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(57) Séang ché dé cap dén phuong phap san xuét thé bién nap lap thé bao gdm cac budc
sau; budc (a), trong d6 vecto duge chén vao md seo non ctia ¢6 ké My bang phuong phap
béan hat; va budc (b) trong d6 mo6 seo non cua co ké My sau budce (a) duge nudi cay trong
moi truong chira nito nitrit & nong d6 trc ché sinh trudng té bao thyc vat thé dai hodc nong
d6 trc ché tai sinh thuc vat thé dai, va thé bién nap lap thé thu dugc bang cach cheén gen
nitrit reductaza vao bd gen lap thé duoc sang loc, trong d6 vecto niy 1a vecto trong d6
vung trnl cta trinh ty tai to hop tuong déng bo gen lap thé ¢6 trinh ty nhu néu trong SEQ
ID NO.3, vung khoi dau rrn va trinh tu diéu khién dich ma T7gl10 duoc lién két v6i doan
nam sau cia no, gen chi thi chon loc, ving két thiic psbA, vung khoi dau psbA, vi tri da
tach dong, ving két thuc rps16, va ving trnA cia trinh ty tai t6 hop twong dong bo gen lap
thé c6 trinh tu nhu néu trong SEQ ID NO.4 duoc bd tri tir ddu 5° dén dau 3’ trong vecto
nay, va gen chi thi chon loc 13 polynucleotit ma héa gen nitrit reductaza c6 nguon goc tir
giong lta co trinh ty nhu néu trong SEQ ID NO.2.
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Linh vwe k¥ thuét dwoc dé cip

Sang ché dé cap dén phuong phap san xuit thé bién nap lap thé, cu thé hon sang
ché dé cap dén phuong phap san xut thé bién nap lap thé, trong d6 gen ngoai sinh dugc
chén vao mo thuc vat co lap thé biét héa, va gen mi héa protein trung hoa doc tinh nitrit,

nhu gen nitrit reductaza dugc st dung 1am gen chi thi chon loc dé sang loc thé bién nap.
Tinh trang k§y thuit ciia sdng ché

Lap thé (thé nhiém sic) ctia thuc vét 12 co quan chira sic td trong té bao thuc vat,
c6 bd gen riéng, va tu sinh truéng. Luc lap 13 lap thé c6 ddc tinh phan biét nhit ciia té bio
thye vét va thuc hién quang hop, chuyén héa cacbon, nito va luu huynh va cac qué trinh
twong tw. Luc lap chita cic gen m3 héa khoang 50% protein hoa tan tong sb trong bd gen
luc lap, va c6 kha nang téng hop protein rat cao. Cu thé, ¢ thuc vat bac cao, cb nhiéu luc
lap trong té bao va sb lugng bd gen luc lap ndm trong khoang tir 5000 dén 10000 twong
duong v6&i b gen nhan. Khi gen ngoai sinh duge chén vao luc lap cé nhiéu trong thuc vat,
do c6 thé san sinh nhiéu protein mi héa béi gen ngoai sinh trong thuc vat, nén phuong

phap chuyén gen lap thé duoc xem 13 phuong phéap san xuét protein gia thanh thip.

Phuong phap chuyén gen lap thé & thuc vat bac cao dugc thuc hién bang cach
chén vecto dugc thiét ké dé chén xen cic gen quan tim va gen chi thi chon loc khang
dugc chit nim gifra cac trinh tu tuoﬁg ddng vao bd gen lap thé. Vecto duoc chén vao té
bao thuc vat bang phuong phap bin hat, sau d6 té€ bao bao gdbm bd gen lap thé di chuyén
gen bing phuong phéap tai t6 hop tuong ddng dugc nudi cdy lip lai trén méi truong
truong sang loc chira dugc chét chon loc, va té bao bao gém lap thé dﬁ,chuyén gen dugc
sang loc. Trong phuong phap nay, quin thé té bao & trang thai di bao chéit, trong d6 lap
thé thé dai va lap thé da chuyén gen t6 hop v6i nhau duoc bién ddi sang trang thai déng
bao chét, trong d6 toan bd cac t& bio giir lai lap thé da chuyén gen, thuc vat duoc tai sinh
tir t& bao chuyén gen ddng bao chit dugc sang loc, do d6 thu dugc phuong phap chuyén
gen lap thé thuc vat. Ttc 13, phuong phap chuyén gen lap thé chi yéu bao gébm buéc
chuyén gen, trong d6 gen ngoai sinh dugc chén vao bd gen lap thé va budc, trong d6 té

bao va thuc vat chira by gen lap thé da chuyén gen dugc sang loc. -

Phuong phap chuyén gen lap thé & thuc vat bic cao ndy di duoc thyuc hién trén
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nhidu thuc vat. Tuy nhién, hé chuyén gen 6n dinh chi duoc thiét 1ap & cay thudc 14, tic 13
thuc vat hai 14 mam. Trong phuong phéap chuyén gen lap thé thudc 14, gen duoc chén vio
manh mé 14 bang hé tai sinh tir luc lap. Lap thé d3 chuyén gen sau khi chén gen duoc
sang loc bing cach Séng loc tinh khang spectinomycin st dung gen bAt hoat
spectinomycin/streptomycin (aminoglycosit-3’-adenyltransferaza; aad4) lam gen chi thi
chon loc_(Tai liéu phi sang ché 1), sang loc tinh khang kanamycin st dung gen khang
kanamycin lam gen chi thi chon lgc (Tai liéu phi sang ché 2 va 3), sang loc tinh khang
chét diét cé phosphinothricin sir dung gen bar, hoic gen twong ti 1am gen chi thi chon

loc (Tai lidu phi sang ché 4).

Mit khéc, phuong phap sang loc thanh céng & thuc vat hai 14 mam dd dugc sir
dung dé san xuét thé bién nap lap thé & thuc vat mot 14 mam. Vi du, Tai liéu phi sang ché
5,6, va 7 d& cap dén phuong phap chuyén gen lap thé trong mé seo (nhém té bao khir
biét héa) clia ciy lia dugc thuc hién bing cach sang loc gen aadd/streptomycin hoic
sang loc gen bar/PPT tuwong tu nhu & ciy thudc 14. Tuy nhién, theo toan bd cac tai liéu
nay san pham thu dﬁqc 13 thé bién nap di bao chit, va khdng thu dugc thé bién nap dong
bao chét. Hon nita, hiéu suét ctia thé bién nap niy 14 thap. Trong khi d6 theo Tai liéu sang
ché 1, thé bién nap lap thé c6 thé duoc san xuét bang cach sang loc gen aadd st dung vét
lidu chén gen 14 cum chdi ngd, nhung nguyén Iy cu thé cia phuong phap theo tai liéu nay

1a chua biét 0.

Theo cach nay, kho chuyén gen lap thé & thub vat mot 14 mam. Nguyén nhan chinh
13 do thuc té phuong phép sang loc thanh cong & thuc vat hai 14 mdm khong thanh céng &
thuc vat mét 14 mam. Do d6 nhay véi dugc chit va hé dap tGng trong t& bao 13 khac biét
gifta cAc lodi, nén can cai bién phuong phép sang loc da biét hodc phat trién hé sang loc
thé hé méi theo cac loai dich. Thuc té, do thuc vat mot 14 mam khang spectinomycin
duogc st dung nhiéu trong cay thube 14 va thuc vat tuong tu, nén khong thé loai b6 hoan

toan thé khong bién nap bang cach sang loc gen aadA/spectinomycin.

pé sang loc hiéu qua thé bién nap cho thuc vat mét 1a mam, phuong phép sang loc,
trong d6 mot s6 gen khang duoc chit duge st dung 1am gen chi thi chon loc dé chuyén
gen vao nhan dd dugc phat trién. Phuong phép sang loc st dung khang sinh hygromycin
va gen khang hygromycin dugc sir dung nhiéu nhét. Phuong phap sang loc str dung chat
diét cé phosphinothricin hodc glyphosat cling dugc st dung hitu hiéu. Tuy nhién, do hé -

biéu hién protein nhan that cia bd gen nhan khac biét v6i hé bidu hién protein ctia bd gen
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lap thé nhén so, nén hygromycin chi hitu hiéu trong hé nhén that va khong thich hop dé
chuyén gen lap thé. Mot sb phuong phép sang loc str dung gen khang dugc chit dugc sir
dung @ chuyén gen vao nhin c6 thé duoc sir dung dé chuyén gen lap thé cia thuc vat
mdt 14 mam, nhung tac dung ciia phuong phéap sang loc ndy bi han ché va khéng 6n dinh
(Tai liéu phi sang ché 7). Ngoai ra, & ciy lia, phwong phap chuyén gen nhén st dung gen
chi thi chon loc 1a gen nitrit reductaza dugc st dung lam phuong phép sang loc dé

chuyén gen vao nhan (Tai lidu sang ché 2 va 8).

Mit khéc, trong sb cic phuong phap chuyén gen, Tai lidu sang ché 3 dé cap dén
phuong phap ting cudng chén gen vao lap thé, trong d6 gen ngoai sinh dugc chén vio
mo seo ¢6 lap thé dugc biét hoa va kha ning tai sinh khong bi gidm. Trong phuong phap
nay, md seo non dugc cam tng tir lda chuyén gen, trong d6 yéu t6 "phién ma tang cudng
phat trién luc lap dugc biéu hién qua muc dugc st dung lam vt li€u chén gen. Phuong -
phap niy c6 hiéu sut chén gen cao hon phuong phap st dung vat liéu chén 13 lap thé
duoc chén vao md seo mau tring vang nhat chua phét trién. Tuy nhién, trong phuong
phép nay, cin san xuét ching tao ra md seo non mot cach thich hop bang cach chuyén
gen vao by gen nhan trude, va co thé ap dung cho cac thuc vat mot 14 mam khac hay

khong 14 chura biét ngoai viéc ting s6 buéc phuwong phép.

Khi gen nitrit reductaza theo Tai liéu sang ché 2 va gen twong tu dugc st dung
1am gen chi thi chon loc dé chuyén gen nhan, thi c6 thé tao ra thé bién nap nhén cua cy
laa v6i hiéu suét sang loc cao. Tuy nhién, chua biét phuong phéap sang loc niy cé thé ap

dung @& chuyén gen lap thé hay khong.
Tai liéu vién dan
Tai lidu sang ché 1: Cong bd Pon Patent My s6 2005/0198704.
Tai lidu sang ché 2: W02005/012520. |
-Tai liéu sang ché 3: Patent Nhat Ban s6 5320782.

Tai liéu phi sang ché 1: Svab and Maliga, Proceedings of the National Academy of
Sciences of the United States of America, 1993, vol. 90, p. 913-917.

Tai li€u phi sang ché 2: Carrer et al., Molecular Gentics and Genomics, 1993, vol.

241, p. 49-56.

Tai liéu phi sang ché 3: Hunag et al., Molecular Gentics and Genomics, 2002, vol.
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268, p. 19-27.
Tai li€u phi sang ché 4: Ye et al., Plant Physiology, 2003, vol. 133, p. 402-410.

Tai lidu phi sang ché 5: Khan and Maliga, Nature Biotechnology, 1999, vol. 17, p.
910-915.

Tai liéu phi sang ché 6: Lee et al., Molecules and Cells, 2006, vol. 21, p. 401-410.

Tai liéu phi sang ché 7: Li et al., Agricultural Sciences in China, 2009, vol. 8, p.
643-651.

Tai lidu phi sang ché 8: Nishimura et al., Proceedings of the National Academy of
Sciences of the United States of America, 2005, vol. 102, p. 11940-11944.

Ban chit k§ thuit ciia sing ché

Muc dich ctia sang ché dé cap dén phuong phép san xuét thé bién nap lap thé co
hiéu suét cao thich hop cho nhiéu loai thuc vat rit khé chén gen, bao gém thuc vat mot 1a
mam va rat kho sang loc thé bién nap bang cch st dung gen khang dugc chét.

Céc tac gia sang ché d3 thuc hién nghién ctru dé giai quyét vAn dé néu trén va phat
hién thiy rang khi thé bién nap lap thé dugc san xudt, chira gen ma hoa protein c6 chic
nang trung hoa ddc tinh nitrit, nhu gen nitrit reductaza dugc chén lam gen chi thi chon
loc, thi ¢6 thé cai thién déng ké hiéu suét sang loc, va thu dugc thé bién nap lap thé cua
nhiéu loai thuc vat, bao gém thue vat mot 14 mam vé6i hiéu sudt cao, va hoan thanh sang

ché nay.

Cu thé, sang ché dé cip dén phuong phap san xuit thé bién nap lap thé, thé bién

nap lap thé, va phuong phap san xuét protein theo cac phurong 4n sau.
1. Phwong phép san xuét thé bién nap lap thé, bao gdm cac buédc sau:

buéce (a), trong d6 gen ma hoa protein cé chic nang trung hoa doc tinh nitrit dugc
chén viao mé thuc vat; va

buédce (b), frong d6 mo thuc vét di chén gen thu duoc & bude (a) duge nudi ciy
trong moi truong chira nito nitrit & ndng d6 e ché sinh trudng té bao thuc vat thé dai
hoac néng d6 trc ché tai sinh thuc vat thé dai, va thé bién nap lap thé thu dugc béng cach

chén gen vao bd gen lap thé duoc sang loc.

2. Phuong phép san xuét thé bién nap lap thé theo phuong 4n 1, trong d6 gen dugc
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chén vao la gen nitrit reductaza.

3. Phuong phap san xuat thé bién nap lap thé theo phuong 4n 1 hodc 2, trong d6
lap thé bao g61n it nhat mét lap thé dugc chon tir nhom bao gém luc lap, vo sdc lap, lap

bét, tién luc lap, lap dau, lap dam, va tién lap thé.

4. Phuong phap san xuét thé bién nap lap thé theo phuong an bét ky trong sb cac
phuong an tir 1 dén 3, trong d6 budc (a) con bao gdm viéc chén cac gen ngoai sinh khéc

cua mot hoac hai hodc nhi€u loai vao moé thuc vat.

5. Phuong phap san xuét thé bién nap lap thé theo phuong an bat ky trong s6 cac
phuong an tir 1 dén 4, trong d6 budce (b) con bao gbm viéc tao ra thuc vat tir thé bién nap

lap thé da sang loc.

6. Thé bién nap lap thé, chira gen ma hoa protein c6 chirc nang trung hoa doc tinh

nitrit duoc chén vao bd gen lap thé.

7. Thé bién nap lap thé theo phuong an 6, trong d6 gen dugc chén vao la gen nitrit

reductaza.

8. Phuong phap san xuét protein, bao gdbm budc thu nhan protein ma hda boi gen
ngoai sinh tir thé bién nap lap thé thu duoc bing phuong phap san xuét thé bién nap lap
thé theo phuong an 4 hodac thuc vat dugc tao ra tir thé bién nap lap thé.

Phuong phap san xuét thé bién nap lap thé theo sang ché co hiéu suét sang loc rat
cao. Do d6, co thé tao ra thé bién nap lap thé v&i hiéu suét cao & ca thuc vat hai 14 mam
1An thuc vat mot 14 mam. Cu thé, phuong phap sang loc theo sang ché, trong d6 gen ma
hoa protein c¢6 chirc nang trung hoa ddc tinh nitrit duge st dung lam gen chi thi chon loc

rat thich hop dé sang loc nhiéu thuc vat.
MO ta vin tit cac hinh vé

Fig.1 la hinh v& thé hién céu tric vecto chuyén gen lap thé c6 ngudn goc tir co ké
Mg.

Fig.2A 1a biéu do thé hién ty 1é sinh truéng mo seo clia ¢ ké M§ & nong do khac
nhau cuda natri nitrit theo vi du 1.7.

Fig.2B 1a biéu do thé hién ty 18 tai sinh chdi ctia co ké My & nong do khéac nhau

cua natri nitrit theo vi du 1.7.
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Fig.3 13 hinh anh thé hién két qua dién di ctia san pham khuéch dai PCR thu dugc
trong phan tmg PCR duoc thuc hién dé kiém chimg viéc chén vecto chuyén gen vao nim
c4 thé c6 ké M§ da nudi ciy cip hai theo vi du 1.8.

M5 ta chi tiét sang ché

Phuong phap san xuét thé bién nap lap thé theo sang ché bao gdm budc (a), trong
d6 gen ma héa protein c¢6 chic nang trung hoa doc tinh nitrit dugc chén vao mé thuc vit,
va buéc (b), trong d6 md thuc vat d3 chén gen thu dugc & budc (a) duge nudi cy trong
moi truong chira nito nitrit & néng d6 trc ché sinh trudng té bao thuc vat thé dai hoic
ndng d0 trc ché tai sinh thuc vat thé dai, va thé bién nap lap thé thu dugc bang cach chén

gen vao bg gen lap thé duogc sang loc.

Theo mot khia canh khac, budc (a) c6 thé con bao gom viéc chén cac gen ngoai
sinh khac cia mot hodc hai hodc nhi€u loai vao mo thuc vat; va bude (b) co thé con bao

gém viéc tao ra thuc vat tir thé bién nap lap thé da duge sang loc.

Thuat ngt “mo thuc vat” dugc ding trong ban mo ta dé chi m6 thuc vat ¢ lap thé
hodc tién lap thé, bao gém mo thuc vat biét hda, mo seo biét héa cho dén khi lap thé phat

trién, va mo seo chua biét hoa.

Vi du v& “moi truong chira nito nitrit & né)ng dd e ché sinh truéng té bao thuc vat
thé dai hodc ndng d6 Gc ché tai sinh thuc vat thé dai” bao gébm mdi trudng chira natri
nitrit & ndng d6 nim trong khoang tir 0,5 dén 2,0g/L, t6t hon nita néu nim trong khoang

tir 0,8 dén 2,0g/L.

Thuat nglt “lam trung hoa doc tinh nitrit” va “trung hoa ddc tinh nitrit” c6 nghia la
lugng du nitrit trong thuc vat dugc chuyén hoéa, do d6 ddc tinh véi té bao do nitrit dugc

trung hoa.

Trong phwong phap san xuit thé bién nap lap thé theo sang ché, “gen ma hoa
protein c6 chirc nang trung hoa ddc tinh nitrit” (sau day goi tit 1a “gen trung hoa doc tinh
nitrit”) dugc st dung lam gen chi thi chon loc. Trong thuc vat, nitrit 1a chét chuyén hoa
trung gian cta nito din ra bén trong lap thé va gay doc té bao. Nhin chung, do nitrit dugc
chuyén héa nhanh thanh amoniac béi nitrit reductaza, nén tac dung gay doc t bao khong
xay ra. Tuy nhién, khi qu4 trinh nudi cdy dugc thuc hién trong cac didu kién c6 lugng

nitrit vuot qua kha ning chuyén héa riéng ciia nitrit reductaza, thi qua trinh sinh truéng
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mo seo va tai sinh thuc vat bi trc ché dang ké. Khi gen trung hoa ddc tinh nitrit dugc chén
vao lap thé bang phuong phép chuyén gen lap thé, thi luong du nitrit trong thuc vat dugc
chuyén héa boi protein trung hoa ddc tinh nitrit trong thé bién nap. Do d6, mé thuc vat c6
thé sdng sét trong cac didu kién c6 lugng nitrit viugt qua kha ning chuyén héa riéng cua

nitrit reductaza.

T6t hon néu gen trung hoa ddc tinh nitrit 13 gen nitrit reductaza. Khong c6 giéi han
cu thé vé gen nitrit reductaza mién 13 gen nay ma héa protein c6 hoat tinh nitrit reductaza.
Gen nitrit reductaza c6 thé c6 ngudn gbc tir cac lodi thuc vat dong vai trd 13 vat chi hoic
gen nitrit reductaza co thé c6 nguﬁ“)n géc tir cac loai sinh vat khac biét voi vat chi. Ngoai
ra, gen nitrit reductaza c6 thé 13 gen ma héa nitrit reductaza tu nhién chira trong céc sinh
vat ban du, hodc c6 thé 1a gen ma héa protein, trong d6 nitrit reductaza tu nhién dugc céi
bién thich hop. Vi du vé protein cai bién bao gdm protein, trong do it nhAt mot axit amin
dugc loai bo, thay thé hodc bd sung ma khong 1am gidm hoat tinh nitrit reductaza va
protein, trong do nhiéu trinh tu danh d4u dugc bd sung vao dau tan cung N hodc dau tan
cung C cua nitrit reductaza. Vi du vé trinh tu danh diu bao gém trinh tu danh ddu duogc
sir dung nhiéu dé biéu hién va tinh ché protein tai t6 hop, nhu trinh tu danh d4u His, trinh
tu danh ddu hemaglutinin (HA), trinh ty danh diu Myc, va trinh tu danh ddu Flag. Vi du
v& gen mi héa nitrit reductaza tu nhién bao gdm gen nitrit reductaza tur nhién va gen nitrit
reductaza c¢6 bd ba ma héa thoai bién duoc thay thé b%mg bd ba mi hda c6 tin sult st

dung cao trong thuc véat chd.

Vi du cu thé vé& gen nitrit reductaza 13 gen ma héa feredoxin-nitrit reductaza (sau
day goi tit 1a “gen NiR”). Feredoxin-nitrit reductaza 13 nitrit reductaza st dung feredoxin
1am chét nhudng dién tir, va bién ddi ion nitrit thanh ion amoniac. Vi du vé gen nitrit
reductaza bao gdm gen nitrit reductaza cé ngudn gbc tir thuc vat mot 14 mam, nhu gen
NiR ¢6 ngudn gbc tir Oryza sativa (D50556.1, Tai liéu phi sang ché 8), gen NiR cé ngudn
gbc tir Zea mays (EU957616.1, XP_008648080.1, Lahners K. et al., Plant Physiol. 1988,
vol. 88, p741-746), gen NiR c6 ngudn gbc tir Triticum (F1527909.1), gen NiR ¢ ngudn
gbc tir Hordeum vulgare (AK371794.1, $78730.1), va gen NiR c6 ngudn gbc tir Sorghum
bicolor (XM_002454557.1), gen nitrit reductaza c6 ngudn gbe tir thuc vat hai 14 mam,
nhu gen nitrit reductaza c6 ngudn goc tir Nicotiana tabacum (AB093533.1, AB245431.1,
Kronenberger J. et al., Mol. Gen. Gent., 1993, vol. 236, p. 203-208.), gen nitrit reductaza
c6 ngudn gde tir Arabidopsis thaliana (NM_127123.2), gen nitrit reductaza c6 ngudn gbc
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tt Cucumis sativus (EF397679.1), gen nitrit reductaza co ngudn gbc tr Solanum
tuberosum (U76701.1), gen nitrit reductaza c6 ngudn gdc tir Medicago polymorpha
(XM_003614772.1), gen nitrit reductaza c6 ngudn gbc tir Camellia sinensis
(JX987133.1), gen nitrit reductaza c6 ngudn gbc tir Pyrus calleryana (KC545876.1), gen
nitrit reductaza c6 ngudn gbc tir Prunus persica (AB061671.1), gen nitrit reductaza c6
ngudn gbc tir Selaginella (XM_002987367.1), v gen nitrit reductaza cé ngudn gdc tir
Spinacia oleracea (Back E. et al., Mol. Gen. Gent., 1988, vol. 212, p. 20-26.); va gen
nitrit reductaza c6 ngudn gbc tir tdo hodc réu, nhu gen nitrit reductaza c ngudn gbc tir
Physcomitrella patens (XM_001776973.1), gen nitrit reductaza co ngudn gbc tir
Chlamydomonas (XM_001696735.1), va gen nitrit reductaza co ngudn gbc tir Chlorella
vulgaris (XM_005844460.1) (cac chit s6 thé hién m truy cap NCBI).

Tét hon néu gen nitrit reductaza duoc chén vao md thuc vt & bude (a) 1a gen NiR
c¢6 ngudn gbc tir thuc vat ho hoa thao (Poaceae). Vi du, gen ma hoéa polypeptit 6 trinh tu
axit amin nhu néu trong SEQ ID NO:1, hoac gen c6 trinh tu axit amin, trong do it nhét
mot axit amin cua trinh ty axit amin nhu néu trong SEQ ID NO:1 dugc loai bd, thay thé

hoic bd sung va mi hda polypeptit cé hoat tinh nitrit reductaza.

Thuit ngir “c6 hoat tinh nitrit reductaza” c6 nghia 1a c6 tac dung lam gidm ndng

do nitrit trong thuc vat dén ndng do c6 thé sinh truéng binh thudng.

Thuit ngit “c6 hoat tinh nitrit reductaza” cé nghia la té bao thuc vat c6 thé sinh
truéng hodc thuc vat co thé t4i sinh ngay ca khi qua trinh nu6i céy dugc thuc hién trén

mdi trudmg cé ndng dd natri nitrit bang 0,7g/L hoic cao hon.

Gen mi héa protein 1am giam ndng d6 nitrit trong thuc vét hodc protein cé chirc
ning trung hoa doc tinh do nitrit c6 thé duogc sir dung 1am gen trung hoa ddc tinh nitrit
thay cho gen nitrit reductaza. Vi duy, trong té bao thuc vat, qua trinh khi nitrit thanh nitric
oxit boi nitrat reductaza d3 biét. Nitrit oxidaza chuyén héa nitrit thanh nitrat c6 & mot s6
vi khudn. C4c enzym ndy c6 thé trung hoa truc tiép doc tinh nitrit bang cach khr lugng
du nitrit terong ty nhu gen nitrit reductaza. Mat khac, doc tinh véi té bao do nitrit dugc
cho 14 do nito dioxit dugc tao ra kh1 nitrit phan ng véi peroxidaza va hemoglobin cam
ing oxy hoda hoic nitrat héa protein, peroxy hoa lipit mang, dot bién ADN, va cac phan
tng tuong tir. Do d6, bang cach diéu hoa lugng du peroxidaza va hemoglobin phan tmg

v6i nitrit hodc co ché clia nd, doc tinh nitrit cé thé duoc trung hoa gian tiép. Do do, gen
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ma hoa protein lam giam lugng du peroxidaza phan Gng véi nitrit, va gen ma hoéa protein
trc ché nito dioxit dugc tao ra boi peroxidaza va hemoglobin tr cdm ing oxy hoa protein

cling c6 thé duoc st dung 1am gen trung hoa doc tinh nitrit.

Cu thé, “gen trung hoa doc tinh nitrit” 1a it nhit mot gen dugc chon tir nhém bao
gém gen trung hoa truc tiép doc tinh véi té bao do nitrit va gen trung hoa gian tiép doc
tinh v6i t€ bao do nitrit.

Vi dy, it nhit mét gen trung hoa doc tinh nitrit dugc chon tir nhém bao gdm gen
nitrit reductaza, gen nitrat reductaza, gen nitrit oxidaza, gen ma hoa protein lam gidm
lugng du peroxidaza phan Gng véi nitrit, va gen ma hoa protein tc ché nito dioxit dugc

tao ra bdi peroxidaza va hemoglobin tir cdm rng oxy hda protein.

Trong phuong phap san xudt thé bién nap lap thé theo sang ché, budc (a) bao gdm
viéc chén gen trung hoa doc tinh nitrit dugc st dung lam gen chi thi chon loc ctia thé bién
nap vao md thuc vét. Cu thé, budc (a) bao gdm viéc chén vecto tich hop gen trung hoa

ddc tinh nitrit vao md thuc vét.

Khong c6 gi6i han cu thé vé vecto tich hgp gen trung hoa doc tinh nitrit mién 1a
gen ngoai sinh nay dugc tich hop vao vecto c6 thé duge biéu hién bén trong lap thé cia
mo thuc vat. Vecto nay c6 thé duoc san xuit nhu sau: vecto plasmit pBluescript (do
Stratagen cung cép), vecto pUC hoic vecto twong tu duge st dung 1am khung vecto. 0
c4c vi tri da tach dong cua vecto ndy, hai trinh tyr dich tai t5 hop twong dong lién ké nim
trong bd gen lap thé duoc tach dong. Tiép theo, cat-xet biéu hién mang ADN c6 ving
khéi ddu, ving diéu hoa ddu 5°, polynucleotit ma héa gen trung hoa doc tinh nitrit, va
ADN c6 ving két thic dugc bb tri tir phia trude dugce tich hop nim gitra hai trinh tu dich
t4i td hop tuong ddng dé thu dugc vecto biéu hién gen trung hoa doc tinh nitrit bén trong
lap thé.

Ngoai ra, cat-xet biéu hién c6 it ving khéi dau, trong d6 ving khoi dau khong
dugc tich hop vao doan nim trudc clia gen trung hoa doc tinh nitrit, va ving khéi dau cia
gen ndi sinh trong bd gen lap thé hodc doan nim sau ciia né duge st dung 1am mat trinh
tur dich tai td hop twong dong, va ving diéu hoa dau 5°, polynucleotit mi héa gen trung
hoa ddc tinh nitrit, ving két thic, va trinh tr dich tai tb hop trong ddéng clia doan con lai
lan lugt dugc bao gém cé thé dugc tich hop vao doan nam sau cia né. Do d6, thu duoc

vecto biéu hién gen trung hoa ddc tinh nitrit bén trong lap thé. Dé tich hop polynucleotit
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vao vecto biéu hién, cac phwong phép tai td hop gen di biét va kit tdng hop vecto biéu

hién c6 ban trén thi truong céd thé duoc st dung.

Trong vecto, khong c6 giéi han cu thé v& ving khéi dau nam trude gen trung hoa
doc tinh nitrit va biéu hién gen trung hoa ddc tinh nitrit mién 13 ving khéi déu ndy dong
vai trd lam ving khéi du bén trong lap thé. Tét hon néu ving khéi dAu nay 12 ving khéi

dau cua sinh vat nhan so.

Vi du vé& ving khoi dau biéu hién gen trung hoa ddc tinh nitrit bén trong lap thé
" bao gdm ving khéi diu operon phién mi ARN ribosom (Prrn), ving khéi ddu coa gen
psbA (PpsbA) mi héa protein D1 ctia hé quang héa II, ving khéi diu cua gen rbcL

(PrbcL) m3 héa tidu don vi mach dai cta ribuloza-1,5-diphosphat carboxylaza.

Ngoai ra, vi du vé trinh ty ving diéu hoa diu 5’ duoc bd sung vao doan nam trudc
cia gen trung hoa ddc tinh nitrit bao gdm ving khéng dich m3 diu 5° cia thuc khudn thé
coli T7, ving khong dich ma diu 5’ ciia gen rbcL, ving khong dich mi ddu 5° cia gen
psbA, ving khong dich ma ddu 5° ciia gen tiéu don vi H™-ATPazap (gen afpB), trinh tu
nim sau bd ba mi héa hoat héa dich mi (hdp nim sau: hop DB) cua gen psb4, hop DB
clia manh ddc tinh gay bénh udn van C (gen TerC), hop DB clia gen mi héa protein phét
huynh quang mau xanh (GFP), va hop DB cua gen neomycin phosphotransferaza loai II
(NPTII).

O bude (a), vecto c¢6 thé duge chén vao mé thuc vat bing nhiéu phuong phap da
biét trong linh vuc ndy, nhu phuong phap bin hat, phuong phédp polyetylen glycol,
phuong phap xung dién, phuong phéap liposom, phuong phép liposom cation, phuong
phap két tiia canxi phosphat, phuong phap chuyén nhiém liposom, hoic phuong phap vi
tiém. '

O budc (a), khong ¢ gi6i han cu thé vé mé thuc vat déng vai trd 1am vét liéu chén
gen trung hoa doc tinh nitrit mién 13 mo nay c6 ngudn gdc tir thuc vat. Vi du, gen trung
hoa ddc tinh nitrit ¢6 thé dugc chén vao vat liéu chén 12 md seo chua biét hoa khi thé bién
nap thuc vat dugc san xuit. Mb seo chua biét héa c6 thé duogc san xuit béng phuong

phap thong thudng.

Trong qué trinh chuyén gen & budc (a), mé thuc vt c6 ciing mirc do nhay cam véi
nitrit nito nhu mo thuc vat thé dai c6 thé duge sir dung 1am vat li€u chen gen trung hoa

doc tinh nitrit, va khéng cé gidi han cu thé v€ ki€u gen cia no. Tic 13, vét liéu chén co6
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thé 13 mo thuc vat thé dai hodc mé thuc vat dot bién gen.

Trong qua trinh chuyén gen & budc (a), mé thuc vat c6 lap thé da phat trién c6 thé
dugc st dung lam véat liéu chén gen trung hoa doc tinh nitri. Lap thé khong dugc phat
trién trong md seo chua biét hda va van 13 tién lap thé chua biét hoa (tac 1a, lap thé ban
d4u). Tuy nhién, khi mé thuc vét c6 lap thé d phét trién duoc st dung lam vat liéu chen,

thi ¢6 thé cai thién hiéu suét chuyén gen vao bd gen lap thé.

Mo thuc vat dugc sit dung lam vét liéu chén va c6 lap thé da phat trién c6 thé 13
mo thuc vat bi€t hoa hodc md seo tic 1a biét héa cho dén khi lap thé dugc phat trién. Dé
cam ung biét hoa lap thé, diéu kién nudi cdy mo seo cé thé dugc didu chinh hodc hoic
hormon thuc vat c6 thé duge xt ly. Vidu vé lap thé bao gém lap bot, luc lap, tién luc lap,
lap dau, lap dam, lap séc, vO sic lap, va tién lap thé. Theo sang ché, tbt hon néu it nhét
mdt lap thé dugc chon tir nhém bao gérh luc lap, lap bot, tién luc lap, v6 sic lap, va tién
lap thé, va tot hon nita néu it nhat mot Iap thé duogc chon tir nhém bao gém tién lap thé va

luc lap.

Vi du, khi lap thé 13 luc lap, cadc manh 1a hodc than cda thuc vat cé thé duoc sir
dung lam vat li€u chén, qua trinh biét hoéa luc lap cé thé dugc cdm Ung tr m6 seo non
hodc md seo ¢ cum chdi. Trong mo6 seo non, tién lap thé trong md seo dugc cdm Ung
biét hoa thanh luc lap. Ngoai ra, trong cum choi, md seo duoc biét héa va mo ¢b ¢ cum
chdi tich tu duogc tao ra. M6 seo noﬁ hodc cum chdi c6 thé dugc cam ung tr mé seo khi
md seo duoc nudi ciy trén mdi trudng cd ndéng d6 cin bing ctia hormon thuc vét gép
phan biét hoa va khir biét khéa, nhu auxin va xytokinin dugc didu chinh. Vi du, ndng do
clia auxin trong mdi trudng nudi cdy mé seo dugce giam va ndng do cta xytokinin dugc
tdng, qua trinh hinh thanh luc lap dugc cdm Ung va thu dugc mé6 seo non. Ngoai ra, cum
chdi c6 thé thu duoc bang cach nudi ciy mé seo trén mdi trudng chi chira xytokinin 6

nong do thap tir moi trudng nudi cay md seo.

Vi du v& md seo cam ung biét héa luc lap bao gém mo seo thu duoc br:ing cach
Kkhir biét hoa t€ bao mé chira lugng 16n luc lap cta 14 hodc md seo (md seo co nguén géc
tir md khéng c6 mau xanh) thu duoc bang cach khir biét héa té bao md khc‘nig cb mau
xanh, nhu hat truéng thanh, phdi chua truéng thanh, va ré c6 thé duge sir dung. Mo seo
c6 thé duogc tao ra béi phuong phap thong thuong, vi du, nudi ciy mé thuc vat trén mdi

truong chita hormon thuc vat, nhu auxin va xytokinin. ‘
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Mo thuc vat c6 lap thé da phat trién c6 thé thu dugc bang cach biéu hién qua mirc
gen m3 hoa protein ting cudng biét hoa lap thé trong mo seo. Ngoai ra, md seo c6 ngudn
gbc tir thé bién nap, trong d6 gen ma hoa protein ting cudng biét héa lap thé dugc bidu
hién qué muc ¢ thé duge cam g va biét héa dé tao thanh lap thé. Vi du v& gen ma héa
protein cam tGng biét hoa bao gdbm gen GLK déng vai tro 13 yéu t6 phién ma (Rossini et
al., Plant Cell, 2001, vol. 13, p. 1231-1244.) va gen CES 101 cua Arabidopsis thaliana
(ho RLK: Niwa et al., Plant Cell Physioly, 2006, vol. 47, p. 319-331.) (Tai liéu sang ché
3). Gen mi hoa protein ting cudng biét hoa lap thé c6 thé duge chén vao md seo hoidc

thuc vat bang phuong phap chuyén gen thuc vit thong thuong.

Budc (b) bao gdm viée sang loc té bao d4 chuyén gen lap thé (duoc goi 12 thé bién
nap lap thé) thu duoc biang cach chén gen trung hoa ddc tinh nitrit vao bd gen lap thé
bang cach nudi ciy mé thuc vt da chén gen trung hoa doc tinh nitrit & budc (a) trén moi
truong chira it nhit mot nitrit nito c6 ndng d6 e ché sinh trudng cia té bio thuc vat thé

dai hodc ndng d6 tc ché tai sinh thuc vét thé dai.

Hon nftta, bude (b) cé thé bao g@)m viéc tao ra thuc vat tir thé bién nap lap thé da

duogc sang loc.

Ngoai ra, tbt hon néu néng do6 tc ché sinh truéng té bao thuc vat thé dai hoic ndng
do ctia nitrit nito rc ché tai sinh thuc vat thé dai trén méi truong bang 0,5g/L hodc cao

hon, va t6t hon nita néu bang 0,8g/L hoic cao hon.

Trong thuc vat, trudce ti€n nito nitrat hép thu tr moi truong dugce khir thanh nitrit
b&i nitrat reductaza trong té bao chit. Nitrit nito doc tinh thu duge duge tich hop vao lap
thé, sau d6 chuyén héa nhanh thanh amoniac béi protein ma héa béi gen trung hoa doc
tinh nitrit 13 nitrit reductaza, va st dung dé sinh truéng t& bio va tai sinh thuc vat dudi
dang ngudn nito. Khi thuc vat duge nudi cdy trén méi trudng chira luong dur nitrit, t& bao
chi chira lap thé thé dai bi chét do doc tinh ciia nitrit tirc 13 gdy ra béi cac chét chuyén hoéa
nitrit tich tu. Mt khéc, trong té bao chira lap thé d3 tich hop cat-xet biéu hién qua mic
gen trung hoa doc tinh nitrit bing phuong phap chuyén gen lap thé, do qua trinh chuyén
héa nitrit dugc hoat héa, nén té bao ¢ thé sinh trudng va thuc vat c6 thé tai sinh. Tic 13,
& bude (b), mic di thé bién nap lap thé thu duoc bang cach chén gen trung hoa doc tinh
nitrit vao bd gen lap thé c6 thé sinh truéng hoic biét héa, su sinh truéng cia thé khong

bi€n nap bi tic ché va cudi cung thé khong bi€n nap bi chét.
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Hé chuyén héa nitrit, trong d6 nito nitrat hap thu tir mdi trudng duoc khir thanh
nitrit boi nitrat reductaza, sau do nitrit nito thu duoc duoc chuyén héa nhanh thanh
amoniac bdi protein m3 hoéa bdi gen trung hoa doc tinh nitritbén trong lap thé 13 hé
chuyén héa cé & hau hét cac thuc vat (Krapp A. Current Opinion in Plant Biology, 2015,
vol. 25, p. 115-122.). Tuc 13, phuong phap san xuit thé bién nap lap thé theo sang ché,
trong d6 gen trung hoa doc tinh nitrit dugc sit dung 1am gen chi thi chon loc ¢6 thé dugc
thire hién trén nhiéu thuc vat. Thuc té, trong nhiéu loai thuc vat cé gen nitrit reductaza 13
gen NiR, gen nitrat reductaza co6 trong nhiéu thuc vat, vi du, Oryza sativa (X15819.1,
Hamat HB et al, Mol Gen. Gent, 1989, vol. 218, p. 93-98.), Zea mays
(NM_001305856.1, Morrison KM. etal., Physiologia Plantarum, 2010, vol. 140, p.
334-341.), Hordeum vulgare (X57844.1, Schnorr KM et al., Mol. Gen. Gent., 1991, vol.
227, p. 411-416.), Sorghum  bicolor (XM _002444445.1), Setaria italic
(XM _004973598,2), Brachypodium distachyon (XM_003570500.2), Nicotiana tabacum
(AB245431.1), Arabidopsis thaliana (J03240.1, Crawford NM. et al., Proc. Natl. Acad.
Sci. U.S.A., 1988, vol. 85, p. 5006-5010.), Capsella rubella (XM_006300626.1),
Brassica napus (D38220.1), Camelina (XM_010473671.1), castor oil plant
(AF314093.1), Beta vulgaris ssp. (EU163265.1), Raphanus sativus var. sativus
(KM272859.1), Daucus carota subsp (HQ402930.1), Glycine max (NM_001251221.1,
Wu S., et al.,, Plant Mol. Biol., 1995, vol. 29, p. 491-506.), Phaseolus vulgaris
(XM _007141046.1),  Fragaria (XM _004300392.2),  Medicago  polymorpha
(HQ840748.1), Solanum Ilycopersicum (XM_004250307.2), Solanum tuberosum
(NM_001288022.1), Cucumis  sativus L.~ (HM755943.1), Cucumis  melo
(XM_008462231.1), Cucurbita (M33154.1), Spinacia oleracea (M32600.1), Sesamum
indicum (XM_011099324.1), Gossypium spp (XM_012612465.1), Nelumbo nucifera
(XM_010247609.1), Vitis vinifera (JF796047.1), Amygdalus persica (AB061670.1),
Citrus unshiu (XM_006434048.1), Pyrus calleryana (KC545876.1), Theobroma cacao
(XM _007018888.1), Elaeis guineensis (XM_010910909.1), Phoenix dactylifera
(XM _008796303.1), Jatropha curcas (XM_012222767.1), Populus (XM_011013830.1),
Eucalyptus (XM_010065034.1), Betula platyphylla (X54097.1), Tilia platyphyllos
(AY138811.1), Morus alba (KF992020.1), Musa acuminate (XM_009419369.1),
Physcomitrella patens (AB231618.1), Chlorella (U39930.1), Volvox (XM_002955110.1),
va Dunaliella salina (KC108654.1). A
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Thuc vat ¢6 thé dugc tao ra tir t& bao da chuyén gen nap thé dugc sang loc & budc
(b). Cu thé, té bao da chuyén gen nap thé duoc sang loc (thé bién nap lap thé) duoc ciy
chuyén trén moéi trudng chira nitrit c6 néng do can bing cta hormon ting cudng tai sinh

dugc diéu chinh, va nubi cay trong diéu kién chiéu sang. Do do, thuc vat dugc tao ra.

Trong phuong phap san xuit thé bién nap lap thé theo sang ché, & budc (a), cac
gen ngoai sinh khac cia mot hodc hai hodc nhidu loai cling dugc chén vao mé thuc vat
ngoai gen trung hoa doc tinh nitrit. Theo d6, c6 thé tao ra thé bién nap dugc chén gen
trung hoa ddc tinh nitrit va cac gen ngoai sinh khéac. Vi du, khi cat-xet biéu hién ma héa
c4c gen ngoai sinh khac v cat-xet biéu hién m3 héa gen trung hoa ddc tinh nitrit dugc
tich hop vao cing vecto, c6 thé tao ra thé bién nap lap thé, trong d6 ca hai gen trung hoa
doc tinh nitrit va gen ngoai sinh khac duoc tich hop vao bd gen lap thé. Khong cé gibi
han cu thé vé gen ngoai sinh khac, va tdt hon néu gen ngoai sinh khac 1a gen cAu tric, va
t5t hon nita néu gen ngoai sinh khac 13 gen cu tric mi héa protein hitu ich lam dugc

chét hoic nguyén lidu cong nghiép.
Vi du vé gen ngoai sinh bao gdm xenluloza.

Khi thé bién nap di chén gen trung hoa doc tinh nitrit va gen ngoai sinh dugc sinh
trudng va tang sinh, thi thu dugc thé bién nap trong d6 protein ma héa bdi gen ngoai sinh
dugc biéu hién va tich tu bén trong lap thé cta thé bién nap. Do d6, khi protein ma hoa
boi gen ngoai sinh dugc thu nhan tir thé bién nap, co thé tao ra mot ) protein. Thé bién
nap c6 thé sinh trudng va ting sinh twong tw nhu thuc vat chi truée khi chuyén gen.
Ngoai ra, protein c6 thé dugc thu nhan tir thé bién nap bang cing phuong phap nhu khi
protein dic trung dugc thu nhén tir mo thuc vat thong thudng theo dic tinh cua protein.
Vi du, thé bién nap dugc phan gidi, sau do déng nhét héa, dich chié’p mo thu dugc duoc
phan doan bang phuong phép sic ky hodc phuong phdp tuong tu, va phan doan chira

protein dich dugc c6 co thé dugc thu hoi.

Tac 13, theo mot khia canh khac, sang ché dé cép dén phuong phép san xuit
protein. Phuong phap nay bao gbm budc, trong d6 cic gen ngoai sinh khac clia mot hodc
hai hodc nhiéu loai dugc chén vao mé thuc vit cling v6i gen mi héa protein c¢é chic ning
trung hoa dbc tinh nitrit; budce, trong d6 mé thuc vat da chén gen trung hoa doc tinh nitrit
duoc nudi cly trén méi trudng chira it nhit mot nitrit nito c6 ndng d6 e ché sinh truéng

cua té bao thuc vat thé dai hoac néng d6 tre ché t4i sinh thuc vat thé dai, va thé bién nap
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lap thé thu dugc b%lng cach chén gen vao bd gen lap thé dugc sang loc; buéce, trong do
thuc vat duogc tao ra tur thé bién nap lap thé da duoc sang loc; va buéce, trong dé protein

ma héda bdi gen ngoai sinh dugc thu nhan tir thuc vit.

Cu thé, t5t hon néu phuong phap san xuit thé bién nap lap thé theo sang ché duoc
st dung dé san xuét thé bién nap lap thé cua thuc vat mot 14 mim khé chuyén gen va
sang loc thé bién nap. Phuong phap niy dugc st dung @8 san xuét thé bién nap lap thé
cua thuc vat Poaceae, nhu l4a, laa mién, ngd, laa my, lua mach, yén mach, bo bo, co ké
M¥, co hic mach, cé hic mach 14u nam, cé dudi méo, cé dudi triu, k&, ké dudi cdo, mia
duong, va ké ngoc trai. Vi duy, trong thuc vit sinh khdi 16n cua thuc vat sinh truéng
nhanh, nhu thuc vit ho hoa thao (Poaceae), khi gen ma hoda protein hitu ich dugc tich
hop vao bd gen lap thé, thi thu duoc thé bién nap lap thé san sinh protein hitu ich trén quy
mo 16n.

Vi du, trong thé bién nap lap thé cua cay lia, gen nitrit reductaza dugc chén vao
bd gen lap thé biang cach sir dung phuong phép tai t6 hop twong ddng trong ADN bd gen
lap thé cta cdy lta, sau d6 nuoi cdy trén moi trudng chira nitrit dé sang loc. Theo do, thé
bién nap lap thé cia ciy lua c6 thé thu duge. Khi gen nitrit reductaza dugc chén vao bd
gen lap thé cua cay Iua, thi gen nitrit reductaza c6 ngudn gde tir gidng lua Kasalath dugc
stt dung trong vi du sau c6 thé dugc st dung. Qua trinh tai td hop twong dong ADN bd
gen lap thé c6 thé duoc thuc hién bang phuong phap mo ta trong Tai liu sang ché 3. Vi
du, vecto tic 13 nim xen gifta cic vung tai t6 hop tuwong dong dich cta ADN bd gen lap
thé ciia ciy lta va tich hop gen nitrit reductaza c6 thé dugce chén vao mé seo cla cay lua
hodic mé seo, trong d6 lap thé duoc biét hda. Khong cé giéi han cu thé vé phan ADN bd
gen lap thé tich hop gen nitrit reductaza, t6t hon néu dugc chén nam gitra gen trnl va gen
trnA. Ngoai ra, dé sang loc thé bién nap tich hop gen nitrit reductaza, twong ty nhw Tai
lidu sang ché 2, tot hon néu qué trinh nudi cdy dugc thuc hién trén mdi trudng cé ndng

d6 nitrit e ché sinh truéng hoic tai sinh thuc vat, nhu ciy lda thé dai.
Vi du thue hién sang ché

Sang ché s& duoc mé ta chi tiét hon théng qua cac vi du sau. Tuy nhién, sing ché

khong chi giéi han & cac vi du nay.
Vidul.
1. San xuét ching cé ké M¥ tai sinh
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V6 lua cua hat truéng thanh cta giéng c6 ké My “Alamo” dugc loai bé bing xir Iy
bé mit 60% (thé tich/thé tich), va chat diét nAm dung cho hat duoc st dung dé vo trung.
Céc hat di vo tring tiép tuc dugc v6 tring bé mat bang axit hypocloro, va duy tri trén
mdi trudng cam Gng md seo (mdi truong PVC: Mudi MS va vitamin, 30g/L maltoza,
22,6uM axit 2,4-diclophenoxyaxetic, 4,4uM BAP, 2,5mM MES, 3g/L gébm gelan, d6 pH
= 5,7). Céc hat dugc nubi cdy trong vai thang trong bong t6i & nhiét @6 28°C. Sau do, cac
md seo sinh trudng duge phan loai thanh céc ching ddc lap dbi v&i mbi hat thu duoc.
Céc ching, trong d6 khdi mé seo c6 kha ning tai sinh di sinh truéng dugc chon loc va
nudi ciy. Ngoai ra, khdi mé seo ciia cic ching dugc chon dugc duy tri trén méi trudng
tai sinh (moi truong PVS: Mubi MS va vitamin, 30g/L maltoza, 1,4uM Gibberelin Aj,
2,5mM MES, 3g/L gbém gelan, pH 5,7) va nudi cdy trong 4 tuin trong diéu kién 4nh sang
& nhiét do 28°C, sau d6 kha nang tai sinh cua c6 ké My duoc kiém ching. M6 seo clia
cac ching dugc kiém ching c6 kha ning tai sinh cao dwgc nudi cdy cip hai va sinh
trudng lam vat li€u thir nghiém.

2. Sang loc cac dugc chit chon loc

Pé phat trién phuong phap sang loc thich hop dé chuyén gen lap thé, mé seo cua
cac ching tai sinh duoc san xuit trong phan 1 néu trén dugc sir dung dé danh gia d6 nhay
cam cua té bao c6 ké M¥ thé dai voi nhiéu duge chét. Po nhay cam cua té bao vdi cac
duogc chat dugc kiém chimg mé seo cé ké M§ ¢6 sinh truéng hay khong khi nuéi cdy trén
moi truong PVC chira néng do duoc chét khac nhau. Hon nira, d8i v6i mét sé duge chét, |
md seo co ké M§ dugc duy tri trén méi truomg PVS chira ndng do dugc chit khac nhau,

va tac dung we ché tai sinh cé ké M¥ ciing dugc kiém ching.

Béang 1 thé hién két qua danh gia d6 nhay cam. Trong bang 1, “A” c6 nghia 13 qua
trinh sinh trudng md seo va ti sinh co k& My bi tc ché, “B” c6 nghia 13 qua trinh sinh

€6 99

truéng md seo va tai sinh cé ké My khong bi wc ché, va “-” ¢6 nghia 13 thir nghiém khong

duogc thuc hién.

Béang 1
Sinh truwéng mo seo T4i sinh chdi Sinh trwéng md seo | Tdi sinh choi
Dugc chit Nong 34 Nong d4 e ché Nong d Nong d trc ché
thir nghiém sinh treéng thi nghiém tdi sinh
Sectinomycin 0 dn 800mg/L B 0 dén 800mg/L B
Streptomycin 0 dén 800mg/L B 0 dén 800mg/L A (>400mg/L)
G418 0 dén 100mg/L A (>25mg/L) 0 &n 100mg/L A (>25mg/L)
Kanamycin 0 dén 200mg/L A (>200mg/L) 0 dén 300mg/L A (>100mg/L)
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Gentamicin 0 dén100mg/L B - -
Neomycin 0 dén100mg/L B - -
Ribostamycin 0 dén 100mg/L B - -
Paromomycin 0 dén 100mg/L B - -
Cloramphenicol 0 dén 45mg/L A (>30mg/L) 0 dén 50mg/L A (>15mg/L)
Tetracycline 0 dén 60mg/L A (>40mg/L) 0 dén 100mg/L A (>60mg/L)
Troleandomycin 0 dén 200mg/L B 0 dén 200mg/L B
Erythromycin 0 dén 200mg/L B 0 dén 200mg/L B
Bleocin 0 dén 75mg/L A (>25mg/L) 0 dén 25mg/L A (>10mg/L)
Zeocin 0 dén 1000mg/L B 0 dén 10mg/L B
Bleomycin 0 dén 30mg/L B ' - -
Puromycin 0 dén 100mg/L B - -
Glyphosat 0 dén 2mM A (>0,1mM) 0 dén 2mM A (>0,1mM)
Fluazifop-butyl 0 dén10pM A (>1,0uM) 0 dén 10pM A (>0,1uM)
Xycloxydim 0 dén 10pM A (>1,5uM) 0 dn 2uM A (>0,1pM)
Clethodim 0 dén 2pM B - -
Clodinafop 0 dén 2uM A (>1,0uM) - -
Sethoxydim 0 dén 2uM B - -
Haloxyfop 0 dén 2uM A (>1,0uM) - -
Fosfomycin 0 dén 75uM B - -
Pinoxaden 0 dén 2uM A (>1,0uM) - -
Metylviologen 0 dén 50uM A (>1,0uM) 0 dén 7uM A (>1,0uM)
Butafenacil 0 dén 0,5uM B - -
Natri nitrit 0 dén 1000pM A (>800mg/L) 0 dén 1000mg/L A (>800mg/L)

3. Téng hop vecto chuyén gen lap thé, trong d6 nhidu gen khang duoc chét duoc

st dung lam gen chi thi chon loc.

Céac vecto chuyén gen lap thé chira gen khang kanamycin, cloramphenicol,
bleomycin, xycloxydim, fluazifop-butyl, va natri nitrit c6 tac dung tc ché tang sinh té
bao binh thudng duwgc kiém ching trong phin 2 néu trén dugc sir dung 1am gen chi thi
chon loc duoc san xuit. Cu thé, AphA-6 (gen khang kanamycin), CAT (gen khéng
cloramphenicol), Ble (gen khang bleomycin), mCT (gen khang xycloxydim va
fluazifop-butyl: ving CT dot bién ctia enzym ACCaza), va PSR1 (ving khong bao gdm
peptit tin hiéu ciia doan két thuc diu 5’ tir ADN bd sung ciia gen nitrit reductaza cé ngudn
gbc tir gibng Iua Kasalath) (SEQ ID NO.2) duoc sir dung 13m gen chi thi chon loc. Gen
chi thi chon loc dugc phén l4p hoic tdng hop nhan tao bing phuong phap PCR dugc st
dung. Vung tai td hop twong ddng véi bd gen ‘lap thé, ving két thiic va trinh tu diéu khién
dich m3 duoc chon loc va thiét Kké dé bidu hién manh protein ngoai sinh da biét (Daniell
et al., Methods in Molecular Biology, 2005, Vol,286, p,111-138; Verma and Daniell, Plant
Physiology, 2007, Vol,145, p,1129-1143). Céc trinh tu thanh phan dwgc khuéch dai bing
phuong phap PCR va lién két bang trinh trr enzym gi6i han, hogic phuong phap dung hop

trong khung (Clontech), do d6 vecto dugc san XUt
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Fig.1 12 hinh v& thé hién vecto ciu triic chuyén gen lap thé. Trong Fig.1, “HR1” 13
trinh tu tai tb hop twong dong bd gen lap thé (ving trnl) (SEQ ID NO.3), “HR2” 14 trinh
tur t4i td hop twong ddéng bd gen lap thé (vimg trmA) (SEQ ID NO.4), “P1” 13 ving khéi
du rm va trinh ty diéu khién dich ma (T7g10) dugc lién két véi doan nim sau cia né,
“SM” 12 gen chi thi chon loc, “T;” 1a ving két thic psBA, “P2” 1a ving khéi dau psBA,
“MCS” 1a vi tri da tach dong d& chén mdt sé gen, va “T,” 1a ving két thiic rps16.

4. San xuat md seo non va cum choi

MOd seo non va cum choi dugce san xuat tir chung c6 ké M¥ tai sinh san xuat trong

phén 1 néu trén.

Cu thé, trong sb cac md seo duoc san xuit va nudi cdy cip hai trong phan 1 néu
trén; cac mo seo dugce nudi ciy trong 3 dén 4 tudn sau khi nudi cdy cp hai dugc duy tri
trén méi truong cam tng cum chdi va mo seo non (mdi trudng ML1R3: Ahmadabadi et
al., (2007) Transgenic Research, vol,16, p,437-448), va nudi cdy trong khoang 4 tuin

trong diéu kién 4nh sdng & nhiét d6 28°C dé thu dugc mé seo non va cum chdi.
5. Chén gen vao lap thé ciia cé ké M§ va sang loc té bao chuyén gen

Vecto chuyén gen lap thé dugc san xuat trong phan 3 néu trén dugc chén vao mo
seo non cua cé ké M¥ va cum chdi va té bao chuyén gen dugc sang loc. M6 seo nudi cay
cap hai truéc khi cam tng thanh mé seo non dugc st dung lam nhom ddi ching dé so

sanh hi¢u suat chen gen.

Trudce tién, md seo non va cum chdi cia cé ké My¥ dugc san xuét trong ph?m 4 néu
trén duoc cit bing dao thinh manh mé c6 kich ¢& khoang 2mm, va nim trong vong tron
c6 dudng kinh bang 35mm & phan trung tAm cta méi trudng PVC. Mot cach riéng biét,
vecto chuyén gen lap thé duoc san xuét trong phin 3 néu trén duoc tinh ché bang kit
Hispeed Plasmid Midi (do QIAGEN I'Cung cap) va bao bing hat vang c6 kich ¢& 0,6um.
Vecto chuyén gen lap thé duoc bao bang hat vang dugc chén vao manh md nim trong
moi trudng PVC bang phuong phap ban hat. Dung dich hat vang bao ADN va qué trinh
chén gen biang phuong phép bin hat duoc didu chinh bing phuong phap mé ta trong tai
liéu Okuzaki et al. (Okuzaki and Tabei, Plant Biotechnology, 2012, vol. 29, p. 307-310).

Mo sau khi chén gen dugc cay trai nhi€u lan trén moi truomg PVC, va nudi cay

trong 4 dén 7 ngdy trong béng t6i & nhiét do 28°C. Mb sau khi chén gen va nudi cay dugc
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nudi ciy thém trong cac diu kién sang loc dugc thé hién trong Bang 2 d6i véi mdi loai
vecto chuyén gen lap thé, va lap thé di chuyén gen va té bao chua lap thé da chuyén gen
dugc sang loc. M6 sau khi sang loc nudi ciy duoc duy tri trén méi trudng PVS chira cac
duogc chat chon loc khac nhau va qué trinh tai sinh cé ké M§ dugc cam ung trong didu

kién 4nh séng & nhiét d 28°C.

Béang 2
Gen chi thi Dugc chat Nong dd dwgre chat
c6 the chon loc c6 thé chon loc c6 the chon loc
AphA-6 Kanamycin 100 dén 200mg/L
CAT Cloramphenicol 15 dén 30mg/L
Ble Bleomycin 5 dén 75mg/L
Xycloxydim £
mCT Fluazifop-butyl 0,5 dén 2,0uM
PSR1 Natri nitrit 800 dén 1000mg/L

6. Kiém ching chén gen

Sau khi sang loc nuéi cdy, manh mé c6 kich c& khoang 2mm dugc 14y miu tir ¢o
ké My tai sinh. Dya trén su c¢6 mit cia cac manh ADN khuéch dai st dung cip méi
khuéch dai ddc hidu cdc manh vecto chuyén gen bang kit PCR Phire Plant Direct (do
Thermo Fisher Scientific cung cép), vecto chuyén gen chén vao dugc kiém chung. Sau
khi thu nhén va tinh ché, cac manh ADN khuéch dai dugc giai trinh tw va cic manh ndy
duogc kiém ching 13 cac manh ADN dich. Cac co ké My nay duoc kiém chimg 13 thé bién
nap lap thé dich.

Ngoai ra, Bang 3 thé hién s lugng dia méi truong dugce kiém chimg chén gen
bang nhidu phuong phép sang loc va sé lugng chiing bién nap, trong d6 vecto chuyén gen
chén vio dugc kiém chimg. Khi phuong phap sang loc bing natri nitrit khéng duge st
dung, thi & toan bd cac co ké MY tai sinh sau khi sang loc, cic manh ADN khuéch dai c6
ngudn gbc tir vecto chuyén gen khong duge kiém chimg va khong thu dugc thé bién nap
lap thé. Mt khac, khi phuong phap sang loc bang natri nitrit dugc st dung, thi thu dugc
thé bién nap lap thé ctia 15 ching tir 48 dia bang cach chuyén gen vio mé seo trude khi
cam rng mo seo non, va thé bién nap lap thé ctia 5 chung tir 12 dia bang cach chuyén gen
vao md S€o non va cum chéi. Céc két qua nay cho thiy rang khi phuong phéap sang loc
béng natri nitrit, trong dé gen nitrit reductaza dugc st dung lam gen chi thi chon loc dugc
st dung, thi c6 thé thu dugc thé bién nap lap thé hiru hiéu, va dic biét thu duoc thé bién

nap luc lap rat hitu hiéu bang cach chén gen vao md seo non va cum choi.
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Bang 3
Dugc chét Mé chen en S6 lwong dia S6 hrong chiing kiém
c6 the chon loc g thir nghiém chitng chén gen
M5 seo 11 0
Kanamycin M6 seo non
\ A 16 0
va cum choi
MG seo 39 0
Cloramphenicol M5 seo non
R - 53 0
va cum choi
Mo seo : . 24 0
Bleomycin M6 seo non '
\ - 4 0
va cum choi
Xycloxydim, 1}/10 5¢0 24 0
. M6 seo non
fluazifop-butyl \ A 10 0
va cum choi
Mo seo 48 15
Natri nitrit MO seo non
. X 12 5
va cum choi

7. Nghién ctru chi tiét didu kién phuong phép sang loc bang natri nitrit

Trong phuong phap sang loc bing natri nitrit, dé xac dinh ndng d6 sang loc hi¢u
qua hon, cé ké My thé dai dugc nuéi céy o néng dd khac nhau cta natri nitrit, va d§ nhay

cam cua t€ bao thé dai vai natri nitrit dugc danh gia.

Cu thé, khéi gdm 14 mé seo cd ké My dugc duy tri trén mdi dia trong mdi trudng
PVC va moi trudng PVS chura natri nitrit & ndng d6 bang 0g/L, 0,25g/L, 0,5g/L, 0,6g/L,
0,7g/L, 0,8g/L, 0,9g/L, hodc 1,0g/L, va ba dia cua mdi mdi trudng dugc chuin bi cho mdi
diéu kién ndng d6. Mbi truomg PVC duoc nudi cdy trong bong tbi & nhiét do 28°C va moi
trudong PVS dugc nudi cdy trong anh sang & nhiét do 28°C trong 4 tudn. Sau khi nuéi cdy,
sb lugng ctia cac mo seo sinh trudng duge xac dinh trén mdi truong PVC, va sb lugng
cac mo seo tir d6 cé ké MY tai sinh dugc xac dinh trén moi truong PVS. Ty 1€ sinh truéng
va ty 1€ tai sinh dugc tinh toan.

Fig.2A 13 biéu dd thé hién ty 16 mo seo sinh trudng & ndng d6 khac nhau ciia natri
nitrit. Fig.2B 13 biéu d6 thé hién ty 1¢ c6 ké My tai sinh & ndng d khc nhau cla natri
nitrit. M6 seo sinh truéng trén mdi trudng PVC da giam manh & ndng d9 natri nitrit bang
0,7g/L va bi iic ché hoan toan & ndng do natri nitrit bing 0,9g/L hodc cao hon (Fig.2A).
Mit khac, c6 ké My tai sinh trong méi trudng PVS d3 giam manh ¢ ndng d6 natri nitrit
bing 0,8g/L va bi trc ché hoan toan & ndng d6 natri nitrit bing 1,0g/L (Fig.2B). Cac két
qua ndy cho thdy ring 6t hon néu ndng d6 cta natri nitrit d& sang loc t€ bao co ké My

chuyén gen bang 0,8g/L hoic cao hon.
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8. Duy tri gen chén thu duoc bang phuong phép sang loc bang natri nitrit

Co ké My§ tai sinh dugc sang loc bang phuong phap sang loc bang natri nitrit, va
c4ac méanh gen chén dugc khuéch dai bing phuong phap PCR trong phin 6 néu trén dugc
kiém chtng dugc cdy chuyén va bat diu tao ré trén mdi truong MS (1/2 Mudi MS va
vitamin, 15g/L sucroza, 2,5mM MES, 3g/LL gébm gelan, d0 pH = 5,7) chira natri nitrit &
ndng d6 bang 0,8g/L. Sau d6, miu dugc nudi ciy cip hai trén mdi trudng MS méi chira
natri nitrit & ndng d6 bang 0,8g/L trong 1 dén 2 thang. Chdi r& dugc san xuét tir qué trinh
nudi ciy cdp hai duoc phan tich va nudi cdy cdp hai theo cung ching. Sau khoang 1
nam, phuong phap PCR duoc thuc hién trén nam ca thé co ké M¥ tir cac ching tuong tur
nhu phin 6 néu trén. Do d6, cac manh ADN khuéch dai duoc kiém chimg & mot cé thé,
va c4c gen chén duoc duy tri én dinh duoc kiém ching. Fig.3 13 hinh anh thé hién két qua
dién di san phdm khuéch dai PCR. Trén Fig.3, bang duwoc danh d4u bang miii tén thé hién
cac manh ADN khuéch dai, va “C” 12 1an, trong d6 mau déi chimg duong (san phdm PCR

thu duoc biang cach st dung khudn 13 vecto chuyén gen lap thé) duoc dién di.
Vidu?2
1. Chén gen vao lap thé clia cAy Ia va sang loc t& bao chuyén gen

Gen PSRI1 duoc chén vao lap thé cia giéng lia Nipponbare va giéng laa
Koshihikari va thé bién nap duogc sang loc bang cach st dung natri nitrit. Cu thé, phuong
phdp nay dugc thyc hién nhu sau. Moi truong MS-NK (Nishimura et al., Nature
Protocols, 2006, Vol,1, p,2796-2802) dugc st dung lam mdi trudong tai sinh cha nito
nitrat ban dau. Gidng lta thé dai Nipponbare c6 kha ning tai sinh trong méi trudng
MS-NK chtra natri nitrit & néng d6 bing 400mg/L. Tuy nhién, gidng Ita thé dai
Koshihikari khong tai sinh ngay ca trong moi truong MS-NK c¢6 hoat tinh nitrit reductaza

yéu va khong bd sung natri nitrit.

Céac md seo c6 ngudn gde tir tai phoi theo qué trinh nudi ciy hat gidng lua trudng
thanh duoc cam tng va tdng hop bang phuong phap da biét. M6 seo thu dugc c6 kich c&
khoéng 2mm dugc bd tri trong vong tron c6 duong kinh khoang 35mm & phéan tAm cia
mdi truong N6D (Nishimura et al., Nature Protocols, 2006, vol. 1, p. 2796-2802) va st
dung lam vat li€u cheén gen. Tuong tu nhu c6 ké M¥ theo vi du 1.5, dung dich hat vang
~ bao ADN duoc diéu ché va chénlvéo md seo. Mo seo sau khi chen gen dugce ca‘iy trai

nhiéu 14n trén méi trudng N6D va nudi ciy trong 3 dén 9 ngay trong béng t6i & nhiét do
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©29,5°C. Sau d6, cac md seo c6 ngudn gde tir gibng lia Nipponbare dugc ciy chuyén sang
mdi truong MS-NK chira natri nitrit & ndng d6 nim trong khoang tir 800 dén 1000mg/L
v cac md séo ¢6 ngudn gbe tir gidng lua Koshihikari dugc cdy chuyén sang méi truomg
MS-NK chtra natri nitrit & ndng d6 ndm trong khoang tir 0 dén 400mg/L, va qua trinh tai
sinh cac cay laa dugc cdm Ung trong diéu kién 4nh sang & nhiét do 29,5°C. Manh mo6 ¢6
kich ¢& khoang 2mm dugc 1y mAu tir cc c4 thé Ita tai sinh thu dugc, va cac manh ADN

dich chén vao duoc kiém chiig bing phuong phap PCR tuong tu nhu cé ké M.

Bang 4
.x e S6 lwgng dia S6 lwong chiing
Gidng thir nghiém thir nghi€ém kiém chitng chén gen
Nipponbare 1 38
Koshihikari 2 49

Bang 4 thé hién sb luong dia méi trudong duoc kiém chimg chén gen va sb lugng
ching bién nap, trong d6 vecto chuyén gen chén vao duoc kiém chtmg. Trong ca hai
gidng lGa, gen dugc chén véi hiu suit cao hon c6 ké My.

Kha nang Gng dung trong cong nghiép

Phuong phap san xuét thé bién nap lap thé theo sang ché c6 hiéu suét sang loc rat
cao, va tao ra thé bién nap lap thé v6i hiéu suit cao & ca thuc vat hai 14 mam 14n thuc vat

mot 14 mam, do d6 rét hiru ich trong cong nghiép.
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YEU CAU BAO HQ
1. Phuong phép san xudt thé bién nap lap thé, bao gdm cac buéc sau:

buéc (a), trong d6 vecto dugc chén vao md seo non cia c6 ké My bang phuong

phap bén hat; va

buéc (b) trong d6 mé seo non cia cd ké My sau budc (a) duge nudi ciy trong moi
truong chira nito nitrit & n(‘Sng do trc ché sinh truéng t& bao thuc vat thé dai hodc néng do
{rc ché tai sinh thuc vat thé dai, va thé bién nap lap thé thu dugc béng cach cheén gen nitrit

reductaza vao bd gen lap thé dugc sang loc,

trong d6 vecto nay la vecto trong d6 vung trnl cua trinh tu tai td hop trong dodng
bd gen lap thé c6 trinh ty nhu néu trong SEQ ID NO.3, ving khéi dau rra va trinh tu
diéu khién dich ma T7g10 dugc lién két v6i doan nim sau ctia nd, gen chi thi chon loc,
ving két thuc psbA, ving khéi dau psbA, vi tri da tach dong, ving két thiic rps16, va
ving trnA cua trinh ty tai td hop tuong ddng bd gen lap thé 6 trinh tu nhu néu trong

SEQ ID NO.4 dugc bd tri tir ddu 5’ dén dau 3’ trong vecto ndy, va

gen chi thi chon loc 1a polynucleotit ma hoa gen nitrit reductaza c6 ngudn gde tir
gibéng laa c6 trinh tu nhu néu trong SEQ ID NO.2.
2. Phuong phap san xuit thé bién nap lap thé theo diém 1, trong d6 lap thé bao gbm it
nhéit mot lap thé dugc chon tir nhém bao g(‘A)mvluc lap, v6 sic lap, lap bét, tién luc lap, lap
dau, lap dam, v tién lap thé.
3. Phuong phap san xuét thé bién nap lap thé theo diém 1 hoic 2, trong d6 vecto nay con
tao diéu kién cho cac gen ngoai sinh khac cia mot hodc hai hodc nhiéu loai dugc biéu
hién trong lap thé nay.
4. Phuong phép san xuét thé bién nap lap thé theo diém bét ky trong sb cac diém 1, 2 va

3, trong d6 budc (b) con bao gdm viée tao ra thuc vat tir thé bién nap lap thé da sang loc.
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DANH MUC TRINH TU

<110> HONDA MOTOR CO., LTD.
<120> PHUONG PHAP SAN XUAT THE BIEN NAP LAP THE
<130> H114343802
<160> 4
<210> 1
<211> 567
<212> PRT
<213> Oryza sativa
<220>
<223> PSR1
<400> 1 -
Met Pro Val Gln Ser Ser Thr Val Ser Ala Pro Ser Ser Ser Thr Pro
1 5 10 ) 15
Ala Ala Asp Glu Ala Val Ser Ala Glu Arg Leu Glu Pro Arg Val Glu
20 25 30
Gln Arg Glu Gly Arg Tyr Trp Val Leu Lys Glu Lys Tyr Arg Thr Gly
35 40 45
Leu Asn Pro Gln Glu Lys Val Lys Leu Gly Lys Glu Pro Met Ser Leu
50 55 60
Phe Met Glu Gly Gly Ile Lys Glu Leu Ala Lys Met Pro Met Glu Glu
65 70 75 80
Ile Glu Ala Asp Lys Leu Ser Lys Glu Asp Ile Asp Val Arg Leu Lys
85 90 95
Trp Leu Gly Leu Phe His Arg Arg Lys His Gln Tyr Gly Arg Phe Met
100 105 110
Met Arg Leu Lys Leu Pro Asn Gly Val Thr Thr Ser Glu Gln Thr Arg
115 120 125
Tyr Leu Ala Ser Val Ile Glu Ala Tyr Gly Lys Glu Gly Cys Ala Asp
130 135 140
Val Thr Thr Arg Gln Asn Trp Gln Ile Arg Gly Val Thr Leu Pro Asp
145 150 155 . 160
Val Pro Ala Ile Leu Asp Gly Leu Asn Ala Val Gly Leu Thr Ser Leu
165 170 175
Gln Ser Gly Met Asp Asn Val Arg Asn Pro Val Gly Asn Pro Leu Ala
180 185 190 .
Gly Ile Asp Pro Asp Glu Ile Val Asp Thr Arg Ser Tyr Thr Asn Leu
195 200 205
Leu Ser Ser Tyr Ile Thr Ser Asn Phe Gln Gly Asn Pro Thr Ile Thr
210 215 220
Asn Leu Pro Arg Lys Trp Asn Val Cys Val Ile Gly Ser His Asp Leu
225 230 235 240
Tyr Glu His Pro His Ile Asn Asp Leu Ala Tyr Met Pro Ala Val Lys
245 250 255
Gly Gly Lys Phe Gly Phe Asn Leu Leu Val Gly Gly Phe Ile Ser Pro
260 265 270
Lys Arg Trp Glu Glu Ala Leu Pro Leu Asp Ala Trp Val Pro Gly Asp
275 280 . 285 :
Asp Ile Ile Pro Val Cys Lys Ala Val Leu Glu Ala Tyr Arg Asp Leu
290 295 300
Gly Thr Arg Gly Asn Arg Gln Lys Thr Arg Met Met Trp Leu Ile Asp
305 310 315 320
Glu Leu Gly Met Glu Ala Phe Arg Ser Glu Val Glu Lys Arg Met Pro
325 330 - 335
Asn Gly Val Leu Glu Arg Ala Ala Pro Asp Asp Leu Ile Asp Lys Lys
340 345 350
Trp Gln Arg Arg Asp Tyr Leu Gly Val His Pro Gln Lys Gln Glu Gly
355 360 365
Met Ser Tyr Val Gly Leu His Val Pro Val Gly Arg Val Gln Ala Ala
370 375 380 .
Asp Met Phe Glu Leu Ala Arg Leu Ala Asp Glu Tyr Gly Ser Gly Glu
385 390 395 400
Leu Arg Leu Thr Val Glu Gln Asn Ile Val Ile Pro Asn Val Lys Asn
405 410 415
Glu Lys Val Glu Ala Leu Leu Ala Glu Pro Leu Leu Gln Lys Phe Ser
420 ’ 425 430
Pro Gln Pro Ser Leu Leu Leu Lys Gly Leu Val Ala Cys Thr Gly Asn
435 440 445
Gln Phe Cys Gly Gln Ala Ile Ile Glu Thr Lys Gln Arg Ala Leu Leu
450 455 460
Val Thr Ser Gln Val Glu Lys Leu Val Ser Val Pro Arg Ala Val Arg
465 470 475 480
Met His Trp Thr Gly Cys Pro Asn Ser Cys Gly Gln Val Gln Val Ala
485 490 495
Asp Ile Gly Phe Met Gly Cys Leu Thr Lys Asp Ser Ala Gly Lys Ile
500 505 510
Val Glu Ala Ala Asp Ile Phe Val Gly Gly Arg Val Gly Ser Asp Ser
515 : 520 525

-27-
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His Leu Ala Gly Ala Tyr Lys Lys Ser Val Pro Cys Asp Glu Leu Ala
535
Pro Ile Val Ala Asp Ile Leu Val Glu Arg Phe Gly Ala Val Arg Arg

530

545

550

Glu Arg Glu Glu Asp Glu Glu

<210> 2

<211> 1704
<212> ADN
<213>
<220>
<223> PSR1
<400> 2

atgcccgtge
gccgtgtcegg
ctcaaggaga
cccatgtcat
atcgaggccg
ttccaccgcece
gtgacgacga
ggctgcgeceg
gtgccggcca
gacaacgtcc
gacacgcgat
cccaccatca
tacgagcacc
gggttcaacc
ctggacgcct
taccgcgacc
gaacttggaa
gagcgegcetg
gtgcacccgce
gtgcaggcgg
ctccgcctceca
gcgctgcteg
ggcctggtceg
cgggcgctge
atgcactgga
atgggctgcce
ggcggccgceg
gacgagctgg
gagagggagg
<210> 3

<211> 2127
<212> ADN
<213>
<220>
<223> HR1
<400> 3

gcactctgcect
gagaccccag
gcagtgctgt
ctcaaaggaa
agcgaagaac
tcgggaacgc
ttaagtctcg
aacagaccgc
tatgccctgg
gtgagctaac
aagcaggaat
tgtacacacc
gtaaggaggg
cgtactggaa
tgggtatttt
aactaaactt
gcttattatc
cccatgtccc
gcttttggcg
tagagcgcgce
ggatagttca
agcatggcgt
aggatagatg
ggatccggge
cccttatcag
aaaatggagc
ttctggggtg
ctggagaaag
gaaattcttt
tggtataaat
cagtgcaatg

565

Oryza stiva

agtcgtcgac
cggagcggct
agtaccggac
tgttcatgga
acaagctctc
gcaaacatca
gcgagcagac
acgtgacaac
tcctcgacgg
gcaaccccgt
cctacaccaa
ccaacctgcc
cgcacatcaa
tccttgtcegg
gggtcccegg
tcggcaccag
tggaggcttt
cgccggacga
agaagcagga
cggacatgtt
ccgtggagca
ccgagccgcet
cgtgcaccgg
tggtgacgtc
ccggctgccce
tcaccaagga
tcggcagcga
cgccgatcgt
aggacgagga

gggccgacac
tagtcctagce
agctaacgcg
ttgacggggg
cttaccaggg
ggacacaggt
caacgagcgc
cggtgttaag
gcgacacacg
tccaaaaacc
cgctagtaat
gccegteaca
ggatgcctaa
ggtgcggcetg
ggtttgacat
ggatatggaa
ctaggtcgga
cccgtgtggce
tagcaggcct
ccctgataat
atgtgctcat
actcctcctg
gggcgattca
ggtccggggg
tgtatggaga
acctaacaac
acggagggat
cagtaatcaa
ttcctttctg
aagccacttc
ggatgtggct

ggtgtccgca
ggagccgcgg
ggggctgaac
gggcggcatc
caaggaggac
gtatgggcgg
gaggtacctg
ccgccagaac
gctcaacgcc
cggcaacccg
cctcctctcece
gaggaagtgg
cgacctcgcg
cgggttcatc
cgacgacatc
gggcaaccgc
tcggtcggag
cctcatcgac
agggatgtcc
cgagctcgcecce
gaacatcgtg
gcttcagaag
caaccagttc
gcaggtggag
caacagctgc
tagcgccgge
ctcgcacctce
cgccgacatc
gtag

Panicum virgatum

tgacactgag
cgtaaacgat
ttaagtatcc
cccgcacaag
cttgacatgce
ggtgcatggc
aaccctcgtg
ccggaggaag
tgctacaatg
cgtcctcagt
cgccggtecag
ctataggagc
ggctaggctt
gatcacctcc
tgcttcacge
gtcttcttte
acaaattagt
ggcatgggga
ccctttggga
tgcgtcgttyg
cagcgcctga
tttgaatcgg
ggtgagatcc
ggggccaccg
gctatctctc
gcatcttcac
cgtaccattc
taggacttcc
cagggaccag
ttggtcttcg
atttatctat

540

555

ccgtcctect
gtggagcagc
ccgcaggaga
aaggagctcg
atcgacgtgce
ttcatgatgc
gcgagcgtga
tggcagatcc
gtcggcctca
ctcgccggcea
tcctacatca
aacgtgtgcg
tacatgccgg
agccccaaga
atccecggtgt
cagaagaccc
gtggagaaga
aagaaatggc
tacgtcggcce
cgccttgeceg
atcccgaacg
ttctccecege
tgcggccagg
aagctcgtgt
ggccaggtgce
aagatcgtcg
gccggegegt
ctggtcgagc

agacgaaagc
ggatactagg
cgcctgggga
cggtggagca
cgcgaatcct
tgtcgtcagc
tttagttgcc
gagaggatga
ggcgggacaa
tcggattgca
ccatacggcg
tggcegggtt
gcgactggag
ttttcaggga
ccaaaaacaa

gtttagggtg’

tgatagtgat
tgtcaaaagg
ggccecgegeg
tgcctgggcet
cccgaagatg
agtttgaaac
catgtagatc
cggctcctcet
gagcacaggt
agaccaagaa
gagccttttt
ctaatcctcc
gagattggat
accccctaag
ctcttgactc

560

cgactccggce
gggagggccg
aggtgaagct
ccaagatgcc
ggctcaagtg
ggctgaagct
tcgaggcgta
gcggcgtcac
ccagcctcca
tcgaccccga
ccagcaactt
tgatcgggtc
cggtgaaggg
ggtgggagga
gcaaggccgt
gcatgatgtg
ggatgccgaa
agaggaggga
tgcacgtgcc
acgagtatgg
tcaagaacga
agccgtcgcet
ccatcatcga
cggtgccccg
aggtcgccga
aggcggccga
acaagaagtc
ggttcggggc

taggggagca

tgctgtgcga
gtacgttcgce
tgtggtttaa
cttgaaagag
tcgtgccgta
actataagtt

ggccaagtca

agggtcgcga
ggctgcaact
gtgaatccgt
tgaagtcatt
tgaagtcgta
gagctaatgc
aaagaaggca
aagtaagacc
aggatcccct
aaagggatgg
acgggctatt
gtgagggctc
tggatcatcc
caaacaaact
taactttcta
cttctcgaga
tgaggttcgt
ctacgagatc
ttcatgcttt
cttcctgaaa
ctagccataa
tcactacgag
gaaatgggag
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ggcggacgag
gtactgggtg
ggggaaggag
catggaggag
gctcggectce
gccaaacggt
cggcaaggag
gctccccgac
gagcggcatg
cgagatcgtc
ccagggcaac
gcacgatctg
cggcaagttc
ggcgctgecg
tctcgaggeg
gctcatcgac
cggcgtgcetg
ctacctcggce
cgtcggcecgg
ctccggecgag
gaaggtggag
gctgctcaag

gacgaagcag

ggcggtgcgg
catcggcttc
catcttcgtc
cgtgccgtge
cgtgcggagg

aatgggatta
ctcgaccegt
aagaatgaaa
ttcgatgcaa
aggggtgccce
aggtgttggg
tggaaccctg
tcatgccecct
tctcgcgagg
cgcctgecatg
tcececgggect
acccttaacc
acaaggtagc
ttatgcttat
gctacgtctg
aagctcatga
ttttgacgtc
agtttttctc
agctcagtgg
tcagccacat
aaggcacatt
tctecctcagg
ttcactcgtg
atccatacat
cctcaatggg
acccctttca
tccecggeggt
ggaagaacgt
gaggaatgct
cgcccecgat
cagagcaggt

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
1704

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



ttgaaaaagg atcttagagt gtctagggtt
tttctgccca tcggagttat ttcccaagga
aagcacactt gaagagcgca gtacaacggg
tcgctcccga aaaggagtct attgattctce
tttacttcac gggcgaggtc tctggtt

<210>
<211>
<212>
<213>
<220>
<223>
<400>

4

2071

ADN

Panicum virgatum

HR2
4

cagctgcgcc agggaaaaga atagaagaag
gctcgggggg gatatagctc agttggtaga
tacgggttgg ctgtctaatt gtccaggcgg
gctcactttt tctaagtaat ggggaagagg
agacaaaaag atgggctgtc aaaaaggtag
agtatggatc gtacatggac gatagttgga
gggatccctg gggaagagga tcaagttggce
ttcaaccctt tgagcgaaat gtggcaaaag
ctccacccecg taggaactac gagatcaccce
gaccgaccat agaccctgtt caataagtgg
cagtaagggt cggagaaggg caatcactcg
caaagagtcg ggcggaaaaa ggggagagct
ccccggaacc acaagaatcce ttagaatggg
tttgagaaga gttgctcttt ggagagcaca
ggggagttat tgcctatcgt tgtcctctat
ggtggtttac cctgtggcgg atgtcagcgg
ttagcggata ctgtgatagc accaattttg
attcatggac gttgataaga tccttccatt
cgttaatggc gaggttcaaa agaggaaagg
gaggaagggc gtagcaagcg acgaaatgct
agattcccaa ataggtcaac cttttgaact
aacctggcga actgaaacat cttagtagcc
agtagcggcg agcgaaatgg gagcagccta
tacaagcgtt gtgctgctag gcgaagcggt
agtagccgaa agcatcacta gcttacgctce
ccgtgtgaat cagcaaggac caccttgcaa
agtagtaccg tgagggaaag gtgaaaagaa
accgtgctga gctcccaage agtgggaggg
agaatgagcc ggcgactcat aggcagtggc
gtagcgaaag cgagtcttca tagggcgatt
tctatccatg accaggatga agcttggatg
ttgaagaatc agcggatgag ttgtggttag
ctggttctce ccgaaatgcg ttgaggcgca
ctgtttcggt gcgggctgcg cgagcggtac
tgacccaaac aggggtcaag gtcggccagt

29545

gggccaggag
cttgccatgg
gagttgtatg
tcccaattgg

catctgactc
gctccgcetcet
taatgatagt
actgaaacat
aggaggtagg
gtcggcggcet
ccttgcgaat
gaaggaaaat
caaggacgcc
aacacattag
ttcttaaaac
cccegttect
attccaactc
gtacgatgaa
ggtagaaccc
ttcgagtccg
ccaattcgtc
tagtagcacc
cttgcggtgg
tcggggagtt
gcctgctgaa
agaggaaaag
aaccgtgaaa
tgagtgccge
tgacccgagt
ggctaaatac
cccccagtgg
gaaagtgatc
ttggttaagg
gtcactgctt
aaactaagca
gggtgaaatg
gcagttgact
caaatcgagg
g

ggtctcttaa
taagggggag
ctgcgttcgg
ttggatcgta

tttcatgcat
tgcaattggg
atcttgtacc
gccactgaaa
atgggcagtt
ctcctaggct
agcttgatgc
ccatggaccg
ttcggcgtce
ccgtecegete
cagcattctt
ggttctcctg
agcacctttt
agttgtaagc
gtcggggagg
cttatctcca
agttcgatct
ttaggatggc
atacctaggc
gaaaataagc
tccatgagca
aaagcaaaag
acggggttgt
accctagatg
agcatggggc
tcctgggtga
gtagtgaaat
tctgaccgceg
gaatggaacc
atggacccga
gaggtccgaa
ccactcgaac
ggacatctag
caaactctga
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ccccttectt
aagggggaag
gaaggatgaa
ggggcgatga

actccacttg
tcgttgcgat
tgaaccggtg
gactctactg
ggtcagatct
tccctcatcet
actatctccc
accccattgt
aggggtcacg
tccggttggg
aagttaagat
tagctggatt
gttttgagat
tgtgttcggg
cctgagaggc
gcccgtgaac
atgatttcgc
atagccttaa
acccagagac
atagatccgg
ggcaagagac
cgattcccgt
gggagagcaa
gctaaagtcc
acgtggaatc
ccgatagcga
agaacgtgaa
tgcctgttga
caccggagcc
acctgggtga
ccgactgatg
ccagagctag
gggtaaagca
atactagata

1920
1980
2040
2100
2127

60
120
180
240
300
360
420
480
540
600
660
720
780
840
9500
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2071





