé thé duoc phan phdi & dang, nhung khong chi gidi han ¢, hén
hop d6 udng dung lién, d6 uong dung dwoc ngay, thanh dinh dudng, banh xdp, banh
quy, banh quy gio, cac vién gel, cac vién nang, cac keo nhai, cac vién nén nhai dugc, va
cac vién tron. Mot phwong an phan phéi thanh phan bo sung xo & dang do lic co vi
hodc dd udng kidu mach nha, phuong an nay c6 thé 14 dic biét hip dan doi voi thanh
phén b6 sung chat xo cho tré em.

Theo phuong an khac, quy trinh nghién ¢ thé duoc 4p dung dé tao ra bot da hat
hoac phan doan th6 da hat. Vi du, cam va mam tir mdt loai hat co thé duogc nghién va
duoc tron vo1 ndi nhi da duoc nghién hodc bot ngu cbe nguyén hat cta loai ngli coe
khac. Theo cach khac, cam va mim cua cung mot loai hat co thé duoc nghién va duoc
tron voi nd1 nhi da duoc nghién hodc bdt cua hat nguyén ven cua. loai hat khac. Du
dinh ring séang ché bao gdm viée tron t6 hop bat ky gdbm mot hodc nhidu cam, mam, noi
nht, va bot cia hat nguyén ven cua mot hodc nhiéu hat. Cach thtrc da hat nay co thé
duogc 4p dung dé tao ra bt tuy bién va st dung chat luong va ham lugng dinh dudng
ctia nhiéu loai hat ngt cde dé tao ra mot loai bot. , v

Du tinh réng bdt chia hat nguyén ven, phan doan tho va/hodc cac san phé‘im hat
theo sang ché c6 thé duoc tao ra theo quy trinh nghién bt ky da biét trong linh vuc ky
thudt nay. Phwong an 1am vi du bao gdom nghién hat trong mot dong khong tach noi
nhii, cam, va mam cua hat thanh céc dong riéng. Hat sach va da duogc xu Iydugc van
chuyén dén thiét bi nghién giai doan thir nhat, nhu may nghi‘én bua, may nghién lan,
may nghién truc, may nghién ép, may nghién dfia, nghién x4t biang khéng khi, nghién
can rén, hodc thiét bi twong tu. Sau khi nghién, hat dugc do xuéng va van chuyén dén
sang ray. Ngoai ra, du dinh rang bot ciia hat nguyén ven, phan doan thd va/hodc cac san
pham hat theo sang ché co thé dugc diéu chinh hodc nang cao theo nhiéu quy trinh khac
nhu: 1én men, xt Iy dé dung lién, ép duin, bao vién nang, nudng, quay, hodc xu 1y tuong

fir.
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Vi du thwe hién sang ché

Vi du 1. Cac nguyén liéu va cac phuong phap chung
Quan sat aloron bang cach nhudm bang dung dich mau d6 Sudan

Dung dich nhuém dugc diéu ché bang cach b sung 1g thudc do Sudan IV vio
50ml dung dich polyetylen glycol (phén tu lugng trung binh 400, do Sigma cung cép,
san phim theo danh muyc sb 202398), i & nhiét d§ 90°C trong thoi gian mdt gio, va
duoc tron v6i thé tich ngang bang 90% glyxerol. Sau khi loai bé vo qua (trdu trén va
trau dudi) clia timg hat, hat gao thanh thyc duogc U trong nude cat trong thoi gian ndm
gity va sau do duge cit theo chiéu ngang hodc theo chidu doc bang cach s dung ludi
dao bao. Cac phan duge nhudm trong dung dich mau do Sudan ¢ nhiét dé wong phong
trong khoang thoi gian tir 24 gio dén 72 gid. Sau do, cac doan nay dugc nhudm nguoc
bing dung dich nhudém Lugol & nhiét do trong phong trong thoi gian 20 phit (do Sigma
cung cp, 32922) va duge quan sat dudi kinh hién vi phan tich (do Sreenivasulu cung
cap, 2010).

Nhudm aloron bang xanh Evans

Dung dich nhudm xanh Evans duogc diéu ché béng cach hoa tan 0,1g xanh Evans
(do Sigma cung cAp, E2129) trong 100ml nudc cit. Sau khi Joai bo vé qua (may va
mang) cua tung hat, hat gao thanh thuc duoc cit thanh lat theo chiéu ngang bang cach
st dung Iudi dao bao. Cac lat duge U trong nudc cat & nhiét do trong phong trong
khoang thoi gian 30 phut, mau nhuém dugc bd sung vao va duoc dé & nhiét do trong
phong trong thoi gian 2 phat. Sau do, dung dich mau nhudm duoc gan, céc lat nay dugc

ria hai lan bang nudce cat va duge quan sat trén kinh hién vi phén tich.

Quan sat ngi nhi gao trén kinh hién vi dnh sang

Hat gao duogc ¢b dinh trong dung dich formalin-axit axetic-ruou (FAA) (60%
etanol, 5% axit axetic bing va 2% formaldehyt), dugc khir khi trong thoi gian mot gio,
da duoc loai nudc trong mdt loat dung dich ruou chira 70%, 80%, 95% va tiép do
100% etanol, dugc thAm nhiém bang nhya trang LR (Electron Microscopy Sciences,
14380) va polyme hoéa trong khoang thoi gian 24 gi¢ ¢ nhiét d§ 60°C. Vigc cét lat bang
thiét bi vi phAu duge thyc hién bing cach st dung thiét bi vi phiu Leica UC7. Céc lat
duoc nhudm trong dung dich xanh toluidin 0,1% (do Sigma cung cap, T3260) & nhiét
do trong phong trong thoi gian 2 phut, sau d6 dugc rura hai lan bang nude cat va duoc

kiém tra bang kinh hién vi quang hoc. Theo cach khac, cac 1at dugc nhugm trong dung
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dich tréng Calcofluor 0,01% (do Sigma cung cép, 18909) & nhiét d6 trong phong trong

thoi gian 2 phit va duoc kiém tra bang kinh hién vi quang hoc.

Nhuom PAS va xanh Commassie

Cac lat d3 dwge cd dinh trén ban kinh duge 0 trong axit periodic 0,4% (do
Sigma cung cdp, 375810) da dugc lam nong trude & 57°C trong khoang thoi gian 30
phut, sau d6 dwoc rira ba lan trong nudc cat. Chét phan tmg Schiff (do Sigma cung cép,
3952016) duoc dung va cac ban kinh nay dugc u & nhiét d§ trong phong trong thoi gian
15 phat, sau do duoc rira ba lan trong nude cat. Tiép do, cic lat niy duoc U trong xanh
Coomassie 1% (R-250), do ThermoScientific cung cap, 20278) ¢ nhiét d trong phong
trong thdi gian 2 phut, va dugc ria ba lan trong nuéc cit. Bude loai nudc cac lat nay
duoc thuc hién béng cach sir dung mot loat dung dich ruou chira 30%, 50%, 60%, 75%,
85%, 95% dén 100% etanol, mdi dung dich trong thoi gian 2 phut, tiép theo lam sach
ting ban kinh trong dung dich 50% xylen va 100% xylen (do Sigma cung cap, 534056)
mdi bén kinh trong thoi gian 2 phat. Tiép dé, cac miéng che duge gin bang Eukitt®
mdi truong gan cing nhanh (do Fluka cung cap, 03989) va cac lat nay duoc quan sat

dudi kinh hién vi anh sang.

Chiét ADN va cdc diéu kién PCR

Hai phuong phép duoc ap dung dé chiét ADN tir cac mau |4 cdy — phuong phép
chiét nhanh ADN tao ra cac mdu ADN kém tinh khiét hon va phuong phap chiét ADN
rong hon cho ADN tinh khiét hon, dwoc cai bién tir tai liéu cua Huang (2009). Theo
phuong phap thir nhat, bén hat thiy tinh ¢6 duong kinh 2mm (do Sigma cung cp,
273627), lmg dén 2mg md 14 lta va 150ul dung dich dém chiét (10mM Tris, do
pH=9,5, 0,5mM EDTA, 100mM KCl) dugc bd sung vao tung 16 cua dia PCR loai 96
156. Bia nay duoc bit kin va hdn hop duoc ddng nhit hoa bang cach sir dung may tron
Mini-Beadbeater-96 (do GlenMills cung cap, 1001) trong thoi gian 1 phat. Sau khi ly
tam voi tde d6 3000 vong/phut trong khoang thai gian 5 phut, dich noi chiét duoc chira
ADN duogc dung trong cac phan trng PCR.

" Theo phuwong phap tht hai, hai hat thiy tinh c6 dwong kinh 2mm va 0,2g 1a ¢
trong cac 6ng nghiém Eppendorf loai dung tich 1,5ml duge 1am ngudi trong nito long
trong thoi gian 10 phat. Tiép d6, cac mau duoc ddng nhét hoa trong Mini-Beadbeater-
96 trong thoi gian 1 phut, sau d6 600ul dung dich dém chiét ADN (2% SDS, 0,4M
NaCl, 2mM EDTA, 10mM Tris-HCI, d6 pH=8,0) dugc bd sung vao tung 6ng nghiém
va cac hon hop nay duoc u ¢ nhiét do 65°C trong thoi gian mot gio. Sau khi lam ngudi
cac hon hop nay, 450ul dung dich NaCl 6M duoc bd sung vao, dugc tron va duoc ly
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tam vai toe do 12000 vong/phit trong thoi gian 20 phut. Ting dich ndi duoc chuyén
sang 6ng nghiém méi va ADN két tha bing cach st dung thé tich ngang bang 2-
propanol ¢ nhiét do -20°C trong thoi gian mot gio. ADN duoc thu hdi bang cach ly tim
voi téc d6 2400vong/phut & nhiét do 4°C trong thoi gian 20 phut va cac vién dugc rua
hai lan bang 75% etanol. Cac vién nay duoc lam kho trong khéng khi ¢ nhiét do trong
phong va ting vién dugc tao huyén phu lai trong 600pl nuéc cat chia 10ng/ul ARNza
(do ThermoScientific cung cip, EN0201)) va sir dung trong cac phan tmg PCR.

Cac phan irng PCR su dung Sul dung dich dém 2xPCR chtra Taq Polymeraza
(do ThermoScientific cung cép, K0171), cic doan mdi oligonucleotit 5° va 3’va 1ul
mau ADN trong téng thé tich 10pl. Viéc khuéch dai dugc thyc hién bing cach sir dung
35 chu ky 94°C trong thoi gian 30 gidy, 55°C trong thoi gian 30 gidy va 72°C trong thoi
gian 30 gidy. Céc san pham khuéch dai duge phan tich nho dién di gel bang cach su
dung gel agaroza 3%. Cac phan img PCR dbi chimg sir dung cac ché pham ADN tur
Zhonghuall dong hop tir (ZH11) (gao Nhit loai thuong), NJ6 dong hop tir (gao An d6
loai thudng), va hdn hop gdm ZH11 va NJ6.

Dé lap ban dd di truyén alen ta2, cac budc khuéch dai PCR ddi véi cac gen
danh déu di truyén str dung cac cdp doan moi dudi day (cac trinh ty 5’ dén 3°): INDEL
127 (vi tri 6.343.260 trén nhidm séc thé 1), doan mdi xudi TGAGTAGTTGCGTTGTT-
CT (SEQ ID NO: 15), doan mdi ngugc TCTTAGTGAGCCGTTTCT (SEQ ID NO:
16); INDEL 129 (vi trf 6.560.681 trén nhidm sic thé 1), doan moi xudi CCTTCTGTG-
CTATGGGTT (SEQ ID NO: 17), doan modi nguge CATGCCAAGACACCACTT
(SEQ ID NO: 18): INDEL 128 (vi trf 6.470.027 trén nhidm sic thé 1), doan mdi xudi
TGGCTTTGGAAACGGTAG (SEQ ID NO: 19), doan moi ngugc TTTAGAGGGAT-
GTGCGTCA (SEQ ID NO: 20); INDEL 149 (vi tri 6.427.144 trén nhiém sic thé 1),
doan mdi xudi AAACAACGATCCAGCAAA (SEQ ID NO: 21), doan mdi nguoc
TTGGCACCGTATTACTTTC (SEQ ID NO: 22).

Thur nghiém TILLING ,
Cac doan mdi ma duoc dung trong cac thir nghiém TILLING c¢6 trinh tu
nucleotit: _
TA2-1F: ACGCATTCTTCATTGACTGTATGT (SEQ ID NO: 23)
TA2-1R: GCCCTTTCAATACAATGACTAGGT (SEQ ID NO: 24)
TA2-2F: GAACATTTGAATCATGTTCCTCAC (SEQ ID NO: 25)
TA2-2R: ACTATCCTTTGATGCAAGTTCTCC (SEQ ID NO: 26)
TA2-3F: GTTGGAAGAGCAGTTAAAGCAAAT (SEQ ID NO: 27)
TA2-3R: CTTCGGCAGTGAAATTTAGTAACA (SEQ ID NO: 28)
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TA2-4F: TACAGAACTTCTACGAATGCAGGA (SEQ ID NO: 29)
TA2-4R: GCAACATGAATTGCTAAAGATGAG (SEQ ID NO: 30).

Céac budc khuéceh dai PCR véi ExTaq duoc thuc hién véi céc diéu kién phan trng
dudi day: 95°C trong thoi gian 2 phut; 8 chu ky 94°C trong thoi gian 20 gidy, 68°C
trong thoi gian 30 gidy (lam giam [°C mdi chu k¥), va 72°C trong thoi gian 60 gidy
cho mdi doan dai 1kb cia don vi siéu sao chép, tiép theo 35 chu ky 94°C trong thoi
gian 20 gidy, 60°C trong thoi gian 30 gidy, va 72°C trong thoi gian 60 gidy d6i voi moi
doan dai 1kb ctia don vi sidu sao chép, va budc mo rdng cudi cing ¢ nhiét do 72°C
trong thoi gian 5 phut. Cac san pham PCR tir mAu loai thuong va mau thir nghiém dugc
ron va duoc dua dén chuong trinh ghép doi bién tinh chdm hoan toan dé tao ra cic
chudi kép di hop trong cac diéu kién sau: 99°C trong thoi gian 10 phut dé lam bién
tinh, tiép theo 70 chu ky giam, bit dau & nhiét d6 70°C, mdi chu ky 20 gidy, vdi mic
lam giam 0,3°C mdi chu ky, va sau do gilt ¢ nhiét do 15°C dé ghép doi lai cac san
phdm PCR d3 bi bién tinh dé tao ra cac chudi kép di hop. Cic bude tidu hoa bsi Cell
clia cac san pham PCR dd dugc ghép ddi duge thuc hién trong 15ul hdn hgp phan Gmg
bao g?)m dung dich dém Cell (10mM HEPES, d6 pH=7,5, 10mM KCI, 10mM MgSOs,
0,002% Triton X-100, va 0,2pg/ml albumin huyét thanh bo (BSA), 4ul san pham PCR,
va 1 don vi Cell (10 don vi/ul) néu cac san pham PCR duoce polyme héa bdi Ex Taq,
hodc 20 don vi Cell néu cac san pham PCR duoc polyme héa bai KOD), & nhiét do
45°C trong thoi gian 15 phut, tiép theo b6 sung 3ul 0,5M EDTA (d6 pH =8,0) vao dé
dirng phan ang. Theo cach khac, cac bude tiéu hoa dugc thuc hién trong 15ul hdn hop
phan Gng chtra 4pl cac san pham PCR va 2 don vi nucleaza gia d6 (MBN, 10 don vi/ul,
san pham theo danh muc sé M0250S; do New England Biolabs, My cung cép) trong
dung dich dém MBN (20mM Bis-Tris, do pH=6,5, 10mM MgSOs4, 0,2mM ZnSOs,
0,002% Triton X-100, va 0,2ug/ml BSA) ¢ nhiét do 60°C trong thoi gian 30 phut, tiép
theo bd sung 2ul 0,2 % SDS vao dé dimg phan Gng. |

Céc san phém PCR ma dugc tiéuhoa boi Cell trong cac dia PCR loai 96 16 duoc
pha lodng dén 100ul bang nudc di duogc loai ion, va viée dién di mao quan dugc thuc
hién ¢ hiéu dién thé 9kV, trong thoi gian 30 gidy déi véi bude so bo, 15 gidy dé nap
Ing/ul phén tir lugng gen danh dau 75 va 15kb hogc 50 va 3kb ADN soi kép (do
Fermentas, Canada cung cap), 45 giay dé nap mau, va 40 phut dé tach mau trong thiét
b1 AdvanCETM FS96 (do Advanced Analytical Technologies, My cung cip). Anh gel
duge chup va duge phan tich bang cach sir dung phan mém PROSize (do Advanced

Analytical Technologies, My cung cép) dé dién di mao quan. |
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Thur nghiém voi enzym ADN glycosylaza (DME)

Demeter (DME) la ADN glycosylaza/lyaza ludng chire c6 hoat tinh ddi véi cac
co chat 5-metylxytosin. Cac cdy co 5-metylxytosin trong ba tinh hudng trinh tu: CpG,
CpNpG, va CpNpN va DME c¢6 hoat tinh dbi voi 5-metylxytosin trong mdi tinh hudng
trong sO cac tinh hudng trinh tu nay. Theo thit nghiém enzym ma dugc thuc hién in
vitro, mirc d6 phén cit lién két phosphodieste & phia 5° clia xytosin dd dugc metyl hoa
duoc phat hién, tao ra cac san pham loai bd 8. Viéc xir ly cac san pham cua phan tng
ADN v§1 bazo manh (NaOH) trude khi dién di gel xdc nhan quy trinh loai bo 6 tai vi tri
da du bao truoc.

Céc oligonucleotit tong hop ma s& duoc dung lam cic co chét trong cac thur
nghiém enzym duoc tong hop nhu sau véi cac cdi bién nucleotit dugc biéu thi trong
ngodc don nhu dugc thé hién dudi day:

MEA-1.6F, 5 -CTATACCTCCTCAACTCCGGTCACCGTCTCCGGCG (SEQ 1D
NO: 31)
MEA-1.6F18meC, 5’-CTATACCTCCTCAACTC(5-meC)GGTCACCGTCTCCGGCG
(SEQ ID NO: 32)
MEA-1.6F17meC, 5’-CTATACCTCCTCAACT(5-meC)CGGTCACCGTCTCCGGCG
(SEQ ID NO: 33) ‘
MEA-1.6F22meC, 5’-CTATACCTCCTCAACTCCGGT(5-meC)ACCGTCTCCGGCG
(SEQ ID NO: 34)
MEA-1.6F18AP, 5-CTATACCTCCTCAACTC(abasic)GGTCACCGTCTCCGGCG
(SEQ ID NO: 35) , v _
MEA-1.6F17AP, 5’-CTATACCTCCTCAACT(abasic)CGGTCACCGTCTCCGGCG
(SEQ ID NO: 36)
MEA-1.6F15AP, 5’ -CTATACCTCCTCAA(abasic)TCCGGTCACCGTCTCCGGCG
(SEQ ID NO: 37)
MEA-1;6F12AP, 5’-CTATACCTCCT(abasic)AACTCCGGTCACCGTCTCCGGCG
(SEQ ID NO: 38)
MEA-1.6F18T, 5>-CTATACCTCCTCAACTCTGGTCACCGTCTCCGGCG (SEQ ID
NO: 39) _ .
MEA-1.6R, 5’-CGCCGGAGACGGTGACCGGAGTTGAGGAGGTATAG (SEQ ID
NO: 40)
MEA-1.6R17meC, 5°’-CGCCGGAGACGGTGAC(5-meC)GGAGTTGAGGAGGTAT-
AG (SEQ ID NO: 41).

Hai muoi pmol cua ting oligonucleotit dugc danh dau ¢ dau tan cung trong 50pl

phan tmg bang cach sit dung 20 don vi T4 polynucleotit kinaza v&i sy ¢6 mat cia
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30uCi (y-32P)-ATP (6000 Ci/mmol, do Perkin Elmer Life Sciences cung cép) 0 nhiét
d6 37°C trong khoang thoi gian 1 gid. Mdi oligonucleotit dd danh déu duogc tinh ché
bang cach sir dung kit loai bo nucleotit Qiaquick (do Qiagen cung cap) nhu dugce hudng
din boi nha san xudt. Cac oligonucleotit di danh diu dwoc ghép ddi voi céc
oligonucleotit bd trg thich hop trong 10mM Tris-HCI (46 pH =8,0), ImM EDTA va
0,1M NaClL. Mdi hén hop duoc nang nhiét do 1én dén 100°C trong thoi gian 10 phut va
sau d6 duoc 1am ngudi tir tir dén nhiét do trong phong qua dém. Budc tiéu hoa bang
endonucleaza cit gidi han Mspl hodc Hpall, tiép theo 14 dién di gel, dwoc ap dung dé
xdc dinh hiéu qua ghép déi. Chi cac co chat ma hon 90% la soi d6i duoc dung trong thi
nghiém vé hoat tinh glycosylaza.

Cac co chét oligonucleotit da dugc danh dau ¢ dau tan cung 5' (13,3nM) duoc 0
v6i protein DME (250nM) trong 15ml phan trng véi 40mM. HEPES-KOH (d6 pH
=8,0), 0,IM KCI, 0,ImM EDTA, 0,5mM dithiothreitol, va 200mg/ml BSA & nhiét do
37° trong thoi gian 1 gio. Phan tmg nay duge két thiic bang 15ml formamit 95%, 20mM
EDTA, 0,05% xanh bromophenol, 0,05% xylen xyanol FF va dugc dun so1 trong thoi
gian 5 phat. Pé cam @ng qué trinh loai bo, NaOH dugc bd sung vao ¢ nong do cudi
cung 0.1M va hén hop phan ting dwoc dun soi trong thoi gian 7 phut. Cac sin pham
dugc phan doan trén gel polyacrylamit 15% chira 7,5M ure va 1xTBE. Buéc dién di
duoc thue hién & hiéu dién thé 1000V trong thoi gian 4 gio bi‘mg thiét bi gel Hoefer
SQ3. Gel dugc phoi sang vdi phim Kodak BioMax MR & nhi¢t do -80°C.

Cdac phuong phap phan tich

Céc tri sb gan dang va cic thanh phan cau thanh chinh khac & hat, cac thanh
phan thuc pham va cac mau thye phim duoc x4c dinh bing cach 4p dung cac phuong
phép chudn, vi du, néu duéi d ay.

Ham luong 4m ciia hat duoc do theo phuong phap AOAC 925.10 (Hiép hdi cac
Nha hoéa hoc phan tich chinh thic - Association of Official Analytical Chemists). Mot
cach vén tit, c4c mau hat (~2g) duoc se‘iy kho dén trong lugng khong doi trong 10 &
nhiét d6 130°C trong thoi gian khodng 1 gio. -

Ham lwong tro dugc do theo phuong phap AOAC 923.03. Cac mau dugc su
dung dé x4c dinh ham hrong Am duoc nung thanh tro trong 1o budng kin & nhiét d¢

520°C trong thot gian 15 gio.
Ham luong protein cia hat, cac thanh phan thiee pham va may thuce pham

Ham luong protein dugce do theo phwong phap AOAC 992.23. Mot cach van tat,
tong nito duge phan tich theo phuong phép dbt chay Dumas bang cich sir dung may
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phén tich nito ty dong (Elementar Rapid N cube, ElementarAnalysensysteme GmbH,
Hanau, Germany). Ham luong protein ctia hat hodc cdc mau thuc pham (g/100g) dugc

uwdc tinh bang cach nhan ham lugng nito voi 6,25.

Puwong, tinh bot va cac polysacarit khac

Tdng ham luong tinh bot duge do theo phuong phap AOAC 996.11 ma 4p dung
phuong phap enzym ciia McCleary va cac dong tac gia (1997).

Lugng duong duge do theo phuong phap AOAC 982.14. Mot cach van tat, cac
duong don gidn dugc chiét béng dung dich nudc etanol (80% etanol) va sau doé duoc
dinh lugng theo phuong phép sic ky 16ng cao ap (HPLC) bang cach sir dung cdt gel
polyme lién két véi polyamin, bing cach st dung axetonitril:nude (theo ty 18 thé tich
75:25) lam pha ddng va thiét bi do rai rac anh sang lam bay ho.

Téng céac polysacarit phi tinh bot trung tinh (NNSP) dugc do theo quy trinh sic
ky khi cta Theander va cac dong tac gia (1995) véi chit cai bién bao gdm 2 gid thiy
phan bang axit sulfuric 1M tiép theo 13 ly tim.

Fructan (fructo-oligosacarit) dugc phén tich theo phuong phap chi tiét & Phuong
phap AOAC 999.03. Mot cach vin tat, cac fructo-oligosacarit dugc chiét vao nude tiép
theo 14 tidu hoa bing hdn hop sucraza/maltaza/invertaza. Tiép do, cac duong tu do thu
duoc dwoe khir bang natri bohydrua va tiéu hoa thanh fructoza/glucoza véi fructanoza.
Fructoza/glucoza dugc do bang cach st dung hydrazin axit p-hydroxybenzioc
(PAHBAH).

Ham leong chat xo

Téng chat xo tir ché d6 an (total dietary fiber - TDF) dugc do theo phwong phap
AOAC 985.29 va chat xo hoa tan va khong hoa tan (soluble insoluble fiber - SIF) theo
phuong phap AOAC 991.43. Mot cach vin tat, TDF dugc xac dinh theo k§ thudt phan
tich trong luong cia Prosky va cac dong tic gia (1985), nhu dugc néu chi tiét trong
Phuong phap AOAC 985.29, va SIF dugc xac dinh theo ky thuat phan tich trong luong
nhu dugce boc 16 trong AOAC 991 .43.

Téng lipit

Mau 5g bot duoc 0 véi 1% Clarase 40000 (do Southern Biological cung cép,
MC23.31) & nhiét d6 45°C trong thai gian mét gio. Lipit dwoc chiét tir cic mau vio
clorofom/metanol bang cach chiét nhiéu lan. Sau khi ly tim dé tich pha, phan doan

cloroforn/metanol dugc loai bo va lam khé & nhiét d6 101°C trong thoi gian 30 phut dé
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thu hoi lipit. Khéi luong cua phﬁn con lai la tong lipit trong mau nay (Phuong phap
AOAC 983.23).

Bién dang axit béo cua lipit

Lipit duoc chiét ra tir bt di nghién vao clorofom theo phuong phap AOAC
983.23. M6t phan cua phan doan clorofom chua lipit duoc lam bay hoi trong moi
trudng nito sau khi bd sung phan phin uwdc axit hepta-decancic vao lam chuén bén
trong. Can dugc tao huyén phi trong axit sulfuric 1% trong metanol khan va hdn hop
pay duoce dun ndng & 50°C trong thoi gian 16 gio. Hon hop nay duoc pha lodng bang
nude va chiét hai 1an bang hexan. Dung dich hexan két hep dwoc nap vao c¢ot Florisil
- nho va cot dugce rira bang hexan va tiép dé metyl este ctia axit béo duoc rita gii bang
10% ete trong hexan. Dung moi rua giai duge lam bay hoi dén kho va can duoce hoa tan
trong 1so-octan dé nap 1én GC. Cac metyl este cla axit béo duoc dinh lugng theo hdn
hop gdm cac axit béo chuan. Cac diéu kién GC: cot SGE BPX70 30m x 0,32mm x
0,25um; Nap 0,5u1; Thiét bi nap 250°C; ty 1é tach 15:1; Dong 1,723ml/phut dong déu;
Lo 150°C trong thodi gian 0,5 phut, 10°C/phat dén 180°C, 1,5°C/phat dén 220°C,
30°C/phut dén 260°C (téng thoi gian thyc-hién 33 phut); Bo do FID ¢ nhidt do 280°C.

Hoat flil/? ctia chit chong oxy héa (ORAC H)

Hoat tinh cta chat chéng oxy héa ua nudc (ORAC- H) dugc xéac dinh theo
phuong phdp cua Huang (2002a va 2002b) voi céc cai. bién nhu duoc mé ta boi
Wolbang va cic ddng tac gia (2010). Cac mau duoc chiét ldy. cac chat chong oxy hoa
ua chét béo, tiép theo 1a cac chat chéng oxy héa wa nudc nhu sau: 100mg mau dugc
can lap lai ba 1an viao cic 6ng nghiém nhd loai dung tich 2ml. Sau d6, Iml
hexan:diclometan (theo ty 18 50:50) duoc bd sung vao va tron k¥ trong thdi gian 2 phat
va duge ly tim vai toe do 13.000 vong/phut trong thoi gian 2 phat ¢ nhiét do 10°C.
Dich ndi duoc chuyén sang binh thuy tinh va vién duoc chiét lai béng 2ml hdn hop
hexan:diclometan nita. Buoc tron va bude ly tam tiép d6 duoc lap lai, va dich noi duge
chuyén sang ciing mdt binh thiry tinh. Dung moi con lai ttr vién duoc lam bay hoi dudi
dong nito nhe. Sau do, 1ml hdn hgp axeton: nudc: axit axetic (theo ty 1€ 70:29,5:0,5)
duoc bd sung vao va tron k¥ trong thoi gian 2 phiit. Sau d6, hdn hop nay dugc ly tam
nhu trude va dich ndi duoc dung trong thir nghiém dia ORAC-H. Cac mau duoc pha
lodng néu cin bang dung dich dém phosphat. Dién tich du¢i duong cong (AUC) duoc
tinh va dugc so sanh véi cac tri s6 AUC ddi véi cac chuan Trolox. Tri s6 ORAC duoc

théng bao theo duong lugng uMTrolox/g mau. .
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Cdc chdt phenol

Téng ham luong cac chat phenol cling nhuw cac chat phenol o trang thai ty do,
trang thai tiép hop va trang thai lién két dugc x4c dinh sau khi chiét theo phuong phap
duoc md ta boi Li va cac dong tac gia (2008) co sira doi khong dang ké. Mot cach vin
tit, cac chat phenol tu do dugc xac dinh trong cac mau 100mg sau khi chiét vao 2ml
metanol 80% bang cach x{r 1y bang ning luong am thanh trong thoi gian 10 phut trong
binh thay tinh (dung tich 8ml). Dich ndi dugc chuyén sang binh thiy tinh thtr hai va
budc chiét cin dugce lap lai. Dich ndi két hop dugc lam bay hoi dén kho trong khi
quyén nito. 2ml axit axetic (2%) dugc bd sung dé diéu chinh d6 pH dén 2 va sau d6
3ml etyl axetat duoc bo sung vio dé chiét cac chat phenol va lic trong thdi gian 2 phut.
Céc binh duee ly tam véi the do 2000 x g trong thoi gian 5 phit ¢ nhiét do 10°C. Dich
ndi duoc chuyén sang binh thily tinh sach va budc chiét duoc 1ap lai thém hai 1an nira.
Dich ndi két hop duoc lam bay hoi trong khi quyén nito & nhiét do 37°C. Can.duge hoa
tan trong 2ml metanol 80% va duoc dé tii lanh.

Céc mau vé cac chat phenol da tiép hop dugce xir Iy nhu ddi véi thir nghiém
phenolic tu do dbi v&i budce chiét ban diu bang metanol 80%. Tai thoi diém nay 2,5ml
natri hydroxit (2M) va thanh tir tinh duoc bd sung vao dich néi dd dugc lam bay hoi
trong binh thuy tinh ma sau dé dugc nap nito va dugc bit nép chat. Cac binh duoc tron
va dun nong & nhiét d6 110°C trong khoadng thoi gian 1 gio va khudy. Cac miu duoc
lam ngudi trén nudc da trudce khi chiét bang 3ml etyl axetat bang cach lic lu trong thoi
gian 2 phut. Céc binh duoc ly tim véi tde d6 2000 x g trong thoi gian S phut & nhiét do
10°C. Dich ndi duoc gan va dd pH duoc diéu chinh dén 2 bang HCI 12M. Cac chat
phenol duogc chiét bang cach si dung 3 x 3ml phan phéan udc cua etyl axetat nhv duoc
boc 16 cho cac chat phenol tu do. Dich ndi duge két hop va lam bay hoi dén kho trong
khi quyén nito ¢ nhiét do 37°C va can duoc dua vao 2ml metanol 80% va duoc dé ti
lanh.

Céc chét phenol lién két dwge do tir cin sau khi chiét céc chat phenol tu do bang
metanol. 2,5ml (2M) natri hydroxit va thanh tu tinh duoc bd sung vao can trude khi
dwa nito vao binh nay va day nép chét cho nd. Céc binh dugc tron va dun nong ¢ nhiét
d6 110°C trong khoang thoi gian 1 gio va khudy. Céc mau duoc 1am ngudi trén nude da
trude khi chiét bang 3ml etyl axetat bang cach lac lu trong thoi gian 2 phat. Céc binh
duoc ly tAm véi tde do 2000 x g trong thoi gian 5 phiit & nhiét do 10°C. Dich ndi dugc
gan va d6 pH dugc diéu chinh dén 2 bang HCI 12M. Céc chét phenol dugc chiét bang 3

x 3ml phé‘m phéan ude cua etyl axetat nhu duge boc 10 cho cac chét phenol ty do. Dich
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ndi duoc két hop va lam bay hoi dén khé trong khi quyén nito ¢ 37°C va cin duoc dua
vao 2ml metanol 80% va duoc dé ti lanh.

Téng cac chit phenol dugce xac dinh bang cach sir dung cac mau 100mg bing
~ céch bd sung 200ul metanol 80% vao cac mau udt trude khi thiy phan. 2,5ml (2M)
natri hydroxit va thanh tir tinh duge bd sung trude khi dua nito vao binh nay va bit nip
chit. Céc binh dwgc tron va dun néng & nhiét dé 110°C trong thoi gian 1 gior va khuay.
Céc mau duoc lam ngudi trén nude da trude khi chiét bing 3ml etyl axetat bing cach
lic I trong thoi gian 2 phut. Cac binh dugc ly taim véi tée dd 2000 x g trong thoi gian
5 phut ¢ nhiét d6 10°C. Dich ndi dugc gan va do pH duogc diéu chinh dén 2 béng HCI
12M. Céc chit phenol dugc chiét bing 3 x 3ml phan phén udc cia etyl axetat nhu duoc
bdc 16 cho céac chit phenol tu do. Dich ndi dugc két hop va lam bay hoi dén kho trong
khi quyén nito & nhiét dd 37°C va can duoc dua vao 4ml metanol 80% va duogc dé tu
lanh.

Luong chét phenol trong cic mau di duoc xur ly/da duoe chiét duge do bang
cach ap dung thir nghiém FolinCiocalteu’s dé xac dinh cac chét phenol. Cac chuan axit
galic & nong do Opg/ml, 1,56pg/ml, 3,13pg/ml, 6,25pg/ml, 12,5ug/ml, va 25ug/ml duoc
dung dé tao ra duong cong chuén. 1ml chuin duogc bd sung vao éng nghi¢m thuy tinh
loai dung tich 4ml. Péi véi cac mau thir nghiém, 100p! phan phan uéc cia cac mau da
duoge tron k§ duoc bd sung vao 900l nudce trong cac 6ng nghiém thiy tinh loai dung
tich 4ml, sau d6 100ml chit phan ¢mg FolinCiocalteu dwoc bd sung vio timg dng
nghiém ma dwoc xody ngay lap tire. 700ul dung dich natri bicacbonat (IM) duoc bo
sung vao sau thoi gian 2 phat va sau d6 duoc tron biang cach tao xody. Tung dung dich
duoc 0 ¢ nhiét do trong phong trong bong tdi trong khoang thai gian 1 gié va sau dé
mirc do hip thu dwoc doc & bude song 765nm. Két qua duoc biéu hién theo ug duong

Jwong axit galic/g mau.

Phytat

Viéc x4c dinh ham luong phytat clia cic mau bot 1a dva trén phuong phéap cta
Harland va Oberleas, nhu duoc boc 16 trong tai liéu AOAC Official Methods of Analysis
(1990). Mot céach van tit, mau bot 0,5 g duoc can va chiét béng HCI 2,4% béng cach su
dung banh quay (30 vong/phut) trong thoi gian 1 gid & nhiét do trong phong. Tiép do,
hdn hop nay duge ly thm véi tde dd 2000 x g trong thoi gian 10 phut va dich ndi duoc
chiét va duoc pha lodng 20 lan bing nudc milli-Q. Cot trao ddi anion (500mg do
Agilent Technologies cung cép) duoc dat trén duong 6ng phan phdi chan khéng va
duoc tao diéu kién dé sir dung theo hudng din cta nha san xuat. Tiép do, dich ndi da

duoc pha lodng dugc nap 1én cdt va cac loai khong 1a phytat dugc loai ra bang cach ria
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bang HC1 0,05M. Sau d6, phytat duge rira giai bing HCI 2M. Dich giai hip gom dugc
duoc tiéu hoa béng cach su dung khéi 1am néng. Mau duogc lam ngudi va thé tich duoc
didu chinh dén 10ml bang nudc milli-Q. Mirc phospho duge xac dinh bang quang pho
ké bang cach ap dung phuong phap tao mau molypdat, axit sulphonic v&i mirc do hap
thu doc & birdc song 640nm. Phytat duge tinh bang cach ap dung cong thire sau:

Phytat (mg/g) = 11611g do P *V1*V2/(1000*trong luong cua mau*0,282)
trong d6 ndng do P 13 ndng d6 cua phospho (pug/ml), nhu dugc xac dinh theo do quang
phé, V1 1a thé tich cua dung dich cudi cing, V2 1a thé tich ctia dung dich phytat chiét
duoc, va 0,282 1a hé sé chuyén dbi phospho thanh phytat.

Udc tinh tong ham luong chat khodng

Téng ham luong chat khoang cia cac mau dugc do theo thir nghiém tro béng
cach 4p dung cac phuong phip AOAC 923.03 va 930.22. Khoang 2g bot dugc dun
nong & nhiét d6 540°C trong thoi gian 15 gid va tiép d6 khéi lwong cia cin tro duoc
can. Cac mau bdt thé 0,5¢ duoc tidu héa bing cach ap dung cach tidu héa khdi ng
nghiém bang axit nitric 8M & nhiét d§ 140°C trong thoi gian tdm gio. Tiép do, ham
luong kém, sit, kali, magie, phospho va luu huynh dugc phéan tich béng cach su dung
phép do quang phd phat xa nguyén tir plasma lién hop theo cach cam tng (ICP-AES)
theo Zarcinas (1983a va 1983b). :

Céac chit khoang dugc phan tich tai CSIRO, Urrbrae, Adelaide South Australia,
o Waite Analytical Service (University of Adelaide, Waite, South Australia) va ¢ Dairy
Technical Services (DTS, North Melbourne, Victoria.). Cac nguyén to dugc xac dinh
bang phd phat xa quang hoc - plasma lién hop theo cach cam tng (ICP-OES) sau khi
tiu hoéa bing dung dich axit nitric (CSIRO) hodc axit nitric lodng va hydro peroxit
(DTS) hodc bing phd phét xa nguyén tir plasma lién hop theo cach cam mg (ICP-AES)

sau khi tiéu héa bang dung dich axit nitric/percloric.

Vitamin

Céc phan tich vitamin B1 (niaxin), B3 (pyridoxin) va tong folat duoc thyc hién
bing DTS ciing nhu National Measurement Institute (NMI). Niaxin duge do theo tai
litu: AOAC Methods 13th Ed (1980) 43.045, theo Lahey va cac dong tic gia (1999).
Pyridoxin dwoc do theo Mann va cac dong tic gia (2001). Phuong phép nay két hop
bién nap trude cot ddi voi dang dd vitamin B6 da duge phosphoryl hoa va dang vitamin
B6 tu do thanh pyridoxin (pyridoxol). Cach thuy phan axit phosphataza dugc ap dung
dé loai phosphoryl, tiép theo 1a khir amin bang axit glyoxylic khi c6 Fe*' chuyén hoa
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pyridoxamin thanh pyridoxal. Tiép do, pyridoxal duoc khir bang natri bohydrua thanh
pyridoxin.

Axit folic duge do theo kit axit folic VitaFast bang cach 4p dung hudng din cua
nha san xudt, hoic theo phuong phap AOAC 2004.05.

Vidu 2. Phin ldp va xdc dinh tinh chit ciia dét bién alovon day (ta)
Thiét ldp va nudi trong quan thé lia da dwgc gdy dot bién

Khoang 8000 hat (dugc goi 1a hat Mo) tir gidng lda loai thuong Zhonghual I
(ZH11) duoc gay dot bién theo cach xir Iy bang 60mM etyl metan sulfonat (EMS) bang
cach ap dung cac diéu kién chuan. Hat da duoc gay dot bién duoc gico trén canh d@)ng
- va cac cdy thu dugc dugc nudi tréng dé tao ra hat M. Hat M duoc gom va tiép do
duoc gieo trén canh déng dé tao ra cay M. 8925 chuy dwoc thu gom tir 1327 c4 thé cdy

M. Tir cac cAy ndy 36.420 hat M> duoc sang loc, bao gdm it nhat 14 4 hat tir mdi chuy.

Sang loc dgt bién bang cach nhuém hat nira

Vo qua (tréu trén va triu dudi) cua hat gao M2 dugc loai bo. 36.420 hat duoc
chia thanh hai phan theo chidu ngang. Cac nira chta phdi duge giir vao trong dia loai
96 15 dé nay mam sau dd, trong khi timg hat nira khong c6 phoi duge nhudém bing xanh
Evans va dugc quan sat trén kinh hién vi phan tich deé phat hi¢n hat dot bién co aloron
day so voi loai thuong. Viée nhuém mau 1a dya trén nguyén ly rang xanh Evans chi co
thé tham nhap va nhuém mau cac té bao khong thé phat trién duoce nhu cac té bao cia
ndi nhd tinh bot trong khi khong thay ddi vé mau sic dugc quan sat thdy & 16p aloron
¢6 thé phat trién duge. Tir phan tich nhuém xanh Evans va phan tich mo hoc ban dau,
c4 thé hat thé hién mirc ting dang ké vé do day ciia aloron cling nhu hat thé hién muc
day lén dang ké & aloron mat bung cua hat giéng dugc quan sat. Cac hat khac thé hién
hién tugng tdng do day cua aloron nhung ¢ muc do thdp hon. Ving khong nhudm cia
mdt bung cua tung hat dugc ddc biét kiém tra vé do day cua lop aloron. Cac thé bién dj
co tang do day cua lop aloron trén mdt lung cua hat cting dugc quan sat. Chi cac thé
bién di véi mirc ting dang ké vé do day cia 1op aloron trén toan bo mit cit ngang duoc
chon dé phan tich tiép. o :

Duoc so sanh vGi cac hat nira loai thuong, cac hat ntra ¢c6 vung khéng nhuém
mau day hon vai xanh Evans dugce chon. Trong ) 36.420 hat da kiém tra, 219 hat
(0,60%) co khéc biét vé do day cua aloron dugc xéc dinh va dugce chon. Ching duoc
thu nhan tr 162 chuy tir 140 ca thé cay My, va do d6 hau hét 1a dot bién doc lap. Mot
hat dot bién cu thé dugc nhan dang va xéc dinh tinh chat tiép nhu dugce boc 16 dudi day,
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c6 dot bién duge goi 14 aloron day 2 (ta2). Do @6, gen loai thudng tuong tng duoc goi
la Ta2; tén goi d6 dugce str dung trong ban md ta nay.

pé duy tri dong dugce cho 1a dot bién, moi hat nira da duogc tao phoi tuong Ung
dugc gieo mam trén moi truong chia cac moi trudng mudi MS ban ndng do
(Murashige va Skoog, 1962) da duoc hoa ran bang 1% Bacto aga (Bacto, 214030) va
dugc nudi cdy ¢ nhiét d6 25°C dudi 4nh sang véi cudng do 1500 dén 2000 Lux theo
chu ky 16 gio chiéu sang/8 gid bong tbi. Cac cdy non dugc chuyén sang dat ¢ giai doan
¢6 hai dén ba 14 non va céc cdy thu duge duoc cho sinh truéng dén thanh thyc. Sau khi
nay mam va nudi trong hat ntra da duoc tao phdi trong tmg, 115 hat (52,5% sbng sot)
dugc cho sinh trréng dé tao ra cac cdy thanh thuc va t6t gidng.

Céc cay dot bién mg vién ma thé hién it hodc khong thé hién 16i & & tinh trang
néng hoc chung nhu cac ciy c¢6 chidu cao cdy, kha niang sinh san (kha ning sinh san
duc va cai), ¢& hat va trong lwong cua 1000 hat binh thuong so véi giong bd me loai
thuong ciing nhu thé hién kha ning di truyén 6n dinh tinh trang aloron day dugc xac
dinh, dugc chon va duge phén tich tiép. Trong sb chung, thé dot bién duoc goi 1a a2
ma thé hién kiéu hinh da aloron cuc do hon g6m sdu dén bay 16p té bao duoc chon va
duoe phén tich chi tiét. Hat loai thuong thé hién aloron gdm mét 16p té bio, nhu mong

doi.

Cac phan tich mo hoc doi véi hat dot bién ta2 ‘

Hat dang phat trién tir cac cady ZHI11 loai thuong va cac cay dot bién a2 duoc
nghién ctiu va dugc so sanh theo cac thay d6i vé mat hinh thai tir 1 dén 30 ngay sau khi
thu phdn (DAP). Pha chin cua hat Ita c6 thé duoc coi la gdm ba giai doan: giai doan hat
stta, giai doan chin sap va giai doan hat thanh thuc. o) giai doan chin sap, hat ¢ chuy
loai thuong bét déu thay ddi vé mau tir xanh sang vang, tiép theo 1a hién tugng tin pha
din dan ciia mo tii ndi than cdy va qua thoc. Hat & chuiy za2 bi tri hodn thay d6i vé
mau. Xét nghiém trén kinh hién vi cic mit cat ngang ctia hat gao ciing cho thay hién
twrong tdng muc tréng nhu phén (d6 mo duc) & hat dot bién fa2. Sau do, viéc soi quét
trén kinh hién vi dién tor (SEM) duoc thuc hién dé nghién ctru ciu trac ca ciu tao hot
nho tinh bot & phén gitta cua nd1 nhu tinh bot. O hat loai thuong, cac hot nho tinh bot
duoc xép chit va thé hién bé mit nhin va hinh ding déu dan, trong khi ¢ hat ta2 quan
sat thay cac hot nho tinh bt co hinh dang khong déu xép long. Tém lai, quan sat dugc
it nhat 12 ba thay ddi ¢ cac cay va hat ¢ dot bién #a2: tri hodn trong qué trinh thanh
thuc cua hat, hién twong tang mirc tréng nhu phén ctia hat va & cdu tric hot nho tinh
bot.
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Hat dang phat trién loai thuong va dot bién tai thoi diém 6, 7, 8, 9, 10, 12, 15,
18, 21, 24, 27 va 30 ngay sau thu phén (DAP) dugc nhudm bﬁng xanh Evans va 16p
aloron duoc kiém tra bing kinh hién vi quang hoc. Khong quan sat thay dwoc khac biét
dang ké vé& do day cua l6p aloron dang phét trién giira hat loai thuong va hat dot bién
ta2 cho dén 10 ngay sau thu phin (DAP). Sau khi thu phan 10 ngay (DAP), 16p aloron
cua dot bién 7a2 1a day hon 6 hat loai thuong, va khic biét nay dat dén muc tdi da tai
thoi diém khoang 20 ngay sau thu phin (DAP). Cac két qua nay la pht hop véi cac két
qua tur thur nghi¢m nhu¢m dé Sudan.

Hat loai thudng va hat d6t bién a2 (30DAP) duogc kiém tra tiép vé cac khéac biét
vé mit md hoc bang cach cat (1pm), nhudém mau va soi kinh hién vi quang hoc. Sau khi
nhudm xanh toluidin 0,1% ma né nhudém xanh axit nucleic va hong polysacarit, mot 16p
cdc té bao hinh chit nhat to dinh hudng can dbi duoc quan sat théy o aloron loai
thuong. Tréi lai, cac lat cta hat d6t bién ra2 ¢ 16p aloron gbm sau dén tam 16p té bao,
cac t& bao con co kich thudce thay ddi va dinh hudng bat quy tic. Cac quan sat ny cho
thiy rang aloron day ¢ hat ta2 chi yéu 13 do hién tugng ting s6 lwgng cua 16p té bao
hon 14 sy to ra cua timg té bao aloron.

Nhuom tiép 0,01% tring Calcoflour, nhudém thanh té bao huynh quang, khong
thé hién khac biét gi v& do day thanh t& bao giita loai thuong va hat dot bién ta2. Thanh
t& bao cia cac té bao aloron la day hon thanh té bio ¢ ndi nhil tinh bot déi véi ca hat

loai thuong va hat ta2.

Phén tich cdc.tinh chdt néng hoc ciia cac cdy va hat dot bién ta2

Sau khi dugc lai chéo véi cay loai thuong (ZH11) ddi v6i ba thé hé trén canh
ddng dé tao ra thé hé BC3F3, nho d6 loai bo cac dot bién bd sung khong lién quan ma
ma co6 thé xudt hién tr xtr 1y gy dot bién, céc cdy dot bién fa2 dugc phan tich vé mot
sO tinh trang néng hoc. Cac cdy va hat dot bién ta2 khac khong dang ké so véi cay va
hat loai thuong, vé chiéu cao cua cdy, trong luong cua 1000 hat, ¢& hat (chiéu dai,
chiéu rong va do day) va hinh thai hoc cua qua thoc (Bang 2). Trai lai, cay loai thuong
thé hién ty 1é ra qué ctia hat 1 98,9% trong khi céc cdy dot bién #a2 thé hién hién tuong
giam vé ty 18 ra qua cta hat & mirc 73,4%. Ty 1€ ra qua & hat gidng duoc tinh theo ty 18
phan trdm ctia hoa con & thwc vat ma co hat gidng cho dén giai doan hat thanh thuc.
Hon thé nita, hat dot bién 7a2 thé hién hién twong giam vé kha nang nay mam 75,1% so
vGi hat loai thuong 13 97,3% khi duoc nudi céy ¢ nhiét dd 28°C trong cac chu ky 12 gid
chiéu sang/12 gid bong t6i khong kiém soat do am trong budng sinh truong. Nay mam

duoc xac dinh 1 khi ré con ndy mot cach nhin thay dugc qua vo hat giong.
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Vidu 3. Phéan tich di truyén dot bién ta2

Trén co s ngudn gdc me ctia mo aloron va md ndi nhil & ciy dang sinh trudng,
hai thtr nghiém di truyén duoc thuc hién dé xac dinh lidu kiéu hinh aloron day c6 duogc
xac dinh theo me. Trudc hét, lai chéo thu nghiém dugc thyc hién gitra cdy a2 (dot
bién) me va cay b6 loai thuong, va thu duoc hat thé hé con F2. Trong s6 cac hat F2,
49,4% (n=634) thé hién kiéu hinh aloron day, ma tréch di & mue do dang ké so voi ty 1€
3:1 (loai thuong:dot bién) da duoc du doan cho muc do di truyén theo thuyét Menden
cua gen tro1 O qué”m thé F2. Tha hai, buéc lai chéo thudn nghich duogc thuc hién gitra
cdy ta2 va cdy loai thuong. Tét ca cac hat F1 (100%; n=589) thé hién kiéu hinh aloron
day, trong khi ¢ phép lai chéo thudn nghich bang cach sir dung loai thuong 1am ciy me,
tAt ca cac hat F1 (n=197) tao ra kiéu hinh loai thuong. Cac phép lai chéo ndy cho thay

rang kiéu hinh aloron dugc xac dinh theo kicu di truyén ctia cay me.

Bang 2. So sanh céy loai thuong (ZH11) va cdy dot bién ta2 vé céc tinh trang nong hoc.

ZH11 ta2
Chiéu cao cia ciy (cm) 103,7 (£3,24) | 112,2 (£6,05)
Ty 16 ra qué ciia hat gidng (%) 08,9 (£3,41) | 73,41 (23.41)
trong lwong 1000 hat (g) 22,73 (£0,17) | 22,07 (£0,33)
Chiéu dai cua hat gidng (mm) 7,46 (£0,26) | 7,55 (+0,27)
Chiéu rong cua hat giéng (mm) 3,27 (£0,12) 3,15 (+0,10)
D6 day cta hat gidng (mm) 2,35 (£0,10) | 2,27 (20,11)

Nhim dé xdc minh lidu tic dung theo me duoc xac dinh theo kiéu di truyén thé
giao tir hay thé bao tor, ciy F1 ma 1a di hop tir Ta2/ta2, thu duge tir bude lai chéo gitta
cdy ddng hop tir Ta2/Ta2 va ciy dong hop t ta2/ta2, st dung trong budc lai thuin
nghich véi cdy ddng hop tir ta2 (ta2/ta2) hodc cay loai thuong. O budc lai thuan nghich
gitra dj hop tir me va loai thudng bd, 47,3% (n=188) hat F1 thé hién kiéu hinh dot bién
ta2, trong khi & budce lai chéo thuan nghich gitta cay 7¢2 me va di hop tu bd, 99.3%
(n=425) c4 thé F1 thé hién kiéu hinh d6t bién 7a2. Tir céc két qua nay, két luan ring gen
TA2 truyén kiéu hinh theo kiéu di truyén thé giao tir theo me.

Theo céac phén tich di truyén néu trén, mau hinh di truyén ta2 c6 thé duogc dé
xuét, theo kiéu di truyén thé giao tir theo me. Khi kiéu di truyén ctia thé giao tir me 1a

ta2, thi thi kiéu hinh cua ndi nhii 1a dot bién a2 (aloron day) va la doc 1ap véi kiéu di
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tmyén ctia bd. Do d6, kiéu hinh aloron day chi duge xac dinh boi kiéu di truyén clia thé
giao to me trong qua trinh phat trién cia ndi nhi tinh bot va aloron tam bdi, sao cho di
hop t&r me tao nén 50% thé hé con c¢6 kiéu hinh aloron day, doc lap voi kiéu di truyén
cta bd, va ddng hop t ta2/ta2 theo me khién 100% thé hé con co kiéu hinh aloron day.
Céc thir nghiém tiép theo 1a can thiét dé thir nghiém ligu tac dong cua thé giao tir me
ctia 742 dugc gay ra boi sy c6 mat cua ban sao bd sung gen cua me ¢ ndi nhi tam boi
hodc nho tac dong cua sy hoa ddng gen nhd thé giao tir me kim ham su biéu hién cia

gen TA2 cua bo.

Vi du 4. Xdc dinh gen Ta2 nhe ldp bin do gen va phén tich trinh tw
Xac dinh va sir dung cac gen dénh dau SSR va INDEL dé lip ban do gen

Dé lap ban dd gen, quan thé F2 cia cic cdy dugc tao ra tir budce lai chéo vé mit
di truyén gitra cdy chira dot bién a2 trong nén tang di truyén cia ZH1 1(gidng Nhat) va
cdy thudc gibng 4n do NJ6. Dé xac dinh cac gen danh dau di truyén ma 1a da hinh giita
ZH11 va NJ6 va sau do co thé dugc dung trong viéc 1ap ban dd gen, mot bo tht nghiém
PCR dugc thuc hién trén cac mau ADN cua la tr cac cly dong hop tir ZHI1, cac cay
ddng hop tir NJ6 va hdn hop ADN theo ty 1¢ 1:1. Phan tich cdc san phdm PCR theo
phuong phap dién di gel cho phép so sanh cac san phdm tir ZH11, NJ6 va hdn hop dé
xac dinh cac gen danh diu da hinh. Céc cap doan moi duoc chon loc dé lap ban do gen
chi khi cac budc khuéch dai voi cac ADN riéng biét ctia ZH11 va NJ6 thé hién cac san
pham khuéch dai riéng biét va khac nhau va ADN ldn nay thé hién su két hop cia ca
hat san ph?im. Theo cach do, téng cong 124 cdp doan mdi duoc chon loc ké ca 54 dang
da hinh cai xen-x6a bd (INDEL) va 70 dang da hinh lap lai trinh tu ngan (SSR). Cac
gen danh dau di truyén dugc phan bd & khoang cach 3Mbp dén 4Mbp doc theo hé gen
cta lta va 1a mirc d bao phu tot dé lap ban do6 gen.

Dé 1ap ban do di truyén cta alen fa2, 143 cy tir quan thé F2 duoc ghi diém véi
124 gen danh déu da hinh. Tinh ddng hop tir ciia cac cdy F2 trong quén thé 1ap ban do
dbi véi kiéu hinh aloron duoc danh gia mot cach can than b?mg céch xac dinh kiéu hinh
ctia hat thé hé F3 thu duoc tir moi cdy F2. ADN cua la duge chiét nhu dugc md ta trong
Viadu 1. Cac bucc khuéch dai PCR duoc thue hién nhu durge mo ta trong Vi du 1 va
c4c san pham dugc tich theo phuong phép dién di gel qua 3% agaroza. Tir cic két qua
nay két luan rang locus fa2 nim gifra cic gen danh dau INDEL 127 va INDEL 129 trén
nhiém sic thé 1 (hinh 1, dong cao nhét), ma tir trinh fiy hé gen cua lha twong ng voi
ikhoang cach vat Iy khoang 217kb.

5000 cay F2 khac duge sang loc bang cip gen danh dau nay. 362 c4 thé dugc
xac dinh va dugc chon ma thé hién su tai td hop gitra INDEL 127 va INDEL 129. Khi
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cac cay tai td hop nay dugc xac dinh kiéu hinh, thi locus a2 dugc lap ban dd theo cach
d6 dén ving 42,8kb ma nim giira cdc gen danh dau INDEL 149 va INDEL 128 (hinh 1,
dong thur hai).

Pé thu duoc trinh tu nucleotit ciia ving nay & cac cdy dot bién ta2 va so sanh no
vé1 trinh ty loai thudng va be"mg cach d6 xac dinh dot bién twong Umg véi ta2, cac doan
mdi ndm bén sudn ving hé gen duoc thiét ké va xac dinh trinh tuy ADN dugc thyc hién.
Viéc so sanh céc trinh tw ADN ctia hé gen xac dinh dugc hai chat da hinh nucleotit don
(SNP) trong vung da xac dinh dugc trinh ty, cd hai déu & gen duoc chu thich la
LOC 01gl11900. Pau tién 1a hién tuong da hinh mot nucleotit G (loai thuong) thanh A
(ta2) tai vi tri nucleotit Chrl: 6451738, tham chiéu dén trinh tu hé gen cla lia cua
giong Nhat, niam & intron 14 giita exon 14 va exon 15 ctia gen LOC_01g11900 ¢ nhiém
sic thé 1 (dfiu hoa thi trén Hinh 1). Hién tugng da hinh thit hai la thay thé G (loai
thuong) cho A (ta2) ¢ vi tri Chrl: 6452308, ma nim ¢ vung intron (intronl5) gifta cac
exon 15 va 16 cta gen LOC_01g11900 & nhiém sic thé 1.

Sau khi chiét ARN, phién ma nguoc va xac dinh trinh ty ADN b tro tuong Ung
voi alen 7a2, quan sat thay rang hién tuong da hinh thu nhat G thanh A & Chrl:
6451738 lién quan dén viéc cai xen 21bp (hinh 2) gifta exon 14 va exon 15, tuong Umg
vo1 viée cai xen trong khung bay axit amin trinh tr axit amin da du doan trude (hinh 3).
Trai lai, khong co thay ddi nao & trinh tw ADN b6 trg cho dot bién gilra cac exon 15 va
16, tuong Gng vdi hién tuong da hinh tht hai ¢ vi trf locus Chrl: 6452308. T cac dir
liéu nay, két luan r?mg hién tuong da hinh th nhét & intron 14 1a thay ddi ¢o tinh
nguyén nhan, toc la dot bién a2 & hat d6. Két luan nay dugc x4c nhin trong céac vi du
dudi day. Con két ludn dugc ring dot bién nay din dén thay doi vé mau hinh ghép noi
cua ban sao ARN cua gen a2 so voi gene Ta2 loai thuong, nho do gay ra kiéu hinh ta2.
Tu ty 16 gitta s& lwong ciia ADN bd tro c6 cai xen 21 nucleotit so voi s6 luong cua
ADN bb tro khong ¢6 cai xen, udc tinh riang khoang 80% béan sao ARN tr gen ta2 (dot
bién) duoc phan cit tai vi tri phan cit méi duge tao ra. Gia st rang polypeptit dt bién
co cai xen 7 axit amin khong c6 hoat tinh, két luan rang gen dot bién ta2 duy tri khoang
20% hoat tinh so véi loai thuong.

Gen & vi tri LOC 01g11900 & nhiém sic thé 1 cua hé gen cua lua da dugc chu
thich 1a gen ROSIa clua lba (OsROSIa), thé twong dong cia gen Demeter cla
Arabidopsis thaliana (AtDME) ma ghi ma ADN hai chirc ndng glycosylaza/lyaza.
Enzym DME cta Arabidopsis hoat dong nhu ADN demetylaza, lam gidm muc do
metyl hoa & cac géc C & ADN. Do d6 gen Ta2 dong nghia v&i gen OsROSIa va thé
twong dong gen DME cta Arabidopsis.
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Trinh ty nucleotit cua gen ROSIa cua lia duge thé hién trong trinh tuy SEQ ID
NO:9, bao gdm gen khai dau va 5-UTR (ving khong dich mi) gém 4726 nucleotit,
ving mé hoa protein tir cac nucleotit 4727 dén 15869 bao gém 16 intron, va 3’UTR
gf‘nn 615 nucleotit. Cac vi trf nucleotit ctia 16 intron duoc néu trong phéan chi thich cho
SEQ ID NO:9. SEQ ID NO:9 con bao gbm ¢ dau tan cing 3’ clia nd ving xudi gom
401 nucleotit ma khéng duge xem 1a mdt phan cia gen OsROSI. Trinh tw nucleotit cia
ADN bb tro twong tng véi gen OsROS! loai thuong duge thé hién & trinh ty SEQ ID
NO:8, va polypeptit duoc mi hoa gdm 1952 axit amin dugc thé hién & SEQ ID NO:2.

Laa c6 bon gen ROS1 ma ghi ma cic polypeptit dwgc goi la OsROSla,
OsROSIb  (LOC 0s02g29230), OsROSlc (LOC _0s05g3735) va OsROSId
(LOC 0s05g37410). Lua con c6 hai thé trong dong Demeter khac ma duoc xem la ghi
méd ADN glycosylaza, 14 kiéu Demeter-2 (DML2) va kiéu Demeter-3 (DML3).

M6 td ddu hiéu cdu triie ¢ polypeptit TA2 cia lia logi thuong

Sau khi phat hién ra rang gen 742 cua lba gidng OsROSIa, trinh ty axit amin
polypeptit OsTA2 (OsROS1) dugc thir nghiém. Vai dau higu cau tric dién hinh cta
ADN glycosylaza dugc xac dinh, Mién glycosylaza ciia céc protein ROSI ¢ it nhit ba
motif da duoc xac dinh ma duoc bdo toan du dé dé nhan biét: motif vong xoén-k@p toc-
vong xoin (HhH) (dugc thé hién, vi dy, bing cac axit amin 1491 dén 1515 & OsTA2),
motif giau glyxin/prolin tiép theo 14 axit aspartic bao toan (GPD), va bén gbe xystein
bao toan (vi dy trong viing gém cac axit amin 1582 dén 1598) dé gitr cum [4Fe-4S] tai
vi trf. Con ¢ ving giau lysin (duoc thé hién, vi du, bing cac axit amin 87 dén 139 §
OsTA2). Khong gidng nhu cac thanh vién khac cta siéu ho ADN glycosylaza HhH, cac
thanh vién ctia ho ROSI chita hai mién bdo toan bd sung (mién A va mién B) nim bén
sudn ciia mién glycosylaza trung tAm (xem tai lidu: Mok et al., 2010). O polypeptit
TA2 cia lta (SEQ ID NO:2), mién A xudt hién & cac axit amin 859 dén 965, mién
glycosylaza xuét hién & cac axit amin 1403 dén 1616, va mién B xuét hién & cc axit
amin 1659 dén 1933. Mién A chira cum sac hon hop ldp lai & cac axit amin 882 dén
892. Pi c6 thong béo ring mién ADN glycosylaza bao toan ciia AIDME va cac mién A
va B ndm bén suon la can va du cho hoat tinh enzym cua ADN glycosylaza/lyaza, nhu

duoc thé hién boi phén tich giy dot bién (xem tai lidu: Mok et al., 2010).

Vi du 5. Phin tich cdc thanh phin dinh dwing ¢ hat djt bién ta2
Pé do thanh phan ciia hat dot bién, dic biét 1a vé& cac thanh phin quan trong veé
mit dinh dudng, cdc cdy ZH11 va ta2 duge cho sinh trudng tai cung mot thoi diém va

trong cing cac diéu kién trén canh dong. Cac mau bot nguyén hat dwgc ché bien tir hat
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dugc thu gom tir cic cdy va su dung cho phdn tich thanh phén nay. Cac két qua (trung
binh cia cac phép do lap lai hai lan) ciia cdc phan tich gan dung ddi voi cac loai bot

duoc thé hién trong Bang 2.

Bing 2. Phan tich thanh phan cua hat 10a (tinh theo g/100g hat)

20 = = <
g_ < -g we P
B = o = < 5 =
E -E < = a2 < »4 § P o0
= o | 2| ¥ o & g £ &2 | & 3 & &
R &< N o< =0 § *¢ = = ¢ =
TEE| & | E2 EE|ERE T2 TzE s
ZHI11 | 954 |1,791153 | 3,30 66,0 1,02 1,6 0,7 2,9
ta2 8,99 2271156 4,96 60,3 2,58 4.9 0,4 3,9

Cac phan tich gan dung biéu thi mtrc ting khoang 50% vé tong ham luong chat
béo & bot dot bién ra2. Cac phan tich tdng nito khong thé hién thay déi dang ké veé
lugng protein gitra hat dot bién a2 va hat loai thuong. Céc thir nghiém vé tro, ma do
lwrong nguyén liéu con lai sau khi d6t chay cac mau bot mat am, thé hién mic ting 26%
& hat a2 so v6i loai thuong. Tong luong chit xo ting khdéng 200% ¢ bat ta2. Ham
lugng tinh bot giam 8,6% & hat ta2 so véi loai thuong. Céc dit liéu nay thé hién ring
mtc tang d6 day cua 16p aloron & dot bién ta2 gay ra hién twong ting nong do clia cac
chat dinh dudng giau aloron nhu lipit, cac chat khoang va cac chat xo khong 1am thay
, déi kich thude cla hat gidng. Dé hiéu chi tiét hon vé cac thay dbi nay va cac thay doi

khac, cac phan tich k¥ hon duge thwc hién nhu dudi day.

Cdc chdt khodng

DPé do ham lugng cac chat khoang, ICP-AES dugc 4p dung ma t6 hop k¥ thuat
plasma lién hgp theo cach cam tmg (ICP) véi k¥ thuat do pho phét xa nguyén tir (AES).
bay la phuong phap chuan do ham lugng chét khodng, 14 cach dinh lwong nhay va hiéu
suét cao di v6i nhidu nguyén td trong mot phan tich. Dit lidu thu duge tr phan tich nay
cho thdy ring hat dot bién c6 lugng kém va sat ma duge gia ting khoang 15% trén co
~ 50 trong luong so véi hat loai thuong. Lugng kém téng tu 13,9mg/kg dén 16,0mg/ke,
trong khi st tang tir-12,4mg/kg dén 14,2mg/kg.

Murc ting vé kali, magie, phospho va luu huynh cling duge quan sat thiy, ting
lan luot khoang 28%, 23%, 22% va 9%. Cac két qua nay la phu hop voéi mie ting ham

lwgng tro ¢ hat ta2, ma do hau hét cac chat khoang.
Céc chat chong oxy hoa

-82-




39377

Céc chét chdng oxy héa 14 céc phin tir sinh hoc ¢o khi ning hoat déng doi
nghich voi cac tac dung ti€éu cuc cta qué trinh oxy hda & md dong vat, do d6 bao vé
chéng lai cac bénh lién quan dén sy cing thing mag tinh oxy héa nhu viém, bénh tim
mach, ung thu va céc rdi loan lién quan dén qua trinh ldo héa (xem tai liéu ciia Huang,
2005).

Kha ndng cua chét chéng oxy hoa ¢ bot thu duoc tir hat 1ta dot bién ta va hat lua
loai thudng duoc do theo thir nghiém vé kha nang hap thu gdc oxy (ORAC) nhu dugce
mé ta trong Vi du 1. Theo thtr nghiém ORAC, kha nang cua chét chdng oxy hoa duoc
thé hién boi dong luc hoc canh tranh gitta cdc phén tr don dep géc ndi sinh va
floresxein & mau huynh quang phéan tir d& bi oxy hoa, dbi nghich véi cac gbe tong hop
tw do dugc tao ra boi AAPH (2,2’-azobis(2-amidino-propan)dihydroclorua). Kha nang
nay duoc tinh bing cach so sanh dién tich dudi duong cong dong hoc (AUC), thé hién
déng hoc ciia qué trinh thoai bién huynh quang ciia floresxein mau phan tir dbi voi hat
v&i AUC duoe tao ra theo chuan Trolox (Prior,.2005). Phuong thirc khac dé dinh luong
kha ning cua chit chéng oxy hoa 1a thong qua viéc sir dung chit phan Gng Folin-
Ciocalteau (FCR); n6 thé hién kha nang ciia cht chdng oxy hoa bang cach do kha ning
khir ctia tong cac hop chat phenol trong mau thye pham. Thir nghiém FCR 13 twong d6i
don gian, thudn tién va dé lam lai. Tuy nhién, thoi gian ma thr nghiém ORAC can dé
do cang dai thi hoat tinh cang lién quan vé mit sinh hoc. Vi cac chat ch6ng oxy hoa bao
gom nhiéu loai polyphenol, tac nhan khir va ai nhan, nén s6 do theo ca FCR va ORAC
6 thé mang lai mire d§ bao phu t6t hon va thé hién toan dién hon téng kha nang cua
chat chdng oxy hoéa. Nhu da dugc théng bao bdi Prior (2005), _két qué cua thr nghiém
FCR va s6 do ORAC thuong la phu hop. |

Ca hai thir nghiém FCR va ORAC déu thé hién kha ning chong oxy hoa tot hon
ciia bot tu bt nguyén hat dot bién a2 so v6i bot nguyén hat ZH11 loai thuong. FCR
thé hién mure ting khoang 35% & tong cac hop chét phenol & dot bién ra2. Con ¢6 muc

tdng 83% ¢-ham lugng chat chong oxy hoa ua nude ¢ bot tir dot bién 1a2.

Phytat ‘ ,

Khi sinh trudng trong cac diéu kién véi phospho thich hop, khoang 70% tong
ham Iwong phospho ¢ hat lta la ¢ dang phytat hodc axit phytic (imyo-inostitol-1,2,3,4,5-
,6-hexakisphosphat). Phytat trong ché do dinh dudng con cé thé ¢6 vai tro co loi doi
vGi stic khoe nhu mét chét chéng oxy hdéa manh (xem tai li¢u cua Schlemmer, 2009).
Céc phan tich vé tong phytat thé hién mirc ting ham luong phytat khoang 19% ¢ ta2 so

v6i loai thuong, ting tir 10,8mg/g dén 12,7mg/g.
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Cdac vitamin B

Luong cac vitamin B3, B6 va B9 trong bt a2 la cao hon luong ¢ bot loai
thuong lan luot khoang 19%, 63% va 58%. Khi thu nghiém nay dugc lap lai voi bon
mau ldp lai, mac ting trung binh lan luot 13 khodng 20%, 33% va 38%. Aloron dugc
biét 1a gidu cac vitamin B3, B6 va B9 hon ndi nhil (Calhoun, 1960), nén mic tang do
day cua aloron ¢ hat dot bién ta duoc két luan 1a chiu trach nhiém vé mirc tang ham

luong vitamin B3, B6 va BY.

Chdt xo trong ché dg dinh dudng
Quan sat théy ré‘mg téng chét xo tir trong ché d6 dinh dudng do duge nhu duoc
mo ta trong Vi du 1 ting khoang 70%. Chét xo khong hoa tan ting khoang 55%.

Hydrat cacbon
Muc giam ham lugng tinh bot cua hat ta2 [a 9% tinh trén co s trong lwgng. Trai
lai, lwong sucroza tang 2,5 lan & hat dot bién, va monosacarit (arabinoza, xyloza,

galactoza, glucoza) tdng tu 31% dén 118% so voi loai thuong.

Két lugn

Céac phan tich dinh dudng cho thay rang bot nguyén hat tao ra duoc tr hat a2
trong trén canh dong ting & mirc d6 déng ké so véi loai thudng vé hau hét cac chét dinh
dudng giau aloron, ké ca cac chat dinh dudng dai phan tir nhu lipit va chat xo, cac chat
vi dinh dudng nhu cic chét khoang (sét, k&m, kali, magie, phospho, lvu huynh), cac
vitamin B nhu B3, B6 va B9, cic chat chdng oxy hoa, va cac phan tir sinh hoc lién quan
dén aloron nhu cac hop chit phenol va phytat. Con ¢6 muc ting ding ké vé sucroza tu
do va cdc monosacarit. Pong thoi véi mite ting & cac chat dinh dudng nay va cac chat
vi dinh dudng c6 mirc giam nhe vé ham lugng tinh bot ¢ dot bién ta2, theo ty 1€ phén

trim twong dbi.

Vidu 6. Sang loc cdc alen djt bién bo sung o gen Ta2

Quin thé cay lna da duoc gay. dot bién vé nén tang di truyén ZH11 theo sang ché
(Vi du 2) dugc sang loc theo cac thit nghiém TILLING nhu dwgc mo ta trong Vi du 1
dé x4c dinh dang da hinh khac nita & gen Ta2, sao cho ching co thé duge thir nghiém
vé kiéu hinh aloron day. Phuong phap nay 4p dung viéc tao chudi kép di hop ddi véi
ARN loai thuong da dugc danh dau va ARN dot bién tng vién véi tiéu hoa bang

endonucleaza Cell co ban nhu duoc mo ta boi Jiang va cac dong tac gia (2013). Vung
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5" cua gen TA2 duge chon dé sang loc trude tién, nhung vung bét ky cua gen cd thé
duoc chon.

Nhiéu dang da hinh mdt nucleotit dugc xac dinh ¢ vung 5° cua gen 7a2 theo thu
nghi¢ém TILLING. Hat tir céc cdy c6 dang da hinh duogc kiém tra vé aloron day va kiéu
hinh khéc cia hat nhu d6i v6i dot bién ra2 dau tién. Mot s6 hat thé hién aloron day. Cac
hat ma thé hién kiéu hinh dét bién dugc chon loc va cac cdy con thu dugc tr chung.
Trinh tu nucleotit ctia gen Ta2 & mdi cay duge xac dinh, xdc nhin sy c6 mat cla cic
dot bién. (Cac) nucleotit thay d6i & gen Ta2 & moi thé dot bién dugc xac dinh. Ba dot
bién aloron day khac cting dugc xéc dinh trinh tu. Hat khac ma chtra dang da hinh
nhung khong thé hién aloron day cling dugc xac dinh va dugc duy tri dé so sanh. Dot
bién va cac dong da hinh khac, va kiéu hinh aloron cua chung, ma da duge xic dinh
duoc tom tat trong Bang 3. Dot bién c6 aloron day duoc thé hién 1a: ++, aloron rat day;
+, aloron hoi day; - , kiéu hinh aloron khdng thay d6i. R3 rang rang thu duoc nhiéu loai
dot bién va kiéu hinh két qua.

Aloron & hat ZH11 loai thuong thé hién do day 1a mot 16p té bao. Trai lai, & dot
bién cu thé, aloron & hat dot bién chira dot bién V441A day hon ¢ mat lung, chaa
khoang 5 dén 6 16p té bao. Aloron & hat dot bién S1357F ¢ dd day gom khoang 4 dén
5 16p té bao va hat bj teo, trong khi aloron & hat dot bién R482K day 2 dén 3 16p té bao
va hat khong bi teo. Aloron & hat dot bién S214F chira 2 dén 4 16p té bao va hat bi teo,
nhu hat tir @t bién S156F va S1413N. Trai lai, aloron cua hat K501S ¢6 2 dén 3 16p té
bao va hat cia nod khong bj teo. Do d6, nhiéu loai dot bién va kiéu hinh dé dang thu

duogc ¢ gen Ta?2.

Bang 3. Cac 4ot bién xac dinh duoc ¢ gen Ta2 cia lia.

Tén dot bién | Vang gen | Dot bién Aloron day Kiéu hinh hat gidng
Al1810 Exon S156F ++ teo
B19 Exon S214F ++ , teo
AlS55 Exon S1413N ++ teo
Al774 Exon A441V . ++ thuong
A2918 Exon S1357F ' ++ teo
DI11253 Exon K501S + thuong
ATT5 Exon R482K + thudng
Al711 Exon Céan duoc xac dinh | ++

D11190 Exon Can dugc x4c dinh | ++

B&57 Exon Céan duoc xac dinh | +

D11080 Exon D3V -

5
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A654 Exon T2211 -
D113281 Exon P883S )
510394 Exon P843C }
A3033 Exon A8V -
B1193 Exon E123K -
D11321 Exon R487K -
AT90 Exon R530K -
D11029 Exon D1425N -
A2004 Exon S1272N -
All52 Exon P1225L -
A2435 Exon R1390N -
B696 Exon d@ng nghia -
D11283 Exon dong nghia )
DIi1184 Exon dong nghia ]
D11253 Exon dong nghia )
A1687 Exon dc:"mg nghia _
B1339 Exon dc?ng nghia ]
B1979 Exon | dong nghia ]
B2089 Exon dong nghia ]
A3033 Exon A78V ]

Trong sé 60 dong méi x4c dinh c6 dang da hinh & gen T42, 19 dong co thay doi
(thay thé) axit amin & cic san pham polypeptit du doan. Trong sb nay, it nhat 7 dong
thé hién kiéu hinh aloron day. Cac dot bién S1413N va D1425N nim trong mién
glycosylaza; cic dot bién di x4c dinh khac nim ngoai mién glycosylaza. Ngoai dot bién
bién di vi tri cit ban dau, toan bd cac dot bién da xac dinh duoc la cac thay thé axit
amin. Khong c6 loai bo hodc codon ding, khién cho cac tac gia sang ché két luan rang
chc dot bién vo hidu & OsROSI c6 thé 1a gay chét. DA c6 thong béo rang & Arabidopsis,
cac dot bién dme theo me tao ra hat bi thui (xem tai liu: Choi et al., 2002 va 2004). 0
lta, su c6 mit cua alen vd hiéu theo me ROS1a gay ra hién tugng khong phat trién noi
nhil & giai doan dau bét ké kiéu di truyén cta bd (xem tai liéu: Ono et al., 2012).

Su thu hdi muoi alen dot bién doc 1ap méi & gen TA2 (OsROSIa), mdi alen c6
16p aloron day & hat, biéu thi chic chin ring cac dot bién & gen nay gy ra kiéu hinh

aloron day. Hon thé nita tat ca cac dot bien méi nay déu nam & vung khac cua gen so
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v&i dot bién a2 ban dau cho thdy ring gen nay c6 thé bi thay ¢bi ¢ cac vi tri khac nhau
doc theo gen dai déy da dé dat duge kiéu hinh aloron day.

Mot vai gen fa2 tir cac thé dot bién thé hién aloron day duoc tach dong va
polypeptit ma hoa dugc biéu hién va thr nghiém vé hoat tinh ADN glycosylaza/lyaza.
Didu nay x4c nhan ring cac polypeptit giam ADN glycosylaza/hoat tinh lyaza so voi

polypeptit loal thuong.

Vidu 7. Phin tich bo trg d6i v6i thé djt bién ta2

Nhim dé cung cb két luan rang cac dot bién & gen Ta2 (OsROSIa) chiu trich
nhiém vé aloron day va cac kiéu hinh ¢6 lién quan, cac thir nghiém bu duoc thyc hién
bang cach dua ban sao loai thuong cla gen nay vao dong dot bién bang cach bién nap.
pé dung budc bién nap nay, plasmit cho thtr nghi¢ém bu, doan ADN g6m 16.882
nucleotit (trinh ty nucleotit da dugc néu ¢ SEQ ID NO:9) bao g6m gen Ta2 duoc phan
1dp duge tr hé gen cua lva loai thuong. Doan nay chira, theo thu ty, trinh tw nguoc gém
4726 cip bazo ma dugc xem 13 chita gen khoi dau clia gen nay, toan bo ving ma hoa
protein OsTA2 ké ca tat ca cac intron, 3°-UTR gdém 615 nucleotit va ving xudi gdom
401 cap bazo. NO duge khuéch dai tir ADN hé gen ZH11 bﬁng cach su dung mot loat
doan moi oligonucleotit, tdp hop lai, va sau d6 da dugc ti€u béng Kpnl va Sall va dugc
ndi vao vét truyén ludng phan pCAMBIA1300. Vit truyén con chira gen khang
hygromyxin lam gen danh dau chon loc dugc. Plasmit dé bién nap va plasmit d6i ching
(vat truyén rong) dugc dua riéng & vao chiing Agrobacterium wmefaciens EHA105 va
duoc st dung dé bién nap céc té bao nhan cia lia bang cach 4p dung phuong phap da
duoc mé ta boi Nishimura va cac ddng tac gia (2006). Tong cong 32 cdy chuyén gen To
dugce tai tao tir budce bién nap nay véi gene Tu2 loai thuong. Céc ciy nay duoc chuyén
sang dat va dugc cho sinh trudng dén thanh thuc trong budng sinh truong. Khi PCR
duoc dung dé thi nghiém vé sy c6 mit cia gen khang hygromyxin, 20 dong bién nap
duoc xéc dinh va duge chon mang gen hygromyxin. Chiing dwoc cho sinh trudng dén
thanh thuc va hat (hat gidng T1) dwoc thu gom tir mdi cay. Mdi ciy trong s6 nay chira
T-ADN tur vat tmyén chira gene Ta2 loai thuong nhu duoc thé hién boi thtr nghiém
PCR. .

Hat thu gom dugc tr cac cdy nay dugc xét nghiém vé kiéu hinh aloron cta
ching bang cich nhuém xanh Evans. {t nhat 12 ba trong s6 cac cdy da bién nap tao ra
hat v&i aloron binh thudng nhu loai thuong, biéu thi su biéu hién duong tinh cia gen
duoc dua vao va do do bd tro dot bién ta2. Diéu nay ching minh chéc chan rang cac

dotbién ¢.gen Ta2 gy ra kiéu hinh dot bién.
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Duéi day, gen Ta2 duge goi la gen ROS1a; céce thudt ngth nay duge su dung thay

thé 1an nhau.

Vi du 8. Cdc thir nghiém hogt tinh enzym in vitro déi véi cdc protein TA2 va ta2 biéu
hign tdi té hop

Nhu dd duge boc 19 trong Vi du 4 trén day, gen 7a2 ¢ lba la gibng nhu gen
OsROSla, ma 1a tuong ddng voi ADN demetylaza/glycosylaza cua Arabidopsis
thaliana dugc goi 1a Demeter (DME; xem tai li¢u: Gehring et al., 2006). DME pha v&
lién két phosphodieste & phia 3’ ctia gbc 5-metylxytosin & co chat ADN da bi ban metyl
hoa.

Do d6, hoat tinh enzym tir da duoc biéu hién theo cach tai t hop protein Ta2 va
ta2 cua lua duoc thir bang cach do hoat tinh clia chung dbi Vol co chat ADN da duoc
ban metyl hoa ma da dugc danh ddu, dé tao ra cac ADN di dugc danh ddu ¢ dau tan
cung ma di trd trén gel polyacrylamit lam bién tinh tai vi tri d3 dugc dy doan trude doi
v&i cac san phdm loai B, nhu duoc mé ta bi Gehring va cdc dong tac gia (2006).

Nhim dé biéu hién theo cach tai td hop va tinh ché cac polypeptit Ta2 va ta2,
ADN bb tro dai ddy di ROS/a tir cdy loai thudng va cdy dot bién a2 dwoc dung lam
khuon trong phan tng PCR vdi cac oligonucleotit JHO21 (5°-TTAATCTAGAATGCA-
GAGCATTATGGACTCG-3’; SEQ ID NO:42) va JHO17 (5’-CGGTCGACTTAGGT-
TTTGTTGTTCTTCAATTTGC-3’; SEQ ID NO:43), ma lan lugt bd sung céc vi tri cat
gigi han Xbal va Sall vao cac dau cua doan ADN da duoc khuéch dai. Céc san phé”im
PCR duoc tidu bang Xbal va Sall va tach dong vao vét truyén pMAL-c2x (NEB) dé tao
ra cac céu truc di truyén c2x-ROSIa. Céc cdu truc di truyén nay duoc bién nap vao cic
té bao Rosetta cuia E. coli (do Novagen cung cap). Dé tao ra polypeptit, cac té bao da
dugc bién nap dugc cho sinh truédng ¢ nhiét do 28°C trong LB ¢o bd sung 0,2%
glucoza, 100pg/ml ampixilin va 50pg/ml cloramphenicol cho dén khi dat dwgc OD600
bing 0,4. Su bidu hién cia protein dung hop ROSIa-Mal duwge cam (g bang 10pM
[PTG & nhiét dd 18°C trong khoang thoi gian 1 gio. Gibng céy duge ly tam véi téc do
6,500 vong/phut trong thoi gian 15 phut & nhiét d6 4°C va vién dugc tao huyén phu lai
trong 30ml dung dich dém c6t & nhiét d6 4°C (20mM Tris-HCI, d6 pH=7,4, 200mM
NaCl, ImM EDTA). Cac té bao duoc xir 1y siéu 4m trong thoi gian 2 phut trén nude da
bang cach st dung Branson Sonifier 250 ¢ mirc nang lwong dau ra 4. Dich phan giai
duge ly tam vol toc d6 9.000 vong/phut trong thoi gian 25 phut ¢ nhiét do 4°C va dich
ndi duge gom va duoc dua dén budc tinh ché trén cot theo trong luc. Cac protein dung
hop ROS1a-Mal dugc tinh ché qua nhwa amyloza theo hudng din cua nha san xuat

(New England Biolabs). Céc protein da rira gial ra dugc thdm tach trong catxet thim
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tach Slide-A-Lyzer (10.000 MWCO; do Pierce cung cép) dbi véi 50% glyxerol & nhiét
d6 4°C qua dém. Nong do protein dugc xéac dinh theo phuong phép Bradford bang cach
st dung kit thir nghiém protein (do Bio-Rad Laboratories cung cap) va cac protein
duoc bao quan & nhiét d6 —20°C cho dén l4n st dung tiép theo.

Céac protein dung hop ROSIa-Mal dugc thr nghiém vé hoat tinh ADN
glycosylaza ddi voi cac co chat ADN soi doi da dugc ban metyl hoa nhu duge mo ta
trong Viduy 1 (xem tai li¢u: Gehring et al., 2000).

Pé 1am ddi chung, khong hoat tinh lyaza hodc biy cong héa tri duge do khi
ROSIa duoc u voi cac oligonucleotit ADN khong dugc metyl hoa hodc khi co chat

ADN da dugc ban metyl héa dugce u khi khong ¢ enzym.

Vidy 9. Cic thé tiwong dong ciia gen ROSla ¢ lia

Céc gen thuc vat ma ghi ma ADN glycosylaza ma gian tiép qua trinh loai metyl
& ADN da duoe xac dinh trinh tu cht yéu & Arabidopsis thaliana (xem tai liéu: Chan er
al., 2005; Law and Jacobsen, 2010; Zhu, 2009). Chung bao gé‘)m Demeter (DME, xem
cac tai liu: Choi e al., 2002; Gehring et al., 2006), ROS] (xem cac tai liéu: Gong et
al., 2002; Agius et al., 2006), gen kiéu Demeter 2 (DML2) va gen kiéu Demeter 3
(DML3, xem céc tai liéu: Choi et al., 2002; Ortega-Galisteo et al., 2008). Gen lon nhat
trong s cac gen nay (va cic polypeptit duge ma hoa), DME, biéu hién manh nhat ¢ té
bao trung tdm ciia nhidm sic thé gdm hai soi gidng hét nhau cua thé giao tr cai trude
khi thu tinh khi né thuc dé‘iy hypometyl hoa toan cau dic hiéu alen me va su biéu hién
clia gen in vét ké ca & ndi nhil. Trai lai, ROSI, DML2 va DML3 dugc biéu hién & céc
mé thue vat (xem cac tai liéu: Gong et al., 2002; Penterman ef al., 2007). So sanh vai
ROS!, mirc @6 biéu hién cta cac gen DML2 va DML3 13 thap (xem tai lidu: Mathieu et
al., 2007). Hon thé nita, cac dot bién dong hop tir & rosi, dml2 va dmi3 khong tao ra
kiéu hinh hinh thai hién nhién nao trong khi dot bién dme me khién hat bi thui, tic 1a
chét phoi, va khong truyén sang thé hé con (xem tai liéu: Choi et al., 2002 va 2004). Du
cac polypeptit ROS1, DML2 va DML3 ¢6 murc d6 biéu hién thép, ching van thuc hién
chtic niing cua ADN glycosylaza/lyaza (xem cac tai liéu: Gong et al.,2002; Morales-
Ruiz et al., 2006; Penterman et al.,2007). Tu dit liéu nay, khong thé mong dogi dot bién
ROS! tao ra kiéu hinh aloron day.

Phan tich hé phat sinh giéng lodi cho thdy rang hé gen cua lta md hoa 6 ADN
glycosylaza gia dinh cho viéc loai metyl & xytosin, ké ca bdn enzym ma duong nhu la
ROSI orthologs (OsROSIa, OsROSIb, OsROSIc, OsROSId) va hai thé tuong dong
khac loai biéu kién DML3 (xem tai lidu: Zemach et al., 2010). Pt bién v6 higu o
OsROS1a duge xac dinh nhung khong duoc truyén tir cdy duc hay cdy cai chua dot
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bién sang thé hé con, c¢6 18 vi ADN glycosylaza loai thuong cua ROSIa 1a khong thé
thiéu duoc trong qua trinh phat trién cia ca thé giao tir duc va cai (xem tai liéu: Ono et
al., 2012). Céc tic gia sang ché khong tim thiy nao cong b6 vé cac d6t bién timg phan
& OsROSa.

Ba motif da dugc xac dinh & mién ADN glycosylaza, cu thé 1a motif vong xoan-
kep toc-vong xoan (HhH), motif gidu glyxin/prolin tiép theo 1a axit aspartic bao toan
(GPD), va bbn géc xystein bao toan (theo Vi du 4) c6 mat trong moi thanh phé‘m cua ho
Demeter. Cu triic cia mién glycosylaza con dugc tim thiy & ADN glycosylaza 8-
oxoguanin cta nguodi (hOGG1), ADN glycosylaza adenin cua £E. coli (MutY), va
endonucleaza 111 (Endo III) (xem cac tai ligu: Bruner et al. 2000; Guan et al. 1998;
Mok er ai., 2010). Khéng gidng nhu cac thanh vién khac cta siéu ho ADN glycosylaza
HhH, c4c thanh vién ctia ho DME chira hai mién bao toan bé sung (mién A va mién B)
ndm bén sudn mién glycosylaza trung tam (xem tai li¢u: Mok er al., 2010).

Céc trinh ty nucleotit cua cac ving mi hoa protein ddi véi gen twong dong duge
dudi thrfmg nho ClustalW (www.ebi.ac.uk/Tools/msa/clustalw2/). Muc do déng nhat vé
trinh tu cla viing md hoa protein ROS/a lGa vo1 vung twong ing cua gen tuong dong o
cac loai khac duge thé hién trong Bang 4.

Tir cdc phéan tich nay, cac tic gia sang ché két luan ring lha c6 nhiéu thé wong
dong gen ROSI ’nhung khéng co gen DME. O la, ciing nhu d6i v&i Arabidopsis, ROS1
rd rang khac biét so véi cac thé twong ddng DML2 va DML3 clia nd ¢ clng loai vé mirc

do déng nhét vé trinh tu.

Bang 4. Muc d6 dong nhat vé trinh tu nucleotit v&i viing ma héa cia OsROSIa hoic
TaROS1a-5B cua lla.

Gen S6 hiéu giti lvu Mikc d§ dong nhit véi OsROSIa
OsROSIa LOC Os01g11900 100%
OsROSIb LOC 0502229230 41,7%
OsROSIc LOC 0s05g37350 42,0%
OsROS1d LOC 0s05g37410 41,9%
OsDML3a LOC 0s02g29380 34,9%
OsDML3b LOC . 0s04g28860 33,2%
AtDME NMO001085058.1 40,6%
AtROSI NM129207.4 41,5%
AtDML2 NM111836.5 39,2%
AtDML3 NMI119567.3 40,4%
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Vi du 10. Biéu hién gen ROS1a 6 lia

Cac thtr nghiém dugce thuce hién dé phén tich sy biéu hién cta gen T42 & cac md
khac nhau cua lia, ké ca & cac phdn cta hat dang phat trién. O thir nghiém thir nhét,
ARN thong tin TA2 duoc phat hién & cac lat cit mo lia bang cach lai tai chd nhu duge
mo ta bo1 Brewer va cac déng tac gia (2006). Mot cach van tit, cac mo lua khac nhau
dugc ¢b dinh trong thudc ham FAA trong thoi gian 8 gidr & nhiét do 4°C sau khi thdm
nhidm trong chan khéng, duoc Joai nude bang cach 4p dung seri etanol theo bac, tiép
theo 1a seri xylen, va duoc gén vao Paraplast Plus (do Sigma-Aldrich cung cap). Céc lat
cét vi phau (8um) dugc gin trén cic ban kinh hién vi Probe-On Plus (do Fisher cung
cép).

Thr cac tin hiéu lai, két luan ré‘mg TA42 duogc biéu hién & cac mod vo, vo ngoai clia
hat va aloron va &ndi nhil tinh bot cia lua, nhung khong biéu hién & bo mach.

Phan g chudi polymeraza phién mi nguoc thoi gian thye (RT-PCR) dugc ap
dung dé danh gia muc do biéu hién twong d6i & cac mo thyc vat khic nhau. Dang ngac
nhién la, cac két qua cho théy mue do biéu hién cao nhat & phén hoa, tiép theo 1a bao
phan, chily non. va mé aloron (hinh 6). Cho rang su biéu hién cu thé cua OsROSIa &
bao phén ¢6 thé lién quan dén sy kim ham gen nhiy & thé giao tir dyc. O phin hoa ba té
bao cua Arabidopsis, viéc tich cuc loai metyl cho ADN I quan trong trong qua trinh
duy tri mirc biéu hién co ban ctia gen nhdy ¢ nhan cua té bao thue vat sao cho tao ra
ARN can thiép ngan dé cung cd qua trinh metyl hoa ADN phu thuoc vao ARN
(RdDM) cua cac gen nhay ¢ céc giao tir duc, tirc 1a hai té bao tinh (xem cac tai liéu:
Zhu, 2009; Zhu et al., 2007). _ ,

Su biéu hién ROSIa & hat gidng dang phat trién ting dén 10 ngay sau khi n& hoa
va tir d6 vé sau giam. Mirc biéu hién manh duogc quan sat théy & ¢a nd1 nhu tinh bot va
mé aloron. Mau hinh biéu hién & giai doan sém trong qua trinh phat trién cta hat giéng
la phtt hop-vdi sy hinh thanh aloron day, trudce khi tach té bao ¢ nodi nhil trong qua trinh
phét trién cua hat gidng. Cac tac gia sing ché két luén rdng muc biéu hién gidm cia
ROSIa trong khoang thoi gian tir ngay n¢ hoa dén 7 ngay sau khi nd hoa (thu, phan) (0
dén 7 DAP) la giai doan quan trong dé hinh thanh aloron day.

Vi du 11. Méu hinh ctia qud trinh metyl héa gen é lia 7

Dé x4c dinh cac mau hinh metyl hoa chung cho tat ca cac gen lia & cac cay dot
bién a2 so v6i cay TA2 loai thuong, ADN duge phén 1ap tir ndi nhil va phdi va duoc
xir Iy bang bisulfit ma phan Gng vé6i xytosin khong duoc metyl hoa, tiép theo la xac
dinh trinh tu theo [llumina. Cac ndi nhii duge phan 1ap tai thai diém 10 ngay sau thu

phan (DAP) tir hat gao dang phat trién clia cay a2 va cay loai thudng (ZH11), va phoi
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tr c4c cdy loai thuong ¢ cung giai doan phat trién ciia hat. Bé x4c dinh trinh tL.r sau khi
x(r Iy bang bisulfit, cac gen thich ing Illumina tuy bién duoc tong hop, trong d6 xytosin
dugc thé bang 5-metylxytosin, sao cho cdc gen thich img cé thé vuot qua qua trinh
chuyén hoa bisulfit. C4c gen thich tmg ghép cdp dau cubi (paired end - PE) dugc tong
hop ma cho phép mdi phan tr dwoc gidi trinh tu tir ca hai dau tan cing, do do tao dicu
kién cho viéc dudi thing tiép theo thanh trinh ty 13i protein ctia hé gen. Khoang 0,5 dén
1ng ADN hé gen duoc phén lap tir ndi nhii duoc cit ra thanh timg manh tir moi cay loai
thudmg va cay ta2 cling nhu tu cac phdi loai thuong. Cac ché pham ADN phan lap
duoc cét bang cach xtr ly bang ning lugng Am thanh thanh cac doan gém 100 dén 500
cidp bazo. Cac gen thich ung dugc ndi vao cac doan di dugc cit nay theo quy trinh cua
[llumina. Tiép d6, cac ADN duoc xir 1y hai lin bing natri bisulfit, ma chuyén doi
xytosin khong duge metyl hoa (C) thanh uridin (U), bang cach sir dung kit Qiagen
EpiTect va duoc khuéch dai theo 18 chu ky PCR bang cach sir dung ADN polymeraza
PfuTurboCx (do Stratagene cung cdp), enzym doc sira ma dung nap uridin & soi khuon.
Budc khuéch dai theo PCR nay tao ra thu vién g61n cac doan ADN voi1 cac gen thich
ung khac biét & moi dau tan cung, sao cho doan mdi xé4c dinh trinh tu Illumina ‘vé phia
trude’ tao ra trinh tu nucleotit tr s¢i 'nguyén géc’ con g116n géc tr ADN h¢ gen (trong
dé C twong tng voi C dd duge metyl hoa, va T twong ing voi C chua dugc metyl hoa,
trong d6 C xuét hién ¢ trinh tu cta hé gen), va.doan moi nguoc' xac dinh trinh tw
[llumina tao ra trinh ty nucleotit tUr sgi bo tro (trong d6 G tuong tng voi C da dugc
metyl hoa trén soi dbi, va A tuong ung vo6i C chua dugc metyl hoa, trong d6 C Xuat
hién ¢ trinh tir cua hé gen).

Pham vi cua CG va qua trinh metyl hdéa CHG & ADN thu dugc tir ndi nhi a2 la
manh hon & ADN thu duoc tr ndi nhu ZH11 d6i chimg, cho thay rang dot bién TA2
(OsROS1a) 1am giam qua trinh loai metyl & ndi nhii cua la, trong khi mire d6 cua qua
trinh metyl héa CHH & ndi nhil ta2 khic khong dang ké so véi mic d6 d6 & nodi nhil
ZH11 loai thuong.

Vidu 12. Phédn tich tiép cdac thanh pIuT‘m dinh duwong & hat dot bién ta2

Cac phan tich tiép duoc thuc hién dé do cac thanh phén dinh dudng cua hat dot
bién so-véi hat loai thudng twong tmg (ZH11), trong tai cing mat thoi diém va trong
cung cac diéu kién trén canh déng. Cac mau bot cua hat nguyén ven duge chuén bi tir
hat thu gom dugc tr cdy va sir dung cho phan tich thanh phan nhu dwge mo ta trong Vi
du 5. Két qua cta cac phan tich gan dang vé bot déi véi sinh truong 6 Uc duge the hién
trong Bang 5. Cac két qua dbi v6i sinh truong & Trung Quéc duoc thé hién trong Bang
0.
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Céc phén tich gin ding biéu thi mirc ting khoang 50% vé tong ham lugng lipit

& bot dot bién 7a2. Cac phan tich tdng nito thé hién thay d6i dang ké vé lugng protein

gitra hat dot bién za2 va hat loai thuong ¢ Trung Quoc chir khong ¢ Uc, ma cé thé 1a do

ché d6 bén nito khac nhau. Téng ndng do chat xo ting khoang 66% hodc 91% & hat

ta2. Ham lugng tinh bot giam 9% ¢ hat ta2 so vai loai thuong. Cac dir liéu nay xac

nhan rang muc tang d day cua 16p aloron ¢ ddt bién ta2 lam ting dang ké luong cac

chat dinh dudng giau aloron nhu lipit, cac chat khoang va cac chat xo ma khong lam

thay d6i kich thudc ciia hat gidng. Mic di con s tuyét dbi khac biét ¢ hai mdi truong

sinh trudng, cdc muc ting tuong ddi o hat ta2 14 tuong d6i théng nhat.

Bang 5. Thanh phén cua hat lia ROS/a dot bién (Uc) so voi loai thuong

Thanh phéan Pon vi ZH11 | ta2 | % thay ddi
Tong tinh bot g/100g 67,9 | 61,8 9%
Chét xo Tong chatxo tirché do an | g/100g 3,45 | 5,73 66%
Chitxohdatantirchédoan | g/100g 0,54 | 0,56 4%
Chat xokhong hoatantr | ) 2,74 | 426 55%
ché d6 an
Céc vitamin B Niaxin (vitamin B3) mg/100g 6,53 | 7,90 21%
Pyridoxin (vitamin B6) | mg/100g 0,10 | 0,13 33%
Folat (vitamin B9) ng/100g 19,4 | 25,6 32%
Chat khoang Téng tro g/100g 1,79 | 2,39 33%
Sat mg/kg. 12,4 | 142 14%
K&m mg/kg 13,7 | 16,0 17%
Kali mg/kg 3,930 | 4,780 22%
Magie mg/kg 1,270 | 1,560 23%
Luu huynh mg/kg 1,240 | 1,350 9%
Dudng don gian Sucroza 2/100g 0,95 | 2,54 169%
NNSP Téng mg/100mg | 1,54 | 2,48 61%
Céc thanh phan NNSP | Arabinoza mg/100mg | 0,28 | 0,62 61%
Xyloza mg/100mg | 0,26 0,50 89%
Manoza mg/100mg | 0,11 | 0,16 59%
Galactoza mg/100mg | 0,10 | 0,20 53%
Glucoza mg/100mg | 0,77 1,01 47%
Protein g/100g 15,18 | 15,26 1%
Phytat mg/g 10,79 | 12,69 18%
Cac chat phenol Tong céc chat phenol ug/g 3,180 | 4,570 43%
Céc chat phenol tu do ng/g 529 665 26%
Cac chat phenol tiép hop | ug/g 348 | 692 99%
Céc chat phenol lién két | pg/g 2,250 | 2,950 31%
Céc chat chong oxy héa | ORAC umol/g 12,3 | 22,6 84%
Do 4m 9,5 | 89 -6%
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Lipit Tong lipit 2/100g 329 | 495 50%
Thanh phan lipit Axit béo 18:0 51% | 4,5% -13%
Axit béo 18:1n9t 3,3% | 2,6% 22%
Axit béo 18:1n9c 32,7% | 432% 32%
Axit béo 18:1n7 1,7% | 1,4% -19%
Axit béo 18:2n6 36,0% | 279% | -22%

Bing 6. Thanh phan cta hat Ita dot bién ROSIa (Trung Quéc) so vdi logi thuong

Thanh phan Thanh phan cu thé ZH11 | ta2 | % thay doi
Protein tong protein 12,38 | 14,12 14,05
Axit amin Asparagin 1,16 1,53 31,90
Threomn 0,45 0,54 20,00
Serin | 0,64 0,73 14,06
Glutamin 2,29 2,40 4,80
Glyxin 0,59 0,76 128,81
Alanin 0,71 0,84 18,31
Xystein 0,26 0,30 15,38
Valin 0,72 0,79 9,72
Methionin 0,22 0,22 0,00
Isoleuxin 0,50 0,53 6,00
Leuxin , 1,02 1,05 2,94
Tyrosin 0,59 0,58 -1,69
Phenylalanin 0,66 0,69 4,55
Histidin - 0,43 0,54 25,58
Lysin . 17043 0,60 39,53
Arginin 1,14 1,39 21,93
Prolin 10,52 0,59 13,46
Tinh bot amyloza 9,80 5,14 47,55
Chét khoang Selen (Se) 0,03 0,03 8,78
Canxi 167,89 | 231,39 37,82
Fe 15,24 | 17,76 16,54
Zn 28,68 | 41,37 44,25
Chat chdng oxy héa | tong flavonoit ' 0,06 | 0,08 33,33
Chét xo Toéng chit xo tirché do an | 3,26 | 6,23 91,10
Vitamin Vitamin A 1,53 5,52 260,78
Vitamin E 0,47 1,00 112,77
Vitamin B1 0,50 0,57 12,97
Vitamin B2 0,04 0,08 116,67

Nguoi ¢ hiéu biét trung binh trong linh vuc ky thuat nay biét rang nhiéu bién
thé va/hodc cai bién co thé duoc tao ra dbi voi sang ché nhu duogc thé hién theo céc

phwong an cu thé ma khdéng vugt qua tinh than hodc pham vi cua sang ché da duge mo

-94-




39377

t4 theo cach rong. Do d6, cac phuong 4n nay can duge xem 14 chi nham muyc dich minh
hoa va khong gidi han theo moi khia canh.

Pon yéu cau dang ky sang ché nay yéu cau hudng quyén uu tién cla don yéu
cdu cAp bing doc quyén sang ché Uc s6 AU 2015904754 nop ngay 18/11/2015, toan bo
ndi dung cta no dugc dwa vao day hoan toan bang cach vién din.

Moi cong bd da duoc ban luan va/hodc vién din dén trong ban mo ta nay duogc
két hop hoan toan vao déy.

Moi ban ludn vé céc tai liéu, hoat déng, nguyén licu, thiét bi, vat pham hoac
trong tu ma da dugc gdp vio sang ché chi nhdm muc dich 1am 3 tinh huéng cia sang
ché. Khong nén xem 14 thira nhén ring yéu tb bat ky hodc tat ca cac yéu t nay tao nén
mot phan cia tinh trang k¥ thuat hodc 1a kién thuc chung thong thuong trong linh vic
ky thuat lién quan dén sang ché nhu da ton tai trudc ngay vu tién cla timg yéu cau bao

h¢ cua don nay. -
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YEU CAU BAO HO
1. Hat cua cdy lua, hat nay chira aloron, ndi nhil tinh bdt, gen ROS/a mi héa

polypeptit ROS1a va mét hodc nhiéu bién di di truyén ma timg bién di lam giam hoat
tinh cua it nhit 12 mot gen ROSla & cdy nay so v6i cdy laa loai thuong tuong Umg,
trong d6 aloron day hon so véi aloron tir loai hat thuong tuong tmg, va trong do mot

hoic nhidu bién di di truyén bao gdm cai bién di truyén da dugc dua vao & gen ROS/a.

2. Hat theo diém 1, trong do hat nay con khéc biét & mot hodc nhidu hodc tit ca cac
déu hiéu:

(a) polypeptit ROS1a c6 hoat tinh ADN glycosylaza;

(b) polypeptit ROS1a la khac vé trinh tu axit amin so véi polypeptit ROS1a loai
thudng tvong tng;

(¢) polypeptit ROS1a ¢6 mirc d6 hoat tinh ADN ¢ glycosylaza nim trong khodng
tr 2% dén 60% mirc dd cua hoat tinh ADN glycosylaza cua polypeptit ROS1a loai
thuong tuong tng va/hodc cta polypeptit ROS1a ¢6 trinh tu axit amin néu & SEQ ID
NO: 2;

(d) ndng dd polypeptit ROS1a cé & hat nim trong khoang tir 2% dén 60% nong
do cua polypeptit ROS1a & hat loai thuong tuong tmg; va

(e) aloron day hon chira it nhét 13 hai, it nhat 1a ba, it nhét 1 bén hoic it nhét la
nim 16p té bao, khodng 3, khodng 4, khoang 5 hoic khoang 6 16p té bao, hodc 2 dén 8,
2dén7,2dén6 hodc 2 dén 5 16p té bao.

3. Hat theo diém 1 hoic diém 2, trong d6 mdt hoidc nhiéu bién di di truyén doc lap
la:

(a) gen ROS/a mi hoa polypeptit ROS1a dot bién cé hoat tinh ADN glycosylaza
giam so voi polypeptit ROS1a loai thuong (SEQ ID NO:2);

(b) gen ROSIa ma khi duoc biéu hién tao ra polypeptit ROS1a loai thudong &
mire gidm, vi dy, chira dt bién tai vi tri ndi ghép ma khién gen ROS/a bidu hién & mirc
dd gidm so v6i gen ROSIa loai thudng ma trinh tw ADN b tro cta né duoc thé hién &
SEQ ID NO:8, hodc gen ROSIa chira dot bién & gen khoi dau ctia né ma khién gen
ROS!a biéu hién & muc do gidm so véi gen ROSIa loai thudng; va

(c) gen ROS!a chira codon dung dich ma sém & viing ma héa protein cta né sao

cho gen nay ma héa polypeptit cut so véi polypeptit ROS1a loai thuong.
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4, Hat theo diém bt ky trong sb céc diém tr 1 dén 3, trong d6 cay lta khac biét ¢
mdt hodic nhiéu hodc tit ca ddu hiéu dudi day:

(a) cay la ¢6 hoat tinh ADN glycosylaza trong hat dang phat trién ctia né & muc
d6 nam trong khoang tir 2% dén 60% mirc dd hoat tinh ADN glycosylaza & hat loai
thuong tuong ng dang phat trién;

(b) hoat tinh ctia it nhét 1a mot gen ROSIa & cy la bi giam & mot hoac nhiéu
hodc tat ca aloron, vo qua, phan 15 ra & nhéan, bau nhuy, vé ngoai cua hat va ndi nhi
tinh bot ctia hat dang phat trién;

(c) hoat tinh ctia gen ROS!a bj giam it nhét tai thoi diém gitra thoi diém né hoa
va 7 ngay sau khi n& hoa, va/hoic & té bao trimg trudce khi né hoa;

(d) cdy Ina la hitu duc duc va hitu duc cai; va

(e) cay la thé hién qué trinh thanh thuc hat tré.

5. Hat theo mét hodc nhidu diém bt ky trong s6 céc didm tr 1 dén 4, trong do hat
nay con khac biét & mot hoic nhidu déu hiéu trong sé: »
(a) hat nay, so v6i hat loai thudng tuong Gng, chira mot hodc nhiéu hodc toan bd
thanh ph?m dudi ddy, moi thanh phfm déu duoc tinh theo trong luong,
1) ham lugng khoang cao hon, trong d6 ham lugng khoang 1a ham luong
ctia mot hodc nhiéu hodc tit ca kém, sit kali, magie, phospho va luu huynh,
i) ham luong chit chdng oxy héa cao hon,
iit) ham lugng phytat cao hon,
iv) ham luong ctia mdt hodc nhiéu hoic tat ca cdc vitamin B3, B6 va B9
cao hon,
v) ham lugng cta chét xo trong ché dé dinh dudng vi/hodc ham luong
chit xo khong hoa tan cao hon,
vi) ham luong tinh bot ndm trong khoang tir 90% dén 100% trong luong
so vo1 ham luong tinh bt cta hat loai thuong tuong ing;
vii) ham lugng sucroza cao hon,
viii) ham luong monosacarit cao hon, va
ix) ham luong lipit it nhat 1a 90% hodc it nhét 1a 100% so véi ham hrong
lipit cuia hat loai thuong tuong Ung, '
(b) hat nay chra phéi;
(c) hat nay la nguyén hat hodc hat nut vd;
(d) hat nay da dugc x1r Iy sao cho né khong con kha nang nay mam;
(e) hat nay cé ty 1€ nay mam nim trong khoang tir 70% dén 100% so véi ty 18

nay mam cua hat loai thuong tuong ung;
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(f) hat chtra amyloza véi ty phan cao hon trong tong ham lugng tinh bot coa no
so voi hat loai thudng twong tmg; va
(g) hat chira axit oleic véi ty phin cao hon va/hodc axit palmitic véi ty phan thip

hon trong téng ham lugng axit béo ctia né so véi hat loai thuong tuong tng.

6. Hat theo mdt hodc nhiu diém bat ky trong s6 cac diém tir 1 dén 5, ma khéc biét
& mot hodic nhiéu hodc tat ca cac ddu hiéu trong sd:

(a) hat chtra gen ROS/a ma ma héa polypeptit ROS1a ma cé hoat tinh ADN
glycosylaza, trong d6 polypeptit ROS1a ma c6 hoat tinh ADN glycosylaza la polypeptit
ROS1a dot bién;

(b) hat chwra polypeptit ROS1a dot bién c6 hoat tinh ADN glycosylaza giam khi
duoc biéu hién & cdy lua so v&i polypeptit ROS1a loai thudng tuong ung; va

(c) hat ¢6 tdng luong polypeptit ROS1a gidm so véi hat loai thuong tuong Ung,
v6i diéu kién hat nay chira it nhét 12 mot gen ROSTa ma ma héa polypeptit ROS1a ma
¢0 hoat tinh ADN glycosylaza.

7. Té bao tai td hop chira polynucleotit ngoai sinh ma héa polypeptit ROS1a ma
trinh ty axit amin cla né khac trinh tu axit amin cia polypeptit ROS1a loai thudng
tuong tng va c6 hoat tinh ADN glycosylaza giam so véi polypeptit ROS1a loai thuong
tuong Ung, trong do6 cdy lia chira gen ROS1la ma héa polypeptit ROS1a néu trén san

sinh hat ¢6 aloron day hon so v6i aloron tir hat thudng twong ung.

8. Té bao cia cdy lua chwra gen ROSIa ma hoéa polypeptit ROS1a va bién di di
truyén ma lam gidm hoat tinh cta it nhét 14 mot gen ROSIa trong t& bao so véi té bao
loai thuong tuong ng, trong d6 hat cta cdy lua c6 aloron day hon so véi aloron tir hat
loai thuong tuong Ung, va trong d6 bién di di truyén bao gdm cai bién di truyén da
dugc dua vao gen ROS]a.

9. Céy lta ma tao ra hat theo diém bét ky trong sb cac diém tvr 1 dén 6 va/hoic

chira té bao theo diém 7 hodc diém 8.

10.  Phuong phép tao ra t& bao theo diém 7, phuong phap bao gdm bude dua
polynucleotit ngoai sinh ma héa polypeptit ROS1a ma trinh tu axit amin ctia né khac
trinh tu axit amin cua polypeptit ROS1a loai thuong twong tmg va ¢é hoat tinh ADN

glycosylaza thap hon so véi polypeptit ROS1a loai thuong tuong g, vao trong té bao,
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trong do cay lGa chita gen ROS1a mi héa polypeptit ROS1a néu trén san sinh hat c6

aloron day hon so véi aloron tir hat loai thuong tuong Ung.

11. Phuong phép tao ra cdy lta theo diém 9 hoic hat tir n6, phuong phép nay bao gdém
cac bude

i) dua vao té bao lua dot bién cia gen ROS!1a noi sinh sao cho gen ROSIa dot
bién ma héa polypeptit ROS1a ma trinh ty axit amin ctia né khéc trinh tu axit amin ctia
polypeptit ROS1a loai thuong tuong tmg va c6 hoat tinh ADN glycolaza giam so véi
polypeptit ROS1a loai thuong twong ting, hodc khong ma héa polypeptit ROS1a,

ii) thu nhan cdy Ia tir té bao thu duoc theo budc i), cdy Ita nay chia ddt bién
cua gen ROS!a ndi sinh, va

i) thy ¥ thu hoach hat tir cay theo budc ii), hat ndy chira dot bién ctia gen
ROSIa ndi sinh, va

iv) tly ¥ tao ra mot hodc nhiéu thé hé cdy con tlr hat, cac cdy con nay chira ddt
bién cta gen ROSIa ndi sinh,

nho dé tao ra cly lta hodc hat la.

12. Phuong phap chon loc cy lta theo diém 9 hodc hat Itia theo diém bat ky trong &
cac diém tir 1 dén 6, phuong phdp nay bao gdm cac budce

1) sang loc qu?m thé cdy lda hodc hat ma ching doc 18p thu duge tr xir 1y dot
bién dbi vdi té bao, hat hodc cdy lia td tién, dé tao ra hat theo diém bét ky trong sb céc
diém tir 1 dén 6 hodic dé c6 mit cua dot bién & gen ROSIa, hodc sy ¢6 mit cla hat Ita
theo diém bt ky trong sb cac diém tr 1 dén 6, va

i1) chon loc tir quﬁn thé theo budc (i) cdy lta ma tao ra hat theo diém bét ky
trong s6 cac diém tir 1 dén 6, hodc hat lia theo buée (i) ma 1a hat Ia theo diém bat ky
trong sb céc diém tr 1 dén 6,

bang cach d6 chon loc cdy lta hodc hat la.

13. Phuong phéap chon loc cdy lua theo diém 9, phuong phép nay bao gbm céc budce

i) tao ra mét hoic nhiéu cy con tir hat lta, hat lta nay thu dugc tir viée lai hai
cdy laa bd me,

i) sang loc mdt hodc nhiéu cdy con theo bude i) dé tao ra hat theo diém bAt ky
trong s6 cac diém tir 1 dén 6, va

1ii) chon loc ¢dy con ma tao ra hat,

bfmg cach do chon loc cay lua.
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14, Phuong phap x4c dinh cdy lta ma tao ra hat theo diém bét ky trong sb cac diém
tir 1 dén 6, phuong phap nay bao gém cac bude
A) 1) thu nhin mau axit nucleic tir cdy lua, va
i) sang loc mau theo hién twong c6 hodc khong co bién di di truyén ma lam
gidm hoat tinh ctia gen ROS/a & cdy so voi cdy lta loai thudng tuong Umg.
B) 1) thu nhén hat tir cdy na, va
ii) sang loc hat hodc phan cta né theo mdt trong s6 cdc ddu hiéu:
a) aloron day hon,
b) lugng peptit ROS1a vi/hoic hodc tinh & hat, va
¢) luong ARN thdng tin duoc ma héa bai cae gen ROSTa & hat.

15, Phuong phdp tao ra mot phin cia cdy lua, phuong phdp nay bao g gbm céc bude,
a) trdng cdy lia theo diém 9, hoic it nhét 13 100 céy lua nhu vay trén canh dong,

b) thu heach mot phan cay lua tir cdy lua hodc cdc cay lua

16.° Phuong phép tao ra gao bot, cam, bt nguyén hat, mach nha, tinh bot hoic diu
thu dugc tir hat, phwong phap bao gdm cac bude;

a) thu nhan hat theo diém bAt ky trong s6 cac diém tir 1 dén 6, va

b) xtr Iy hat nay dé tao ra bot, cdm, bdt nguyén hat, mach nha tinh bot hodc dau.

17. San phim tao ra duge tir hat theo diém bAt ky trong sb cac didm tr 1 dén 6, hodc
cdy lua theo diém 9, hodc tr mot phan cta hat d6 hodc cdy lua do, trong do san phém
nay chira mdt hodc nhiéu hodc tit ca gen ROS1a, bién dj di truyén, polynucleotit ngoai
sinh va aloron day, va, trong d6 san phim nay 1a thanh phén thuc pham, thanh phin db
uéng, thanh pham thuc pham hoc thanh pham db ung.
18.  San phim theo diém 17, trong do

i) thanh phan thuc pham hoic thanh phin do ubng duge chon tir nhém bao gbm
bt nguyén hat, bot, cdm, tinh bdt, mach nha va du,

ii) thanh phim thuc phém duoc chon tir nhém bao gém: bénh my lén men hodc
bénh my khong én men, my éng, my, c¢6 kho cho déng vat, ngii ce dé an sang, do an
qua loa, banh ngot, banh nuéng va thuc pham chira x4t lam tir bot, hodc

iii) thanh pham dé udng 12 do uong dong g6i hodc do udng chira etanol.
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19.  Phuong phép ché bién thanh phén thuc phdm hoic thanh phin db ubng theo
diém 17 hoiic theo diém 18, phuong phap bao gdm
A) viée xtr ly hat theo diém bét ky trong sé cac diém tir 1 dén 6, hodc cam, bot, bot
nguyén hat, mach nha, tinh bot hoic dau hat, dé tao ra thanh phan thuc phém
hodc thanh phin db ubng
B) viéc trdn hat theo diém bét ky trong sé céc diém tor 1 dén 6, hodc cdm, bot, bot
nguyén hat, mach nha, tinh bot hodc dau tur hat, véi thanh phén khac cua thuc

phdm hogc do6 udng.
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{117 c R GTATTIGCTGATCATGACTCRAGOCGGR
| CARTGAG- === <= GTATTIGCTGATCATGACTCRAGCOGGR
| CARTGAG- == === == mmmmmmme o GTATTTGCTGRTCATGACTCARGOCGER
WT | CRRTGAG- === GTATTIGCTGATCATCACTCRRGOUGGR
L GTATTIGCTGATCATGACTCAAGOCCGR

gCAATGRGTGTTCRARTGTTRTGCGGCEGGTATTTGCTGRTCRTGRCTCARGCCGGR
gCRRTGAGTGTTCRAETGTTRTGCGGCRGGTATTTGCTG%TCATGRCTCEAGCCGGR
?CARTGRGTGTTCRARTGTTRTGCGGCRGGTATTTGCTGRTCRTG%CTCRRGCCGG%
jCERTGRGTGTTCEARTGTTETGCGGCRGGTRTTTGCTGATCHTGRCTCRHGCCGGR
1%CARTGRGTGTTCAARTGTTATGCGGCAGGTRTTTGCTGRTCRTGACTC%AGCCGGR
| CAATGAGTGTTCARRTGTTATGCOGCAGGTATTTGCTGATCATLACTCARGCCGER
§CRRTGRGTGTTCRARTGTTRTGCGGCRGGTRTTTGCTGRTCRTGACTCAEGCCGGR
%CARTGAGTGTTCAARTGTTRTGCGGCAGGTATTTGCTGATCRTGECTCRAGCEGGA
%CA&TGRG ~~~~~~~~~~~~~~~~~~~~~ GTATTTGCTGATCATGACTCARGCCGGA
%CRATGRG ————————————————————— GTATTTGCTGATCATGACTCAAGCCGER
§CARTGRGTGTTCRARTGTTAAGCGGCRGGTRTTTGCTGRTCRTGACTCEAGCCGGR
%CRRTGRGTGCTCAARTGTTRTGCGGC%GGTRTTTGCTGRTCRTGRCTCRRGCCGGR
%CA&TGAGTGTTCAARTGTTRTGCGGCRGGTRTTTGCTGATCRTGRCTC%RGCCGGR
%CRRTGRGTGTTCARATGTTATGCGGCRGGTATTTGCTGRTCRTGRCTCRRGCCGGA

Hinh 2
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CHSQENGELCASNTCGICNS IREAQRQRVRGTLLIPCRTAMRGS F PLNGTYFQVNE----
CNSQENGELCASNTCGSCNS IREAQROKVRGTLLTPCRTAMRGSF PLNGTYFOVNECSNY
FERERRRARRERRARRRRRRARAARRARARRRARK AR KRR AR KKK KKK KA AR

---YFADHDS SRNPIDVERSWIWNLPRRTVYEGTS IPTIFKGLTTEEIQHCEWRGEVCYR
MROVFADHDS SRNPIDVERSWINNLPRRTVYFGTA IPTIFKGLTTEEIQHCEURGEVCYR

Eh R AR R AR AR AR R AR R AR AR R A AR A RE R AR R AR AR R AR AN IR AR ARA A ALAA

GFDRTSRAPRPLYARLHE PASKITRIKKSAGSAPGRDDE

GEDRTSRAPRPLYARLHF PASKITRNKKSAGSAPGRDDE
KRRRAARER KRR KRKAR AR RKRKARKARRARR KR AR

Hinh 3
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MNSRADPGDRYFRVPLENQTQQEFMGSWIPFTPKKPRSSLMVDERVINQDLNGFPGGEFV

GGDSLFKVRQYGPPACNKPL-YNLNSPIRRE------------- AVGSVCESSFQY----
REESSFQQPPWIPQTPMKPFSPICPYTVEDQYHSSQLEERR- - - FVGNKDMSGLDHLSFG
- ---MQDFGQWLPQSQTTADLYFSSIPIPSQFDTSIETQTRTSAVVSSEKE----~-~---

o . : * o

----VPSTPS------ LFRTGEKTGFLEQIVTTTGHEI PEPKSDKSMQS IMDSSAVNATE

DLLALANTASLIFSGQTPIPTRNTEVMO- - - - - KGT-=——— - ——mmmmmmmmmmema-

————————————— SANSFVPHNGTGLVERT SNDAGL - - = = = = === == == === ==~ =~~~
* .. *

ATEQNDGSRQDVLEFDLNKTPQQKPSKRKRKFMPKVVVEGKPKRKPRKPAELPKVVVEGK
-EEVESLSSVSNNVAEQILKTPEKPKR - -KKHRPKVRREAKPKREPKPRAPRKSVVTDGQ
- TEVVGSSAGPTECIDLNKTPARKPKK- - KKHRPKVLKDDKPSKTPKSATPIPST- - EKV

* * : . .** . 53 * gk H **‘: *: : . .

PKRKPRKAATQEKVKSKETGSAKKKNLKESATKKPANVGDMSNKSPEVTLKSCRKALNFED

ESKTPKRKYVRKKVEVS---~---=~-~~~--~ KDQ-= === = === mmmmmmmmmmm oo

EKPSGKRKYVRKKTSPG- - - == === === -~~~ QPPAEQAA- - SSHCRSELKSVKRSLDFG
P P .

LENPGDARQGDSESEIVQNSSGANSF -~ - -~ -~~~ -~ SEIR------=—m=mmmmmm o

CIERAALKEHLNHVPHAKAAVMNGQOMPHSYRLAQNPILPPNHIEGYQVMENLSELVTTND

QLIGFPFGNQQPRMTIRNQQPCLAMGNQQPMYLIGTPRPAL----VSGNQQ---------

--DATPVESSAAVET----------- STRPKR-------- LCRRVLDFEAENGE------
YLTASPFSQTGAANRQHNIGDSMHIHALDPRRESNASSGSWISLGVNFNQONNGWASAGA

* * .

---------- LGGPQGNKRPIFLNHQTCLPAGNQLYGS PTDMHQLVMS TGGQQHGLL IKN
———————————————————————— NQTNGDIREA-----------=---~--~--GEMESA
ADAASSHAPYFSEPHKRMRTAYLNNYPNGVVGHFS - TSSTDLS - - -NN - - - - ENENVASA

Hinh 4
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QQPGSLIRGQQPCVPLIDQQPATPKGFTHLNQMVATS-MSSPGLRPHSQSQVPTTYLHVE
LOEKQLDSGN-=-~--=-=-=-=-=-v=--=----——- QELKDCLLSAPSTPKRKRSQGKR- - -~~~

INSNVF - === === === mmmmmmmmm oo m o TLADA- - - -QRLTAREKSRASQ- - - - - -

H

SVSRILNGTTGTCQRSRAPAYDSLQQDIHQGNKYILS - -HEISNGNGCKKALPQNSS- - -

———————————————— KGVQPKKNGSN-LEEVDISMAQAAKRRQGPTCCDM-NLS-~---G
---------------- RMISFRSSKNDMVNRSEMVHQHGRPAPHGSACRESIEVPDKQFG
. . . * %
LPTPIMAKLEEA--RGSKRQYHRAMGQTEK--~-~-=--=-~--=-~--~~-~ HDL--~--NLA---
————————————————————— IQYDEQCDYQKMHWLYSPNLQQGGMRYDAICSKVFSGQQ
LMTEELTQLPSMPNNPQREKYIPQTGSCQLQSLE-~--------~-~~~ HDMVKGHNLAGEL
: H H
-QQIAQSQDVERHNSSTCVEYLDAAKKTKIQKV - - ===~ = mmm e VQENLHGM- - -~ -
HNYVSAF------- HATCYSSTSQLSANRVLTVEERREGIFQ---GRQE------- SELN

HKQVTSPQVV--IQSNFCVTPPDVLGR-R-TSGEHLRTLIAPTHASTCKDTLKALSCQLE

* :

SSRDIIRPPVNPIGPSSADVPRTDNHQVKVSEE------ TVTAKLPEKRKVGRPRKELKP

* H . L

GRAGRKKSVPPP- - AHASETQLWQPTPPKTPLSRSKPK- -~~~ -~~~ -~ GKGRKSTQD- -
GYCSKPQQNNK- - ILVDTRVTVSKKKPTKSEKSQTKQKNLLPNLCRFPPSFTGLSPDEL -
GEKPKPRGRPRKGKVVGGEL- - - -~ - - - ASKDSHTNPLONESTSCSYGPYAGEASVGRAV
* . . . * v oe . *
- - SGKARGPSGELL-CQDSIAET I YRMQNLYLGDKEREQEQNAMVLYKG- - - - - - - - - - D
------------- WKRRNSIETISEL- - - LRLLDINREHSETALVPYTMNSQIVLFGGGA
KANRVGENISGAMVSLLDSLDIVIQK- - - IKVLDINKSEDPV - - - TAEPHGALVPYNGEF
k. - . . *
GALVPYES- - KKRKPRPKVDIDDETTR IWNLLMGKGDEKEGDEEKDKKKEKWHEEERRVF
GAIVPVT-PVKKPRPRPKVDLDDETDRVWKLLLENIN-SEGVDGSDEQKAKWWEEERNVE
GPIVPFEGKVKRKRSRAKVDLDPVTALMWKLLMGPDM- SDCAEGMDKDKEKWLNEERKTF

kLR Kk koo ok kokk ook ¥ sk kK, L : ko ok kk L Kkkk .k

RGRADSFIARMHLVQGDRRFSPWKGSVVDSVIGVFLTQONVSDHLSSSAFMSLAARFPPKL
RGRADSFIARMHLVQGDRRFTPWKGSVVDSVVGVFLTQNVSDHLSSSAFMSLASQFPVPF
QGRVDSFIARMHLVQGDRRFSPWKGSVVDSVVGVFLTONVSDHLSSSAFMALAAKFPVKP

sk Kk Rk khkkkkkk kA EhAF  FAAAAR AR A KK ok kkkkokkokkkkkhkkkkokok ok k kK

SSSREDERNVRSVVVEDPEGCILNLNZIPSWQEK- - VQHPSDMEVSGVDSGSK- - - - - - E
VPSSNFDA-----=---~ GTS-SMP----SI----------~-- QITYLDSEETMSS- - - -
EASEKPANVMFHTISEN-GDCSGLFGNSVKLQGEILVQEASNTAASFITTEDKEGSNSVE

* . . ) .

LLGSSFGDGVDGAAGVYSNIYENLPARLHATRRPVVQTGNAVEAEDGSLEGVVSSENSTI

*

SSQDSFDPAIFQSC------=-=-=-~-~-~ GRVGSCSCSKSDAEFPTTRCETKT- - - - VSGTS -
- -RSSSEIA--ISAH----------- ES--m-mmmmmmmmmmmm e m e VDKTTD
SSONSSDYLFHMSDHMFSSMLLNFTAEDIGSRNMPKATRTTYTELLRMQELKNKSNETIE
.k . * *
QSVQTGSPNL-SD- -~~~ - EICLQGNER- - - - - PHLYEGSGDVQKQETTNVAQKKPDLEK
SKEYVDSDR----==-=---~~~ KGS------~ SVEVD-----==--mmmmmmmmm oo -
SSEYHGVPVSCSNNIQVLNGIQNIGSKHQPLHSSISYHOTGQVH- -~ -~~~ -~ - LPDIVH

* .
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TMNWKDSVCFGQPRN- - - - - - DTNWQTTPSSSYEQCATRQPHVLDIEDFGMQGEGLGYSW
-------------- KTDEKCRVLNLFPSEDSAL-TCQ- -~ - === === ==~~~ ~===~=~~
ASDLEQSVYTGLNRVLDSNVTQTSYYPSPHPGI ~ACN - - = = === === == ===~~~ -~~~

*

MSISPRVDRVKNKNVPRRFFRQGGSVPREFTGQIIPSTPHELPGMGLSGSSSAVQEHQDD
———————— HSMVSDAPQNTERAGSSSEIDLEGEYRTSFMKLLQGVQVSLEDSNQVSPNMS
———————— NETQK---------------------ADSLSNMLYGIDRSDKTTSLSEPTPR

* R *

TQHNQQDEMNKASHLQOKTFLDLLNSSEECLTRQ- - == === === === ==—=== ===~~~
PG == =D === = = = = == mm oo
ID- - - -NCFQPLSSEKMSFAREQSSSENYLSRNEAEAAFVKQHGTSNVQGDNTVRTEQNG

--------------------- S- - -STKONITDGCLPRDRTAEDVVDPLSNNSSLONILY
------------ EIKGFQSMKEPTKSSVDSSEPGCCSQQD- -GDVLSCQ------ -~~~
GENSQSGYSQODDNVGFQTATT- - - SNL- - YSSNLCONQKANSEVLHGVSS - - - - - NLIE

* - Tk,

ESNSSNKEQTAVEYKETNATILREMKGTLADGKKPTSQWDSLRKDVEGNEGRQERNKINNM

———————— KP----------TLKEKGKKVLKEEKKAFDWDCLRREAQARAGIREKTRSTM
NSKDDKKTSP----- KVPVDGSKAKRPRVGAGKKKTYDWDMLRKEVLYSHGNKERSQNAK

ko kR kk g ¥ ook,

DSIDYEAIRRASISEISEAIKERGMNNMLAVRIKDFLERIVKDHGGIDLEWLRESPPDKA
DTVDWKAIRAADVKEVAETIKSRGMNHKLAERIQGFLDRLVNDHGSIDLEWLRDVPPDKA
DSIDWETIRQAEVKEISDTIRERGMNNMLAERIKDFLNRLVRDHGSIDLEWLRYVDSDKA

*::*:::** LIV SR IR SRR Kk kK. kk ook ok KFhkk kkkkokkok * % %

KDYLLSIRGLGLKSVECVRLLTLHNLAFPVDTNVGRIAVRMGWVPLQPLPESLQLHLLEL
KEYLLSFNGLGLKSVECVRLLTLHHLAFPVDTNVGRIAVRLGWVPLQPLPESLQLHLLEM
KDYLLSIRGLGLKSVECVRLLTLHHMAFPVDTNVGRICVRLGWVPLQPLPESLQLHLLEM

oo koK ok ok . .****************. :***********'**:******************:

YPVLESIQKFLWPRLCKLDQRTLYELHYQLITFGKVFCTKSRPNCNACPMRGECRHFASA
YPMLESIQKYLWPRLCKLDQKTLYELHYQMITFGKVFCTKSKPNCNACPMKGECRHFASA
YPMLENIQKYLWPRLCKLDQRTLYELHYQMITFGKVFCTKSKPNCNACPMRAECKHFASA

**:**.**k*:*********v‘::********:***********:********: LRE L kk ok kR

YASARLALPAPEERSLTSATIPVPPESYPPVAIPMIELPLPLEKSLASGAPSNRENCEPI
FASARLALPSTEKGMGTPDKNPLPLHLP-EPFQR--EQGSEVV--QHSEPAKKVTCCEPI
FASARLALPGPEEKSLVTSGTPIAAETFHQTYISSRPVVSQLEW-NSNTCHHGMNNRQPI

skAkkkokkkk K. . * . . . . Rk

IEEPASPGQEC--TEITESDIEDAYYNEDPDEIPTIKLNIEQFGMTLREHMER-NMELQE
IEEPASPEPET--AEVSIADIEEAFF-EDPEEIPTIRLNMDAFTSNLKKIMEH-NKELQD
IEEPASPEPEHETEEMKECAIEDSFV-DDPEEIPTIKLNFEEFTONLKSYMQANNIEIED

kK kk ok ok k * * . LRk sk k okkkkk o kk . Kk Lk ko * ok r

GDMSKALVALHPTTTSIPTPKLKNISRLRTEHQVYELPDSHRLLDGMDKREPDDPSPYLL
GNMSSALVALTAETASLPMPKLKNISQLRTEHRVYELPDEHPLLAQLEKREPDDPCSYLL
ADMSKALVAITPEVASIPTPKLKNVSRLRTEHQVYELPDSHPLLEGFNQREPDDPCPYLL

skk kokk ko, Lk ok *****:*:*****:******'* * * :::******‘ * %k *x

AIWTPGETANSAQPPEQKCGGKASGKMCFDETCSECNSLREANSQTVRGTLLIPCRTAMR
AIWTPGETADSIQPSVSTCIFQANGMLCDEETCFSCNSIKETRSQIVRGTILIPCRTAMR
SIWTPGETAQSTDAPKSVCNSQENGELCASNTCFSCNSIREAQAQKVRGTLLIPCRTAMR

LkE Rk kk AR K K Lk ek ik akk_kkk ik ok KAKE ARKARARER
GSFPLNGTYFQVNELFADHESSLKPIDVPRDWIWDLPRRTVYFGTSVTSIFRGLSTEQIQ

GSFPLNGTYFQVNEVFADHASSLNPINVPRELIWELPRRTVYFGTSVPTIFKGLSTEKIQ
GSFPLNGTYFQVNEVFADHDSSRNPIDVPRSWIWNLPRRTVYFGTSIPTIFKGLTTEEIQ
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OsROSla

AtROSla
OsROS1la

AtROS1la
OsROSla
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DEQKAKWWEEERNVFRGRADSFIARMHLVQGDRRFTPWKGSVVDSVVGVFLTQNVSDHLS
DKDKEKWLNEERKIFQGRVDSFIARMHLVQGDRRFSPWKGSVVDSVVGVFLTQONVSDHLS

EIEEER A ckk Kk, ok kk kR FkkkAkAhkkhkkkk kR kA A Ak b Ak A kA Ak Ak kkkkk xSk

SSAFMSLASQFPVPFVPSSNFDA--------- GTS-SMP----8I------------ QIT
SSAFMALAAKFPVKPEASEKPANVMFHTISENGDCSGLFGNSVKLQGEILVQEASNTAAS
Fokkkk KKk KKK * . * : . .
YLDSEETMSS-------wrm-=--mmmmmmm oo oo = - PPDHNHS - - -SV-TLKNTQPDEE
FITTEDKEGSNSVELLGSSFGDGVDGAAGVYSNIYENLPARLHATRRPVVQTGNAVEAED

AN ook * * *
--KDYVPSNETS----RSSSEIA--ISAH----------- ES----------mmmm o
GSLEGVVSSENSTISSQONSSDYLFHMSDHMFSSMLLNFTAEDIGSRNMPKATRTTYTELL

* ok k* Lk E Sk *
————————— VDKTTDSKEYVDSDR----------~----KGS-------8VEVD--------
RMQELKNKSNETIESSEYHGVPVSCSNNIQVLNGIQNIGSKHQPLHSSISYHQTGQVHLP
ek ok kX L * .

—————————————————— KTDEKCRVLNLFPSEDSALTCQHSMVSDAPQNTERAGSSSEL
DIVHASDLEQSVYTGLNRVLDSNVTQTSYYPSPHPGIACNNETQK--~-------------

L S I S

DLEGEYRTSFMKLLQOGVQVSLEDSNQVSPNMSPGDCSS---------------------~-
------ ADSLSNMLYGIDRSDKTTSLSEPTPRIDNCFQPLSSEKMSFAREQSSSENYLSR

*: ::* *:: * . [ .*_ . %k

———————————————————————————————————————— ETKGFQSMKEPTKSSVDSSE
NEAEAAFVKQHGTSNVQGDNTVRTEQNGGENSQSGYSQODDNVGFQTATT - - - SNL- - YS

(2 * .
PGCCSQQOD~--GDVLSCQ~-~~--~=--------~- KP----- TLKEKGKKVLKEEKKAFDWDCL
SNLCQONQKANSEVLHGVSSNLIENSKDDKKTSPKVPVDGSKAKRPRVGAGKKKTYDWDML

* .k _:‘i* _r * ok :* :**::****

RREAQARAGIREKTRSTMDTVDWKAIRAADVKEVAETIKSRGMNHKLAERIQGFLDRLVN
RKEVLYSHGNKERSQONAKDSIDWETIRQAEVKEISDTIRERGMNNMLAERIKDFLNRLVR
LR koogkiga L p kpoakk g okk kokkk. o okky kkkk | kkkkk kk o okkk
DHGSIDLEWLRDVPPDKAKEYLLSFNGLGLKSVECVRLLTLHHLAFPVDTNVGRIAVRLG
DHGSIDLEWLRYVDSDKAKDYLLSIRGLGLKSVECVRLLTLHHMAFPVDTNVGRICVRLG

kI xkkkkkxkk % kkkk ckkkk, kkkkkkkkkhhkkhkkdk  kkkhkkhkkhkhkk kkokk

WVPLQPLPESLQLHLLEMYPMLESIQKYLWPRLCKLDQKTLYELHYQMITFGKVFCTKSK
WVPLQPLPESLQLHLLEMYPMLENIQKYLWPRLCKLDQRTLYELHYQMITFGKVFCTKSK

***********************'**********‘k***:*********************

PNCNACPMKGECRHFASAFASARLALPSTEKGMGTPDKNPLPLHLP-EPFQR- -EQGSEV
PNCNACPMRAECKHFASAFASARLALPGPEEKSLVTSGTPIAAETFHQTYISSRPVVSQL

hkhkkkkkkk . Fhk kkkkkkdrhkkrhrx & L. LR R . . * ..

V-QHSEPAKKVTCCEPIIEEPASPEPET--AEVSIADIEEAFFEDPEEIPTIRLNMDAFT
EWNSNTCHHGMNNRQPIIEEPASPEPEHETEEMKECAIEDSFVDDPEEIPTIKLNFEEFT

s kR ok ok ok ok ok ok k ok ok & koo kk .ok ckkkkkkokk o kk . . Kk

SNLKKIMEH-NKELQDGNMSSALVALTAETASLPMPKLKNISQLRTEHRVYELPDEHPLL
ONLKSYMQANNIEIEDADMSKALVAITPEVASIPTPKLKNVSRLRTEHQVYELPDSHPLL

Lkkk ko * koook  okk kkkk ok ko kk ook Khkkk Kk hkEkKkEh ok kEkkkkk  Kkkk

AQLEKREPDDPCSYLLAIWTPGETADSIQPSVSTCIFQANGMLCDEETCFSCNSIKETRS
EGFNQREPDDPCPYLLSIWTPGETAQSTDAPKSVCNSQENGELCASNTCFSCNSIREAQA

cakkkkkkk xkk . kkFohkkkkk k. * ok * kx kdkcokkkkkokkk k..

Hinh 5 (tiép theo)
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AtROSla
OsROS1a

AtROSla
OsROS1la

AtROS1la
OsROSla
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QIVRGTILIPCRTAMRGSFPLNGTYFQVNEVFADHASSLNPINVPRELIWELPRRTVYFG
QKVRGTLLIPCRTAMRGSFPLNGTYFQVNEVFADHDSSRNPIDVPRSWIWNLPRRTVYFG

d okkkk . kkhkkk kKX Ak A kA kA ko kkkhhkkkkkkk Fk kkk Ak k Jok ook ok ok Kok ok ok ok K

TSVPTIFKGLSTEKIQACFWKGYVCVRGFDRKTRGPKPLIARLHFPASKLKGQQANLA- -
TSIPTIFKGLTTEEIQHCFWRGFVCVRGFDRTSRAPRPLYARLHFPASKITRNKKSAGSA

**-*******:**:** ***:*:********.:*‘*:*‘k ‘k********:‘

PGRDDE

Hinh 5 (ti€p theo)
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<220>

<223> polypeptit ROSla cia lta dét bién (Ta2)

<400> 1

Met Gln Asp Phe Gly Gln Trp Leu Pro Gln Ser Gln Thr Thr Ala Asp
1 5 10 15

Leu Tyr Phe Ser Ser Ile Pro Ile Pro Ser Gln Phe Asp Thr Ser Ile
20 25 30

Glu Thr Gln Thr Arg Thr Ser Ala Val Val Ser Ser Glu Lys Glu Ser
35 40 45

Ala Asn Ser Phe Val Pro His Asn Gly Thr Gly Leu Val Glu Arg Ile
50 55 60

Ser Asn Asp Ala Gly Leu Thr Glu Val Val Gly Ser Ser Ala Gly Pro
65 70 75 80

Thr Glu Cys Ile Asp Leu Asn Lys Thr Pro Ala Arg Lys Pro Lys Lys
Lys Lys His Arg Pro Lys Val Leu Lys Asp Asp Lys Pro Ser Lys Thr
100 105 110

Pro Lys Ser Ala Thr Pro Ile Pro Ser Thr Glu Lys Val Glu Lys Pro
115 120 125

Ser Gly Lys Arg Lys Tyr Val Arg Lys Lys Thr Ser Pro Gly Gln Pro
130 135 140

Pro Ala Glu Gln Ala Ala Ser Ser His Cys Arg Ser Glu Leu Lys Ser
145 150 155 160

vVal Lys Arg Ser Leu Asp Phe Gly Gly Glu Val Leu Gln Glu Ser Thr
165 170 175

Gln Ser Gly Ser Gln Val Pro Val Ala Glu Ile Cys Thr Gly Pro Lys
180 185 190

Arg Gln Ser Ile Pro Ser Thr Ile Gln Arg Asp Ser Gln Ser Gln Leu
195 200 205

Ala Cys His Val Val Ser Ser Thr Ser Ser Ile His Thr Ser Ala Ser
210 215 220

Gln Met Val Asn Ala His Leu Phe Pro Pro Asp Asn Met Pro Asn Gly
225 230 235 240
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Val
245

Ala

Gln

Asp
290

Met
305

Val

Pro

Pro
385

Val

Ala

Leu

Leu

Ala
465
Lys
Gly
500
Asn
Gln

530

Ser
545

His

Leu

Lys

Thr

Arg

Ser

Arg

Glu

Glu

Gln

370

Asn

Thr

Ala

Asp

Gly

450

Ala

Arg

His

Val

Arg

Phe

Gln

Leu

Phe

Ser

275

Asn

Thr

Glu

Asn

His

355

Met

His

Thr

Asn

Pro

435

Val

Asp

Met

Phe

Ala

515

Leu

Arg

His

Asp

Val

260

Gly

val

Asp

Thr

Pro

340

Leu

Pro

Ile

Asn

Arg

420

Arg

Asn

Ala

Arg

Ser

Ser

Ile

Ser

Gly

Leu

Asp

Lys

Pro

Phe

Gln

325

Ile

Asn

His

Glu

Asp

405

Gln

Arg

Phe

Ala

Thr

485

Thr

Ala

Ala

Ser

Arg
565

Asn
250

Ser

Asn

Asp
295

Ala
310

Met

Thr

His

Ser

Gly
390

Tyr

His

Glu

Asn

Ser
470
Ala
Ser
505
Ile
Arg

535

Lys
550

Pro

Asn

Pro

Ser

Leu

Gln

Ala

Pro

Val

Tyr

375

Tyr

Leu

Asn

Ser

Gln

455

Ser

Tyr

Ser

Asn

Glu

Asn

Ala

Ser

Ala

Leu

280

Asn

Tyr

Asn

Ser

Pro

360

Arg

Gln

Thr

Ile

Asn

440

Gln

His

Leu

Thr

Ser

520

Lys

Asp

Pro

39377

Thr

Arg

265

Leu

Ser

Leu

Gln

His

345

His

Leu

Val

Ala

Gly

425

Ala

Asn

Ala

Asn

Asp

Asn

Ser

Met

His

Ser

Glu

Ser

Leu

Met

330

Cys

Ala

Ala

Met

Ser

410

Asp

Ser

Asn

Pro

Asn

490

Leu

Val

Arg

vVal

Gly
570

Gln
255

Phe

Ile

Ile
300

Ser
315

Leu

Lys

Gln

Glu
395

Pro

Ser

Ser

Gly

Tyr
475
Tyr
Ser
510
Phe
Ala

540

Asn
555

Ser
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Leu

Gly

Tyr

Ser

Ser

Asn

Glu

Ala

Asn

380

Asn

Phe

Met

Gly

Trp

460

Phe

Pro

Asn

Thr

Ser

Arg

Ala

Gln

Ser

Ala

285

Gln

Ser

Gly

Arg

Ala

365

Pro

Leu

Ser

His

Ser

445

Ala

Ser

Asn

Asn

Leu

525

Gln

Ser

Cys

Asn

Arg

270

Gly

Thr

Gln

His

Ala

350

vVal

Ile

sSer

Gln

Ile

430

Trp

Ser

Glu

Gly

Glu

Ala

Arg

Glu

Arg

Glu

Ile

Met

His

Ala

Arg

335

Ala

Met

Leu

Glu

Thr

415

His

Ile

Ala

Pro

Val

495

Asn

Asp

Met

Met

Glu
575

His

Arg

Ser

Ser

Ser

320

Met

Leu

Asn

Pro

Leu

400

Gly

Ala

Ser

Gly

His

480

Val

Glu

Ala

Ile

Val

560

Ser



Ile

Gln
Gly
625

Val

Ser
705

Clu

Arg

Arg

Thr

Ala

785

Glu

Val

820

Val

Ala
865

Met

Glu

Leu

Thr

610

His

Val

Arg

Ser

Ser

690

Ala

Thr

Lys

Lys

Asn

770

Gly

Asn

Ile

Thr

Pro

Lys

Gly

Lys

vVal

Pro

595

Gly

Asn

Ile

Thr

Arg

Asp

Val

Glu

Gly

755

Pro

Glu

Ile

Ala
835
Ile

Val

Pro

Pro

580

Ser

Ser

Leu

Gln

Ser

Cys

Val

Thr

Leu

740

Lys

Leu

Ala

Ser

Lys

Glu

Val

Asp

Leu
900

Asp

Met

Cys

Ala

Ser

645

Gly

Lys

Ile

Pro

Ala

725

Lys

Val

Gln

Ser

Gly

805

Ile

Pro

Pro

Leu

Met

885

Asn

Lys

Pro

Gln

Gly
630

Asn

Glu
665

Asp
680

Ile

Arg
710

Lys

Pro

Val

Asn

Val
790
Ala

Lys
825

Phe
855

Asp
870

Ser

Gln

Asn

Leu

615

Glu

Phe

His

Thr

Arg

695

Thr

Leu

Gly

Gly

Glu

775

Gly

Met

Val

Gly

Glu

Pro

Asp

Glu

Phe

Asn

600

Gln

Leu

Cys

Leu

Leu

Pro

Asp

Pro

Glu

Gly

760

Ser

Arg

Val

Leu

Ala

840

Gly

Val

Cys

Arg

39377

Gly

585

Pro

Ser

His

Val

Arg

Lys

Pro

Asn

Glu

Lys

745

Glu

Thr

Ala

Ser

Asp

Leu

Lys

Thr

Ala

Lys
905

Leu

Gln

Leu

Lys

Thr

650

Thr

Ala

Val

His

Lys

730

Pro

Leu

Ser

Val

Leu

810

Ile

Val

vVal

Ala

Glu

890

Ile

Met

Arg

Glu

Gln
635

Pro

Leu
670

Leu
685

Asn

Gln
715

Arg

Lys

Ala

Cys

Lys
795

Leu

Asn
830

Pro

Lys
860

Leu
875

Gly

Phe
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Thr

Glu

His

620

Val

Pro

Ile

Ser

Pro

700

Val

Lys

Pro

Ser

Ser

780

Ala

Asp

Lys

Tyr

Arg

Met

Met

Gln

Glu

Lys

605

Asp

Thr

Asp

Ala

Cys

Ile

Lys

Val

Arg

Lys

765

Tyr

Asn

Ser

Ser

Asn

845

Lys

Trp

Asp

Gly

Glu

590

Tyr

Met

Ser

Val

Pro

Gln

Gly

Val

Gly

Gly

750

Asp

Gly

Arg

Leu

Glu

Gly

Arg

Lys

Lys

Arg
910

Leu

Iie

Val

Pro

Leu

655

Thr

Leu

Pro

Ser

Arg

735

Arg

Ser

Pro

Val

Asp

815

Asp

Glu

Ser

Leu

Asp

895

vVal

Thr

Pro

Lys

Gln

640

Gly

His

Glu

Ser

Glu

720

Pro

Pro

His

Tyr

Gly

800

Ile

Pro

Phe

Arg

Leu

880

Lys

Asp
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Ser rhe Ile Ala Arg Met His Leu Val Gln Gly Asp Arg Arg Phe Ser
915 920 925

Pro Trp Lys Gly Ser Val Val Asp Ser Val Val Gly Val Phe Leu Thr
930 935 940

Gln Asn Val Ser Asp His Leu Ser Ser Ser Ala Phe Met Ala Leu Ala
945 950 955 960

ala Lys Phe Pro Val Lys Pro Glu Ala Ser Glu Lys Pro Ala Asn Val
965 970 975

Met Phe His Thr Ile Ser Glu Asn Gly Asp Cys Ser Gly Leu Phe Gly
980 985 990

R Val Lys Leu Gln Gly Glu Ile Leu Val Gln Glu Ala Ser Asn
95 1000 1005

b
¢

)
[€p]
[0]
8}

Thr Ala Ala Ser Phe Ile Thr Thr Glu Asp Lys Glu Gly Ser Asn
1010 ' 1015 1020

Ser Val Glu Leu Leu Gly Ser Ser Phe Gly Asp Gly Val Asp Gly
1025 1030 _ 1035

Ala Ala Gly Val Tyr Ser Asn Ile Tyr Glu Asn Leu Pro Ala Arg
1040 1045 1050

Leu His Ala Thr Arg Arg Pro Val Val Gln Thr Gly Asn Ala Val
1055 1060 1065

Glu Ala Glu Asp Gly Ser Leu Glu Gly Val Val Ser Ser Glu Asn
1070 1075 1080

[9p]
o}
N

Ser Thr 1Ile Ser Ser Gln Asn Ser Asp Tyr Leu Phe His Met
1085 1090 1095

Ser Asp His Met Phe Ser Ser Met Leu Leu Asn Phe Thr Ala Glu
1100 1105 1110

Asp Ile Gly Ser Arg Asn Met Pro Lys Ala Thr Arg Thr Thr Tyr
1115 1120 1125

Thr Glu Leu Leu Arg Met Gln Glu Leu Lys Asn Lys Ser Asn Glu
1130 1135 1140

Thr Ile Glu Ser Ser Glu Tyr His Gly Val Pro Val Ser Ser
1145 1150 1155 '

@]
~
[9)]

Asn Asn Ile Gln Val Leu Asn Gly Ile Gln Asn Ile Gly Ser Lys

1160 1165 | 1170

His Gln Pro Leu His Ser Ser 1Ile Ser Tyr His Gln Thr Gly Gln
1175 1180 1185

Val His Leu Pro Asp Ile Val His Ala Ser Asp Leu Glu Gln Ser
1190 1195 1200

Val Tyr Thr Gly Leu Asn Arg Val Leu Asp Ser Asn Val Thr Gln
1205 1210 1215

Thr Ser Tyr Tyr Pro Ser Pro His Pro Gly Ile Ala Cys Asn Asn
1220 1225 1230
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Glu Thr

1235

Asp Arg
1250

Ile Asp
1265

Ala Arg
1280
Ala Glu
1295

Asp
1310

Thr
1340

Ala
1355

Lys

Glu
1370

Asn

Asp Gly

1385

Thr
1400

Lys

His Gly

1415
Glu
1430

Trp

ITle Arg

1445

Phe
1460

Asp

Glu Trp

1475

Ser
1490

Leu

Leu
1505

Leu

Gly
1520

Arg

Pro Glu
1535

Gln

Ser

Asn

Glu

Ala

Asn

Thr

Asn

Ser

Asn

Thr

1u

&)

Leu

Leu

Thr

Ile

Ser

Lys

Asp

Cys

Gln

Ala

Thr

Ser

Lys

Lys

Asp

Lys

Ile

Arg

Asn

Arg

Arg

Leu

Cys

Leu

Ala

Phe

Ser

Phe

Val

Ser

Asn

Glu

Asp

Ala

Arg

Gly

Arg

Tyr

Gly

His

Val

Gln

Asp Ser
1240

Thr Thr
1255

Gln Pro
1270

Ser Ser
1285
Val Lys
1300

Thr
1315

Arg

Gln
1330

Gln

Leu Tyr

1345
Val Leu
1360

Asp
1375

Lys

Lys Arg

1390

Met
1405

Asp

Ser
1420

Arg

Ala
1435

Gln

Met Asn

1450

Val
1465

Leu

Val Asp

1480
Leu Gly
1495

Met
1510

His

Arg Leu

1525

Leu His
1540

Leu

Ser

Leu

Glu

Gln

Glu

Asp

Ser

His

Lys

Pro

Leu

Gln

Glu

Asn

Arg

Ser

Leu

Ala

Gly

Leu
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Ser Asn
Leu
Ser Ser
Asn Tyr
His Gly
Gln
Asp Asn
Ser Asn
Gly Val
Thr Ser
Arg Val
Arg Lys
Asn Ala
Val Lys
Met Leu
Asp His
Asp Lys
Lys Ser
Phe Pro
Trp Val

Leu
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Met Leu
1245

Glu Pro
1260

Glu Lys
1275

Leu Ser
1290
Thr Ser
1305

Gly
1320

Gly

Val
1335

Gly
Leu Cys
1350

Ser Ser
1365

Pro Lys
1380

Ala
1395

Gly

Glu Val

1410
Lys Asp
1425

Ile
1440

Glu

Ala Glu

1455

Ser
1470

Gly

Ala Lys

1485

Glu
1500

vVal

Val Asp

1515
Pro Leu
1530

Met Tyr
1545

Tyr

Thr

Met

Arg

Asn

Glu

Phe

Gln

Asn

Val

Leu

Ser

Ser

Arg

Ile

Asp

Cys

Thr

Pro

Gly

Pro

Ser

Asn

Val

Asn

Gln

Asn

Leu

Pro

Lys

Tyr

Ile

Asp

Ile

Asp

Tyr

val

Asn

Pro

Met

Ile

Arg

Phe

Gln

Ser

Thr

Gln

Ile

Val

Lys

Ser

Asp

Thr

Lys

Leu

Leu

Arg

Val

Leu

Leu



Glu Asn
1550

Gln Arg
1565

Val
1580

Lys

Met Arg

1595

Leu
1610

Arg

Thr
1625

Gly
Ser Arg
1640

His
1655

Pro
1670

Ser

Ile Glu

1685

Leu
1700

Lys

Gln Ala

1715

Leu

Leu

Pro
1760

Leu

Pro Asp

1775

Glu Thr
1790
Gln Glu
1805

Ser
1820

Asn

Leu
1835

Gly Thr
1850

Ile

Thr

Phe

Ala

Ala

Pro

Pro

Gly

Glu

Asp

Asn

Asn

Ala

Asn

Asp

Asp

Ala

Asn

Ile

Pro

Tyr

Gln

Leu

Cys

Glu

Leu

Ile

Val

Met

Pro

Ser

Phe

Asn

Ile

Val

Ser

Pro

Gln

Arg

Cys

Phe

Lys

Tyr

Thr

Cys

Pro

Ala

Val

Asn

Glu

Phe

Glu

Thr

Ser

His

Cys

Ser

Glu

Glu

Arg

Gln

Tyr Leu
1555

Glu Leu
1570

Ser
1585

Lys

His
1600

Lys

Pro
1615
Ala Glu
1630

Gln
1645

Ser

Asn Arg

1660

Glu
1675

His

Val Asp

1690
Glu Phe
1705
Glu Ile
1720

Glu
1735

Pro

Leu
1750

Arg

Leu
1765

Pro

Pro Tyr

1780

Thr Asp
1795
Leu Cys
1810

Gln
1825

Ala

Thr
1840

Ala

Val Asn
1855

Trp

His

Lys

Phe

Glu

Thr

Leu

Gln

Thr

Asp

Thr

Glu

Val

Arg

Leu

Ala

Ala

Ala

Met
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Pro Arg

Tyr Gln
Asn

Pro

Ala Ser

Glu
Phe His
Glu Trp
Pro Ile
Glu Glu
Pro Glu
Gln Asn
Ala
Ala Ser
Thr Glu
Glu Gly
Leu Ser
Pro Lys
Ser Asn
Gln
Arg

Cys Ser
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Leu Cys
1560
Met Ile
1575

Asn
1590

Cys

Phe
1605

Ala

Leu
1620

Ser

Thr
1635

Gln

Ser
1650

Asn

Glu
1665

Ile

Met Lys

1680

Ile
1695

Glu

Leu Lys

1710

Met
1725

Asp

Ile Pro

1740

Gln
1755

His

Phe Asn

1770
Ile Trp
1785

Ser Val
1800

Thr Cys
1815

Val Arg
1830

Ser Phe
1845

Asn Val
1860

Lys

Thr

Ala

Ala

val

Tyr

Asn

Glu

Glu

Pro

Ser

Ser

Thr

Val

Cys

Phe

Pro

Met

Leu

Phe

Cys

Ser

Thr

Ile

Thr

Pro

Cys

Thr

Tyr

Lys

Pro

Tyr

Arg

Pro

Asn

Ser

Thr

Leu

Arg

Asp

Gly

Pro

Ala

Ser

Ser

Cys

Ala

Ile

Met

Ala

Lys

Gly

Ser

Asn

Gln



Val Phe
1865

Arg Ser
1880

Thr Ser
1895

Gln His
1910

Arg Thr
1925

Pro Ala
1940

Pro Gly
1955

<210> 2

Ala Asp

Trp Ile

Ile Pro

Cys Phe

Ser Arg

Ser Lys

Arg Asp

<211> 1952
<212> PRT
<213> Oryza sativa

<400> 2

Met Gln Asp Phe

1

Leu Tyr

Glu Thr

Ala Asn
50

Ser Asn
65

Thr Glu

Lys Lys

Pro Lys

Ser Gly

130
Pro Ala
145
Val Lys

Gln Ser

Arg Gln

Phe Ser

20

Gln Thr

35

Ser Phe

Asp Ala

Cys Ile

His Arg

100

Ser Ala

115

Lys Arg

Glu Gln

Arg Ser

Gly Ser

180

Ser Ile

His

Trp

Thr

Trp

Ala

Ile

Asp

Gly

5

Ser

Arg

Val

Gly

Asp

85

Pro

Thr

Lys

Ala

Leu

165

Gln

Pro

Asp

Asn

Ile

Arg

Pro

Thr

Glu

Gln

Ile

Thr

Pro

Leu

70

Leu

Lys

Pro

Tyr

Ala

150

Asp

Val

Ser

Ser Ser

1870

Leu Pro

1885

Phe Lys

1900

Gly Phe

1915

Arg Pro

1930

Arg Asn

1945

Trp Leu

Pro Ile

Ser Ala

40

His Asn
55

Thr Glu
Asn Lys
Val Leu
Ile Pro

120

Val Arg

135

Ser Ser

Phe Gly

Pro Val

Thr Ile

39377

Pro

Pro

25

Val

Gly

Val

Thr

Lys

105

Ser

Lys

His

Gly

Ala

185

Gln

Arg Asn

Arg Arg

Gly Leu

Val Cys

Leu Tyr

Lys Lys

Gln Ser

10

Ser Gln

Val Ser

Thr Gly

Val Gly

75

Pro Ala

90

Asp Asp

Thr Glu

Lys Thr

Cys Arg

Pro

Thr

Thr

val

Ala

Ser

Ile
1875

Val
1890

Thr
1905

Arg
1920

Arg
1935

Ala
1950

Gln Thr

Phe Asp

Ser Glu

45

Leu Val

60

Ser Ser

Arg Lys

Lys Pro

Lys Val

125

Ser Pro

140

155

Glu Val

170

Glu Ile

Arg Asp

-122-

Ser Glu

Asp

Tyr

Glu

Gly

Leu

Gly

Thr

Thr

30

Lys

Glu

Ala

Pro

Ser

110

Glu

Gly

Leu

Leu Gln Glu

Cys Thr Gly

190

Ser Gln Ser

Val

Phe

Glu

Phe

His

Ser

Ala

15

Ser

Glu

Arg

Pro

Gly

Ile

Asp

Phe

Ala

Asp

Tle

Ser

Ile

Gly Pro

Lys

95

Lys

Lys

Gln

Lys

Ser

175

Pro

80

Lys

Thr

Pro

Pro

Ser

160

Lys

Gln Leu



Ala

Gln

225

Val
245

Ala

Gln

Asp |

290

Met

305

Val

Pro

Lys

Gly

Pro

385

Val

Ala

Leu

Leu

Ala

465

Lys

Gly

500

Asn

Gln

Cys

210

Met

Leu

Lys

Thr

w
[0}
H

Arg

Glu

Glu

Gln

370

Asn

Thr

Ala

Asp

Gly

450

Ala

Arg

His

Val

195

His

Val

Leu

Phe

Ser
275

g Asn

Thr

Glu

His

355

Met

His

Thr

Asn

Pro

435

vVal

Asp

Met

Phe

Ala

515

Leu

Val

Asn

Asp

Val
260

Asp

Thr

Pro

340

Leu

Pro

Ile

Asn

Arg

420

Arg

Asn

Ala

Arg

Ser

Ile

Val

Ala

Leu

Asp

Lys

Pro

Phe

Gln

325

Asn

His

Glu

Asp

405

Gln

Arg

Phe

Ala

Thr

485

Thr

Ala

Ala

Ser

His
230

Asn
250
Ser
Asn
Asp
295

Ala

310

Met

Thr

His

Ser

Gly

390

Tyr

His

Glu

Asn

Ser

470

Ala

Ser

505

Ile

Arg

Ser

215

Leu

Asn

Pro

Ser

Leu

Gln

Ala

Pro

Val

Tyr

375

Tyr

Leu

Asn

Ser

Gln

455

Ser

Tyr

Ser

Asn

Glu

200

Thr

Phe

Ser

Ala

Leu

280

Asn

Tyr

Asn

Ser

Pro

360

Arg

Gln

Thr

Ile

Asn

440

Gln

His

Leu

Thr

Ser

520

Lys

39377

Ser

Pro

Thr

Arg

265

Leu

Gln

His

345

His

Leu

Val

Ala

Gly

425

Ala

Asn

Ala

Asn

Asp

Asn

Ser

Ser

Pro

Ser

Leu

Glu

Ser

Leu

Met

330

Cys

Ala

Ala

Met

Ser

410

Asp

Ser

Asn

Pro

Asn

490

Val

Arg

Ile

Asp
235

Gln
255

Phe

Ile

Ile
300

Ser

315

Leu

Ile

Lys

Gln

Glu

395

Pro

Ser

Ser

Gly

Tyr

475

Tyr

Ser

510

Phe

Ala

-123-

His

220

Asn

Leu

Gly

Tyr

Ser

Ser

Asn

Glu

Ala

Asn

380

Asn

Phe

Met

Gly

Trp

460

Phe

Pro

Asn

Thr

Ser

205

Thr

Met

Gln

Ser

Ala

285

Gln

Ser

Gly

Arg

Ala

365

Pro

Leu

Ser

His

Ser

445

Ala

Ser

Asn

Asn

Leu

525

Gln

Ser

Pro

Asn

Arg

270

Gly

Thr

Gln

His

Ala

350

Val

Ile

Ser

Gln

Ile
430

Trp

Ser

Glu

Gly

Glu

Ala

Arg

Ala

Asn

Glu

Ile

Met

His

Ala

Arg

335

Ala

Met

Leu

Glu

Thr

415

His

Ile

Ala

Pro

Val

495

Asn

Asp

Met

Ser

Gly

240

His

Arg

Ser

Ser

Ser

320

Met

Leu

Asn

Pro

Leu

400

Gly

Ala

Ser

Gly

His

480

val

Glu

Ala

Ile



530

Ser
545

His

Ile

Gln

Gln

Gly
625
Val
Arg
660

Ala
675

Ser

Ser

705

Glu

Arg

Arg

Thr

Ala

785

Glu

Val

820

Val

Cly E

850

Ala

Gln

Glu

Leu

Thr

610

His

Val

Arg

Ser

Ser

690

Ala

Thr

Lys

Lys

Asn

770

Gly

Asn

Ile

Thr

Lys

Arg

His

Val

Pro

595

Gly

Ile

Thr

Thr

Arg

Asp

Val

Glu

Gly

755

Pro

Glu

Ile

Gln

Ala

835

Ile

Val

Gly
Pro
580

Ser

Ser

Gln

Ser

Cys

Asp

Val

Thr

Leu

740

Lys

Leu

Ala

Ser

Glu

Val

Asp

Ser

Arg

565

Asp

Met

Cys

Ala

Ser

645

Gly

Lys

Ile

Pro

Ala

725

Lys

val

Gln

Ser

Pro

Pro

Leu

Lys
550

Pro

Lys

Pro

Gln

Gly
630

Asn

Glu
665

Asp
680

Ile

Arg

710

Lys

Pro

Val

Asn

Val
790

y Ala

Lys
825

His

Phe
855

Asp

Asn

Ala

Gln

Asn

Leu

615

Phe

His

Thr

Arg

695

Thr

Leu

Gly

Gly

Glu

775

Gly

Met

Val

Gly

Glu

Pro

Asp

Pro

Phe

Asn

600

Gln

Leu

Cys

Leu

Leu

Pro

Asp

Pro

Glu

Gly

760

Ser

Arg

Val

Leu

Ala

840

Gly

Val

39377

Met

His

Gly

585

Pro

Ser

His

Val

Pro

Asn

Glu

Lys

745

Glu

Thr

Ala

Ser

Asp

Leu

Lys

Thr

val
Gly
570
Leu
Gln
Leu
Lys
Thr
650
Thr
Ala
val
His
Lys

730

Pro

Ser

Val

Leu

810

Ile

Val

Val

Ala

-124-

540

Asn
555

Ser

Met

Arg

Glu

Gln
635

Pro

Leu
670

Leu
685

Asn

Gln
715

Arg

Lys

Ala

Cys

Lys

795

Leu

Asn

830

Pro

Lys
860

Leu

Arg

Ala

Thr

Glu

His

620

vVal

Pro

Ile

Ser

Pro

700

Val

Lys

Pro

Ser

Ser

780

Ala

Asp

Lys

Tyr

Arg

Met

Ser

Cys

Glu

Lys

605

Asp

Thr

Asp

Ala

Cys

Ile

Lys

Val

Arg

Lys

765

Tyr

Asn

Ser

Ser

Asn

845

Lys

Trp

Glu

Arg

Glu

590

Tyr

Met

Ser

Val

Pro

Gln

Gly

vVal

Gly

Gly

750

Asp

Gly

Arg

Leu

Gly

Arg

Lys

Met

Glu

575

Leu

Ile

Val

Pro

Leu

655

Thr

Leu

Pro

Ser

Arg

735

Arg

Pro

Val

Asp

815

Asp

Glu

Ser

Leu

val

560

Ser

Thr

Pro

Lys

Gln

640

Gly

His

Glu

Ser

Glu

720

Pro

Pro

His

Tyr

Gly

800

Ile

Pro

Phe

Arg

Leu



39377

865 870 875 880

Met Gly Pro Asp Met Ser Asp Cys Ala Glu Gly Met Asp Lys Asp Lys
885 890 895

Glu Lys Trp Leu Asn Glu Glu Arg Lys Ile Phe Gln Gly Arg Val Asp
900 905 910

Ser Phe Ile Ala Arg Met His Leu Val Gln Gly Asp Arg Arg Phe Ser
915 920 925

Pro Trp Lys Gly Ser Val Val Asp Ser Val Val Gly Val Phe Leu Thr
930 935 940

Gln Asn Val Ser Asp His Leu Ser Ser Ser Ala Phe Met Ala Leu Ala
945 950 955 960

Ala Lys Phe Pro Val Lys Pro Glu Ala Ser Glu Lys Pro Ala Asn Val
965 970 975

Met Phe His Thr Ile Ser Glu Asn Gly Asp Cys Ser Gly Leu Phe Gly
980 985 990

Asn Ser Val Lys Leu Gln Gly Glu Ile Leu Val Gln Glu Ala Ser Asn
995 1000 1005

Thr Ala Ala Ser Phe Ile Thr Thr Glu Asp Lys Glu Gly Ser Asn
1010 1015 1020

Ser Val Glu Leu Leu Gly Ser Ser Phe Gly Asp Gly Val Asp Gly
1025 1030 1035

Ala Ala Gly Val Tyr Ser Asn Ile Tyr Glu Asn Leu Pro Ala Arg
1040 1045 1050

Leu His Ala Thr Arg Arg Pro Val Val Gln Thr Gly Asn Ala Val
1055 1060 1065

Glu Ala Glu Asp Gly Ser Leu Glu Gly Val Val Ser Ser Glu Asn
1070 1075 1080

Ser Thr Ile Ser Ser Gln Asn Ser Ser Asp Tyr Leu Phe His Met
1085 1090 1095

Ser Asp His Met Phe Ser Ser Met Leu Leu Asn Phe Thr Ala Glu
1100 1105 1110

Asp Ile Gly Ser Arg Asn Met Pro Lys Ala Thr Arg Thr Thr Tyr
1115 1120 1125

Thr Glu Leu Leu Arg Met Gln Glu Leu Lys Asn Lys Ser Asn Glu
1130 1135 1140

Thr Tle Glu Ser Ser Glu Tyr His Gly val Pro Val Ser Cys Ser
1145 1150 1155

Asn Asn Ile Gln Val Leu Asn Gly Ile Gln Asn Ile Gly Ser Lys
1160 1165 1170

His Gln Pro Leu His Ser Ser 1Ile Ser Tyr His Gln Thr Gly Gln
1175 1180 1185

Val His Leu Pro Asp Ile Val His Ala Ser Asp Leu Glu Gln Ser

-125-



Val
Thr
1220

Glu
1235

Asp

1250

Ile

Ala

1230

Ala

Gly

Gln

1325

Ala

Lys

Glu

1370

Asp

Lys

His

Ile

Asp

Glu

Leu

Leu

1190

Tyr
1205

Ser

Thr

Arg

Asp

1265

Arg

Glu

1295

Asp
1310

Ser
Thr
1340

Ala
1355

Asn
Gly
1385

Thr
1400

Gly
1415

Glu
1430

Arg
1445

Phe
1460

Trp
1475

Ser
1490

Tyr

Gln

Ser

Asn

Glu

Ala

Asn

Thr

Asn

Ser

Tyr

Asn

Thr

Leu

Leu

Ile

Thr

Gly

Tyr

Lys

Asp

Cys

Ala

Thr

Tyr

Ser

Ser

Lys

Lys

Asp

Lys

Ile

Arg

Asn

Arg

Arg

Leu

Leu

Pro

Ala

Lys

Phe

Ser

Phe

Val

Ser

Asn

Glu

Asp

Ala

Trp

Glu

Arg

Gly

Arg

Tyr

Gly

His

Asn
Ser
1225

Asp
1240

Thr

1255

Gln

Ser

1285

Val

Arg

Gln

1330

Val

Asp
1375

Arg

Gln

Met

Leu

Val

Leu

His

1195

Arg
1210

Pro

Ser

Thr

Pro

1270

Ser

Lys

1300

Thr
1315

Gln
Tyr
1345

Leu
1360

Lys
Arg
1390

Met
1405

Ser
1420

Ala
1435

Asn
1450

vVal
1465

Asp
1480

Gly
1495

Met

Val

His

Leu

Ser

Leu

Glu

Gln

Glu

Asp

Ser

His

Lys

Pro

Leu

Gln

Glu

Asn

Leu

Ala

39377

Leu

Pro

Leu

Ser

Asn

His

Gln

Asp

Ser

Gly

Thr S

Arg

Arg

Asn

Val

Met

Asp

Asp

Lys

Phe

Asp

Gly

Asn

Ser

Ser

Tyr

Gly

Asn

Asn

Asn

Val

Val

Lys

Ala

Lys

Leu

His

Lys

Ser

Pro

-126-

1200

Ser Asn
1215

Ile Ala
1230

Met Leu
1245

Glu Pro
1260

Glu Lys
1275

Leu Ser
1290

Thr Ser
1305

Gly Gly
1320

Val Gly
1335

Leu Cys
1350

Ser Ser
1365

Pro Lys
1380

Gly Ala
1395

Glu Val
1410

Lys Asp
1425

Glu Ile
1440

Ala Glu
1455

Gly Ser
1470

Ala Lys
1485

Val Glu
1500

Val Asp

Tyr

Thr

Met

Arg

Asn

Glu

Phe

Gln

Asn

Val

Gly

Leu

Ser

Ser

Arg

Ile

Asp

Cys

Thr

Thr

Asn

Gly

Pro

Ser

Asn

Val

Asn

Gln

Asn

Leu

Pro

Lys

Tyr

Ile

Asp

Ile

Asp

Tyr

Val

Asn

Gln

Asn

Ile

Arg

Phe

Gln

Ser

Thr

Gln

Ile

Val

Ser

Asp

Thr

Lys

Leu

Arg

Val



1505

Gly Rrg
1520

Pro Glu
1535

Glu Asn
1550

Gln Arg

1565

His H
1

Ile Glu
Lys
Gln Ala
Leau
Leu

Leu

Asn

Ile

Phe
Ala
Ala
Pro
Pro
Gly

Glu

Asn
Asn
Ala

Asn

Leu

Gln

Leu

Leu

Ile

Val

Met

Pro

-~

Ser

Phe

Asn

vVal

Pro

Gln

Gly

p
~
«Q

Val
Gln
Lys
Tyr
Thr
Cys
Pro
Ala
Val
Asn
Glg
Ehe
Glu
Ile
Thr
e

His

Glu

Glu

1510

Arg Leu
1525

Leu His
1540

Tyr Leu
1555
Glu Leu
1570

Ser
1585

Lys

Lys

Gly

Ala

Ser

Asn

His

Val Asp

1690

Phe
1705

Glu

Ile
1720

Glu

Glu
1735

Pro

Leu
1750

Arg

Leu
1765

PTro

Pro Tyr

1780

Thr
1795

Asp

Leu Cys
1810

Ala Gln

Trp

His

Lys

Phe

Glu

Leu

Thr

Asp

Thr

Glu

Val

Arg

Leu

Leu

Ala

Ala

Ala

39377

Trp Val

Leu Glu
Pro Arg
Tyr Gln
Pro

Ala Ser

Glu
Phe
Glu Trp
Pro Ile
Glu Glu
Pro Glu
Gln Asn
Asp
Ala

Thr Glu

Leu Ser
Pro Lys
Asn

Ser

Gln

-127-

Ser I

1515

Pro Leu
1530

Met Tyr
1545

Leu Cys
1560
Met Ile
1575

Asn
1590

Cys
Phe
1605

Leun
1620

Ser

Thr
1635

Gln

Ser
1650

Asn

Ile Glu

1665
Met Lys
1680
Glu Ile
1695
Leu Lys
1710

Met
1725

Asp
Pro
1740

Gln
1755

His

Phe Asn

1770

Trp
1785

Ser
1800

Thr C

Val

Gln

Pro

Lys

Thr

Ala

Ala

Val

Tyr

Asn

Glu

Glu

Pro

Ser

Ser

Thr

Val

Gln

Thr

Cys

Phe

Gly

Pro

Met

Leu

Phe

Cys

Ser

Thr

Ile

Thr

Pro

Cys

Thr

Tyr

Lys

Pro

Tyr

Arg

Pro

Asn

Thr

Leu

Leu

Asp

Gly

Pro

Ser

Ser

Cys

Ala

Ile

Met

Lys

Glu

Gly

Ser

Cys

Leu



1820

Leu Ile
1835

Gly Thr
1850

Ser Arg
1865

Pro Arg
1880

Lys Gly

Phe Val

g
=
O
=
®
o

Asn Lys
1940

<210> 3
<211> 1
<212> P

Pro

Asn

Arg

Leu

Cys

Tyr

Lys

636
RT

Cys

Phe

Pro

Thr

Thr

Val

Ala

Se;

Arg

Gln

Ile

Val

Thr

Arg

Arg

Ala

<213> Oryza sativa

<400> 3
Met Glu

1

.

Ser Thr

Thr Arg

Ser Gln
50

Arg Pro
65

Thr Thr

Lys Tyr

Pro Pro

Ala Lys
130

val Asp
145

Gly Asp

Gly

Asn

Ala

Lys

Ser

Val

Ser

115

Arg

Leu

Ala

Gln

Ser

20

Val

Arg

Val

Glu

Arg

100

Lys

Cys

Gln

Trp

5

Thr

Thr

Lys

Ile

Pro

85

Arg

Asp

Phe

Ser

Leu
165

1825

Thr Ala Met

1840

Val Asn Glu

1855

Asp Val Pro

1870

Tyr Phe Gly

1885

Glu Glu 1Ile

1900

Gly Phe Asp

1915

Leu His Phe

1930

Gly Ser Ala

1945

Leu His Glu
Leu Pro Arg
His Val Pro

40

Thr Thr Val
55

Lys Glu Gly
70

Pro Lys Glu
Lys Glu Gln
Ala Val Ala

120

Asn Phe Asp
135

Gln Thr Arg
150

Leu Thr Ser

39377

Pro

Met

25

Ser

Gln

Lys

Lys

Asn

105

His

Gly

Val

Ala

Arg Gly

Val Phe

Arg Ser

Thr Ser

Gln His

Arg Thr

Pro Ala

Pro Gly

His Gl
10
Asn Pr

Lys As

Lys Pr

1830

Ser Phe
1845

Ala Asp
1860

Trp Ile
1875

Ile Pro
1890

Cys Phe
1905

Ser Arg
1920

Ser Lys
1935

Arg Asp
1950

y Ile Asn

o Ser Ile

n Val Ser
45

o Lys Arg
60

Ala Thr Gln Ala

Asp Lys Pro Ala

90

Thr Thr Pro Thr

Thr Il

Arg As

Glu Gl
15

Val As
170

-128-

e Val Val
125

p His His
140

u Thr Pro
5

p Gly Ser

Pro

His

Trp

Thr

Trp

Ala

Asp

Leu

Glu

30

Thr

Lys

His

Gly

Glu

110

Pro

Glu

Thr

Asn

Leu

Asp

Asn

Ile

Arg

Pro

Thr

Glu

Cys

15

Thr

Ser

Arg

Lys

Lys

95

His

Thr

Glu

Cys

Ile
175

Asn

Ser

Leu

Phe

Gly

Arg

Arg

Phe

Gly

Ser

His

Ser

80

Arg

His

Leu

Asn

Tyr

160

Gln



Leu

Asp

Asn

Arg
225

Ile
Gly
Val
Glu

305
Glu
Asp
Val
355
Gln
Phe

385

Glu
405

Gly

Leu
450

Arg
465

Ile

Ser

Val

Pro

Arg

210

Arg

Ser

Pro

Arg

Val

290

Pro

Gln

His

Val

370

Tyr

Thr

Phe

Gln

Gly

Leu

Gln

Met

195

val

Phe

Arg

Asp

Thr

275

Asn

Pro

Pro

Ile

Ala

Ser

Ser

Cys

Ile

Thr

Asp

Tyr

Ser

Gly

Pro

180

Ala

Thr

Ser

Glu

Glu

260

Trp

Pro

Thr

Ala

Gly

340

Ile

Phe

Asp

Lys

Gly

420

Asn

Val

Thr

Cys

Glu
500

Trp

Asn

Phe

Asn

Gln

245

Met

Met

Cys

Lys

325

Ala

Gly

Asp

Pro

Arg

Asn

Gln

Ala
485

Asn

Cys

Met

Asp

Pro
230

Ile

Pro

vVal

Pro

Ser
310

Asn

Ser

Lys

360

Ala

Leu

390

Met
410

Val
Val
440

Arg
455

Pro
470

Gln

Ile

Arg
Leu
215

Thr

Asn

Gly

Gln

295

Glu

Asp

Phe

Lys

Tyr

375

Ser

Arg

Ser

Leu

Ser

Thr

His

Gly

Ile

Gln

200

Asn

Asn

Gln

Asn

Asn

280

Gly

Arg

Gln

Gly

Arg

Leu

Thr

Ser

Ser

Ala

Met

Leu

Thr

His

39377

Gly

185

Ile

Asn

Ser

Tyr

Leu

265

Phe

Tyr

Asn

Ser

Leu

345

Gly

Glu

Ser

Glu

Thr

425

Ile

Ala

Pro

Asn

Arg
505

Ser

Trp

Ser

Tyr

Gln

250

Val

Asn

Arg

Thr

Lys

330

Cys

Tyr

Gln

Ser

Asn

Ser

Asn

Cys

Ser
490

Pro

Ala

Ala

Gly
235

His

Val

His

Val

Thr

315

Phe
Asp
Asp
365
Ser
Glu
395

His
415

Ala
His
445

Glu
460

Thr
475

Pro

Gly

Ile

Glu

Val

220

Gln

Phe

Pro

Glu

Pro

300

Asn

Ala

Ser

Thr

Asn

380

Thr

Ser

Asn

Gly

Glu

Ser

Asp

Asp

Phe

Ser

205

Asn

Asn

Tyr

Ala

Ala

285

Gln

Ile

Thr

His

Ile

Ser

Tyr

Ser

Leu

Val

Ser

Asn

Ser

His

Ala

190

Ser

His

Phe

Asp

Trp

270

Ser

Ser

Asn

Asn

Phe

350

Arg

Leu

Trp

Ser

430

Cys

Arg

Thr

Ala

Gln
510

Ser

Arg

Ile

Gln

Asp

255

His

Thr

Pro

Leu

Pro

335

Ser

Asp

Arg

Leu

Leu

Gly

Thr

Ser

His

Met

495

Leu

Val

Ala

Pro

Phe

240

Asp

Thr

Arg

Ser

Ser

320

Asn

Asp

His

Gln

Thr

400

Asp

Thr

Ser

Phe

480

Asn

Glu



Leu

Pro
545

Val

Thr
625

His

Asn

Thr

Lys
705

Arg
725

Met
740

Gly
Ala
785

Met
805

Glu
320

Ser

Leu

Pro

530

Asn

Ala

Ala

» Gln

610

Lys
Ile
Arg
Thr
Lys

690

Lys

Lys
Asn
Ala
770
Glu
Ala

Arg

Phe

Glu

515

Asn

Glu

Trp

Ser

Tyr

595

Met

Tyr

Gln

Pro

Ser

675

Glu

Gln

Thr

Glu

Met

752

Leu

Val

Leu

Leu

Ile
835

Ile

Glu

Thr

Ala

Ala

580

Ile

vVal

Arg

Ala

660

Ala

val

Ala

Thr

Asn

Thr

Vail

Lys

Asp

Leu

Ala

Arg

Trp

Met

Ala

565

Ala

Pro

Lys

Ala

Thr

645

Thr

Asn

Glu

Asp

Ser

Pro

Ile

Lys

Pro

Ser

Ile
550

Ser

Ala

Ser

Asp
630

Pro

Thr

Pro

Pro

Pro
710

Ala
730

Glu
745

Asn

Leu

Asp

790

Cys
810

Glu
825

Met

Thr

Ala

Ser

Gln

615

Gly

Ile

Lys

Thr

Val

695

Asp

Asn

Ala

Asn

Glu

775

Pro

Glu

Gln

520

His

Ser

Ala

Thr

Gly

600

Asp

Asn

Glu

Asn

Glu

680

Gly

Glu

Gly

Ile

Thr

760

Gly

Val

Gly

Arg

Leu
840
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His

Leu

Ile

Gln

Ser

585

Val

Leu

Pro

Val

Cys

665

Lys

Lys

Lys

Ile

Val

Thr

Val

Arg

Val

Tyr

Ser

Asn

Pro

570

Thr

His

Cys

Ser

Met

650

His

Pro

Pro

Pro

Ala

Glu

Glu

Val

Asn

Glu

Met

Gln

Thr

Ala

Lys

555

Thr

Ala

Gln

Gln

Ile

635

Ser

Leu

Lys

Lys

Lys

715

Glu
735

Lys
750

Glu

Lys

Leu

795

Gly
815

Phe
830

Gly

-130-

Ser

Gly

540

Asn

Ala

Gln

Pro

Thr

620

Asn

Ser

Glu

Val

Ala

700

Ala

Asp

Leu

Thr

Lys

780

Met

Arg

Asp

Glu

525

His

Trp

Thr

Pre

Gln

605

His

Thr

Phe

Ala

Trp

685

Arg

Arg

Arg

Lys

Pro

765

Arg

Trp

Asp

Gly

Arg
845

Cys

Thr

Ser

Val

Ser

590

Pro

Lys

Pro

Gln

Ser

670

Ser

Gly

Gly

Asp

Leu

Gly

Asn

Glu

Arg

Arg

Leu
His
Cys
Ser
575
Glu
Leu
Thr
Val
Ser
655
Arg
Arg
His
Arg
Pro
Leu
Asp
Ser
Leu

Asp

Phe

Gly

Leu

Ser

560

Gln

Gln

Glu

Glu

640

Val

Glu

Pro

Pro

Val

720

Thr

Ser

Leu

Arg

Leu

800

Lys

Asp

Ser



39377

Pro Trp Lys Gly Ser Ile Val Asp Ser Val Val Asp Val FPhe Leu Thr

850 855 860
Gln Asn Val Ser Asp His Leu Ser Ser Ser Ala Phe Met Ala Leu Ala
865 870 875 880

Ala Arg Phe Pro Val Lys Ser Glu Gly Pro Glu Lys Pro Ala Ala Val
885 890 895

Glu Lys Ser Thr Pro Thr Pro Pro Lys Gln Lys Asp Ser Cys Ser Gly
900 905 910

Val Leu Gly Glu Ser Ala Lys Leu Gln Gly Asn Phe Phe Val Glu Glu

915 920 925

Ile Gly Asp Leu Gly Ser Phe Asn Thr Val Asp Asp Gly Ser Leu Glu
93C 935 940

Gly val Leu Ser Ser Gln Asn Ser Val Val Ser Prc Arg Asn Phe Ser

945 950 955 ’ © 960

Lys Tvr Leu Leu Asn Gly Thr Tyr Thr Met Gly Ser Ser Ser Ser Leu
965 970 975
Val Lys Phe Thr Gln Glu Val Gly Ser Ser Gly Cys His Gln Val Ser
980 985 990

Val Leu Pro Thr Ser Asp Leu Asn Lys Ala Ala Pro Phe Asp Leu Asp
995 1000 1005

o]

Thr Thr Tyr Gln Tle Cys Thr Gly Leu As His Gly Val Asn Ile
1010 1015 1020

wn
@
]

Asp Val Ala Gln Ser Glu Val Ser Leu Tyr Gln Gln His Pro
1028 1030 1035

Ile Asp 2la Ser Ile Asn Lys Asn Lys Ala Lys Val Thr Asp Tyr
1040 : 1045 "1050- )

Ser Ser Gly Ser Phe Leu Tyr Asp Asn Arg Asp Gly Ser Leu Ser
1055 1060 1065

Gln His Met Tyr Ser Ser Phe Pro Phe Gln Pro Ser Gln Glu Ala
1070 1075 10860

Glu Cys Ser Ala Thr val Lys Gln Phe Phe Gin Gln Phe Ile
1085 1090 1095

wn
®
s

=3
oy
[

Ser Ser Glu Glu Val Pro Ile Ser Gly His Ser Phe Tyr Asp
1100 1105 1110

Asn Ser Phe Thr Ser Asn Arg Thr Glu Asp Pro Tyr Val Glu Gln
1115 1120 1125

Gln Asp Cys Phe Asn Asn Leu Gln Glu Ala Tyr Thr Thr Arg Thr
1130 ° ' 1135 1140

Tle 3ln Ile Asn Ser Glu Arg Ser Gln Pro Glu Cys Ser Gln Gln

1145 1150 1155
Cln 2sp Asn Asp Ile Arg Val Gln Ala Lys Thr Cys Glu Lys His
1160 1165 1170
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Ser Ser Ser Asn Leu Cys Gly Asn Met Asn Ser His Ser Asp Val
1175 1180 1185

Pro Leu Gly TIle Ala Ser Gly Ser Ile Gly Lys Ser Lys His Thr
1190 1195 1200

Glu Lys Arg Pro Lys Ala Arg Asn Val Arg Gly Arg Thr Lys Met
1205 1210 1215

Lys His Tyr Asp Trp Asp Asn Leu Arg Lys Glu Val Leu His Asn
1220 1225 1230

His Gly Asn Arg Gln Arg Ser Asp Lys Ala Lys Asp Thr Ile Asp
1235 1240 1245

Trp Glu Ala Asp Phe Leu Asn Arg Leu Val Arg Asp His Gly Ser
1250 1255 1260

Ile Asp Leu Glu Trp Leu Arg Asp Ile Glu Pro Asp Lys Ala Lys
1265 1270 1275

Gly Phe Leu Leu Ser Ile Arg Gly Leu Gly Leu Lys Ser Thr Glu
1280 1285 1290

Cys Val Arg Leu Leu Thr Leu His Gln Met Ala Phe Pro Val Asp
1295 1300 1305

Thr Asn Val Ala Arg Ile Cys Val Arg Leu Gly Trp Val Pro Leu
1310 1315 1320

Gln Pro Leu Pro Glu Ser Leu Gln Leu His Leu Leu Glu Leu Tyr
1325 1330 1335

Pro Leu Leu Glu His Ile Gln Lys Tyr Ile Trp Pro Arg Leu Cys
1340 ‘ 1345 1350

Lys Leu Asp Gln Leu Ile Leu Tyr Glu Leu His Tyr Gln Met Ile
1355 1360 1365

Thr Phe Gly Lys Val Phe Cys Ser Lys Ser Lys Pro Asn Cys Asn
1370 1375 1380

Ser Cys Pro Met Arg Ala Glu Cys Lys His Phe Ala Ser Ala Phe
1385 1390 1395

Ala Ser Ala Arg Leu Ala Leu Pro Gly Pro Ser Lys Lys Thr Ser
1400 1405 1410

Lys Pro Glu Tyr Pro Asn Asp Ala Glu Ser Ser His Lys Lys Tyr
1415 ’ 1420 1425

Thr His Ser Arg Pro Met Gly Gln Leu Ser Trp Asn Thr Asn His
1430 1435 1440

Pro Gly His Val Tyr Glu Ala Arg Glu Ala Glu Ile Glu Asp Phe
1445 1450 1455

Phe Ser Glu Asp Pro Asp Glu Ile Pro Ile Ile Asn Leu Asn Val
1460 1465 1470

Glu Glu Phe Ala Gln Asn Leu Ser Tyr Ile His Ala Asn Asn
1475 1480 1485

[
b
9]
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Ile Glu Ile Glu Asp

1450

Ser Pro Gln Ala Ala
1505

Asn Arg Leu Arg Thr
1520

His Pro Leu Leu Glu
1535

Ser Pro Tyr Leu Leu
1550

Ser His Pro Thr Phe
1565

Ile Ser Thr Gly Glu
1580

Phe Cys Asn Ser Lys
1595

Cys Phe Ser Cys Asn

1610

Arg Gly Thr Leu Leu
1625

<210> 4

<211> 1847

<212> PRT

<213> Oryza sativa

<400> 4

Met Ala Lys Asp Glu

1 5

Ser Arg Ile Arg Val

20
Ser His Gly Gln Cys
35

Pro Ser Gly Leu Asn

50

Trp Thr Ser Gly Val

65

Gly Thr Ala Val Ala

85
Gly Ser Ser Leu Ser
100
Ser Phe Pro Gln Thr
115

Glu Gln His Gly Ala

130

Ala

149

Ser

Glu

Gly

Ser

Thr

Thr

Glu

Ser

161

Ala

Asn

Phe

Glu

Leu

55

Ser
70

Ser

Ala

Pro

39377

Asp Met Ser

5

Val Pro Thr

1510

His Gln Val

1525

Phe Asp Gln

1540

Ile Trp Thr

1555

Leu Ile Gln

1570

Ala Gln Ser

1585

Thr Gly Lys

1600

Thr Arg Glu

5

Ser Ser Leu

1630

Pro Ser

Ile Leu

Leu Gln

40

Gln Gly

Val Gly

Arg Ser

Thr Ala

Leu Val

120

Pro Val
135

Asn

Ser

Tyr

Arg

Pro

Val I

Thr

Leu

Met

Leu

Tyr Leu Hi

10

Asp Pro Pr

25

Val Val Gl

Asn Pro Al

Arg Gly

60

75

Cys Pro Se

90

Leu Leu As

105

Ala Gly Se

Arg Pro Se

-133-

Thr

Ala

1500

Lys

Glu

Glu

Gly

Asp

Cys

Gln

1620

Arg

Leu
Leu
1515

Leu
1530

Pro
1545

Lys
1560

Leu
1575

Ala
1590

Glu
1605

Ser

Val
1635

s Leu Ile

o Leu Ser

u Glu Ala

45

a Glu Asn

Pro Asn

r Ser Thr

n Thr Met

r Val Ser

125

r Tyr Asn
140

Val

Lys

Pro

Asp

Leu

Met

Pro

Ser

Gln

Pro

Phe

Leu

30

Ala

Gln

Leu

Leu

His

110

Ser

Leu

Ala

Asn

Asp

Asp

Met

Ile

Ser

Lys

Leu

15

Pro

Met

Glu

Gly

Phe

95

Glu

Ala

Pro

Ile

Val

Ser

Pro

Cys

Lys

Thr

Thr

Val

Ser

Leu

Asp

Ser

Val

80

Pro

Gly

Asp

Ala



Gly

145

Thr

Pro

Ile

Pro

Tyr

225

Thr

Gln

Ala

Val

290

Ala

305

Pro

Glu

Asp

Lys

Ser

385

Asp

Ala

Gln

Lys
465

Cys

Ala

Pro

Gly

210

Asn

Glu

wn
0]
=

Met

Ala

Lys

Thr

Met

Ala

Val

370

Glu

Asn

His

Ser

Arg
450

Thr

Arg

Pro

Gln

195

Asp

Ser

Ala

Ala

Glu

275

Arg

Gln

Gln

Pro

355

Ile

Glu

Arg

Ser

Val

435

Asp

Val

Gln

Gly

Ala

180

Ser

Met

Glu

Glu

260

Lys

Gly

Ala

Ala

Ile

340

Ala

Arg

Lys

Asn

Ile

420

Arg

Gln

Asn

Val

Ser

165

Leu

Asp

Ala

Tyr

Asn

245

Ala

Ile

Ser

Arg

Val

325

Ala

Gln

Glu

Pro

Pro

405

Ser

Arg

Ser

Ala

Pro

150

Arg

Ser

Phe

Met

Ala

230

Thr

Val

Asp

Lys

Asp

Leu

390

Ser

Arg

Arg

Ser

Glu
470

Ile

Cys

Gly

Leu

Asn

215

Pro

Glu

Ile

Gly

Asp

Gln

Ala

Leu

Arg

375

Asn

Ser

Glu

Leu

Met

455

Ser

Ser

Arg

Val

Ser

200

His

Met

Ser

Cys

Gln

280

ASp

Ile

Cys

Glu

Lys

360

Pro

Gln

Ser
Gln
440

Thr

Ser
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Ile

Ser

Ser

185

Leu

Ser

His

Asp

265

Asn

Asn

Thr

Lys

Arg

345

Thr

Ala

Lys

Glu

Arg

425

Phe

Asn

Leu

Leu

Pro

170

Glu

Arg

Glu

Leu

Arg

250

Ser

Pro

Ile

His

Glu

330

Thr

Arg

Lys

Pro

Lys

410

Thr

Glu

Ser

Val

155

Gln

Asp

Gly

Pro

Gln

235

Glu

Leu

Gln

His

300

Ser

315

Lys

Glu

Arg

Lys

Lys

395

Cys

Thr

Phe

Trp

Ser
475
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Phe

Ser

Gly

Pro

Ala

220

Pro

Ala

Ser

Glu

Lys

Asp

Thr

Ala

Arg

Gln

380

Arg

Ala

Val

Gly

Tyr

460

Val

His

Arg

Ala

Ser

205

Thr

Asn

Lys
Ser
285

Tyr

Lys

Lys

365

Met

Lys

Glu

Arg

Glu

445

Gln

Thr

Arg

Ser

Tyr

190

Glu

Ser

Gly

Gln

Leu

270

Ser

His

Ile

Thr

Lys

350

His

Ala

Pro

Ser

430

Asn

Lys

Arg

Phe

175

Gly

Val

Tyr

Leu

Leu

255

Glu

Gly

Gln

Asp

Gln

335

Gly

Arg

Thr

Val

Phe

415

Ser

Gly

Gln

Ser

Leu

160

Met

Pro

Phe

Gly

Tyr

240

Gln

Ser

Leu

Lys

Leu

320

Tle

Glu

Pro

Arg

400

Ser

Ile

Val

Glu

Ser
480



Asp
545

Arg

Leu

Arg

Asn
705

Ser

Thr

Phe
785

Ile

Ala

Val

Ser

Asp

Thr

Asn

Tyr
690

Ser

Ser

Leu

Val

Phe

His

Ala

Arg

Gly

r Ser

Gln

Thr

Ile

Pro

Glnu

Thr

Tyr

Ser

Glu
Phe
Leu
Ser
His
Leu
Asn
580
Me‘;
Asn

Ser

Ala

Lys
Asn
Thr
Phe
740
Asp
Pro

Phe

Gln

Pro

Ile
56%

Thr

Asp S

Lys

Phe

Ser

vVal

125

Gln

Tle

Pro

Asp

1

Thr
805

Gly
490

Asn

Lys
615

Ile

630

Gly

Ser

Pro

680

Met

Ile

710

Lys

His

Tyr

Leu

790

Met

Gln

Asn

Ala

Val

5 Asp

Thr

Thr
Arg
Ile
Ile
val
Arg
Thr
695

Gln

Ser

Cys
Met
775

Asn

Pro

(9]
'__J
o

Ser

Ala

Ser

Pro

Lys

Phe

Lys

600

His

Met

Met

Ser

Leu
Lys
760

Asp

Thr

39377

Leu

Lys

Pro

Glu

Asp

Gly

Gln

585

Gly

Tyr

Arg

Lys

Asp

665

Cys

Lys

Asn

Gly

Pro

745

val

Tyr

Glu

His

Leu

Lys

Glu

His

570

Met

Ser

Gly

Thr

oy
=

[@R6)]

=
0]
[

Met
Arg
Ile
Phe
730

Gln

Pro

Gln

Ser
810

-135-

Met
495

Asn
510

Pro
525

Leu
540

Thr
555

Lys

Gly
620

Ala
635

Arg

1 Glu

Glu

685

Ser

Asp

715

Asn

Ile

Val

Gln

Glu

Ser

Ala

Glu

Ala

Ser

Lys

Ala

Gln

700

Gln

Gly

Pro

Glu

Gly

780

Leu

Lys
605
Ser
Glu
Ala
Asn
Leu
Lys
Lys
Leu
Asp
Ser
765
Val

Lys

Gly

Ser
Leu
Gln
Lys
Asn
Leu
Ala
590
Val
Ser
Met
Arg
Thr
670
Ty.r
Ala
Asn
Lys
Asp

750

Ser

Ala

Pro

Asp

Ile

Gln

Ile

Asp
575

[9p]
(D
=

Ser

Leu

G‘lu
Arg
Arg
Ar

735

Lys

Pro

Glu

Thr
815

Glu
Pro
Tyr
Glu
560
Leu
Leu
Lys
Ala
Ala
640
Arg
Gln
Ser
Leu
Phe
Ser

Arg

Asn

Met
800

Asn
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Tyr Leu Pro Asn Ala Leu Val Pro Tyr Val Gly Gly Ala Val Val Pro
820 825 830

Tyr Gln Thr Gln Phe His Leu Val Lys Lys Gln Arg Pro Arg Ala Lys
835 840 845

Val Asp Leu Asp Phe Glu Thr Thr Arg Val Trp Asn Leu Leu Met Gly
850 855 860

Lys Ala Ala Asp Pro Val Asp Gly Thr Asp Val Asp Lys Glu Arg Trp
865 870 875 880

Trp Lys Gln Glu Arg Glu Val Phe Gln Gly Arg Ala Asn Ser Phe Ile
885 890 895

Ala Arg Met Arg Leu Val Gln Gly Asp Arg Arg Phe Ser Pro Trp Lys
900 905 910

Gly Ser Val Val Asp Ser Val Val Gly Val Phe Leu Thr Gln Asn Val
920 925

o)
=
n

Ala Asp His Leu Ser Ser Ser Ala Tyr Met Ala Leu Ala Ala Ser Phe
930 935 540

Pro Thr Gly Ser His Gly Asn Cys Asn Asp Gly Ile Ala Gly Gln Asp
945 950 955 960

Asn Glu Glu Ile Ile Ser Thr Ser Ala Val Gly Asp Arg Gly Thr Phe
965 970 975

Glu Phe Phe Tyr Asn Gly Ser Arg Pro Asp Ile Gly Leu Asn Phe Glu
‘ 980 985 9590

Phe

[05}
0]
~

r Met Ala Cys Glu Lys Ile His Met Glu Pro Lys Asp Asn Thr
995 1000 1005

Thr val Asn Glu Leu Thr Lys Gly Glu Asn Tyr Ser Leu His Cys
1010 1015 1020

Lys Glu Ser Ala Gly Ser Leu Cys Asp His Glu Thr Glu Ile Asp
1025 1030 1035

His Lys Ala Lys Ser Ile Ser Asp Phe Ser Ala Val Glu Leu Thr
1040 1045 1050

Ala Cys Met Lys Asn Leu His Ala Thr Gln Phe Gln Lys Glu Ile
1055 1060 1065

Ser Leu Ser Gln Ser Val Val Thr Ser Glu Ser Ile Leu Gln Pro
1070 ’ 1075 1080

Gly Leu Pro Leu Ser Ser Gly Met Asp His Ala Arg Arg Asn Phe
1085 1690 1095

Val Gly Ser Ile Ser Asp Thr Ala Ser Gln Gln Val Gly Ser Asn
1100 1105 1110

Phe Asp Asp Gly Lys Ser Leu Thr Gly Asn Asp Val Thr Ala Asn
1115 1120 1125

Glu Thr Glu Tyr His Gly Ile Lys Ala Ala Ala Thr Asn Asn Tyr
1130 1135 1140
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Val val
1145

Phe Phe
1160

Thr His
1175

Ser Ser
1190

Phe Met
1205

Ile Val

1220

Pro Val
1235

Ser Glu
© 1250

Ile Pro
1265

Gly Phe
1280

Ser Lys
1295

Asn Phe
1310

Gln Met
1325

Glu Ala
1340

Arg Glu
1355

Phe Leu
1370

Trp Leu
1385

Ser Ile
1400

Leu Thr
1415

Arg Ile
1430

Glu Ser
1445

Asp

Ser

Val

Asn

Pro

Lys

Phe

Glu

Ala

Pro

Asp

Lys

Val

Arg

Asn

Arg

Arg

Leu

Glu

Ala

Ser

Phe

Phe

Thr

Leu

Thr

Ser

Lys

Trp

Glu

Arg

Gly

Arg

Asp

Gly

His

Val

Gln

Pro

Ile

Ser

Lys

Asp

Asn

Leu

Asp

Ala

Phe

Met

Leu

Val

Leu

His

Arg

Leu

Gly Ile
1150

Asp Cys
1165

Thr Ser
1180

Ile Gly
1195

Ala His
1210

Leu Ser
1225

His Cys
1240

His Glu
1255

Thr Lys
1270

Asn Gly
1285

Ser Arg
1300

Lys Leu
1315

Ile Phe
1330

Ala Asp
1345

Asn Asn
1360

Val Thr
1375

Pro Pro
1390

Gly Leu
1405

Leu Ala
1420

Leu Gly
1435

His Leu
1450

Pro
His
Pro
Thr
Leu
Ser
Gly
Ser
Ala
Leu
Thr
Arg
Asp
Val
Val
Asp
Asp
Lys
Phe
Trp

Leu

39377

Ser
Gln
Asn
Ile
Ala
Ala
Lys
Leu
Asp
Pro
Thr
Arg
Arg
Gln
Leu
His
Ser
Ser
Ero
Val

Glu

Cys

Glu

Gln

Leu

Arg

Tyr

Asp

Asp

Ser

Gln

Arg !

Arg

Ala

Gly

Ala

val

Val

Pro

Leu
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Ser

Ala

Ser

Thr

Lys

Ala

Glu

Lys

Glu

Asp

Ile

1440

Tyr

Ser
1155

Gly
1170

Ile

Cys
1320

Ser
1335

Ser
1350

Arg
1365

Ile
1380

Asp
1385
1410

Thr
1425

Gln

Pro
1455

Leu

Arg

Cys

Ser

Thr

Tyr

Gly

Leu

Ala

Asn

Gly

Val

His

Ile

Asp

Tyr

val

Asn

Pro

Val

Tyr

Asn

Ser

Ser

Asn

Glu

Glu

Gly

Lys

Gln

Ser

Asn

Asp

Ala

Gln

Leu

Leu

Arg

Val

Leu

Leu

Pro

Asp

Ala

Leu

Met

Leu

Ala

Val

Ser

Ala

Tyr

Trp

Ile

Lys

Glu

Leu

Leu

Gly

Pro

Glu



Thr Ile
1460

Gln Thr

1475
Val Phe
1490

Ser
1505

Arg

Ala
1520

Leu

Gln
1535

Asn

Phe
Glu
Lys
Ser Asn

1640

His Arg
1655

His Pro
1670

Pro
1685

Asp

Asn
170C

(@]
=
[}

His Asn
1715

Gly Thr

1730

Pro
1745

Gln Lys
Leu Tyr
Thr
Cys
Pro
Phe Ala
Leu Pro
Asn Asn
Glu
Glu
Ehe
Phe Gln
Ala
Leu Arg
Leu Met
Asn Glu
Pro Gln
Cys Val
Val Leu
Asn

Gly

Ser

Tyr

Glu

Lys

Arg

Ser

Phe

Gln

Cys

Thr

Gln

Ser

Ala

Thr

Gln

Leu

Thr

Val

Thr

His

Leu Trp
1465

His
1480

Leu

Ser Lys

1495

Phe
1510

His

Gln
1525

Pro

Asn
1540

His

Leu

Asn
1570

Asp
1690
Glu Gly
1705
Glu Arg
1720
Pro Cys
1735

Phe
1750

Pro
'1765

Asn

Pro

Tyr

Pro

Ala

Asp

Gly

Gly S

Ile

Leu

Ile

Glu

Pro

Tyr

Ala

Thr

Gly

Glu

Arg

Gln

Ile

39377

Arg

Gln

Asn

Ser

Lys

Thr

Ile

Leu

Pro

Asn

Thr

vVal

Val

Leu

Arg

Leu

Asn

Thr

vVal

Asn

Leu

Met

Cys

Ala

Arg

Met

Ile

Glu

Glu

Ile

Cys

Lys

Pro

Tyr

Asp

Glu

Cys

Gln

Ala

Asn

Ile

-138-

Cys Lys
1470
Ile Thr
1485

Ala
1500

Asn

Phe Ala

1515

val
1530

Leu

Thr
1545

Pro

Ala
1560

His

Glu Pro
1575

Asn Asp
1580

Ile Lys
1605

Ile Lys

1620
Ala Leu
1635

Lys Leu
1650

Glu Leu
1665

Gln Arg
1680
Ala Pro
1695

Asn
1710

Ser

Tyr Arg

1725
Met Arg
1740
Glu Val
1755
Pro Arg
1770

Leu

Phe

Cys

Ser

Asn

Pro

Ala

Ile

Leu

Val

Lys

Pro

Glu

Glu

Tyr

[}
=
<

Phe

Glu

Asp

Gly

Pro

Ala

Leu

Asn

Asp

Ser

Glu

Asn

Ser

Ala

Asn

Asp

Pro

Pro

Met

val

Ser

Ala

Gln

Gln
Lys

Met

Ser
Val
Pro
Asp

Met

Val
Ser
Asp
Cys
Cys
Arg

Phe



Trp

Ala

I

O W o D

\/

Pro

Glu

Gly

145

Thr

Ser

Phe

Met
210

Loy

wn
D
=

Asn
177

Ile
179

Arg
180

Pro
182

Arg
183

VAR VARV

\

Thr

‘Thr

Gly

Gly

Leu

5

Phe

0

Gly

5

Arg

0

ser
Ala
Ser
Pro
115

His

Thr

Leu Ser

Leu

Glu

Lys

Phe

Pro

Ser

Arg

Gln

4
]
o

Cly
Val
Leu

Gln

Gln
Gly
Ser
180
Leu

Gln

Glu

Val

Leu

Val

Ser
Ala
Gly
Val
Ser
165
Glu

Gly

Pro

Lla S

Leu
Cys

Cys

Asn
Phe
25

Leu
Ser

70

Ser
105
Ala
Pro
Pro
150
Arg

Asp

Gly

Met
178

Thr
179

Val
181

Pro
182

Lys
184

Pro
Ile
Leu
Gln
55

Val
Arg
Thr
Leu
Pro
135
Ile
Arg
Gly

Pro

Val

0

39377

Thr G

5

Arg G

0

His

5

Ala A

0

Gln

Ser
Ala
val
120
vVal
Ser
Arg
Ala
Ser
200

Leu

Leu

Tyr

Asp

Val

Asn

Arg

Cys

Leu

Ala

Arg

Ile

Ser

Ser

185

Glu

Tyr

Gln

Phe

lu Glu

1y Phe

1

o))

Leu

10

Pro

Val

Pro

Gly

Pro

Leu

Gly

Pro

Leu

Phe

170

Gly

Val

Thr

Gln

Phe

His

Thr

His
Pro
30

Glu
45

Ala
Thr
75

Pro
95

Asn
110

Ser
Ser
Val
155
Met
Pro
Phe
Glu
220

Ser

-139-

Gly

Ile

Asn

Glu

Thr

1785

Gln

1800

Met

1815

Ala

1830

Gln

1845

Len

His

Glu

Glua

60

Leu

Ala

Pro

Ala

Ala

Ala

Ile

Ser

Asn

> Asn

Thr

Met

Ser

125

His

Ala

Pro

Glu

205

Glu

Ser

His

Glu

Phe
Leu
Ala
Gln
Leu
Leu
His
Sgr
Leu
Arg
Pro
Gln
190
Asn

Ala

His

Met
Glu
Gly
Phe
Glu
Ala
Pro
Arg
Ala
175
Ser
Ala
Th;

Val

Vval Pro

Cys Phe

Thr Arg

Ser Lys

Ser

Leu

Asp

Ser

Val

80

Fro

Gly

Asp

Ala

Leu

160

Leu

Asp

Pro

Glu

Ile



225
Cys
Gln
260
Asp

Ile

Cys

305

Glu

Lys

Pro

Gln

Leu
385

Ser

Gln

Thr

Ser

Glu

465

Ser
485

Ala

Ser

Leu
545

Asp

Asn

Asn

Thr

290

Lys

Arg

Thr

Ala

Lys

370

Glu

Arg

Phe

Asn

Leu

450

Leu

Pro

Glu

Pro

Ile

275

His

Glu

Thr

Arg

Lys

355

Pro

Thr

Glu

Ser

435

Cys

His

Leu

Lys

Glu

515

Leu

Leu

His

Gln

His

Ser

Glu
Axr
340

Lys

Lys

Thr

Phe

420

Trp

Ser

Met

Asn

Pro

500

Leu

Arg

Asn

Leu

Ser

245

Glu

Lys

Asp

Thr

Ala

325

Arg

Gln

Arg

Ala

Val

405

Gly

Tyr

val

Lys

Ser

Ala

Tyr

Pro

230

Lys

Ser

265

Tyr

Lys

Leu

310

Phe

Lys

Met

Lys

Glu

390

Arg

Glu

Arg

Thr

Leu

Ile

His

Met

295

Thr

His

Ser

Tyr

375

Pro

Ser

His

Asn

Lys

455

Ser

Leu

Lys
Leu
535

Asn

Met

Glu

Gly

Gln

280

Asp

Gln

Arg

Thr

360

Val

Phe

Ser

Gly

Gln

440

Ser

Pro

Asp

Ile

Gln

520

Ile

Thr

Asp

39377

Ser

Leu

Leu

Ile

Glu

Pro

345

Thr

Trp

Ser

Ile

Val

425

Glu

Ser

Glu

Glu

Pro

505

Asp

Thr

Asn

Ser

Val
250
Val
Ala
Pro
Glu
Asp
330

Lys

Ser

Asp

Ala

410

Gln

Lys

val

Gly

Tyr

Leu

Asp

Thr

Gly

Thr

-140-

235
Met

Ala

270

Lys

Thr

Met

315

Ala

Val

Lys

Asn

His

395

Ser

Arg

Pro

Gln

Leu

475

Ile
495

Ala

val

Lys

Phe
555

Lys

Glu

Glu

Arg

Gln

300

Gln

Pro

Ile

Glu

Arg

380

Ser

Val

Asp

Val

val

460

Phe

His

Thr

Arg

Gln

540

Gly

Lys

Gly

Ala

285

Ala

Ile

Ala

Arg

Lys

365

Asn

Ile

Arg

Gln

Asn

445

Glu

Phe

Leu

Ser

His

525

Asn

Met

Arg

Ile

Ser

Arg

Val

Ala

Gln

Glu

350

Pro

Pro

Ser

Arg

Ser

430

Ala

His

Gly

Pro

Gly

510

Ile

Lys

Tyr

Met

Gln

255

Thr

Thr

Ser

Asp

Lys

335

Asp

Leu

Ser

Arg

Arg

415

Ser

Glu

Gly

Glu

His

His

Lys

Cys

240

Gly

Asp

Gln

Ala

Ala

320

Leu

Arg

Asn

Ser

Glu

400

Leu

Arg

Ser

Gln

Asn

480

Ala

val

Asp

Asp

Ser

560

Lys



Val
580

Ser

Met

Arg
625

Thr

Ala
675

Asn

Lys

705

Asp

Ser

Thr

Thr

Ala
785

Val

Arg

Leu

Glu

Ser

865

Pro
885

Gln

Ser
Leu
Leu
610
Val
Ser
Glu
Arg
Arg
630
Arg
Lys
Pro
Ser
Glu
770
Thr
Val
Ala
Met
Arg
850
Phe

Trp

Asn

Lys

Ala

595

Ala

Arg

Gln

Ser

Leu

Phe

Ser

Arg

Asn

Lys

755

Met

Asn

Pro

Gly

835

Trp

Ile

Lys

Val

Met

Gly

Val

Arg

Glu

Ser

660

Ser

Glu

Ile

Thr

740

Phe

His

Tyr

Tyr

Val

820

Lys

Trp

Ala

Gly

Ala

565

Asp

Thr

Tyr

Asn

wn

645

Tyr

Glu

Asn

725

Ser

Arg

Leu

Leu

Ala

Lys

Arg

Ser

Asp

Lys
585

Gln

Ser

630

Thr

Ile

Pro

680

Glu

Thr

710

Leu

Thr

Tyr

Tyr

Pro
790

n Thr

Leu

Ala

Gln

Met

870

Val
890

Asn

Ser

Ala

615

Phe

Arg

Lys

Asn

Thr

695

Phe

Asp

Pro

Phe

Gln

775

Asn

Gln

Asp

Asp

Glu

855

Arg

Val

Gln

Ser

600

Cys

Leu

Leu

Phe

Ser

Ile

Gln

Ile

Pro

Asp

760

Thr

Ala

Phe

Phe

Pro

840

Arg

Leu

Asp

Ser

39377

Lys

Ile

Gly

Ser

Pro

Met

665

Ile

Phe

Lys

His

Tyr

745

Leu

Met

Leu

His

Glu

825

Val

Glu

vVal

Ser

Ser

570

Arg

Ile

Ile

Val

Arg

650

Thr

Gln

Ser

Thr

Cys

730

Met

Asn

Pro

vVal

Leu

810

Thr

Asp

Val

Gln

Val

Ser

His
590

Met

Lys

Met

635

Ser

Lys

Pro

685

Gly

Leu

715

Glu

Asp

Thr

Ser

Pro
795

Thr

Gly

Phe

Gly

875

Val
895

Ala

-141-

Tyr
Arg
Lys
620
Asp
Cys
Lys
Asn
Gly
700
Pro
val
Tyr
Glu
Leu

780

Tyr

Arg
Thr
Gln
860
Asp

Gly

Tyr

Gly

Thr

605

Lys

Leu

Met

Arg

Ile

Phe

Gln

Pro

Gln

765

Ser

val

Lys

vVal

Asp

845

Gly

Arg

Val

Met

Gly

Ala

Arg

Glu

Glu

Ser

670

Asp

Asn

Ile

val

Gln

750

Val

Ser

Gly

Gln

Trp

830

val

Arg

Arg

Phe

Ala

575

Glu

Ala

Ser

Lys

Ala

655

Gln

Gly

Pro

Glu

735

His

Leu

Gly

Arg

815

Asn

Asp

Ala

Phe

Leu

Leu

Ser

Glu

Ala

Asn

640

Leu

Lys

Lys

Leu

Asp

720

Asn

val

Lys

Gly

Ala

800

Pro

Leu

Lys

Asn

Ser

880

Ala



900 905 910

-

Ala Ser Phe Pro Pro Gly Ser Asp Gly Asn Cys Asn Asp Gly Ile Ala
915 920 925

Gly Gln Asp Asn Glu Glu Ile Ile Ser Thr Ser Ala Val Arg Asp Arg
930 935 940

Gly Thr Phe Glu Phe Phe Tyr Asp Gly Ser Arg Pro Asp Ile Gly Leu
945 950 955 960

Asn Phe Glu Glu Leu Ser Met Ala Cys Glu Lys Ile His Met Glu Pro
965 970 975

Lys Gly Asn Ala Thr Val Asn Glu Leu Thr Lys Gly Glu Asn Tyr Ser
980 985 990

Leu His Cys Lys Glu Pro Ala Gly Ser Leu Cys Asp His Glu Thr Arg
995 1000 1005

Ile Asp His Lys Ala Lys Ser Ile Ser Asp Ile Ser Leu Val Glu
1010 1015 1020

Leu Thr Ala Arg Met Lys Asn Leu His Ala Thr Gln Phe Gln Thr
1025 1030 1035

Glu Ile Ser Leu Ser Gln Ser Val Val Thr Ser Glu Ser Ile Leu
1040 1045 1050

Gln Pro Gly Leu Pro Leu Ser Ser Gly Met Asp His Ala Pro Arg
1055 1060 1065

Asn Phe Val Gly Gly Ile Ser Asp Thr Ala Ser Gln Gln Val Gly
1070 1075 1080

Ser Asn Phe Asp Asp Gly Lys Ser Leu Thr Gly Asn Asp Val Thr
1085 1090 1095

Ala Asn Glu Thr Glu Tyr His Gly Ile Lys Ala Ala Ala Thr Asn
1100 1105 1110

Asn Tyr Val Val Asp Glu Pro Arg Ile Pro Ser Gly Ser Asn Met
1115 1120 1125

Tyr Pro Phe Phe Ser Ala Thr Asp Cys His Gln Leu Asp Glu Arg
1130 1135 1140

Asn Asp Ile His Val Ser Ser Thr Ser Pro Asn Ser Ser Ile Gly
1145 1150 1155

Ser Ala Ser Ser Asn Phe Lys Ile Gly Thr Ile Glu Glu Asn Ser
1160 ' 1165 1170

Ser Phe Phe Met Pro Phe Asp Ala His Leu Ala Gln Met Asn Gly
1175 1180 1185

Asn Met Ile Ala Gly Thr Asn Val Ser Ser Ala Leu Ala Ser Thr
1190 1195 1200

Glu Leu Pro Val Lys Leu Leu His Cys Cys Lys Arg Ser Cys Tyr
- 1205 1210 1215

Glu Ala Ser Glu Phe Gln Asp His Glu Ser Leu Tyr Ala Thr Gly

-142-



Gly

Lys

Gln

Glu
1280

&3]
D
[

Asn Tyr

1295

Try

S
W
(o]

oY
(]

Ala Ile

1525
Gln Lys
1340

Glu
1355

Leu

I

eu
370

=

Arg Leu
1385

Val Gly
1400

Gly

Pro

His Ser

Asp

Ile

Gly

Ser

Glu

Arg

Phe

Tro

5]
- D
[a

Leu

Glu
Thr
Gln
Val
Arg
Leu

Asn

His

Pro
Phe
Lys
Phe
Met
Ala
Glu
Leu
Leu
Ile

Thr

i
—
®

Ser

Ile

Thr

Ala

Gln

Pro

Ala

Glu

Ala

Pro

Arg

Asn

Arg

Arg

Leu

Cys

Leu

Gln

Leu

Phe

Leu

Asn

Phe
1255

Ser

Lys Lys

1270
Trp Asp
1285
Glu Arg
1300

o

w =

= Q
n
(@]
b
%)

(O]
b
=

Gly 1
1375

His

Val
1405
Gln Leu
1420
Lys Tyr
1435

Glu
1450

Tyr

Thr Lys

1465

O
<
&)

Lys
1480

Pro
1495

Asp Phe
1510

Leu Gln
1525

Asn Thr

Thr

Asn

Pro

Lys

Ile

Ala

Asn

Val

Pro

Gly

Leu

Leu

Leu

His

Pro

Gln

-

oeu

Asn

39377

Lys Ala

Gly Leu
Arg Thr
Leu Arg
Phe Asp
Asp Val
Asn Val
Thr Asp
Asp

Pro

Leu Lys

Phe
Gly Trp
Leu Leu
Trp Pro
His Ty;
Pro

Lys

Phe Ala

Gln Asp

Asn Gly
Glu Gly

Pro Ile

-143-

1230
Asp Asp
1245
Pro Asp
1260
Thr Ser
1275

Gln
1290

Arg

Arg Arg

1305

Gln
1320

Arg
Leu Ala
1335

His Gly
1350

Ala
1365

Ser

Ser Val

1380

Val
1395

Prc

Val
141¢C

Pro

Glu Leu

1425

Leu
1440

Arg

Gln Met

1455
Asn Cys
1470

Ala
1485

Ser

Lys
1500

Arg

Thr Met

1515

Ile
1530

Ser

Ile Glu

Ser

Thr

Lys

Asp

Ile

Ser

Lys

Glu

Asp

Ile

Tyr

Asn

Phe

Leu

Pro

Thr

Ala

Lys

Cys

Ser

Ser

Arg

Ile

Asp

Cys

Thr

Gln

Pro

Lys

Thr

Ala

Ala

Val

Thr

Ala

Pro

Leu
Ala
Asn
Gly
val
His
I;e
Asp
Tyr
Val
Asn
Pro
Val
Leu

Phe

Ser

Pro



1535

Ser Pro

1550
Glu Asp
1565

Met
1580

Asn

Asn
1595
Ala Ile
1610

Asn Val
1625

Asp Ser
1640
Pro Asp
1655
Glu Leu
1670
Gln Thr
1685
Val Ser
1700

Val
1715

Leu

Thr
1730

Gly

His
1745

Ser

His Arg

1760
Lys Gly
1775
Phe val
1790

Leu
1805

Pro

Ser
1820

Ser

<210> 6
<211>
<212>
<213>

Arg
Phe
Glu
Lys
Ser
His
His
Asp
Lys
Glu
Glu
Pro
Tyr

Asn

Cys
Cys

Lys

1987
PRT
Arabidopsis thaliana

Glu

Asp

Ala

Asp

Arg

Pro

Pro

Asp

Gly

Arg

Cys

Phe

Pro

Met

Thr

val

Pro

Thr

Glu

Glu

Phe

Phe

1 Glu

Leu

Leu

Ser

Thr

Glu

Arg

Gln

Val

Thr

Arg

His

Ala

1540

Glu Cys

1555

Thr
1570

Asp

Ala Gln

1585
Gln Ser
1600
Ala Ala
1615

Arg Thr
1630

Met Gln
1645
Pro Tyr
1660

Glu
1675

Arg

Leu Cys

1690

Gln
1705

Asn

Thr Ala

1720
Val Asn
1735

Ile
1750

Asn

Phe
1765
Glu Glu
1780

/ Phe
1795

His
1810

Phe

Ala Thr

1825

Arg

Asp

Asn

Asp

Ser

Glu

Leu

Ala

Tyr

Met

Glu

Pro

Gly

Ile

Asp

Glu

39377

Glu Leu

Glu Ile

Leu Glu

Asp Ile

Ile Pro

His Tyr
Ala

Leu

Leu Ala

Pro Lys
Asn Glu
Arg Tyr
Arg Gly
Val Phe
Arg Glu
Thr Ser
Gln His
Met Glu
Ala Ala

Gln Thr

-144-

1545

Glu
1560

Leu

Thr
1575

Pro

Asn Cys

1580
Thr Lys
1605

Val
1620

Pro

Val Tyr
1635

Leu Asp
1650

Ile Trp

1665
Pro Cys
1680
Met Cys
1695
Val Arg
1710

Phe
1725

Ser

Ala Asp

1740
Gln Leu
1755
Val Pro
1770

Phe
1785

Cys

Thr Arg

1800

Ser Lys

1815

His

Asn

Ile

Ile

Ala

Lys

Glu

Thr

Cys

His

Pro

His

Trp

Thr

Trp

Ala

Leu

Asp

Lys

Lys

Leu

Leu

Leu

Arg

Pro

Asn

Asn

Leu

Ser

Ile

Arg

Pro

Arg

Ile

Leu

Glu

Val

Lys

Pro

Glu

Asp

Pro

Cys

vVal

Asn

Ser

Leu

Phe

Gly

Arg

Arg



<400>
Met Asn Ser

q

Glu

Pro

Gln

Gln
85

His

Glu

Gly

145

Glu

Ser

Pro

Arg

Ser

Asn

Lys

Asp

Asn

Gly

Ala

Val

Leu

Leu

Pro

Glu

210

Thr

225

Gln
245

Ala

Leu

290

Met
305

Prc

Ile

Thr

Asn

Pro

Ala

6

Lys

35

Leu

Thr

Val

Gln

Thr

115

Pro

Phe

Asp

Leu

Ala

195

Ala

Pro

vVal

Met

Glu

275

Lys

Lys

Glu

Arg

Thr

20

Pro

Asn

Gly

Thr

Ala

100

Ser

Val

Thr

Asp

Ser

180

Cys

Val

Ser

Thr

Gln

260

Gln

Thr

vVal

Leu

Ala

Gln

Arg

Gly

Val

Asn

Trp

Pro

Asn

Gln

Asn

Gly

Leu

Thr

Ser

Asn

Pro

Val

Pro
325

Asp

Gln

Ser

Phe

Asp
70

Leu
90

Ser

Leu

Gly

Ser
150

Leu

Gly

Lys

Ser

Phe
230

Thr
250

Ile

Asp

Gln
295

Val
310

Lys

Pro

Glu

Ser

Pro

55

His

Ser

Asn

Ala

Asn

135

Asn

Pro

Val

215

Arg

Gly

Met

Gly

Gln

Val

Gly

Phe

Leu

40

Gly

Asn

Met

Pro

120

Phe

Thr

Pro

Ser

Leu

200

Cys

Thr

His

Asp

Ser

280

Lys

Gly

val

39377

Asp

Met

25

Met

Gly

Gly

Met

Glu

105

vVal

Thr

Ser

Asp

Leu

185

Tyr

Glu

Gly

Glu

Ser

265

Arg

Pro

Lys

Val

-145-

Arg

10

Gly

val

Glu

Val

Ile

Arg

Ile

Ser

Gln

Gln

170

Phe

Asn

Ser

Glu

Ile

Ser

Gln

Ser

Pro

Glu
330

Tyr

Ser

Asp

Phe

Phe
75

Asn
95

Asp

Arg

Asp

Ala
155

Met

Lys

Leu

Ser

Lys
235

Pro
255

Ala

Asp

Lys
300

Lys
315

Gly

Phe

Trp

Glu

Val

60

Asp

Ser

Leu

Asn

Val

140

Gly

Pro

Asn

Phe

220

Thr

Glu

Val

Val

Arg

Arg

Lys

Arg

Ile

Arg

Asp

His

Leu

Leu

Thr

125

Gly

Tyr

Phe

Arg

Ser

205

Gln

Gly

Pro

Asn

Leu

285

Lys

Lys

Pro

Val

Pro

30

val

Arg

Gly

Ala

Gly
110

Asn

Ser

Gln

190

Pro

Tyr

Phe

Lys

Ala

270

Glu

Arg

Pro

Lys

Pro

15

Phe

Ile

Gly

Ala

Gly

Arg

Gly

Val

Glu

Phe

175

Tyr

Ile

Val

Leu

Ser

Thr

Phe

Lys

Arg

Arg
335

Leu

Thr

Asn

Phe

His

80

Ser

Ser

Asn

Asn

Phe

160

Thr

Gly

Arg

Pro

Glu

240

Asp

Glu

Asp

Phe

Lys

320

Lys



Pro

Ser

Asn

Cys

385

Gln

Ser

Leu

Asn

Thr

465

Asn
485

Met
500
Phe
Pro
Pro
545
Gly
Gly
Ser

Gly

Gln
625

Ala

Val

370

Arg

Gly

Phe

Gln
450
Gly

Gln

Glu

o]
]
O

Cys

530

Arg

Asn

Asn

Thr

Ser

610

Pro

Thr

Lys
Lys
355

Gly

Lys

Ser
Ser
435
Pro
Ala
Gln
Asn
Phe
515
Leu
Pro
Lys
Gln
Gly
595

Leu

Ala

r Met

Thr

Ala

340

Lys

Asp

Ala

Ser

Glu

420

Val

Leu

Lys

Cys

Gln

Ala

Leu
580
Gly

Ile

Ser

Tyr
660

Ala

Lys

Met

Leu

Glu

405

Ser

Leu

Gln

Gln

Asn

Met

Leu

Pro

565

Tyr

Arg

Pro

Ser

645

Leu

Thr

Asn

Ser

Asn
390

Ser

Arg

Gln

Val

Ala
470

Phe
490

9

Ala
505

Gln

Val
550

Ile

Gln

Lys
630

Pro

His

Gln

Leu

Asn

375

Phe

Glu

Asp

Ile

Ser

455

Arg

Pro

Trp

Gln

Asn

535

Ser

Phe

Ser

His

Gln

615

Gly

Gly

Val

Glu

IJyS

360

Lys

Asp

Ile

Ala

Asp

440

Met

Asp

Val

Leu

Pro

520

Gln

Gly

Leu

Pro

Gly

600

Gln

Phe

Leu

Glu

39377

Lys

345

Glu

Ser

Leu

Val

Ile

425

Lys

Gly

Gln

Ala

Gln

Arg

Gln

Asn

Asn

Thr

585

Leu

Pro

Thr

Arg

Ser
665

Val

Ser

Pro

Glu

Gln

410

Gly

Thr

Asn

Gln

Thr

Met

Met

Pro

Gln

His

570

Asp

Leu

Cys

His

Pro

650

Val

-146-

Lys

Ala

Glu

Asn

395

Asn

Gly

Asn

Gln

Pro

475

Gln
495

Lys

510

Thr

Met

Gln

555

Gln

Met

Ile

Val

Leu

635

His

Ser

Ser

Thr

val

380

Pro

Ser

Thr

Gly

Pro

460

Asp

Asn

Asn

Ile

Tyr

540

Leu

Thr

His

Lys

Pro

620

Asn

Lys

Lys

365

Thr

Gly

Ser

Asn

Leu

445

Asp

Leu

Gln

Arg

525

Leu

Gly

Cys

Gln

Asn

605

Leu

Gln

Gln

Ile

Glu

350

Lys

Leu

Asp

Gly

Gly

430

Gly

Lys

Leu

Gln

Leu

Asn

Ile

Gly

Leu

Leu

590

Gln

Ile

Met

Ser

Leu
670

Thr

Pro

Lys

Ala

Ala

415

Ser

Ala

Leu

Thr

Phe

Ile

Gln

Gly

Pro

Pro

575

Val

Gln

Asp

vVal

Gln

655

Asn

Gly

Ala

Ser

Arg

400

Asn

Phe

Met

Arg

480

Pro

Gly

Gln

Thr

Gln

560

Ala

Met

Pro

Gln

Ala

640

Val

Gly
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Thr Thr Giy Thr Cys Gln Arg Ser Arg Ala Pro Ala Tyr Asp Ser Leu
675 680 685

i
p—
0]

Gln Gln Asp lle His Gln Gly Asn Lys Tyr Leu Ser His Glu Ile
690 695 700

Ser Asn Gly Asn Gly Cys Lys Lys Ala Leu Pro Gln Asn Ser Ser Leu
705 710 715 720

Pro Thr Pro Ile Met Ala Lys Leu Glu Glu Ala Arg Gly Ser Lys Arg
725 730 735

Gln Tyr His Arg Ala Met Gly Gln Thr Glu Lys His Asp Leu Asn Leu
740 745 750

Ala Gln Gln Ile Ala Gln Ser Gln Asp Val Glu Arg His Asn Ser Ser
755 760 765

Thr Cys Val Glu Tyr Leu Asp Ala Ala Lys Lys Thr Lys Tle Gln Lys
770 775 780

Val Val Gln Glu Asn Leu His Gly Met Pro Pro Glu Val Ile Glu Ile
785 790 795 ‘ 800

Glu Asp Asp Pro Thr Asp Gly Ala Arg Lys Gly Lys Asn Thr Ala Ser
805 810 815

Ile Ser Lys Gly Ala Ser Lys Gly Asn Ser Ser Pro Val Lys Lys Thr
820 ' 825 830

Ala Glu

=

ot
<
%]

Glu Lys Cys Ile Val Pro Lys Thr Pro Ala Lys Lys Gly
840 845

T
wl

o

Arg Zla Gly Arg Lys Lys Ser Val Pro Pro Pro Ala His Ala Ser Glu
350 855 860

Ile Gln Leu Trp Gln Pro Thr Pro Pro Lys Thr Pro Leu Ser Arg Ser
‘ 870 ' 875 880

Lys Pro Lys Gly Lys Gly Arg Lys Ser Ile Gln Asp Ser Gly Lys Ala
) 885 890 895

Arg Gly Pro Ser Gly Glu Leu Leu Cys Gin Asp Ser Ile Ala Glu Ile
900 905 910

Ile Tyr Arg Met Gln Asn Leu Tyr Leu Gly Asp Lys Glu Arg Glu Gln
915 920 925

Glu Gln Asn Ala Met Val Leu Tyr Lys Gly Asp Gly Ala Leu Val Pro
930 935 940

Tyr Glu Ser Lys Lys Arg Lys Pro Arg Pro Lys Val Asp Ile Asp Asp
945 950 955 960

Glu Thr Thr Arg Ile Trp Asn Leu Leu Met Gly Lys Gly Asp Glu Lys
965 ' 970 975

Glu Gly Asp Glu Glu Lys Asp Lys Lys Lys Glu Lys Trp Trp Glu Glu
980 985 990

Glu Arg Arg Val Phe Arg Gly Arg Ala Asp Ser Phe Ile Ala Arg Met
295 ‘ 1000 1005
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His Leu
1010

val
1025

Val

His
1040

Asp

Pro
1055

Pro

Ser Val

1070

Ile
108%

Glu

Glu Val

1100
Cys Ser
111

Ile Gln
1130

Pro
1145

Asp

Cys

= W
= (D
o
o

Thr
1175

Lys

sn Leu

1190

Leu Tyr
1205
val Ala
1220

Ser
1235

Asp

Thr Thr

1250

vVal
1265

His

Gly Tyr

1280
Asn Lys
1295
Pro Arg
1310

vVal

Asp

Leu

Lys

Val

mn
()
[

b
%]
]

Asn

Ala

Lys

Val

Ser

Glu

Gln

val

Pro

Leu

Asn

Glu

Gln

Ser

Ser

Leu

Val

Ser

Leu

Ile

Ser

Asp

Gly

Lys

Cys

Ser

Asp

Trp

Val

Phe

Gly

Val

Ser

Ser

Glu

Trp

Gly

Glu

Phe

Asp

Gly

Glu

Ser

Lys

Phe

Ser

Ile

Met

Pro

Thr

Asp Arg
1015
Ile Gly
1030

Ala
1045

Ser

Ser
1060

Ser

Asp Pro

1075
Gln Glu
1090

Ser
1105

Asp

Ile Glu

1120

Glu Glu
1135
Gln Ser
1150

Glu
1165

Ala

Thr Ser

1180
Ile Cys
1195

Asp
1210

Gly

Pro Asp

1225

Gln
1240

Gly

Ser Tyr

1255

Asp
1270
Ile
1285

Ser

Arg
1300

Arg

Gln
1315

Gly

Arg

Val

Phe

Arg

Glu

Lys

Gly

Arg

Val

Cys

Phe

Gln

Leu

Val

Leu

Pro

Glu

Phe

Ser

Phe

Ile

39377

Phe

Phe

Met

Glu

Gly

Val

Ser

Phe

Leu

Gly

Pro

Ser

Gln

Gln

Glu

Arg

Gln

Gly

Pro

Phe

Ile

Leu

Ser

Asp

Cys

Gln

Asn

Ser

Arg

Thr

Gly

Lys

Lys

Asn

Cys

Met

Arg

Arg

Pro

-148-

Pro Trp
1020

Thr Gln
1035

Ala
1050

Leu

Glu Arg
1065

Ile Leu
1080

His Pro
1095

Glu Gln
1110

Phe Leu
1125

Ser Gln
1140
Val Gly
1155
Thr Arg
1170
Gln Thr
1185

Glu
1200

Asn

Gln Glu

1215
Thr Met
1230

Thr
1245

Asp

Ala Thr

1260
Gln Gly
1275
Val Asp
1290
Gln Gly
1305

Thr
1320

Ser

Lys

Asn

Asn

Asn

Ser

Leu

Glu

Asp

Ser

Cys

Gly

Arg

Thr

Asn

Asn

Arg

Glu

Arg

Pro

Gly

Val

Arg

Val

Leu

Asp

Arg

Lys

Ser

Cys

Ser

Pro

Thr

Trp

Trp

Gln

Gly

Val

Ser

His

Ser

Ser

Phe

Arg

Asn

Met

Asp

Ser

Phe

Ser

Pro

Asn

Leu

Lys

Val

Glu



Leu Pro
1325

His Gln
1340

Ala Ser

1355
Glu Glu
1370
Asp Gly
1385
Pro Leu
1400

Ser
1415

Asn
Asn Ala
1430

Lys Lys
1445

Gly Asn
1460

Tle Asp
1475

Glu Ala
1490

Ile Lys
1505

Asp Leu
1520

Tyr Leu
1535

Val Arg
1550

Asn Val
1565

Leu
1580

Pro

vVal Leu

1595

Leu
1610

Asp

Phe Gly
1625

Gly

Asp

His

Cys

Cys

Ser

Ser

Thr

Pro

Tyr

Ile

Asp

Glu

Leu

Leu

Gly

Pro

Glu

()]

1n

Lys

Met
Asp
Leu
Leu

Leu

Asn
Tle
Thr
Gly
Glu
Lys
Phe
Trp
Ser
Leu
Arg
Glu
Ser
Arg

Val

Gly

Thr

Gln

Thr

Pro

Lys

Leu

Ser

Arg

Ala

Glu

Leu

Leu

Ile

Thr

Ile

Ser

Ile

Thr

Phe

Leu Ser
1330

Gln His
1345

Lys Thr
1360

Gln
1375

Arg

Arg Asp

1390

Ser
1405

Ser

Glu Gln

1420

Arg Glu
1435

Gln Trp
1450

Gln Glu
1465

Ile Arg
1480

Arg Gly
1495

Glu Arg
1510

Arg Glu
1525

Arg Gly
1540

Leu His
1555

Ala Val
1570

Gln
1585

Leu

Gln Lys

1600

Leu
1615

Tyr

Cys Thr
1630

Gly

Asn

Phe

Ser

Arg

Leu

Thr

Met

Asp

Arg

Arg

Met

Ile

Ser

Leu

Asn

Arg

Leu

Phe

Lys

39377

Ser Ser

Gln Gln

Leu Asp
Ser Thr
Thr Ala
Gln Asn
Ala Val
Lys Gly
Ser Leu
Asn Lys
Ala Ser
Asn
Val Lys
Pro Pro
Gly Leu
Leu Ala
Met Gly
His Leu
Leu Trp
His

Leu

Ser Arg

-149-

Ser Ala
1335

Asp Glu
1350

Leu
1365

Leu

Gln
1380

Lys

Glu Asp

1395
Ile Leu
1410
Glu Tyr
1425

Thr Leu
1440

Arg Lys
1455

Asn Asn
1470

Ile Ser
1485

Met Leu
1500

Asp His
1515

Asp Lys
1530

Lys Ser
1545

Phe Pro
1560

Trp Val
1575

Glu
1590

Leu

Pro Arg

1605
Tyr Gln
1620

Pro Asn
1635

Val

Met

Asn

Asn

Val

Val

Lys

Ala

Asp

Met

Glu

Ala

Gly

Ala

Val

val

Pro

Leu

Leu

Cys

Gln

Asn

Ser

Ile

Val

Glu

Glu

Asp

Val

Asp

Ile

vVal

Gly

Lys

Glu

Asp

Leu

Tyr

Cys

Ile

Asn

Glu

Lys

Ser

Thr

Asp

Ser

Thr

Gly

Glu

Ser

Ser

Arg

Ile

Asp

Cys

Thr

Gln

Pro

Lys

Thr

Ala
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Cys Pro Met Arg Gly Glu Cys Arg His Phe Ala Ser Ala Tyr Ala
1640 1645 1650

Ser Ala Arg Leu Ala Leu Pro Ala Pro Glu Glu Arg Ser Leu Thr
1655 1660 1665

Ser Ala Thr Ile Pro Val Pro Pro Glu Ser Tyr Pro Pro Val Ala
1670 1675 1680

Ile Pro Met Ile Glu Leu Pro Leu Pro Leu Glu Lys Ser Leu Ala
1685 . 1690 1695

Ser Gly Ala Pro Ser Asn Arg Glu Asn Cys Glu Pro Ile Ile Glu
1700 1705 1710

Glu Pro Ala Ser Pro Gly Gln Glu Cys Thr Glu Ile Thr Glu Ser
1715 1720 1725

asp Ile Glu Asp Ala Tyr Tyr Asn Glu Asp Proc Asp Glu Ile Pro
1730 - 1735 1740

Thr Ile Lys Leu Asn Ile Glu Gln Phe Gly Met Thr Leu Arg Glu
1745 1750 1755

His Met Glu Arg Asn Met Glu Leu Gln Glu Gly Asp Met Ser Lys
1760 1765 1770

Ala Leu Val Ala Leu His Pro Thr Thr Thr Ser Ile Pro Thr Pro
1775 1780 1785

Lys Leu Lys Asn Ile Ser Arg Leu Arg Thr Glu His GIln Val Tyr
1790 1795 ' 1800

Glu Leu Pro Asp Ser His Arg Leu Leu Asp Gly Met Asp Lys Arg
1805 1810 1815

Glu Pro Asp Asp Pro Ser Pro Tyr Leu Leu Ala Ile Trp Thr Pro
1820 1825 1830 '

Gly Glu Thr Ala Asn Ser Ala Gln Pro Pro Glu Gln Lys Cys Gly
1835 1840 1845

Gly Lys Ala Ser Gly Lys Met Cys Phe Asp Glu Thr Cys Ser Glu
1850 1855 1860

Cys Asn Ser Leu Arg Glu Ala Asn Ser Gln Thr Val Arg Gly Thr
1865 1870 1875 ‘

Leu Leu Ile Pro Cys Arg Thr Ala Met Arg Gly Ser Phe Pro Leu
© 1880 1885 1890

Asn Gly Thr Tyr Phe Gln Val Asn Glu Leu Phe Ala Asp His Glu
1895 1900 1905

Ser Ser Leu Lys Pro Ile As Val Pro Arg Asp Trp Ile Trp Asp
1910 1915 1920

Leu Pro Arg Arg Thr Val Tyr Phe Gly Thr Ser Val Thr Ser Ile
1925 1930 1935

Phe Arg Gly Leu Ser Thr Glu Gln Ile Gln Phe Cys Phe Trp Lys
1840 1945 1950
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JASAN

6835
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gatagtgc
trcatgt

A
(@)
\YARRVARRVS

O A AN
Qoo N DO DN D NN
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2

gttcgatact
atctgctaat
tgctgggcta
caagacacca
taaaccatcqg
accatctgga
acaggcaqct
tggtggagaa
atgtactgaot
gttggcttge
taatgcacat
ttctactagt
tggttccaga
gtcagataga
tgattttgct
caatcagatg
tgaaagggct
gaatggccaa
tattgaaggg
aactgctagt
catgcatata
atcattaggt
tgctgcgagc
tcttaacaat
azataatgag
‘tgcacaaaga
atcatctaaa
tccgcatgge
gacagaagaa
tccgcaaact
cttggecaggt
ctgtgttacc
tatagctcca
ggagagttct
tgttccaaga
ccectgagaag
acctagaggc
tcacactaat
ggcttctygtt

1 Cys Val Arg

*u Met Ala Arg Leu
9

s Thr

bd tro dai

atatgtatcc
tggctggtyga
grgctcggta
gataccctygg
tgatccaagt
aacttgagag
tctcagacca
tccatagaga
tcgttegtec
actgaagtag
gcacggaaac
aagacaccta
aagagaaaat
agctcacact
gtactgcaag

cccaagcegte

cacgtggttit
ttgtttecte
cagttacaaa
ataacacaga
aatgtacctg
caatacttgc
cttaatggte
gcattgaagqg
atgccccata
tatcaagtga
cctttcagtce
catgcattgg
gtgaacttta
tcacatgcce
tatccaaatg
aatgaaaatg
ttgatagccc
aatgatatgg
tctgcatgca
ctcacacaat
ggaagttgcc
gaattgcata
cctcctgatg
acacatgcat
agagacatta
actgataacc
cgaaaagtag
cgtccaagga
ccattgcaaa
ggaagagcag

Gly
1960

Trinh ty nhén tao

day du ghi

tttcttttte
cacttgtctc
gtttatattt

gctgtcettat

gtgctgctece
atgaagtagt
ctgccgatct
cgcagactag
ctcataatgg
ttggaagtag
ccaagaagaa
aatctgctac
atgtccgcaa
gcagatctga
agagtacaca
aatcaatacc
ctagcaccag
ctgataacat
acgaacatgc
catcaggtaa
atctcaacag
tttcatccte
ataggatgcce
aacatttgaa
gttacaggtt
tggaaaattt
aaactggagc
atcctagaag
accaacaaaa
catatttcte
gagtcgtggg
tggcctcagce
gtgagaaatc
ttaacagatc
gggagtctat
tacctagtat
aacttcagtc
agcaagtaac
tgctcggcecag
cgacatgtaa
ttaggcctece
atcaagtcaa
gacgtcccag
agggaaaagt
atgagagtac
ttaaagcaaa

39377

Phe Glu Gln Lys Thr

His Phe Pro Ala Ser

ma

ttttettttg
actcattatt
gtttttacgc
tttataggtyg
tgagttgaaa
gaaaggaaat
atatttctcc
aacttctgca
tactgggctt
tgctggacca
aaagcacagg
tccaatacct
gaagacatct
gctgaagtca
atctggatct
ttctaccatc
ctcaattcac
gccaaatgga
taaatttgtg
aaattctttg
ttcaatcagt
acaagcttct
agaaaatcca
tcatgttcct
ggcgcaaaat
gagtgeaactt
tgcaaatagg
agagagtaat
taatggatygg
agaacctcac
acatttttct
aatcaactca
acgagcttcce
agdaatggtc
tgaagtacct
gccaaataac
tttggaacat
ttcacctcaa
aagaaccagt
ggacactctyg
tgtcaatcct
ggtttctgaa
aaaagagtta
tgttggtgga
ttcatgttct
tagagttgga
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1965

Lys
1980

ttttcataac
tggtatattt
attcttcatt
gatgctggga
ttgcatagcc
atgcaggatt
agtattccaa
gttgtatcgt
gttgaacgca
actgaatgta
ccaaaggtgc
tcaacagaaa
ccaggccaac
gttaaacgaa
caagttccgg
caaagagatt
acttcagcta
gtattgcttg
gacagtccgg
ctagaaatct
cagacgcata
gtaagggaaa
attacaccta
cacgcaaaag
cccatcectac
gtcacgacaa
cagcataata
gcttcaagtg
gcatctgcag
aaaagaatga
accccatcta
aacgttttta
caaagaatga
catcaacatg
gacaaacagt
ccacaaaggg
gacatggtta
gttgttattc
ggggagcatt
aaagctttaa
atagggccat
gaaaccgtta
aaacctggtg
gaacttgcat
tatggtcctt
gaaaacattt

Arg Ala Pro

Leu Lys

tgtcttacag
tgactaaatg
gactgtatgt
ggccacatag
atatagcaac
ttggacaatg
taccatcaca
cagagaaaga

tagcaatga
ttgacttgaa
taaaggacga
aggtagaaaa
ctcctgecaga
gtttggactt
tggcagaaat
cgcaaagcca
gtcagatggt
acctcaataa
cacgtctttt
atgctggcat
gcatgtctac
cacaaatggc
gtcattgtat
ccgcagtgat
ctccaaatca
atgactatct
ttggtgactc
gttcttggat
gtgctgccga
ggacagctta
cggatttgtce
cccttgetga
tcagttttag
gcagacctgc
tcgggctcat
aaaaatatat
aagggcataa
agagcaattt
taagaaccct
gttgtcaact
cctcectgececga
cagccaaact
agaaaccaaa
caaaggatag
atgcagggyga
ctggagcrtat

polypeptit ROSla cua lua dét bién (Ta2)

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
18060
1860
1920
1580
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640



ggtatcccta
caaatcagaa
atttggtcct
ggatcttgac
ttgtgctgaa
ccaagggcgt
ttctccttgg
ttcggaccat
agaagcctct
ttctgggttg
caacacagca
gcttggaagt
tgagaatctg
tgtcgaagcy
atctcaaaat
actaaatttc
atatacagaa
atcagagtat
acaaaatatc
ccaagttcac
ccttaataga
tggaattgcc
tatagataga
ttttcaacca
ttatctttca
gcaaggtgat
cagccaacag
aaacttatgc
gatagagaat
agcaaagagg
aaaagaagtt
tgattgggaa
aggaatgaat
ccatgggagce
tctcttaagce
ccatcacatg
ggtgccactt
gctggagaac
gtatgagctt
caattgcaac
tgcaaggcte
agctgcagaa
gtggaattca
agcaagccca
ttttgtcgat
gaacctgaag
ggctttggtc
cagtcgccta
aggattcaac
aggtgaaaca
tgaactatgt
aaaagttcga
taatgggaca
tcatgactca
gagaactgtt
aatacaacat
agcacccaga
aaaatctgca
ggaaataaag
gaccaataag
atgaactcca
tacagattct
qggagaaaag

ctggattctt
gaccctgtga
attgttcctt
cctgtaactg
ggtatggata
gttgattcat
aaaggatcag
ctttccagcet
gaaaaacccg
tttggtaatt
gcctctttta
tcttttgggg
ccagctagac
gaagatgggt
tcatcagatt
actgccgaag
cttctacgaa
catggggttc
ggcagtaaac
ctcccagaca
gtgcttgatt
tgtaacaatg
tcagataaga
ttaagttcag
aggaatgaag
aatactgtca
gatgataatg
caaaaccaga
tctaaagatg
ccaagagttg
ctttacagtc
acaataagac
aacatgctgg
atcgatcttg
attagaggac
gcttttectg
cagcccctac
atacagaaat
cactatcaaa
gcatgcccaa
gctcttectg
accttccacc
aacacctgtc
gaacctgaac
gatccagaag
agttatatgc
gctataactc
aggacagagc
caaagagaac
gctcaatcaa
gcaagcaata
gggacactgc
tattttcaag
agccggaacc
tactttggaa
tgcttttgga
ccactgtatg
ggttctgcte
aggaggtaca
ttgccgtagg
gccactgacg
atgcttggtt
gcatgtccgyg

tagatattgt
cagctgaacc
ttgaggggaa
ctttaatgtyg
aggataaaga
ttattgctcg
ttgtagattc
ctgcatttat
caaatgtgat
ctgtcaagct
tcacaaccga
atggagtgga
tgcatgctac
cactggaggg
atctatttca
acattggcag
tgcaggagct
cagtctcatg
atcagccttt
tagtacatgc
ctaatgttac
aaacacaaaa
ctacttccct
agaaaatgtc
ctgaagctgc
ggacagagca
ttggatttca
aagcaaattc
acaaaaagac
gggctggtaa
atggtaataa
aagcagaggt
cagaacggat
agtggttgcg
ttggacttaa
tggatacaaa
ccgagtctct
acctctggcec
tgataacttt
tgagagctga
gacctgaaga
agacatatat
accatggtat
atgagacaga
aaatccctac
aagcaaataa
ctgaagttgce
accaagtcta
cagatgatcc
ctgatgcacc
catgctttag
tgataccatg
tcaatgagtg
cgattgatgt
cttcaattcc
gaggatttgt
caagactcca
caggaagaga
tatgatctgce
caattcaatt
aattcgtggt
gttgcaagca
cggctcagcg
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tattcaaaag
tcatggtget
agtgaaaaga
gaagttacta
gaaatggcta
aatgcatcta
tgtagtggga
ggctcttgcet
gtttcataca
acagggtgag
ggataaggaa
tggtgcagca
taggcgtcca
tgttgtttca
catgtctgat
cagaaatatg
gaagaacaag
tagtaacaac
acattcctct
gagtgatttg
acaaaccagt
ggctgactct
gtctgagcct
atttgctagg
atttgttaaa
aaatggaggt
aacagcgaca
tgaagtacta
ttccececaaa
aaagaaaaca
agaaagatcc
gaaggaaata
aaaagacttc
ctatgtcgat
aagtgttgag
tgttggtaga
tcagttgcac
gaggttatgce
tggaaaggta
gtgcaagcac
gaagagttta
aagttctagg
gaacaatcgc
agagatgaaa
tatcaagctt
cattgagatt
ttctatccca
tgaactgcca
ttgcccatac
taagtcggtc
ttgcaacagt
ccgaacagca
ttcaaatgtt
tccaaggagt
gacaatattt
gtgcgtgaga
ctttccagca
tgatgaatag
cagaagatca
atttctggcce
gctggtattc
attcttatgce
gctctaactyg

-152-

ataaaggtct
cttgtccctt
aaacgctctce
atgggaccag
aatgaagaaa
gttcaaggag
gtatttctta
gcaaaatttc
atttcagaaa
atccttgttc
ggaagtaaca
ggagtttatt
gtcgttcaaa
tcagaaaact
catatgtttt
cccaaagcaa
tctaatgaaa
attcaagtgc
atttcatatc
gagcaatcag
tattatcctt
ttaagcaaca
acaccaagaa
gaacagtcct
cagcatggaa
gaaaattctc
accagtaatc
cacggagttt
gttccagtcg
tatgattggg
cagaatgcta
tctgacacaa
ctaaaccgat
tcagataaag
tgtgtgcgtc
atatgtgtga
ctgttggaga
aagcttgatc
ttttgtacaa
tttgcaagtg
gttacatctg
cctgtagtaa
cagccaatca
gagtgtgcaa
aattttgagg
gaagatgctg
actcctaagc
gattcacatc
ctactctcta
tgcaattcac
ataagagaag
atgagaggaa
atgcggcagg
tggatatgga
aaaggtttga
ggctttgata
agcaaaatta
gccatctgga
ctgacctgaa
atatacatct
ttcggcaaca
ggtgacagtt
tactttcata

tggacataaa
acaatggaga
gagccaaagt
atatgagtga
gaaaaatatt
atcggcgttt
cacagaatgt
ctgtaaagcc
atggtgattg
aggaggccag
gtgtggaatt
ctaatattta
ctggaaacgc
ccactatttc
cgagcatgtt
caagaaccac
ccattgaatc
tcaatggaat
accagactgg
tatacactgg
cacctcatcc
tgttatatgg
tcgataactyg
cttctgaaaa
catcaaatgt
aatcaggata
tttattctte
cttccaactt
atggatcaaa
atatgttgag
aggactcaat
ttagagagcg
tggtgagaga
cgaaggacta
ttttgacact
ggcttggatg
tgtatccaat
aacggacatt
aaagtaagcc
catttgccag
gaaccccaat
gtcagcttga
ttgaggagcc
tagaggatag
agtttacaca
atatgtcaaa
tcaagaatgt
cacttcttga
tatggacccc
aagagaatgg
cgcaggccca
gctttccact
tatttgctga
atctccctag
caactgaaga
ggacatcaag
ccaggaataa
aaaccagaaa
atggatcgct
gctgaaagtt
tgatccatca
gctgctgata
tgagtggaac

2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540



cgattgttgt
tcatgtagtc
ttggctctag
tagatataaa
ttttgggttg

<210> 8
<211>
<212>
<213>
<400> 8

atgatagtgc
aatttcatgt
caacgtgttg
atttgatgtt
gaggcctgtyg
tactggtgta
gctgcctcaa
gttcgatact
atctgctaat
tgctgggcta
caagacacca
taaaccatcg
accatctgga
acaggcagct
tggtggagaa
atgtactggt
gttggcttge
taatgcacat
ttctactagt
tggttccaga
gtcagataga
tgattttgct
caatcagatg
tgaaagggct
gaatggccaa
tattgaaggg
aactgctagt
catgcatata
atcattaggt
tgctgcgagce
tcttaacaat
aaataatgag
tgcacaaaga
atcatctaaa
tcecgecatggce
gacagaagaa
tccgcaaact
cttggcaggt
ctgtgttacc
tatagctcca
ggagagttct
tgttccaaga
ccctgagaag
acctagaggc
tcacactaat
ggcttctgtt
ggtatcccta
caaatcagaa
atttggtcect
ggatcttgac
ttgtgctgaa
ccaagggcgt

ADN

6814

acatgtgaaa
gatgtcaaat
atacttgtga
tcgtcagecat
ttaagcgtat

Oryza sativa

atatgtatcc
tggctggtga
gtgctcggta
gataccctgg
tgatccaagt
aacttgagag
tctcagacca
tccatagaga
tcgttcegtce
actgaagtag
gcacggaaac
aagacaccta
aagagaaaat
agctcacact
gtactgcaag
cccaagcecgte
cacgtggttt
ttgtttcctce
cagttacaaa
ataagacaga
aatgtacctg
caatacttgc
cttaatggtc
gcattgaagg
atgccccata
tatcaagtga
cctttcagtc
catgcattgg
gtgaacttta
tcacatgccc
tatccaaatg
aatgaaaatg
ttgatagccc
aatgatatgg
tctgcatgcea
ctcacacaat
ggaagttgcc
gaattgcata
cctcctgatg
acacatgcat
agagacatta
actgataacc
cgaaaagtag
cgtccaagga
ccattgcaaa
ggaagagcag
ctggattctt
gaccctgtga
attgttcctt
cctgtaactg
ggtatggata
gttgattcat

agtttgccat
taatcatcaa
gctgcaggcc
ttacctgaaa
tttaagttcg

tttecttttte
cacttgtctc
gtttatattt
gctgtcttat
gtgctgctcc
atgaagtagt
ctgccgatct
cgcagactag
ctcataatgg
ttggaagtag
ccaagaagaa
aatctgctac
atgtccgcaa
gcagatctga
agagtacaca
aatcaatacc
ctagcaccag
ctgataacat
acgaacatgc
catcaggtaa
atctcaacag
tttcatcctc
ataggatgcc
aacatttgaa
gttacaggtt
tggaaaattt
aaactggagc
atcctagaag
accaacaaaa
catattttte
gagtcgtggg
tggcctcage
gtgagaaatc
ttaacagatc
gggagtctat
tacctagtat
aacttcagtc
agcaagtaac
tgctcggcag
cgacatgtaa
ttaggcctcc
atcaagtcaa
gacgtcccag
agggaaaagt
atgagagtac
ttaaagcaaa
tagatattgt
cagctgaacc
ttgaggggaa
ctttaatgtyg
aggataaaga
ttattgctcg
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tcaaaatggt
ttatttgatt
agcaatgtca
tacccttect
atatgaaaat

ttttettttyg
actcattatt
gtttttacgc
tttataggtg
tgagttgaaa
gaaaggaaat
atatttctcc
aacttctgca
tactgggctt
tgctggacca
aaagcacagg
tccaatacct
gaagacatct
gctgaagtca
atctggatct
ttctaccatc
ctcaattcac
gccaaatgga
taaatttgtg
aaattctttg
ttcaatcagt
acaagcttct
agaaaatcca
tcatgttcct
ggcgcaaaat
gagtgaactt
tgcaaatagg
agagagtaat
taatggatgg
agaacctcac
acatttttet
aatcaactca
acgagcttcc
agaaatggtc
tgaagtacct
gccaaataac
tttggaacat
ttcacctcaa
aagaaccagt
ggacactctg
tgtcaatcct
ggtttctgaa
aaaagagtta
tgttggtgga
ttcatgttct
tagagttgga
tattcaaaaqg
tcatggtgcect
agtgaaaaga
gaagttacta
gaaatggcta
aatgcatcta

-153-

cattcatgtt
tgattcattc
taatgtatgt
ctgtccataa
tactttgatg

ttttcataac
tggtatattt
attcttcatt
gatgctggga
ttgcatagcc
atgcaggatt
agtattccaa
gttgtatcgt
gttgaacgca
actgaatgta
ccaaaggtgc
tcaacagaaa
ccaggccaac
gttaaacgaa
caagttccgg
caaagagatt
acttcagcta
gtattgcttg
gacagtccgg
ctagaaatct
cagacgcata
gtaagggaaa
attacaccta
cacgcaaaag
cccatcctac
gtcacgacaa
cagcataata
gcttcaagtg
gcatctgcag
aaaagaatga
acctcatcta
aacgttttta
caaagaatga
catcaacatg
gacaaacagt
ccacaaaggg
gacatggtta
gttgttattc
ggggagcatt
aaagctttaa
atagggccat
gaaaccgtta
aaacctggtg
gaacttgcat
tatggtcctt
gaaaacattt
ataaaggtct
cttgtccctt
aaacgctctce
atgggaccag
aatgaagaaa
gttcaaggag

gttaggtcat
acaagtttaa
cgggaaaagg
atacaaggga
ttcecg

tgtcttacag
tgactaaatg
gactgtatgt
ggccacatag
atatagcaac
ttggacaatg
taccatcaca
cagagaaaga
ttagcaatga
ttgacttgaa
taaaggacga
aggtagaaaa
ctcctgcaga
gtttggactt
tggcagaaat
cgcaaagcca
gtcagatggt
acctcaataa
cacgtctttt
atgctggcat
gcatgtctac
cacaaatggc
gtcattgtat
ccgcagtgat
ctccaaatca
atgactatct
ttggtgactc
gttcttggat
gtgctgccga
ggacagctta
cggatttgtc
cccttgcetga
tcagttttag
gcagacctgce
tcgggctcat
aaaaatatat
aagggcataa
agagcaattt
taagaaccct
gttgtcaact
cctctgcecga
cagccaaact
agaaacéaaa
caaaggatag
atgcagggga
ctggagctat
tggacataaa
acaatggaga
gagccaaagt
atatgagtga
gaaaaatatt
atcggcgttt

6600
6660
6720
6780
6835

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120



t“tctcottgg
ttcggaccat
agaagcctct
ttctgggttg
caacacagca
gcttggaagt
tgagaatctg
tgtcgaagceg
atctcaaaat
actaaatttc
atatacagaa
atcagagtat
acaaaatatc
ccaagttcac
ccttaataga
tggaattgcc
tatagataga
ttttcaacca
ttatctttca
gcaaggtgat
cagccaacag
aaacttatgc
gatagagaat
agcaaagagdg
aaaagaagtt
tgattgggaa
aggaatgaat
ccatgggagc
tctcttaagce
ccatcacatg
ggtgccactt
gctggagaac
gtatgagcett
caattgcaac
tgcaaggctc
agctgcagaa
gtggaattca
agcaagccca
ttttgtcgat
gaacctgaag
ggctttggtce
cagtcgcecta
aggattcaac
aggtgaaaca
tgaactatgt
aaaagttcga
taatgggaca
gattgatgtt
ttcaattccyg
aggatttgtg
aagactccac
aggaagagat
atgatctgcc
aattcaatta
attcgtggtg
ttgcaagcaa
ggctcagcgg
gtttgccatt
aatcatcaat
ctgcaggcca
tacctgaaat
ttaagttcga

aaaggatcag
ctttccagcet
gaaaaacccg
tttggtaatt
gcctctttta
tcttttgggg
ccagctagac
gaagatgggt
tcatcagatt
actgccgaag
cttctacgaa
catggggttc
ggcagtaaac
ctcccagaca
gtgcttgatt
tgtaacaatg
tcagataaga
ttaagttcag
aggaatgaag
aatactgtca
gatgataatg
caaaaccaga
tctaaagatg
ccaagagttg
ctttacagtc
acaataagac
aacatgctgg
atcgatcttg
attagaggac
gcttttcctg
cagcccctac
atacagaaat
cactatcaaa
gcatgcccaa
gctcttecctg
accttccacc
aacacctgtce
gaacctgaac
gatccagaag
agttatatgc
gctataactc
aggacagagc
caaagagaac
gctcaatcaa
gcaagcaata
gggacactgc
tattttcaag
ccaaggagtt
acaatattta
tgcgtgagag
tttccagcaa
gatgaatagg
agaagatcac
tttctggcca
ctggtattct
ttcttatgcg
ctctaactgt
caaaatggtc
tatttgattt
gcaatgtcat
acccttcecctce
tatgaaaatt

ttgtagattc
ctgcatttat
caaatgtgat
ctgtcaagct
tcacaaccga
atggagtgga
tgcatgctac
cactggaggg
atctatttca
acattggcag
tgcaggagct
cagtctcatg
atcagccttt
tagtacatgce
ctaatgttac
aaacacaaaa
ctacttccct
agaaaatgtc
ctgaagctgce
ggacagagca
ttggatttca
aagcaaattc
acaaaaagac
gggctggtaa
atggtaataa
aagcagaggt
cagaacggat
agtggttgcg
ttggacttaa
tggatacaaa
ccgagtctcet
acctctggcc
tgataacttt
tgagagctga
gacctgaaga
agacatatat
accatggtat
atgagacaga
aaatccctac
aagcaaataa
ctgaagttgce
accaagtcta
cagatgatcc
ctgatgcacc
catgctttag
tgataccatg
tcaatgagat
ggatatggaa
aaggtttgac
gctttgatag
gcaaaattac
ccatctggaa
tgacctgaaa
tatacatctyg
tcggcaacat
gtgacagttyg
actttcatat
attcatgttg
gattcattca
aatgtatgtc
tgtccataaa
actttgatgt

39377

tgtagtggga
ggctcttgct
gtttcataca
acagggtgag
ggataaggaa
tggtgcagca
taggcgtcca
tgttgtttca
catgtctgat
cagaaatatg
gaagaacaag
tagtaacaac
acattcctct
gagtgatttyg
acaaaccagt
ggctgactct
gtctgagcct
atttgctagg
atttgttaaa
aaatggaggt
aacagcgaca
tgaagtacta
ttcceccaaa
aaagaaaaca
agaaagatcc
gaaggaaata
aaaagacttc
ctatgtcgat
aagtgttgag
tgttggtaga
tcagttgcac
gaggttatgce
tggaaaggta
gtgcaagcac
gaagagttta
aagttctagg
gaacaatcgc
agagatgaaa
tatcaagctt
cattgagatt
ttctatccca
tgaactgcca
ttgcccatac
taagtcggtc
ttgcaacagt
ccgaacagca
atttgctgat
tctcecectagg
aactgaagaa
gacatcaaga
caggaataaa
aaccagaaag
tggatcgcectg
ctgaaagtta
gatccatcat
ctgctgatag
gagtggaacc
ttaggtcatt
ceagtttaat
gggaaaaggt
tacaagggat
tccg

-154-

gtatttctta
gcaaaatttc
atttcagaaa
atccttgttc
ggaagtaaca
ggagtttatt
gtcgttcaaa
tcagaaaact
catatgtttt
cccaaagcaa
tctaatgaaa
attcaagtgc
atttcatatc
gagcaatcag
tattatcctt
ttaagcaaca
acaccaagaa
gaacagtcct
cagcatggaa
gaaaattctc
accagtaatc
cacggagttt
gttccagtcg
tatgattggg
cagaatgcta
tctgacacaa
ctaaaccgat
tcagataaag
tgtgtgcgtc
atatgtgtga
ctgttggaga
aagcttgatc
ttttgtacaa
tttgcaagtg
gttacatctg
cctgtagtaa
cagccaatca
gagtgtgcaa
aattttgagg
gaagatgctg
actcctaagc
gattcacatc
ctactctcta
tgcaattcac
ataagagaag
atgagaggaa
catgactcaa
agaactgttt
atacaacatt
gcacccagac
aaatctgcag
gaaataaaga
accaataagt
tgaactccag
acagattcta
ggagaaaagg
gattgttgta
catgtagtcg
tggctctaga
agatataaat
tttgggttgt

cacagaatgt
ctgtaaagcc
atggtgattg
aggaggccag
gtgtggaatt
ctaatattta
ctggaaacgc
ccactatttc
cgagcatgtt
caagaaccac
ccattgaatc
tcaatggaat
accagactgg
tatacactgg
cacctcatcc
tgttatatgg
tcgataactg
cttctgaaaa
catcaaatgt
aatcaggata
tttattctte
cttccaactt
atggatcaaa
atatgttgag
aggactcaat
ttagagagcg
tggtgagaga
cgaaggacta
ttttgacact
ggcttggatg
tgtatccaat
aacggacatt
aaagtaagcc
catttgccag
gaaccccaat
gtcagcttga
ttgaggagcc
tagaggatag
agtttacaca
atatgtcaaa
tcaagaatgt
cacttcttga
tatggacccc
aagagaatgg
cgcaggccca
gctttccact
gccggaacce
actttggaac
gcttttggag
cactgtatgc
gttctgctcc
ggaggtacat
tgccgtaggce
ccactgacga
tgcttggttg
catgtccggce
catgtgaaaa
atgtcaaatt
tacttgtgag
cgtcagcatt
taagcgtatt

3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6814
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agggcattgt
taaaataaac
tctagtcgga
gccgctacca
gcatgcatgt
tcttatggtt
atagatcgtc
cctcecttgtg
“gtggtgetae
acgttaatgc
gcagcaaaag
tcagagcecac
ttccgtttaa
attttagtty
aaattttgtg
ttgagttaaa
cttgagttaa
aaattttggg
aaattttgag
agcatgggaa
attaaacaga
gtctccacac
tattacaccc
tcgcttcecac
tattggccta
aatgtcctaa
ccaacctage
gaazagctgc
aaacaaagaa
tttcgaggat
ccatgacttc
agtacttccce
tattcaaaat
ggtaggccca
cagctggegt
tacccceatt
tcatggatag
caaaattgca
cgaatcagct
tcaagtggaa
atgtgcgcaa
cttggtcacg
aadtgtgata
acgtcyaaag
adaacaaacc
gtgcaaggca
tcagtcacat
aacaaataaa
aaaagaaaat
aatgggttat
cacattattc
gcacactctt
tgcccaggceca
ttacaacaaa

tattttatca
tggactctct
gctgcgatca

Oryza

16885

sativa

agacattagc
aaggcctaag
ctaggcacag
cggcacgtca
cccagtccaa
tccectatatt
cttggtgcat
tcgtgectag
atgccatgct
atgcacttct
tcgeaottgte
acgttgagct
tattctagtt
aaagttttaa
ttgtaagttt
agtttcaaat
aacttttaga

tgagttttt
tagagttttt
ctcaagagtt
gtgattacaa
tgcattattg
tcttceccaaca
caacaaggca
gacttttaag
gtttagtggt
ttttggctta
ttgtttgttt
agccttattt
aatagacata
aacttctteg
ctctacaatt
cacttcaaat
tccaaaccca
atgtgtgagg
ttgttataga
ttggttatge
taaacaaagt
actcactttg
tttcaaaaca
catcgatggt
tactcacatg
acaaataaag
aaataagcca
tcaaaacaaa
gcggtggtga
gagttattgt
gtgtcaaggce
aagccaaatt
cgtgtggatc
acgtgtaagg
aaatgaatag
aaaatacaca
ataatatatc

cattattcac
gaagtggagt
gaagtagcca

atttcaaacc
ttaatcatgc
ttcgagcaac
caacccggtt
cttcecttttt
tttatgattt
gggcctactt
gttgaggcct
gggctgggcece
tacactcact
ctccatgtcce
gcgcttcacg
tacaactttc
aaattgtgtt
caaactttgg
atgggtagty
atttaagttg
taaactgtcg
caaatttgag
acgattcttt
tcecegtagga
ctagtccttt
tgatttagat
caccatcttyg
tcagcttatc
tgagtcatac
atagtgttag
aggcttagac
tgcccaaggg
ttgatccatt
ggctgaggtyg
cttgataacc
atcgaattgc
tcaagcgagc
gagatatttg
agcccaccca
ccatattctt
tgatatggta
tgttgggtgg
aaatgactat
gggadtggag
acatatcttc
tgtcaaggca
aattagccac
atgattgagt
gagtgggggc
taaatgggta
aaaaaaaaac
agctacgtat
tcaaaacaaa
cagcgatgga
ttgattccac
aacccaaatt
atacgaaatc

g:gtcggaca
tactactcac
agcgtycgeg
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cagtaatcca
taactcgtgc
atggttggtc
gttatagcgg
ttttcatatt
ttctattttt
atgcctgggc
cggcatgtgg
acccgttteg
ggagaggctc
ggatcgaagc
acgggaccac
tataataaaa
gaaactttta
attgactttt
tttttagatt
agaattttaa
ataaaaaaat
ttgattgttt
tttttttcag
caatatcatg
tggttaattg
ggacttcagg
atttagagtcc
agcteatatg
atctacctca
agtggcttat
ttttcgactt
ccatgagctt
tagccgataa
ctgtgaaaat
actcccactc
taaaaatgaa
tatagttatc
adagttggca
ccgaacacta
caaatatgac
ctatgcgaat
gtagggtttt
gcaactccat
tcactcagtc
daatggatag
aaatagccta
tcacatgtat
gactccactc
cactcaatct
gttaatttgg
ataaagcata
gcgcattgtt
atgactcaga
gagagtgaac
ccatttctta
agctacttat
ccaaaacaaa

gcgacggcegg

gtgacgttac
aaatagcatt
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tgcctccaat
tggctcaggc
atggggcatc
gcctgacaca
tttcatgtgg
tttatggacc
tatcacgaca
gcccecgceacat
acacaaatga
ctagtttgct
ccatcatcaa
cgccaaaaca
tattaattca
aattrtatac
ttttagcaaa
ttgtactgaa
attttgagtt
aaatttgagc
taaaccattg
ggaaggggtyg
aatactagga
agctagttca
aagtaaacca
tctttgttta
atttataagc
cataagccaa
ggcttcaaaa
ataagttggc
aatcacttct
tgccaatcct
gggtccgceceg
cgacgtctct
cttattgtgc
gatgccacgc
aaattacata
ccagaccgag
accaaattta
ctacgttgaa
tattttaaca
tccaatttat
tggactctgt
ctgattcggce
tgccaattca
tggttgggtg
cattttatca
ggactctaga
cctatttett
tcttgcectgcea
tgtgtggggyg
gtaactccgc
tatagtaaag
aaatgtaaca
gtttattagt
atggctgagc

ggcagtgaag
tttttttggg
cccgacgcete

aataataagc
atgcgagtcc
ctatgcttgg
aagcatgcaa
gaatcaattt
agtcaggccg
tgccctgtag
gtcatgcaac
acgaagcgta
tagctgccta
tgtatttaga
cttgtttttc
aggttttaac
tggaagtttc
tgtttraaat
tgtttragaa
gaatgttttyg
taaaagtttc
aaaaagctgg
aattctattg
ggagcatcaa
tgagacactc
acaaaactcc
ggcttaggtt
cggtggattt
aaaagcttct
aagccaaacg
ttataagcct
gagcaatcag
tctttgcacg
tgaggaaaga
tgtttaaatc
tcatatttca
gtcaagcact
aaccatccca
attgctctct
gtgttagggg
aaaaatggac
aaatggatta
catattgttc
agtggagtta
ctgtttcttt
ctgtgaatcc
ggcttttaac
tattattcac
gtagagttac
caaatgcgac
aatccacgtc
ttttcaacaa
tctattttat
ttactcagtc
acaaacaaaqg
taggtgagtt
gactccgttc

tcactcagtc
aagtgtgtgce
acctccecte

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240

3300
3360
3420



ccececegtecce
cgaatctctc
catcgggcgy
aggcgagcgtc
gcggcgtceceg
attcceccgac
gtctcaggcet
gggcegttgg
ccgcaagttg
ctacatatgt
gggaggcegtt
gggatatgct
gggagatggt
aatggatata
aatttttctt
tccgtgtaat
aaaagcataga
ttacagaatt
taaatgcaac
gtatgtattt
acataggagg
agcaactact
acaatggctg
atcacagttc
gaaagaatct
caatgatgct
cttgaacaag
ggacgataaa
agaaaaacca
tgcagaacag
ggactttggt
agaaatatgt
aagccagttyg
gatggttaat
caataattct
tctttttggt
tggcatgtca
gtctactgat
aatggccaat
ttgtattgaa
agtgatgaat
aaatcatatt
ctatctaact
tgactccatg
ttggatatca
tgccgatgcet
agcttatctt
tttgtcaaat
tgctgatgca
ttttagatca
acctgctccg
gctcatgaca
atatattccg
gcataacttg
caatttctgt
aacccttata
tcaactggag
tgccgatgtt
caaactccct
accaaaacct
ggatagtcac
aggggaggcet
agctatggta

cccgcategt
ccactcctcet
cgcaggggaa
aggggggacc
gccgactgceg
tcecccaacce
gatcagacgc
ctcccaaagc
aagaatataa
ctgcttggga
tggtcagctt
gggtaaagga
cctttggggg
aagttgaaaa
cactagtgca
tttgagtaag
tagtgcatat
tcatgttggce
gtgttggtgc
gatgttgata
cctgtgtgat
ggtgtaaact
cctcaatctc
gatacttcca
gctaattcgt
gggctaactg
acaccagcac
ccatcgaaga
tctggaaaga
gcagctagct
ggagaagtac
actggtccca
gcttgccacg
gcacatttgt
actagtcagt
tccagaataa
gatagaaatg
tttgctcaat
cagatgctta
agggctgcat
ggccaaatgc
gaagggtatc
gctagtcctt
catatacatg
ttaggtgtga
gcgagctcac
aacaattatc
aatgagaatg
caaagattga
tctaaaaatg
catggctctg
gaagaactca
caaactggaa
gcaggtgaat
gttacccctc
gctccaacac
agttctagag
ccaagaactg
gagaagcgaa
agaggccgtce
actaatccat
tctgttggaa
tccectactgg

tttctectcac
ctactcctect
ggaaggcgge
ggcgcgggag
gcggcggceta
tcaaacggta
cgcactgccg
agacgcgaga
ttcgggcecgea
gccaaccgceg
tgctggtagt
aggtatggtt
ctgtttgtct
atgtacttga
cctttagtta
ggccggceggg
gtatcctttc
tggtgacact
tcggtagttt
ccctgggetyg
ccaagtgtgce
tgagagatga
agaccactgc
tagagacgca
tcgtccctea
aagtagttgg
ggaaacccaa
cacctaaatc
gaaaatatgt
cacactgcag
tgcaagagag
agcgtcaatc
tggtttctag
ttcctcecctga
tacaaaacga
gacagacatc
tacctgatct
acttgctttc
atggtcatag
tgaaggaaca
cccatagtta
aagtgatgga
tcagtcaaac
cattggatcc
actttaacca
atgccccata
caaatggagt
aaaatgtggc
tagcccgtga
atatggttaa
catgcaggga
cacaattacc
gttgccaact
tgcataagca
ctgatgtgct
atgcatcgac
acattattag
ataaccatca
aagtaggacg
caaggaaggg
tgcaaaatga
gagcagttaa
attctttaga
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tctecctttee
caaccctagc
gtceggctge
ggcggcegtte
gatccggcga
gcgaggtata
atttcccect
attcactgaa
gtaattttta
tttcgatgge
ggggggaatt
attttatatt
tgtttacatg
gggaagttgt
tatatttttt
atatttattt
tttttetttt
tgtctcactc
atatttgttc
tcttatttta
tgctectgag
agtagtgaaa
cgatctatat
gactagaact
taatggtact
aagtagtgct
gaagaaaaag
tgctactcca
ccgcaagaag
atctgagctg
tacacaatct
aataccttct
caccagctca
taacatgcca
acatgctaaa
aggtaaaaat
caacagttca
atcctcacaa
gatgccagaa
tttgaatcat
caggttggcg
aaatttgagt
tggagctgca
tagaagagag
acaaaataat
tttttcagaa
cgtgggacat
ctcagcaatc
gaaatcacga
cagatcagaa
gtctattgaa
tagtatgcca
tcagteotttyg
agtaacttca
cggcagaaga
atgtaaggac
gcctcecctgtce
agtcaaggtt
tcccagaaaa
aaaagttgtt
gagtacttca
agcaaataga
tattgttatt
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tcacttttcc

tcgectcetac

gcggagcecg
ggcgttcgge
aagaggctgce
ctcggttgtt
cgggcgagcec
attaccgecgce
gtgaattcat
tcgectgagg
tcacctaatg
atctagaaga
ggtttaggaa
aggtgcacgt
gcgcaagagg
gtgtaaagga
cttttgtttt
attatttggt
ttacgcattc
taggtggatg
ttgaaattgc
ggaaatatgc
ttctccagta
tctgcagttg
gggcttgttg
ggaccaactg
cacaggccaa
ataccttcaa
acatctccag
aagtcagtta
ggatctcaag
accatccaaa
attcacactt
aatggagtat
tttgtggaca
tctttgctag
atcagtcaga
gcttctgtaa
aatccaatta
gttcctcacg
caaaatccca
gaacttgtca
aataggcagc
agtaatgctt
ggatgggcat
cctcacaaaa
ttttctacct
aactcaaacg
gcttcccaaa
atggtccatc
gtacctgaca
aataacccac
gaacatgaca
cctcaagttg
accagtgggg
actctgaaag
aatcctatag
tctgaagaaa
gagttaaaac
ggtggagaac
tgttcttatg
gttggagaaa
caaaagataa

tctectetgac
cctctcectget
gcgagggagg
gcggggggcg
atcagcgccg
ttccecectecag
atcggagcgg
catcttatct
gtgtctacta
ggaaatcggc
attgaatgat
gggtaaaaaa
atattgctta
ggggtcccac
acaaaggcgce
cctagccaag
cataactgtc
atattttgac
ttcattgact
ctgggaggcc
atagccatat
aggattttgg
ttccaatacc
tatcgtcaga
aacgcattag
aatgtattga
aggtgctaaa
cagaaaaggt
gccaacctcc
aacgaagttt
ttcecggtggce
gagattcgca
cagctagtca
tgcttgacct
gtccggcacyg
aaatctatgce
cgcatagcat
gggaaacaca
cacctagtca
caaaagccgce
tcctacctcee
cgacaaatga
ataatattgg
caagtggttc
ctgcaggtgc
gaatgaggac
catctacgga
tttttaccct
gaatgatcag
aacatggcag
aacagttcgg
aaagggaaaa
tggttaaagg
ttattcagag
agcatttaag
ctttaagttyg
ggccatcctc
ccgttacagce
ctggtgagaa
ttgcatcaaa
gtccttatgc
acatttctgg
aggtcttgga

3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200



cataaacaaa
tggagaattt
caaagtggat
gagtgattgt
aatattccaa
tatcatttta
cctcacatta
ttcatcccaa
gaagatcaac
tccttggaaa
ggaccatctt
attgtgaggt
tggctcttge
tgtttcatac
tacagggtga
aggataagga
atggtgcagc
ctaggcgtcec
gtgttgtttc
acatgtctga
gcagaaatat
tgaagaacaa
gtagtaacaa
tacattccte
cgagtgattt
cacaaaccag
aggctgacte
tgtctgagcec
catttgctag
catttgttaa
aaaatggagg
aaacagcgac
ctgaagtact
cttccceccecaa
aaaagaaaac
aagaaagatc
tgaaggaaat
taaaagtaag
tgcatgcatg
ccatactcat
tgggagcatc
ctaaatttat
tcattttgac
tgtaagcaat
cgggataata
tgaaccccct
tatggaaaaa
tttctattat
atttaataat
atttcaatgg
gcaatcaaat
tcacttgatg
aagaccatga
ccaatgtaat
tgtttcttcce
tgtgecgtctt
tttcaagaat
tgatgtaggt
agcccctacc
ggttggcttce
caatgctgga
cattgtgagt

tcagaagacc
ggtcctattg
cttgaccctg
gctgaaggta
gggcgtgttg
aaattgtttt
gtgaatggtc
tatattcatg
acctttactt
ggatcagttg
tccaggtgaa
tatgttgttt
tgcaaaattt
aatttcagaa
gatccttgtt
aggaagtaac
aggagtttat
agtcgttcaa
atcagaaaac
tcatatgttt
gcccaaagcea
gtctaatgaa
cattcaagtg
tatttcatat
ggagcaatca
ttattatcct
tttaagcaac
tacaccaaga
ggaacagtcc
acagcatgga
tgaaaattct
aaccagtaat
acacggagtt
agttccagtc
atatgattgg
ccagaatgct
atctgacaca
tatggcataa
ctattccata
ctttagcaat
gatcttgagt
tttgagcaaa
ctctgcattg
gacaattgga
atgcctatca
acctcgcact
ataattttaa
tcatttgaac
aactatggct
ggacacacct
cagcttgcecce
tttgtcattc
atgtagttta
cctacattat
agggactatc
ttgacactcc
cttcgtttcet
ggatacaaat
cgagtctctt
actaatgctyg
gaacatacag
tttagaaatg

ctgtgacagc
ttccttttga
taactgcttt
tggataagga
attcatttat
cctaacatga
tcaaatcttc
tttgtactcg
ttaggattac
tagattctgt
taatgcctag
ttctgtctga
cctgtaaagc
aatggtgatt
caggaggcca
agtgtggaat
tctaatattt
actggaaacg
tccactattt
tcgagcatgt
acaagaacca
accattgaat
ctcaatggaa
caccagactg
gtatacactg
tcacctcatc
atgttatatg
atcgataact
tcttctgaaa
acatcaaatg
caatcaggat
ctttattctt
tcttccaact
gatggatcaa
gatatgttga
aaggactcaa
attagagagc
aacagtttac
tagatttgct
tcatgttgceca
ggttgcgcta
cattcataat
cttagcaatg
tgtagtgggc
cctgtgagec
gtgtgctctc
ataacccttg
cagcggttga
agaacagatt
gctcgtgtgt
atgtaacatc
aaaaaatagt
tccttetttg
ttgtacctgg
tcttaagcat
atcacatggc
ttatttctgg
gttggtagaa
cagttgcacc
gagagtcata
aaatacctct
cagttaaaaa
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tgaacctcat
ggggaaagtg
aatgtggaag
taaagagaaa
tgctcgaatg
acatgatggce
aatatttact
tactgtccca
ctctatgttt
agtgggagta
agcctatttg
ctatttcctt
cagaagcctc
gttctgggtt
gcaacacagc
tgcttogaag
atgagaatct
ctgtcgaagc
catctcaaaa
tactaaattt
catatacaga
catcagagta
tacaaaatat
gccaagttca
gccttaatag
ctggaattgce
gtatagatag
gttttcaacc
attatctttc
tgcaaggtga
acagccaaca
caaacttatg
tgatagagaa
aagcaaagag
gaaaagaagt
ttgattggga
gaggaatgaa
attgaaagtt
tatttgttgg
ggacttccta
tgtcgattca
gcaattggcc
acaattggat
atggttaata
tgtgacatgc
aaccaactga
attcaaccaa
accagtgaac
agagcaccga
tgcatcaact
aactatctga
tattcaccaa
atcaagtttt
tttttacata
tagaggactt
ttttcctagta
agaagtggag
tatgtgtgag
tgttggagat
ggagtttgat
ggeccgaggtt
ctatatatat
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ggtgctcttg
aaaagaaaac
ttactaatgg
tggctaaatg
catctagttc
ttccatcttg
gtgtacccaa
ttagacttgc
gcaggagatc
tttcttacac
aaaactgtga
ttttttcagc
tgaaaaaccc
gtttggtaat
agcctectttt
ttcttttggg
gccagctaga
ggaagatggg
ttcatcagat
cactgccgaa
acttctacga
tcatggggtt
cggcagtaaa
cctceccagac
agtgcttgat
ctgtaacaat
atcagataag
attaagttca
aaggaatgaa
taatactgtc
ggatgataat
ccaaaaccag
ttctaaagat
gccaagagtt
tctttacagt
aacaataaga
taacatgctg
gacataactc
aattccaagt
aaccgattgg
gataaagcga
cttgggcatt
gtagtgagca
attgaacatg
aaaccttgaa
gcaagtgagg
agcttcataa
cgatggtctt
atacttgcgce
acctaagcca
tcgcgagaag
tgcaatgtca
tatttatatt
taaatacatt
ggacttaaaa
tgtttccttt
attttatctg
gcttggatgg
gtaagtatct
catctgctat
atgcaagctt
aagagcatgt

tcccecttacaa
gctctcgage
gaccagatat
aagaaagaaa
aaggtatttc
tgattgctgce
atcctatttc
attgtgctgt
ggcgttttte
agaatgtttc
cttgacttgce
tctgcattta
gcaaatgtga
tctgtcaagc
atcacaaccg
gatggagtgg
ctgcatgcta
tcactggagg
tatctatttc
gacattggca
atgcaggagce
ccagtctcat
catcagcctt
atagtacatg
tctaatgtta
gaaacacaaa
actacttccc
gagaaaatgt
gctgaagctyg
aggacagagc
gttggatttc
aaagcaaatt
gacaaaaaga
ggggctggta
catggtaata
caagcagagg
gcagaacgga
tagtcatatg
tttggatcaa
tgagagacca
agtaagctaa
ctataatttg
tgggtaataa
tctgtgtttyg
cgttgaacct
gaccttgttg
aagaatatat
gctggtccgg
gatgctaaat
cacaggcatg
gccggagetce
agctcccegta
aaagtgttta
gtaccttttyg
gtgttgagtg
cacaaataat
tatctgttga
gtgccacttc
taaatccact
tgaaggtatc
gatcaacgga
cattatctga

7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
88580
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260
10320
10380
10440
10500
10560
10620
10680
10740
10800
10860
10920



gagtgtataa
ttggaaaggt
atggaccatc
acgcatgccc
caagatgtac
caattggctg
ctaggctaat
tttgtggttg
tagttagaac
tggtgtattt
aggttcgaca
ctccactgtg
agtcttggaa
ctgttcatat
gggggcatgg
tttttatgat
tctggaaccc
gtaagtcagc
atcattgagg
gcaatagagg
gaggacgttta
gctgatatgt
aagctcaaga
gcaaaaccaa
ttctetgttt
gagtaagttc
ttgatgctta
atacctactc
gaaccaaact
tcaatcaact
aagcaataca
gacactgctg
tgctattcaa
gtccaagcta
aaacttatcc
ccatgccgaa
gaggtgaaaa
atatatgcaa
ggtatttgct
gaatcteccct
ttcactaata
ttattgtgtg
tgctttggga
ccttctecge
taaccccatce
tgttgttggg
agatggaatt
gataatagaa
gttaacaatc
catttagatt
caatgggagt
tatatagatt
tgcatcagca
ggctctgata
taattaataa
aggttactat
agcactaatt
aggaccaaat
aaaatatctt
gccgcagaag
taagaatagt
gaagtatgtc
tacaactgat

caggttcttyg
atgagacaac
tgtgttactt
aatgagagct
atattttata
agatcccccee
ttaactggtg
tgaggctata
acgttgttct
ccgatataaa
aatgcagtgg
acctttacac
tgactccatt
tagagtcttg
agatttaatc
atagtgcaag
caatagctgc
ttgagtggaa
agccagcaag
atagttttgt
cacagaacct
caaaggcttt
atgtcagtcg
tctcatgaat
tcaacatata
ataaaacatt
ttttcttaca
tctatatgga
tttttcaatg
gatgcaccta
tgctttagtt
gtaagtagtt
gtttatcatg
taacagttct
cgcagtttgt
cagcaatgag
cagaaagttc
gtttctactt
gatcatgact
aggégaactg
aattttgacc
aagtccatta
catattacga
tcttctgcca
tgccatcatg
aggcactcac
tccagcectgcet
aatatattat
cttttgctat
tgtttgtttt
aggtggggtyg
tgcagcagtg
ccatatgtct
caattactaa
cctecgettge
gttaggaata
catgtattgc
tgtccttact
atattttggg
agagagagag
gccaagtatt
agatcaactg
cccatgtttc

atgatatgta
aactttgata
tccttctagg
gagtgcaagc
tacattctgt
cctecccecceect
cataccacat
ttagtgtgtt
ctacatttta
aaggttgatt
gcctattagt
tttgtacttt
gcgaccttta
gaactgtgtg
caacattcct
gctcgetett
agaaaccttc
ttcaaacacc
cccagaacct
cgatgatcca
gaagagttat
ggtcgctata
cctaaggaca
atttactatt
tgtagctatg
atagaattct
atacacagtt
ccceccaggtaa
gttacttata
agtcggtctg
gcaacagtat
gtttctgtaa

tcacgaata
gattcactgg
tgacaatctg
aggaagcttt
ttaaagttga
tctagtatct
caagccggaa
tttactttgg
aagaatagga
tgtgattgta
gcagcttttg
cccaagtccg
catcatcctg
gctgcttgct
gtcttttaca
aatattgtca
agggaatatt
tctaataata
gcagattcac
gttgcttgat
acgctcctga
tgtcctatat
gcttttgtcece
gctgggttta
tgtcagcagt
atctactccc
atggagggag
agagagaaga
tgccaacaaa
aaaatttgat
tatcgcaggt
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ggtatgagct
aagtgaattc
tattttgtac
actttgcaag
gaaatcacgg
cccatccettt
ttatgttatt
gtatgtaact
ataaatactt
gttgccgagg
ttaagagtga
tgaagaaaca
cgctttgtat
tgtgtgtgtt
ggatgacctt
cctggacctg
caccagacat
tgtcaccatg
gaacatgaga
gaagaaatcc
atgcaagcaa
actcctgaag
gagcaccaag
gactatcatg
aactgccaga
gtactttcct
caaccaaaga
gaagtgcata
attgttgaaa
caattcacaa
aagagaagcg
catatgctca
gtgataaagc
ttgggcacca
tttttetttg
ccacttaatg
tcttagttta
cttttattag
cccgattgat
aacttcaatt
tttttggcag
ataatttgaa
cttgcaaaga
tccaataccc
ctaacaactg
atagtttagg
taactagcta
aataaattaa
gaccttaatt
ataagttcaa
tgccaccacc
ctgtgatttg
cccaacatgce
ccaaaacaac
tcacttgcectc
tgaaacggtt
gatttgagtt
tccgteccaa
tactatacta
g9999tgggyg
tgaggcggtc
tgggaaatta
ttgacaactg
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tcactatcaa
aacccaatta
aaaaagtaag
tgcatttgcc
tgatgattgt
tcctggtcect
ttgatacatc
cagttttgca
tttgactgga
gatttcaatt
aagttctatc
gactaacctg
tttagaagaa
tttttttttt
atattggtaa
aagagaagag
atataagttc
gtatgaacaa
cagaagagat
ctactatcaa
ataacattga
ttgcttctat
tgtatgatct
tgttttgctg
ttcacatcca
tatcaccaac
gaaccagatg
aacagaacac
tatgcaacag
gagaatggtg
caggcccaaa
gttgcccttg
tgctatctgt
gctagggaat
ttoaaaatta
ggacatattt
attattataa
tgttcaaatg
gttccaagga
ccgacaatat
cgccaaatgt
tcaccaagag
aaccagattc
ctcattgagc
cttccaccat
ttttetttgt
aatgtccgceg
atatgtttta
tgattttata
gggctaatgt
actaccttct
aaatgtcaag
aaccaatgca
tataggccta
catgtaaaag
caactctcaa
ccagatcatg
aatataaggt
cggacccacc
gtgggggtgt
aaatgtgtca
ttattcatgce
aagaaataca

atgataactt
ctgtgttttg
cccaattgca
aggtaattct
taggtatgaa
acaagttctc
aaagattatg
attgtagttt
catcaatgac
cggtccgaat
agctgtttga
ctcatattaa
acagactaac
£tgggggggg
tgatatggtt
tttagttaca
taggcctgta
tcgccageca
gaaagagrtgt
gcttaatttt
gattgaagat
cccaactcct
tgtccctcett
cattgcttac
cttcttgaag
tgagaatata
atccttgccce
aatatcatgg
gtgaaacagc
aactatgtgc
aagttcgagg
gttceagatg
cctagctatt
aggatgtaaa
aaaatagata
tcaagtcaat
taccattaaa
ttatgcggca
gttggatatg
ttaaaggtat
gccactatct
gactaaggcc
tggtgccgcea
gcttggatcc
tgcctgtttce
gtcctgattt
ctttgctatg
tacgaaatgt
tgtggctatc
acaaaattga
tttaaagggg
tacacgctca
attgagggtt
tgaccaaaca
ggttaacccg
ctcctcatat
ctcataagat
atttccggtce
accaaatagt
atgggtgaaa
catcaattgg
aacaaagctg
acattgcttt

10980
11040
11100
11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12180
12240
12300
12360
12420
12480
12540
12600
12660
12720
12780
12840
12900
12960
13020
13080
132140
13200
13260
13320
13380
13440
13500
13560
13620
13680
13740
13800
13860
13920
13980
14040
14100
14160
14220
14280
14340
14400
14460
14520
14580
14640
14700



tggagaggta
agtgtatagg
gagcatgtct
ccatttcagce
ttgtcttctyg
ggtataggac
tttcaaatga
ttgtcacacc
agaagtatct
ataccctcaa
tcatatggag
tatccatagyg
caatataaga
ttttgaaatt
caacttttcg
acgcaaaaac
ttgtccaaga
taacttttte
cactgtatgce
gttctgetece
ggaggtacat
tgccgtagge
ccactgacga
tgcttyggttag
catgtccggce
catagtgaaaa
atgtcaaatt
tacttytgag
cgtcaqgcatt
taagcgtatt
ttoggttgtt
tggaaagttyg
agaaagtagt
acttctaaat
ttatatctcet
ttrttttgga
tgaagacgtg

10
35
ADN

<210>
<211>
<212>
<213>
<40C> 10
caatgaggta

oY

FANAN
NN
b
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v
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o

N
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s
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o

A
QoIS DN DS

L O
O w N

Q
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w
Q
o
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o

<210>
<211> 152
<21.2> DRT
<213>

<400> 12

atcatttttt
tactatgttt
ctattctacc
tgatagctac
aatgtatctt
aataaaatca
caattataaa
ctagtccaca
tcataggaat
aatctctaga
ggttttctta
cattgttggc
gattttgagt
attatttatt
ttttttatat
tcaaaatccc
tgtcagtaac
aggatttgtg
aagactccac
aggaagagat
atgatctgcc
aattcaatta
artcotggtyg
ttgcaagcaa
ggctcagcegy
gtttagccatt
aatcatcaat
ctgcaggcca
tacctgaaat
ttaagttcga
tagcatgtca
atgcttaaca
atttcttceg
tactttagaa
ctagtttatt
attgaaatca
ttaaacgggt

Oryza sativa

tttgctgatc

Oryza sativa

ot
Ie)
o}
n\
o
it

Q
=t
il
o

Oryza sativa

tttgtatgta
actgacaaqgg
agtattatta
tctccagtca
actcttggat
tgggaagtat
tatcttaaaa
gcgacaagaa
cggaataaaa
gaggattgcg
aaggaggtac
agaaagctge
ttttgettge
ttatttgtga
ttgcaaaaaa
ttatattgtg
attttcttte
tgcgtgagag
tttccagcecaa
gatgaatagy
agaagatcac
tttctggcca
ctggtattct
ttcttatgey
ctctaactgt
caaaatggtc
tatttgattt
gcaatgtcat
acccttecte
tatgaaaatt
taaggtcgat
gatgcgacta
tctcaaaata
gttaggtata
ttttatttta
tttggttgtyg
cctta

atgactcaag

tgcggcaggt

39377

cgttttggtt
ataataatag
ctcataataa
aaatatttgc
cattaatatt
ttattttcat
atatattgtt
tttgtgtcta
tgccaatgtg
taaatatgta
aagacttatc
ttagggtaga
aacgtttgac
cttactttat
aattgtataa
ggacggaggq
agggatgtgg
gctttgatag
gcaaaattac
ccatctggaa
tgacctgaaa
tatacatctg
tcggcaacat
gtgacagttyg
actttcatat
attcatgttg
gattcattca
aatgtatgtce
tgtccataaa
actttgatgt
attaaattac
gcagtaagca

tgctataag
tagtgaagtt
tgagagcact
cttcagttct

ccgga

tccataacaa
tagcaagtat
ctagtatatc
catctctatt
tcatttigte
caccaatcta
agttgtcctyg
caggctagag
aatgaacaag
ggtgtaatta
aatatgggta
atgctactcc
cactcggctt
tattcacagt
gacgagtggt
agtacttatg
atttttactt
gacatcaaga
caggaataaa
aaccagaaag
tggatcgetg
ctgaaagtta
gatccatcat
ctgctgatag
cagtggaacc
ttaggtcatt
caagtttaat
gggaaaaggt
tacaagdggat
tccgaagggce
tttcatgccce
ataaatgtct
ctctgtttgt
gtggaactat
tcaattcatt
adaaaatgtg

agagagatga
ataggcagag
cttttttotg
gaacttttca
acgatatagt
ctcatataat
tataaaataa
tgagtactct
gatatcaagt
aacaattgtt
aagtagtttt
ctccgtcecca
attcaaaaat
actttaagta
caaacgttgt
gatgcctttt
cttttttccc
gcacccagac
aaztctgcaqg
gaaataaaga
accaataagt
tgaactccag
acagattcta
ggagaaasgg
gattgttgta
catgtagtcg
tggctctaga
agatataaat
tttgggttgt
ttattttgtc
ttaggagttt
agatggattg
tagggttcta
ttaaatatag
ccactctttt
gagctagagt

atttgcpgaﬁ catgactcaa gccgga

Cys Asn Ser Gln Glu Asn Gly Glu Leu Cys Ala Ser Asn Thr Cys Phe

“
il

Ser Cys Asn

5

10

15

Ser Ile Arg Glu Ala Gln Ala Gln Lys Val Arg Gly Thr

20

25

-159-

30

14760
14820
14880
14940
15000
15060
15120
15180
15240
15300
15360
15420
15480
15540
15600
15660
15720
15780
15840
15900
15960
16020
16080
16140
16200
16260
16320
16360
16440
165C0
16560
16620
16680
16740
16800
16860
16885

w
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Leu

Gly

Arg

65

Thr

Ser
145

Thr
50

Asn

g Thr

Thr

Gly

His E

130

Ala

<210>
<211>
<212>

<213

>

<400>

Cys
:

Ser

Leu

Pro

Pro

Arg
145

Asn

Cys

Leu

Thr

50

Ala

Thr

Arg

Arg
130

<210>

<211

>

<212>
<213>

Tyr
Pro
Val

Glu

Pro

13
159
PRT

Pro

Phe

Ile

Tyr

Glu
100

Gly

Cys

Gln

Asp

Phe
85

Oryza sativa

13

Ser

Tyr

Asp

Gly
115

Pro

Lys

14

]
PRT

Gln

Ser

20

Pro

Phe

His

Asn

Phe

100

Phe

Leu

Lys

Glu

Cys

Gln

Asp

Leu

85

Lys

Val

Tyr

Oryza sativa

Arg

Val

Val
70

Ser L

Asp
150

Asn

Arg

Arg

Val

Ser

70

Pro

Gly

Cys

Ala

Ala
150

Thr

Asn

55

Pro

Thr

His

Ser

Thr

Asn

55

Ser

Arg

Leu

Val

Arg

135

Gly

Glu
Arg
Ser
Cys
Arg
120

Ile

Glu

Glu
Ala
Ala
40

Glu
Arg
Arg
Thr
Arg

120

Ser

Val

Ser

Ile

Phe

105

Ala

Thr

Leu

Gln
25

Me

o

Asn
Thr
Thr
105
Gly

His

Ala

-160-

Phe
Trp
Pro
90

Trp

Pro

Arg

Cys
10

Ala
Arg
Ser
Pro
Val
90

Glu
Phe

Phe

Pro

Gly

Ala

Ile

75

Thr

Arg

Arg

Asn

Ala

Gln

Gly

Asn

Ile

75

Tyr

Glu

Asp

Pro

Gly
155

Ser

Asp

60

Trp

Ile

Gly

Pro

Lys
140

Lys

Ser

Val

60

Asp

Phe

Ile

Arg

Ala

140

Arg

Phe

45

His

Asn

Phe

Phe

Leu

125

Lys

Asn

Val

Phe

45

Met

val

Gly

Gln

Thr

125

Ser

Asp

Asp S5

Leu

Lys

val C

110

Tyr

Ser

Thr
Arg
30

Pro
Arg
Pro
Thr
His
110
Ser

Lys

Asp

Leu

Pro

Gly

95

Ala

Ala

Cys

15

Gly

Leu

Gln

Arg

Cys

Arg

Ile

Glu

Asn

Ser

Arg

80

Leu

val

Arg

[0}
—
<

Phe

Thr

Asn

Val

Ser

80

Ile

Phe

Ala

Thr



<400> 14

Cys Ser Asn Val Met Arg Gln
1 5

<210> 15

<211> 19

<212> ADN

<213> Trinh ty nhadn tao

<220>

<223> doan mdi oligonucleotit
<400> 15

tgagtagttg cgttgttct

<210> 16
<211> 18
<212> ADN

<213> Trinh ty nhédn tao

<220>

<223> doan mdéi oligonucleotit
<400> 16

tcttagtgag ccgtttet

<210> 17
<211> 18
<212> ADN

<213> Trinh tu nhén tao

<220>

<223> doan mdi oligonucleotit
<400> 17

ccttctgtge tatgggtt

<210> 18

<211> 18

<212> ADN

<213> Trinh tuy nhén tao

<220>

<223> doan mdi oligonucleotit
<400> 18

catgccaaga caccactt

<210> 19
<211> 18
<212> ADN

<213> Trinh ty nhan tao

<220>

<223> doan mdi oligonucleotit
<400> 19

tggctttgga aacggtag

<210> 20
<211> 19
<212> ADN

<213> Trinh ty nhan tao

<220>

<223> doan mdi oligonucleotit
<400> 20

tttagaggga tgtgcgtca

<210> 21
<211> 18
<212> ADN

<213> Trinh ty nhé&n tao
<220>

39377
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19

18

18

18

18

19



<223> doan mdéi oligonucleotit
<400> 21
aaacaacgat ccagcaaa

<210> 22
<211> 19
<212> ADN

<213> Trinh tuy nhan tao

<220>

<223> doan mdéi oligonucleotit
<400> 22

ttggcaccgt attactttc

<210> 23

<211> 24

<212> ADN

<213> Trinh ty nhadn tao

<220>

<223> doan mdi oligonucleotit
<4Q00> 23

acgcattctt cattgactgt atgt

<210> 24

<211> 24

<212> ADN

<213> Trinh ty nhén tao

<220>

<223> doan mdi oligonucleotit
<400> 24

gccctttcaa tacaatgact aggt

<210> 25

<211> 24

<212> ADN

<213>» Trinh tu nhan tao

<220>

<223> doan méi oligonucleotit
<400> 25

gaacatttga atcatgttcc tcac

<210> 26
<211> 24
<212> ADN

<213> Trinh ty nhé&n tao

<220>

<223> doan mdi oligonucleotit
<400> 26

actatccttt gatgcaagtt ctcc

<210> 27
<211> 24
<212> ADN

<213> Trinh tu nhan tao

<220>

<223> doan méi oligonucleotit
<400> 27

gttggaagag cagttaaagc aaat

<210> 28

<211> 24

<212> ADN

<213> Trinh tu nhan tao
<220>

39377
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18

19

24

24

24

24

24



<223> doan mdi oligonucleotit
<400> 28
cttcggcagt gaaatttagt aaca

<210> 29

<211> 24

<212> ADN

<213>» Trinh tu nhén tao
<220>

<223> doan mdi oligonucleotit
<400> 29
tacagaactt ctacgaatgc agga

<Z213>» 30

<z11l> 24

<212> ADN

<213> Trinh ty nhdn tao
<220>

<223> doan mdi oligonucleotit
<400> 30
gcaacatgaa ttgctaaaga tgag

<210> 31

<211> 35

<212> ADN

<213>» Trinh ty nhan tao

<220>

<223> doar mbéi oligonucleotit
<400> 31

ctatacctcc tcaactccecgg tcaccgtctce
<210> 32

<211> 35

<212> ADN

<213> Trinh ty nhan tao

<220»

<222> doan mdi oligonucleotit
<220>

<221> C

<222> (1lB)..(1l8)

<223> 5-metylxytosin

<400> 32

ctatacctce tcaactccgg tcaccgtcecte
<214> 133

<211> 35

o

<212> ADN
<213> Trinh tyu nhan tao

<220>

<223> doan mdi oligonucleotit

<220>

<z21> C

<222> (17)..(17)
<223> 5S-retylxytosin
<400> 33

ctatacctece tcaactccgg tcaccgtctce
<Z10> 24

<211> 35

<212> ADN

<213> Trinh ty nhdn tac

39377

cggcg

cggcg

cggcg
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24

24

24

35

35

35



<220>
<223>
<220>
<221>
L222>
<223>
<400>

ctatacctcc tcaactccgg tcaccgtcte cggceg

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<400>

39377

doan mdi oligonucleotit

C

(22)..(22)
5-metylxytosin
34

35

34

ADN

Trinh ty nhén tao

doan mdéi oligonucleotit

g

(18)..(18)

vi tri abasic
35

ctatacctcc tcaactcggt caccgtctcc ggcg

<210>
<211>
212>
<213>
<220>
<223>

<220>
<221>
222>
<223>
<400>

36

34

ADN

Trinh ty nhédn tao

doan méi oligonucleotit

C

(17)..(17)

vi tri abasic
36

ctatacctcc tcaactcggt caccgtctcc ggcg

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
222>
<223>
<400>

37

34

ADN

Trinh tuyu nhén tao

doan méi oligonucleotit

T

(15) ..(15)

vi tri abasic
37

ctatacctcc tcaatccggt caccgtctcc ggceg

<210>
<211>
<212>
<213>
<220>

<223>

<220>
<221>
<222>
<223>

38

34

ADN

Trinh ty nhé&n tao

doan mdi oligonucleotit
A

(12)..(12)
vi tri abasic

-164-
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34

34

34



<400>

39377

38

ctatacctcc taactccggt caccgtctcc ggcg

<210>
<211>
<212>
<213>
<220>
<223>
<400>

39
35
ADN
Trinh ty nhé&n tao

doan mdi oligonucleotit
39

ctatacctcec tcaactctgg tcaccgtctce cggceg

<210>
<211>
<212>
<213>
<220>
<223>
<400>

40

35

ADN

Trinh ty nh&n tao

doan mdi oligonucleotit
40

cgccggagac ggtgaccgga gttgaggagg tatag

<210>
<211>
<212>
<213>
<220>
<223>

<220>
<221>
<222>
<223>
<400>

41

35

ADN

Trinh tw nhén tao

doan mdéi oligonucleotit

cC

(17)..(17)
S5-metylxytosin
41

cgccggagac ggtgaccgga gttgaggagg tatag

<210>
<211>
<212>
<213>
<220>
<223>
<400>

42

31

ADN

Trinh ty nhé&n tao

doan mdi oligonucleotit
42

ttaatctaga atgcagagca ttatggactc g

<210>
<211>
<212>
<213>
<220>
<223>
<400>

43

34

ADN

Trinh ty nhén tao

doan mdi oligonucleotit
43

cggtcgactt aggttttgtt gttcttcaat ttgc

34

35

35

35

31

34

<210> 44

<211> 22

<212> PRT

<213> Trinh tuy nhan tao

<220>

<223> Motif

<400> 44

Asp His Gly Ser Ile Asp Leu Glu Trp Leu Arg Asp His Gly Ser Ile
1 "5 10 15

-165-



39377

Asp Leu Glu Trp Leu Arg

20
<210> 45
<211> 17
<212> PRT
<213> Trinh ty nhé&n tao
<220>
<223> Motif
<400> 45
Gly Leu Gly Leu Lys Ser Val Glu Cys Val Arg Leu Leu Thr Leu His
1 5 10 15
His
<210»> 46
<2il> 11
<212> PRT
<213> Trinh ty nhén tao
<220>
<223> Motif
<400> 46
Ala Phe Pro Val Asp Thr Asn Val Gly Arg Ile
1 5 10
<210> 47
<211>» Z1
<212> PRT
<213>» Trirh ty nhén tao
<220>
<223> Motif
<400> 47
val Arg Leu Gly Trp Val Pro Leu Gln Pro Leu Pro Glu Ser Leu Gln
1 5 10 15

Leu His Leu Leu Glu

20
<210> 48
<211> 22
<212> PRT
<213> Trinh ty nhan tao
<220>
<223> Motif
<400> 48
Glu Leu His Tyr Gln Met Ile Thr Phe Gly Lys Val Phe Cys Thr Lys
1 5 10 15
Ser Lys Pro Asn Cys Asn
20
<210> 49
<211> 14
<212>  PRT
<213> Trinh ty nhé&n tao
<220>
<223> Motif
<400> 49
His Phe Ala Ser Ala Phe Ala Ser Ala Arg Leu Ala Leu Pro
1 5 10
<210> 50

-166-



<211>
<212>
<213>
<4002
Met Glu Lys Gln

Gly A

Leu
65

Glu

100

Thr

Glu A

Arg
195

Asp
Leu

225

Pro

Leu
305

Pro

Glu

Ser

Lys

Ser

Val

Ile !

210

Asp

- Thr

Ala

-~ Gly

290

3
G
=

1393
PRT

Arabidopsis thaliana

50

Gln

Asp
35

Leu

Thr
20
Gln

Asp

Ala

Thr L

Leu

Lys

Ala

Leu

Pro

Ala
275

lle

> Pro

r Asp

Val
Ala
180

Asp

Glu

Gln

Pro

Arg
5

Pro
Tyr
Met

Asn

Asn

Glu
165
Val
Phe
Ala
Asn
Arg
245
Gly

Arg

Tyr

Arg

Met

Ser

Thr
70

Thr
90

Val
105
Lys

Arg

Glu
Glu
200

Gly

Gln

230

Lys

Ser

Arg

Glu

Lys

Ser

Ser

Arg

Glu
135

n Glu

Ser

Ala

Glu

215

Arg

Asn

Gln

Glu

295

Gln

Glu

Pro

Ser

40

Leu

w
[¢)]
=

vVal
Asn
Lys
120
Fro

Ser

Lys

wn
D
[

Glu
Met
Leu
Ser
Leu
Gly

280

Gln

39377

Ser
Phe
25

Gln

Asp

Leu

Asn

Thr
185

Asn

Lys
Gln
Glu
265

Pro

Ser

10

Ser

Leu

His

Ile

Gln

val

His

Pro

Thr

Gln

170

Arg

Ser

Asp

Gly

250

Thr

Asp

Gly

Phe

Pro

Glu

Leu

Phe
75

Lys
95

Ala
110

Arg

Arg

Pro
155

Asp

Pro

Glu

205

Ala

Cys

235

Lys

Val

Cys

Met
315

Gln

Ile

Glu

Ser

60

Ser

Gly

Glu

Pro

Lys
Asn
Leu
220
Leu
Arg
Asp
Cys
Gln

300

Arg

Gln

Cys

Arg

45

Phe

Gly

Gln

Lys

125

Pro

Arg

Thr

Arg

Gln

Gln

Leu
Lys
I;e
Asp
285

Lys

Tyr

Pro
Pro
30

Arg
Gly

Gln

Glu

Val
Arg
Lys
Pro
Leu

190

Thr

Ser
Gly
Ser
270
Met

Met

Asp

Pro T

15

Tyr

Phe

Asp

Thr

Glu

Leu

Arg

Lys

Tyr

val

175

Cys

Asn

Lys

b2
o
o))

Val
255
Met

Asn

Ala

Thr

Val

Leu

Pro

80

Val

Lys

Arg

Ser

Arg

Gly

Gln

Fro

240

Gln

Ala

Leu

Ile
320



Cys
His
Leu

355

Ser
370

Lys
385

Leu

Gln

Lys

Leu
450

Leu
485

Pro

Ala
515

Ile
Lys
595

Val
610

Phe
625

Ser

Ala

Thr

Thr

Val

Gln

Lys

Pro

p Glu

Tyr

Ile

Asp

Ile

Trp

Ala

Gly

Ser

Pro

Met

Lys
Thr
val
Leu
Thr

Glu

Leu
Leu
Thr
Val
Leu

Asn

Ar

Ser

Val

Pro

Val

Cys

340

Glu

Asn

Gly

Val

Asn

420

Thr

Leu

Trp

Leu

Met

500

Asp

Ser

Glu

His

Pro

Ser

Phe
325

Tyr

Val

His

Pro

405

Lys

Lys

Cys

Lys

Asn

Glu
565
His
val
Leu

Phe

Ile
645

Ser

Arg
360

Leu
375

Ala
390

Glu

Ile

Ser

Arg

455

Arg
470

Ile
490

Ser
Thr
520

Glu
535

Gly
550

Leu
Asp
600

Ser
615

Val
630

Gln

Gly

Ser

Arg

Ser

Arg

His

Leu

Glu

Phe

Arg

Asn

Gln

Pro

Thr

Val

Asn

Val

Ser

Pro

Ile

Gln

Thr

Glu

Asp

Phe

Leu

Val

Lys

440

Pro

Asn

Arg

Ile

Val

Asp

Asp

vVal

Gln

Val

Ser

Ser

Thr

39377

Gln
Ser
345

Gly

Lys

Pro

Ser

Glu

vVal

505

Lys

Arg

Gly

Phe

Gly

585

Val

Ala

Ser

Tyr

-168-

His

330

Gln

Ile

Ile

Asn

Ser

410

Thr

Gln

Ser

Ile

His

Leu

Lys

Val

Ser

Arg

570

Asp

Gly

Phe

Asn

Leu
650

Asn

Leu

Phe

365

Asp
380

Leu
395

Gly

Arg

Phe
460

Glu
475

Ser
495

Phe
Pro
525

Trp
540

Asp
555

Gly

Arg

Val

605

Met
620

Phe
635

Asp

Tyr

Ser

Gln

Thr

Ser

Tyr

Val

Lys

Thr

Thr

Glu

Gly

Arg

Lys

Glu

Arg

Arg

Phe

Ser

Asp

Ser

Val

Ala

Gly

Pro

Ser

Cys

Thr

Gln

445

Gly

Ile

Gly

Pro

Leu

Gln

Ala

Phe

Leu

Leu

Ala

Glu

Ser
Asn
350
Arg
Ile
Met
Ser
Val
430
Leu
Ser
Ala
Gly
510

Arg

Leu

Asp
Thr
590
Thr
Ala

Gly

Glu

Ala

335

Arg

Gln

Lys

Asn

Lys

415

Ser

Asn

Ser

Glu

Leu

Ala

Pro

Leu

Ala

Ser

575

Pro

Gln

Ser

Thr

Thr
655

Phe

val

Glu

Lys

Lys

400

Pro

Lys

Leu

Pro

Leu

480

Val

Gly

Lys

Glu

Lys

560

Phe

Asn

Gln

Ser

640

Met



Ser
Gln
Ser

Thr
705

Glu
Ser

Pro
755

Gly

Ser
785

Cys
805
Asp
Val
Glu

865

Asp

Ile
Leu

Leu
945

Leu
965

Ser

Pro

Ser

690

Asp

Val

Glu

Gln

Glu

770

Leu

Ser

Val

Leu

850

Ala

Thr

Glu

Gln

Glu

930

Ser

Thr

Ala

Pro

Asp

675

Ser

Ser

Asp

Asp

Tyr

Glu

Ser

- Val

Leu

835

Lys

Gln

Val

Thr

Gly

915

Trp

Phe

Leu

Val

Pro

660

Glu

Glu

Lys

Lys

Ser

740

Thr

Asp

820

Ser

Glu

Ala

Asp

Ile

900

Phe

Leu

Asn

His

Ar
980

Asp

Glu

Ile

Glu

Thr

725

Ala

Thr

Ile

Ser

Cys

Glu

Arg

Trp

885

Lys

Leu

Arg

Gly

His

Leu

His

Lys

Ala

Tyr

710

Asp

Leu

Arg

760

Ser

- Asn

790

Lys
810

Ser

Gln

Lys

Ala

870

Lys

Ser

Asp

Asp

Leu

950

Leu
970

Gly

Asn

Asp

Ile

695

Val

Glu

Thr

Ala

Phe

775

Gln

Gly

Glu

Lys

Lys

855

Gly

Ala

Arg

Arg

Val

935

Gly

Trp

His
Tyr
680

Ser

Cys

Gly

Met

Val

Phe

Pro

Pro

840

Ala

Ile

Ile

Gly

Leu

920

Pro

Leu

Phe

val

39377

Ser

665

Val

Ala

Ser

Cys

Gln

745

Ser

Lys

Ser

Gln

Gly

825

Thr

Phe

Arg

Arg

Met

905

Val

Pro

Lys

Pro

Pro
985

Ser

Pro

His

Asp

Arg

730

His

Ser

Leu

Pro

Ser

Cys

Leu

Asp

Glu

Ala

890

Asn

Asp

Ser

Val

Val

Ser

Glu

Arg
715

Val

Ser
765

Leu

Asn
795

Met
815

Cys
Lys
T:p
Lys
875
Ala
His
Asp
Lys
Val

955

Asp
975

Gln

Thr

Asn

Ser

700

Lys

Leu

Met

Glu

Gln

780

Met

Lys

Ser

Glu

Asp

860

Thr

Asp

Lys

His

Ala

940

Glu

Thr

Pro

Leu

Glu

685

val

Gly

Asn

Val

Ile

Gly

Ser

Glu

Gln

Lys

845

Cys

Arg

Val

Leu

Gly

925

Lys

Cys

Asn

Leu

Lys

670

Thr

Asp

Ser

Leu

Ser

750

Asp

vVal

Pro

Gln

830

Gly

Leu

Ser

Lys

Ala

910

Ser

Glu

val

val

Pro
990

Asn T

0
()
[

Lys
Ser
Phe
735
Asp

Leu

Gln

Asp

Lys

Arg

Thr

Glu

895

Glu

Ile

Tyr

Arg

Gly 2

Glu

Thr

Val

720

Pro

Ala

Glu

Val

Asp

800

Lys

Gly

Arg

Met

880

Val

Arg

Asp

Leu

Leu

960

Ser



39377

Leu Gln Leu His Leu Leu Glu Met Tyr Pro Met Leu Glu Ser Ile Gln
995 1000 1005

Lys Tyr Leu Trp Pro Arg Leu Cys Lys Leu Asp Gln Lys Thr Leu
1010 1015 1020

Tyr Glu Leu His Tyr Gln Met TIle Thr Phe Gly Lys Val Phe Cys
1025 1030 1035

Thr Lys Ser Lys Pro Asn Cys Asn Ala Cys Pro Met Lys Gly Glu
104¢0C 1045 1050

Cys Arg His Phe Ala Ser Ala Phe Ala Ser Ala Arg Leu Ala Leu
1055 1060 1065

Pro Ser Thr Glu Lys Gly Met Gly Thr Pro Asp Lys Asn Pro Leu
1070 1075 1080

Pro Leu His Leu Pro Glu Pro Phe Gln Arg Glu Gln. Gly Ser Glu
1085 1090 1095

Val Val Gln His Ser Glu Pro Ala Lys Lys Val Thr Cys Cys Glu
1100 1105 1110

Pro Ile Ile Glu Glu Pro Ala Ser Pro Glu Pro Glu Thr Ala Glu
1115 1120 1125

Val Ser Ile Ala Asp Ile Glu Glu Ala Phe Phe Glu Asp Pro Glu
1130 . 1135 1140

Glu Ile Pro Thr Ile Arg Leu Asn Met Asp Ala Phe Thr Ser Asn
1145 1150 1155

Leu Lys Lys Ile Met Glu His Asn Lys Glu Leu Gln Asp Gly Asn
1160 ‘ 1165 1170

Met Ser Ser Ala Leu Val Ala Leu Thr Ala Glu Thr Ala Ser Leu
1175 1180 1185

Pro Met Pro Lys Leu Lys Asn Ile Ser Gln Leu Arg Thr Glu His
1190 1195 1200

Arg Val Tyr Glu Leu Pro Asp Glu His Pro Leu Leu Ala Gln Leu
1205 ' 1210 1215

Glu Lys Arg Glu Pro Asp Asp Pro Cys Ser Tyr Leu Leu Ala Ile
1220 1225 1230

Trp Thr Pro Gly Glu Thr Ala Asp Ser Ile Gln Pro Ser Val Ser
) 1235 1240 1245

Thr Cys Ile Phe Gln Ala Asn Gly Met Leu Cys AsD Glu Glu Thr
1250 © 1255 1260

Cys Phe Ser Cys Asn Ser Ile Lys Glu Thr Arg Ser Gln Ile Val
1265 1270 1275

Arg Gly Thr Ile Leu Ile Pro Cys Arg Thr Ala Met Arg Gly Ser

1280 1285 1290
Phe Pro Leu Asn Gly Thr Tyr Phe Gln Val Asn Glu Val Phe Ala
1295 1300 1305

-170-



Tle Tr
1325

Pro Thr
1340

Phe Trp
1355

Ala

Glu

Ile

Lys

Pro

Lys

Leu

Phe

Gly

Lys

Gly

Pro

Lys

Tyr

Pro

Gln

Leu Asn

Arg Arg

Gly Leu

Val Cys

Leu Ile

1375

Gln Ala
1390

Pro

Thr

Ser

Val

Ala

Asn

39377

Val

Thr

Arg

Arg

Leu

Asn

Tyr

Glu

Leu

Ala

-171-

Val

Phe

Lys

Phe

His
1380

Arg

Thr

Gln

Arg

Pro

Glu

Ser

Ala

Lys

Ala

Leu

Val

Cys

Thr

Ser





