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Linh vue ky thuit dwoc dé cip

Sang ché thudc linh vuc cOng nghé gen thyc vat. Béc biét, nd li€n quan dén gen
khéng ray nau & lua Bphl4 va mg dung cua gen ndy trong cdy lta va théc dé khang

réy nau.
Tinh trang ky thuit ciia sdng ché

Lua 1a cay luong thuc quan trong, 1a lwong thuc chinh cho hon nira dan s6 thé
gioi. Hon nita, ban d chi tiét vé di truyén va vt ly cta bd gen cay lua da dugc hoan
thanh. Viéc tao ra ltia chuyén gen da tr& nén thdng thuong. Ngoai ra, 1Ga cé tinh cong
tuyén v&i b gen clia cac cdy than co khac, do d6, n6 duge coi nhu la mot cdy mau. Do
vy, viéc nghién clu cac gen chirc ning cua lta c6 mot y nghia quan trong cho viéce

phat trién kinh t€ xa hoi va nghién ctru sinh hoc.

Viée thiéu ngudn cung cip luong thuc thoa dang dang la mot thach thirc ma ca
thé gi6i phai déi mat. San lugng lua da duoc ting dang ké nho hai cude cach mang
cOng ngh¢ cta cay lua lun nhitng nam 1950 va 1960, va cdy lua lai nhitng nam 1970.
Tuy nhién, cdy lua van bi phéd hoai béi nhitng loai siu bo c6 hai trén nhitng di¢n tich
I6n va san luong gao van tiép tuc bi de doa, dic biét la do rdy niu. Rdy nau trudng
thanh va nhong dam va hut nhya ctia lda bing voi ctia chung, 1am 14 bi chuyén sang
mau vang hodc bi héo cho dén chét, dn dén lam gidm hodc 1am méat hoan toan san
luong. Theo ki yéu ndng nghiép ctia Trung Quéc, dd c¢6 céc nan dich rdy niu nghiém
trong xay ra trén ca nudc vao cac nam 1966, 1969, 1973, 1977, 1983 va 2003 va céc
dai dich vao cac nam 1987, 1991, 2005, 2006 va 2007. Vung bi hai chiém t&i hon 50%
tong dién tich trdng lua va gdy mat mua lta 16n cho Trung Qudc. Vi thiét hai do riy
niu giy ra xuét hién chu yéu trong giai doan lam diy hat va chin cua la, rit nhiéu
thudc trir sdu phai duge dung trong giai doan nay, didu nay cé thé gay nguy co gao bi 6
nhiém. Nganh néng nghiép can phai c6 mot bién phap an toan hon dé dam bao cé san

lugng cao tu vige trong 1da.

St dung mot gen khing rdy ndu dé nhan giéng khéng con trung gay hai vao mot

giong lua la cdch hiéu qua va kinh t€ nhat dé kiém soat day du ray nau. Céc két qua
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nghién ctru ctia Vién Nghién ciu Laa gao Quéc t& (IRRI) va kinh nghiém thuc tién
trong san xuét lta gao & Péng Nam A cho thdy k& ca cac gidng lta c6 murc do khang
trung binh cling du dé kiém soat mat do réy niu sao cho khdéng bi hu hai 13 rét va
khong gay thiét hai va ton that thuc su vé san luong. Do vy, viéc phan lap gen khang
rdy niu va ung dung né trong du 4n tao gibng lua 1a nhitng phuong phap co ban dé

ki€ém sodt thiét hai ¢ cdy lta do ray niu gay ra.

Nghién ctru gen khang ray ndu & lua bat dau tur nhitng nam 1970. Cho dén nay,
19 gen khang con trang gy hai chinh da duoc dit tén (xem thong tin chi tiét trong tai
liéu cia Yang HY va cong sy, 2004 High-resolution genetic mapping at the Bphl5
locus for brown planthopper resistance in rice. Theor Appl Genet. 110: 182-191).
Trong sé d6, kha ning khang ctia ba giéng lua (Mudgo, CO22 va MTU15) duoc kiém
soat boi mot gen trdi don, gen nay co tén la Bphl, va mot gen ldn khac 1a bph2, lién
két gan v6i Bphl, kiém soat kha nang khang cta dong lta ASD7. Khi nghién ctru di
truyén ctia 28 gidng, Lakshminarayana va Khush thdy rang giéng lta Rathu Heenati
mang gen khang rdy ndu tréi Bph3 duoc di truyén doc lap tir BPAI. Ngoai ra, giéng lta
Babawee ¢4 mang gen ldn bph4 cling dugc di truyén dc 1ap tir bph2. Sidhu va Khush
thdy ring Bph3 va bph4 lién két gin véi nhau, bph4 ciing lién két v6i gen cao hon lun
sd-1. Phan tich di truyén ctia Khush va cong sy vé gidng lta ARC10550 cho thdy n6
c6 mang gen ldn bph3. Trong nghién ctru vé 17 vat liéu khang riy ndu kiéu sinh hoc 4
BPH nhung nhay véi ba loai kiéu sinh hoc khéc, Kabir va Khush thdy rang céc giéng
Swarnalata va T12 c6 mang mot gen khang sdu bénh cé hai twong tng c6 tén 1a Bph6
va bph7. Viéc phat hién ra bph8 va Bph9 tuong tu nhu viéc phat hién ra cac gen khac,
gen ldn bph8 khong ding vi voi bph2 va bphd, gen troi Bph9 khong dang vi voi Bph3
va Bph4. Trong sb cac gen khang riy nau dugc dé cap trén day, bphS, Bph6 va bph7
khéng vé&i rdy nau kiéu sinh hoc 4, ddng thoi thé hién tinh nhay véi kiéu sinh hoc 1, 2

va 3.

Lua kiéu dai ciing 12 mot ngudn gen khang riy nau. Nam 1994, Ishii va cOng su
da xéc dinh mot gen khang ray nau trdi méi Bphl0 tir dong bién nap cua lta kiéu dai
Uc (O. australiensis), IR65482-4-136-2-2. Gen ndy khang lai rdy nau kiéu sinh hoc 1,
2 va 3. Bphll dugc xé4c dinh tir O. eichinger. Cay lGa c6 gen khang ray niu c6 thé e
ché qua trinh 14y thirc an, ting trudng va phat trién, va tai sinh san cta rdy nau, nhd do

muc ti€u khing sdu bo c6 hai s€¢ dat dugc (Hao PY va cOng su, 2008
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Herbivore-induced callose deposition on the sieve plates of rice: an important
mechanism for host resistance. Plant Physiology 146: 1810-1820). Tuy nhién, cho dén

nay, khong c6 gen khang rdy ndu & ltia ndo duge tach dong.

T4ch dong dua trén ban do, hay cling dugc goi 1a tach dong vi tri, 1a mot ki
thuét tach dong gen duge phat trién cing véi su phat trién ctia ban dd lién két di truyén
chi thi phéan tir. Céc budce tach dong dua trén ban do bao gbém tao ban do di truyén cta
gen muc tidu, ban dd vat ly, phan tich trinh tu va bién nap di truyén va thtr chire ndng.
Trén ly thuyét, bit ctr gen nao c6 thé xac dinh duoc vi tri déu ¢6 thé duoc phan lap
bing tach dong dua trén ban do. Nhin chung, tich dong duva trén ban dd thich hop cho
cac loai ¢4 bd gen twong ddi nho, vi du nhu cay lua mau mot 14 mam, trong do ti 1é
gilta khoang cach vt ly va khoang cach di truyén ctia bd gen 1a nho va c¢6 nhiéu chi thi.
La mot ciy mAu than co, lta co bd gen 1a trung tAm clia vong tron dong tim duoc tao
ra boi cdc bd gen ctia 7 loai than c¢d, vi du nhu lda mach va cao tuong, va nd la mot
trong s céac cdy thich hop nhét dé st dung tach dong dua trén ban do dé phan lap mét
gen muc tiéu. Nhidu gen da duoc tach dong trong lua sir dung phuong phap tich dong
dua trén ban do, vi du nhu gen khang Xanthomonas oryzae pv. oryzae Xa-2/ (Song
WY va cong su 1995, A Receptor Kinase-Like Protein Encoded by the Rice Disease
Resistance Gene, Xa2!. Science, 270: 1804-1806), Xa-1 (Yoshimura va cong su 1998,
Expression of Xa-1, a bacterial blight-resistance gene in rice, is induced by bacterial
inoculation. PNAS, 95: 1663-1668) va Xa-26 (Sun va cong sy 2004, Xa26 a gene
conferring resistance to Xanthomonas oryzae pv. oryzae in rice, encodes an leuxin-rich
repeat LRR receptor kinase-like protein. Plant Journal, 37: 517-527), gen khéng kho
héo & lta Pi-b (Wang va cong su 1999, The Pi-b gene for rice blast resistance belongs
to the nucleotide binding and leuxin-rich repeat class of plant disease resistance genes.
Plant Journal, 1999, 19: 55-64) va Pi-ta (Bryan va cdng su 2000, A single amino acid
difference distinguishes resistant and susceptible alleles of the rice blast resistance
gene Pi-ta. Plant Cell, 12: 2033-2046), va gen moc chéi r& dugc tach dong boi Li (Li
va cong su 2003, Control of tillering in rice. Nature 422: 618-621), gen chiu man (Ren
va cong s 2005, A rice quantitative trait locus for salt tolerance encodes a sodium
transporter. Nature Genetics 37(10): 1141-1146) va gen cho san luong cao (Weiya Xue
va cong sur 2008. Natural variation in Ghd7 is an important regulator of heading date

and yield potential in rice. Nature Genetics 40, 761-767).
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Ban chit ky thuit cia sang ché

Muc dich clia séng ché 1a dé xudt gen khang rdy ndu & lua Bphl4 c6 trinh tu
nucleotit dugc thé hién trong SEQ ID NO: 1.

Muc dich khac ctia sing ché 1a dé xuét cac phuong phap st dung gen khang ray
nau & lta Bphl4 dé cai thién gay gibng lua.
Muc dich nita ctia sang ché 1a dé xudt cac phuong phép dung gen khang rdy nau

& lua Bphl4 dé tang kha ning khéng rdy nau cua lda.

Séng ché dé xuét phuong phdp dé tao ra mot quin thé phan lap cac cay lua
khéng rdy nau. N6 sir dung tach dong dya trén ban db va phan tach gen khang riy nau
& lba Bphl4. Phan tich chi thi dong chia tach chi ra rang gen nay duogc chia tach dong
thoi véi dédc tinh khéng rdy nau. Bing bién nap di truyén gen Bphl4, dé lua dugc bién

nap cho thay kiéu hinh khang ray nau, chirc nang cta gen nay di duoc xac nhan.

Trinh tu nucleotit ctia gen Bphl4 trong sang ché nhu dugc chi ra trong trinh tu
SEQ ID NO: 1. Chiéu dai ddy du ctia gen nay 1a 9921bp, bao gdm 1 intron va 2 exon,
CDS cua n6 tuong tmg 1a cc vung cap bazo 3387-7289 va cip bazo 7936-8004. Chiéu
dai ddy di ctia cADN la 3972bp, mi héa cho 1323 axit amin, trinh tu axit amin ctia nd
duge chi ra trong trinh ty SEQ ID NO: 3. Protein niy thudc nhém vi tri lién két
nucleotit-1dp lai giau leuxin NBS-LRR, ving trung tdm hoat dong ctia 180-464 1a mot
mién NB-ARC bao tdn, bao g6m P-loop béo ton, mién lién két ATP va kinaza 1a (Van
der Biezen EA, Jones JDG. The NB-ARC domain: a novel signalling motif shared by
plant resistance gene products and regulators of cell death in animals. 26 March 1998.

Current Biology 8(7):R226-R228).

Nén hiéu rang khong can tac dong dén hoat dong ctia protein Bphl4, ngudi ¢c6
hiéu biét trung binh trong linh vuc k¥ thudt nay c6 thé thay thé, chén va/hodc x6a mot
hodc nhiéu hon axit amin cta trinh tu axit amin duoc chi ra trong trinh tw SEQ ID NO:

3 dé tao mot trinh tu axit amin c6 cung chirc nang.

Bén canh do, tinh dén sy thoai hoa cla céc codon, vi du nhu, trinh tu gen ma
héa cho protein néu trén ¢6 thé dugc bién dbi trong ving ma hoa ctia né ma khong can
thay ddi trinh tu axit amin hodc trong ving khong ma héa ma khéng can tic dong dén
biéu hién gen. Do do, sang ché cling bao gém trinh tu nucleotit c6 mdt hodc nhiéu hon

nucleotit dugc thay thé, chén va/hodc xoa khoi trinh tu gen méa hoa cho protein néu
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trén va c6 cung chirc ndng nhu gen ma hoéa néu trén. Sdng ché ciing bao gdm ca trinh
tu c6 nghia hoic dbi nghia co ngudn gde tir gen, bao gém ca vecto tach dong hodc
vecto biéu hién co mang trinh ty nucleotit hozic cdc manh clia nd, té bao vat chu mang
vecto, mot té bao thuc vat bién nap va mot cay chuyén gen mang trinh tu nucleotit

hodc mot doan cia chung.

Ngudi ¢6 hiéu biét trung binh trong linh vyc k§ thuat nay s& hiéu ring cac chi
thi phan t&r duoc thiét ké hodc tao ra theo trinh tu dugc cong bé clia sang ché co thé

duoc dung dé gay giong cdy lta khang ray nau.
Uu diém va hiéu qua cta sang ché:

1. Tach dong thanh cong gen Bphl4 con chimg minh kha ning tach dong duwa trén
ban d6 trong tich dong cac gen quan trong & lua. Céc gen dugc tach dong st dung

phuong phap nay c6 cac chirc nang rd rang va hiéu qua tot.

2. Mic du & lua, nhiéu gen mi hoa cho cAu tric vi tri lién két nucleotit NBS mang
protein da duoc tach dong, hau hét chiing c6 lién quan dén khang bénh. Gen Bphl4
dugce tach dong trong sang ché ¢6 dac tinh hién nhién khang riy nau va diéu nay la rét

quan trong d€ hiéu dugc day du ve cac chiic nang sinh hoc clia cac gen thudc loai nay.

3. Cho dén nay, khong c6 gen khéng riy ndu & lua nao duoc biét dén 1a da duoc
tach dong, va co ché phan tir cta khéng riy niu & lua van con chua o rang. Gen
Bphl4 duge tach dong trong sang ché c6 thé tang kha nang khang ciia lta dbi voi riy
nau, diéu nay sé thic diy viec nghién ctru dé hiéu duoc co ché phén tr ctia khang ray
nau ¢ lua.

4. Bph14 lam ting dang ké kha ndng khang rdy nau ctia laa. St dung Bphl4 dé gay
gidng lua bing bién nap di truyén hodc lai chéo c¢6 thé lam tang kha nang khang riy
nau cua lda, do dé thiét hai do rﬁy nau giy ra dugc giam bét va dat duoc muc dich
tang va on dinh san luong.

5. S@u bo choc hut 1a loai sau bo ¢6 hai véi nganh ndng nghiép. Viéc tach gen
Bphl4 va viéc chimg minh chirc ning khang rdy ndu ctia né 1a mot tham khao quan
trong cho nghién ctru vé kha ning khang trong céc cay khéac ddi voi cadc nhom siu bo

choc hut khac.

Bing cach str dung cdc méi dugc cung cap (cac trinh tu SEQ ID NO: 14-27),
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kha nang khang ray nau c6 thé duoc xac dinh. Sy ton tai ctia gen khang riy nau Bphl4
trong gidng lua B5 dugc chi ra néu cac manh 222 cap bazo (bp) (SG1) c6 thé dugc
khuéch dai khi st dung céc trinh ty SEQ ID NO: 14 va 15; hodc cac manh 221bp (SG6)
c6 thé duoge khuéceh dai béng cac trinh ty SEQ ID NO: 16 va 17; hodc cadc manh 227bp
(SGY) c6 thé dugc khuéch dai bang cac trinh ty SEQ ID NO: 18 va 19; hodc cac manh
158bp (RM570) c6 thé duoc khuéch dai bang cic trinh tu SEQ ID NO: 20 va 21, hodc
cdc manh 230bp (SM1) ¢6 thé duoc khuéeh dai bing cac trinh ty SEQ ID NO: 22 va
23; hodc cac manh 172bp (76-2) c6 thé dugc khuéch dai bing céc trinh tw SEQ ID NO:
24 va 25; hodc cdc manh 218bp (SM4) c6 thé duoc khuéch dai bang cac trinh ty SEQ
ID NO: 26 va 27; trong d6 gen Bphl4 nim giita chi thi SG1 va SM4 & phan cubi cia
canh dai ctia nhiém séc thé thir 3 trong bd gen lta. Chung t6i di dung SG1 va SM4 dé
sang loc 3700 cay don 1& tir quan thé F,va 5000 cdy don 1& tir quan thé Fs, va da thu
duogc cac cdy don 1é c6 mang céac chi thi phan tir tai t& hop nim gitra SG1 va SM4.
Duya trén kiéu gen ctia cic cdy don 1é tai t hop nay va cdp do khang cta céc dong
tuong Ung cta ching, chi thi phan tir 76-2 cling phan 1ap véi gen khang ray nau Bphl4,
v tat ca chi thi phan tir SG1, SG9, SG6, RM570, SM1 va SM4 c6 thé duoc st dung

dé sang loc gidng lta khang ray ndu c6 mang gen BphlA4.
M3 ta viin tit cic hinh vé

Hinh 1 1a so d6 xéac dinh vi tri cta gen Bphl4 cha yéu khang ray ndu & nhiém
sac thé thu 3 trong gidng lta BS. A 1a két qua quét ctia QTL. Pudng ké ngang la nhiém
sdc thé thir 3 clia lta, va cdc duong ngin vudng goc 1 cac chi thi phan tir trong nhiém
sic thé. Gid tri gitta cac chi thi cho biét khoang cach di truyén (cM) gifta céc chi thi.
Céc hinh tam gidc 1a gi4 tri LOD ctia timg chi thi. LOD cao hon 2,0 cho thay su xuét
hién cta QTL. “n” 1a s6 lwong cac cay don 1é trong quan thé; B 1a két qua sang loc cua
céc cdy don 18 tai to hop F, st dung SG1 va SM4. Céc két qua cua kiéu gen va kiéu
hinh dugc két hop, va Bphl4 duge ddng phan l14p véi chi thi phan tor SM1. Cac gid tri
phia dui chi thi 1a s lugng cac cdy don 1¢é téi tb hop gitta chi thi phan tir va Bphi4.
“n” la sb lwong ctia tong céc ciy don 1é F, duoc sang loc; C 1a két qua sang loc céac cay
don 1¢ tai t6 hop Fs bing RMS570 va SM4. Bphl4 ddng phan I8p v6i chi thi phan tu
76-2. Céc gia tri bén dudi chi thi 1a s6 lugng céc cay don 1é tai td hop giita chi thi phan
tor va Bphl4.nla sb luong téng cdc cdy don 1¢ F5 dugc sang loc; va D, 76B10 1a mot

dong BAC cua thu vién bo gen BS. Dya trén sy so sanh gitta trinh tu ctia n6 va trinh tu
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Nipponbare, 76-2, méi duoc thiét ké dua trén su khac nhau gitta cic trinh tu, dong

phéan lap v6i Bphl4. Bphl4 dugc dat tai vung 34kb gitta SM1 va G1318.

Hinh 2 14 anh chup dién di cta céc cdy don 1é duge kiém tra bang chi thi SSR
76B10-2. Hai hang ddu tién la cdy bd me khéng con tring RI35 va cdy nhay véi con

tring TN 1, cac hang con lai cho thdy kiéu gen ctia cdc cay don 1é thude quén thé F2.

Hinh 3 14 ban dd ctia Bphl4. A: Két qua ctia ban dd so bo Bphl4. Tén cia cac
chi thi ndm trén nhiém sic thé, cac con sb dai dién cho khoang cach di truyén (cM)
gifta cac chi thi, két qua quét QTL cho thay c6 mét gia tri LOD 1én nhét 49,3 gitra cac
chi thi phan tr R1925 va G1318.

B: Céc két qua ctia ban dd chinh xac. Céc con s giita cac chi thi phan tir 13 s6
luong cua cac cdy don 1é véi su tai to hop ctia chi thi va Bphl4. Bphl4 nam gifta cac

chi thi phan tt SM1 va G1318.

C: Ban db vat ly gita SM1 va G1318, Bphl4 nim trong vung 34kb giita
SM1-G1318.

M5 ta danh sach trinh tu
SEQ ID NO: 1 la trinh tu nucleotit ctia gen Bphl4.
SEQ ID NO: 2 1a trinh tu cADN ctia Bphl4.
SEQ ID NO: 3 la trinh tu protein Bphl4 dugc ma hda boi SEQ ID s6: 1.

SEQ ID NO: 4 va 5 va SEQ ID NO: 6 va 7 la cac cip mdi duoc str dung dé
khuéch dai gen Bphl4 tir bd gen cua BS.

SEQ ID NO: 8 va 9 1a mdt cdp mdi duoc st dung dé khuéch dai cADN cua gen
Bphl4.

SEQ ID NO: 10 va 11 1a mét cap mdi duoc sir dung dé khuéch dai trinh tu khoi
d4u phién ma 35S tir pPCAMBIA1301.

SEQ ID NO: 12 va 13 la mdi déanh du ctia gen Bphl4.
SEQ ID NO: 14 va 15 1a mdi cho chi thj phan tir SG1.
SEQ ID NO: 16 va 17 1a méi cho chi thi phan tir SG6.

SEQ ID NO: 18 va 19 1a mdi cho chi thi phan tir SGO.
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SEQ ID NO: 20 va 21 1a mdi cho chi thi phan ti RM570.

SEQ ID NO: 22 va 23 1a mdi cho chi thi phan tir SM1.

SEQ ID NO: 24 v 25 1a mdi cho chi thi phan ttr 76-2.

SEQ ID NO: 26 va 27 1a mdi cho chi thi phan tir SM4.

M0 ta chi tiét sang ché

Mot khia canh cta sang ché dé& xudt phan tir axit nucleic dugc phan 1ap mang
trinh tu nucleotit chira gen Bphl4 khang rdy nau dugc chon tir nhém bao gdm trinh tyr
SEQ ID NO: 1 va SEQ ID NO: 2. Trong mdt khia canh khéc, trinh tu nucleotit ma hda
phan t& polynucleotit mang trinh ty axit amin SEQ ID NO: 3. Trong mot khia canh
khéc nita, trinh tu nucleotit duge lién két hoat dong véi mot trinh tu khéi dau phién ma
di hop.

Mot khia canh khdc cta sang ché dé xudt vecto biéu hién mang phén tir axit
nucleic duoe phén 1ap ¢6 chira mot trinh tw nucleotit mang gen Bphl4 khang rdy nau
duoc lya chon tir nhém bao gdm trinh tu SEQ ID NO: 1 va SEQ ID NO: 2. Trong mét
khia canh khéac, sang ché dé xudt cdy, md cay, hodc té bao ciy chuyén gen c6 mang
vecto biéu hién. Ciing trong mdt khia canh khéc, cdy, mo cay, hodc té bao cay chuyén
gen 1a mot 1a mam. Trong mot khia canh khéc nita, cdy, mo cdy, hoic t& bao cay

chuyén gen la Ita.

Mot khia canh khic nita ctia sang ché dé xuit phuong phap dé tao cay chuyén
gen biéu hién gen Bphl4 bao gém cac budc: (a) bién nap on dinh mét t& bao cua cay
v6i mot phan tr axit nucleic chtra trinh tu axit nucleic dugc lua chon tir nhém bao g@)m
trinh tu SEQ ID NO: 1 va SEQ ID NO: 2 d tao té bao bién nap; (b) tai tao cay chuyén
gen tir t& bao bién nap; va (c) trong cdy chuyén gen trong dé phén tir axit nucleic duoc
biéu hién. Trong mot khia canh khéc, cay chuyén gen la mot 14 mam. Van trong mot

khia canh khéc, cdy chuyén gen 12 lta.

Mot khia canh khac nita ctia sang ché dé xuét chi thi phan tir lién quan dén tinh
khang ray ndu, trong do chi thi phan t&r dugce chon luya tir nhém bao gdm: SG1, SG6,
SGY9, RM570, SM1, 76-2, va SM4. Trong mdt khia canh, SG1 dugc khuéch dai béng
cac mdi SEQ ID NO: 14 va 15. Trong mot khia canh khéc, SG6 dugc khuéch dai béng
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cdc mdi SEQ ID NO: 16 va 17. Trong mdt khia canh khéac nita, SG9 dugc khuéch dai
béng cdc mdi SEQ ID NO: 18 va 19. Trong mot khia canh khac nita, RMS570 dugc
khuéch dai bang cac mdi SEQ ID NO: 20 va 21. Trong mdt khia canh khéc nita, SM1
duoc khuéch dai bang cac mdi SEQ ID NO: 22 va 23. Trong mét khia canh khac, 76-2
duoc khuéch dai béng cac mdi SEQ ID NO: 24 va 25. Trong mot khia canh khac nita,
SM4 duoc khuéch dai bang cac mdi SEQ ID NO: 26 va 27.

Van trong mot khia canh ctia sang ché 1a phuong phap dé xac dinh sy c6 mat
hodc ving mat cta tinh khang rdy ndu & cdy hodc hat, bao gdm phan tich ADN b6 gen
tir cdy hodc hat d& x4c dinh sy c6 mit ctia mot chi thi phan tir lién két vé6i locus tinh
trang dinh lwong c6 lién quan dén tinh khang rdy nau, trong d6 chi thi phan tir duoc
chon lua tir nhém bao g(‘Sm: SG1, SG6, SG9, RM570, SM1, 76-2, va SM4. Trong mot
khia canh khac, phuong phép con bao gdm phén tich ADN bé gen tir cdy hodc hat dé
xac dinh sy ¢6 mat cia mot chi thi phan tir thr hai lién két voi locus tinh trang dinh
luong c6 lién quan dén tinh khang rdy nau, trong do6 chi thi phan tir thir hai 1a G1318.
Trong mot khia canh khac, cay hoac hat [a mot 14 man. Trong mot khia canh khéc nita,

cay hoac hat 1a lua.

Mot khia canh khéac cua sang ché 1a mot locus tinh trang dinh lugng cé lién
quan dén tinh khang rdy nau, trong d6 locus tinh trang dinh lugng nam tai viung 34kb
gitta mot chi thi phén t thu nhdt va mot chi thi phan tir thir hai trén nhiém sic thé thi

3 cua lua. Trong mot khia canh khac, locus tinh trang dinh luong mang gen Bphl4.

Céc phuong 4n sau ddy minh hoa hon nita ndi dung ctia sang ché, nhung chiing
khong duogc hiu 1a gioi han sang ché. Nhimng bién thé hodc thay thé cho cic phuong
phap, quy trinh hodc didu kién ctia sang ché, khi khong chéch huéng khaéi tinh than va
ban chit cta sang ché, tit ca déu thudc pham vi cta séang ché.

Néu khong duge thé hién cu thé, cic bién phap k§ thuit duge st dung trong
cac phuong an 1a cac bi€n phdp thong thuong da dugc chuyén gia trong linh vuc k¥
thudt nay biét dén.

Vi du thye hién sang ché

Vidu 1: Tach dong vi tri cta gen Bphl4
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1.1.Két qua ban d6 so bd cta Bphl4

Vit liéu 10a khang rﬁy ndu RI35 (Hao PY, Liu CX, Wang Y'Y, Chen RZ, Tang
M, Du B, Zhu LL, He GC (2008) Herbivore-induced callose deposition in the sieve
plates of rice: an important mechanism for host resistance. Plant Physiology 146:
1810-1820) duoc lai chéo vi mot gidng lta nhay véi riy nau (Taichung ban dia 1,
TN1, dugc mua tir thu vién ngudn hat théc qudc gia) dé tao ra quan thé F2 mang gen
Bphl4. Bé danh gi4 kiéu hinh khang rdy nau cta timg cdy don 1é trong quéan thé so db
F2, thi nghiém sang loc lwong 1én céc cdy con duge st dung dé kiém tra tinh khéng
cta ting cdy don 1é trong quan thé. Mirc d6 khang sdu bo ctia cdy don 1é F2 duoc tinh
toan theo murc do khang sau bo clia tit ca cac cdy don 1é ciia ho F,3 twong tmg. Béng
cich st dung phuong phép PCR (phin tng chudi polymeraza), dién di gel
polyacrylamit, doan do RFLP va lai Southern blotting (Sambrook, va cong su), trang
thai phan tach ctia cac doan do phan tr RFLP va SSR phat hién tung cay F2 don 1.
Dua trén kiéu phu cua chi thi phan tr F2, phan mém JoinMap3.0 (Kyazma B.V., PO
Box 182, 6700 AD Wageningen, Ha Lan) duoc st dung dé tao so dd lién két di truyén
chi thi phan t& ciia nhiém sic thé lva. Cung sy trg giup cua phén mém phan tich dic
tinh dinh luong MapQTLS5.0 (Kyazma B.V., PO Box 182, 6700 AD Wageningen, Ha
Lan), phan tich ban do xen k& dugc két hop véi sb lidu dinh luong ctia kiéu hinh khang
rdy nau thu thap duoc trong thi nghiém sang loc lugng 16n ciy non. Két qua cho thiy:
mdt gid tri dinh QTL ton tai gitta c4c chi thi phan tir nhiém séc thé thua ba R1925 va

G1318, gia tri LOD dat 49,3 va ti 1 gbp phan vao da dang kiéu hinh 1a 90,6%.
1.2. Ban dd chinh xac ctia Bphl4

Dua trén céc két qua trén, cac phuong phap PCR (phan ting chudi polymeraza)
va dién di gel polyacrylamit duoc st dung dé sang loc quan thé F2 véi hai chi thi SSR
RMS514, ndm ngoai R1925 va G1318, va SM1, nim trong R1925 va G1318, dé thu
duoc 54 ciy don 1é tai to hop. Khi hop nhit cic chi thi phan tir ctia cac cay don 1@ tai
t6 hop, cac cay don 1é nay c6 chi thi phan tir gibng nhau va cting mirc d6 khang sau hai
dugc dua vao quy chung (Bang 1). Trir cay don & SA69, 12 cdy don 1€ RT25-RT15 ¢6
kiéu hinh giéng hét nhau voi chi thi phan tr SM1, nhung & SA69, kiéu hinh giéng hét
v6i G1318. Do d6, Bphl4 nim gitta SM1 va G1318.

-11-
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Bang 1. Kha ning khang sau bo ¢6 hai cta cac cdy don 1é F2 tai td hop

50 luong Kidu Cép do
chy éicm RMS14 SGI R1925 SG9 SG6 RMS70 SMI GI318 (1t 118 0
RT1 R R R R R R H H H 56
RTS R R R R R H H H H 474
RT6 R R H H H H H H H 583
RT2 R H H H H H H H H 549
SAS R H H H H H R R R 3,93
SA H H H H H H R R R 3,9
SASS, s H H H H R R R R 3.86
RTIS H H H H H R R R R 4,04
RT3 H ©H H H R R R R R 4,56
RIT ©H H H R R R R R R 41
RTO H R R R R R R R R 443
RT2 H H H S S S H H H 488
SAS’ H H S S S H H S H 448
SA66 H H S S S H H S H 478
SA¢ S S S S S H H S S 738
RT8 H H H H H H S S S 7123
RI4 H H H H H S S S S 855
SAG0 H H H S S S S S S 755
RT3 H S S S S s S S S 825
SAI2 S S S S s s S H S 832
RTS s s s s S S H H H 558
RT7 S s S S S H H H H 539
RT17 S S S S H H H H H 435
RI15 S H H H H H H H H 4,96

R = khang, H = di hop, S = dé bi 4nh huong.

Truc trén cuia bang 1 1a chi thi phan tir dugc sang loc.
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1.3. Xay dung thu vién bo gen rdy nau

DPé chuan bi ADN b gen phan tir khoi 16n ctia cdy, xem phuong phap cta
Zhang Hongbin va cdng su (Zhang va cong su, Preparation of megabase DNA from
plant nuclei. Plant J 1995, 7, 175-184). Nhan tir 14 non cua lta BS khang rdy niu
(Wang BN, Huang Z, Shui LH, Ren X, Li XH, He GC (2001) Mapping of two new
brown planthopper resistance genes from wild rice. Chinese Science Bulletin 46:
1092-1095) duoc tach chiét va dugc boc thach agaroza c6 diém néng chay thip. Mot
lugng thich hop enzym gidi han BamHI dugc bd sung vao nhan di duogc boc dé phan
cit. bién di xung truong duoc thyc hién véi hé théng dién di xung truong CHEF
Mapper dé tach doan can thiét. Bang gel rd nhit tir ving cé chira doan 50-250kb dugc
cét ra va dat vao tGi thdm tach. Poan ADN dugc léy lai béng cach dung dién di
(electroelution) (Strong va cong su, Marked improvement of PAC and BAC cloning is
achieved using electroelution of pulsed-field gel-separated partial digests of genomic
DNA. Nucleic Acids Res. 1997, 25, 3969-3961). Poan ADN 16n phan tach bing dién
di duoc thu lai va cho vao 6ng ly tim 1,5ml, 600ng doan ADN (50-250Kb) thu lai nay
duoc trén v6i 200ng vecto BIBAC2 khir phdt pho, @ & 60°C trong 10 phut va lam mét

dén nhiét do phong. Enzym T4 DNA ligaza dugc bd sung vao va hdn hop duoc ¢
16°C trong 16 gid. LAy 2yl san pham lai va 40pl t& bao DH10B binh thuong, hé thong
Gene Pulser duoc st dung dé thuc hién dién bién nap. Cac té bao da bién nap duogc dua
sang dia agaroza c6 chtra 50mg/l Kanamycin va u ¢ 37°C qua dém. Cac dong duong tinh
duogc nhat tir dia va chuyén vao dia nudi cdy t& bao 384 giéng c6 chira 70pl mdi trudong
va 0 & 37°C trong 30 gid. Sau khi xdy dung thu vién, hai ban sao dugc tao ra bing
Genetix Q-PIX va mot dugc bdo quan & -80°C. Dé dénh gia chidu dai ctia cic doan chén

thu duoc va khdi luong céc dong, 30 dong BIBAC duoc 1iy ngiu nhién tir thu vién, va
plasmit ctia chung duoc tach chiét bang thiy phan bang kiém. Sau khi cit bang mot
lugong thich hop Notl, chiéu dai ctia doan chén duoc xac dinh béng dién di xung trudong
(Shi ZY, Ren X, Weng QM, Li XH, He GC (2003) Construction of genomic library of a
BPH-resistant rice line with binary vector and physical map of Qbpl locus. Plant
Science 1165:879-885).

1.4. Xay dung ban d6 vat Iy ctia ving SM1-G1318
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Tét ca cac dong BAC duge sang loc cho ving R1925-G1318. Sau khi cit kép
bang BamHI va EcoRI, tién hanh xung dién va cac manh axit nucleic duge chuyén sang
modt mang thim. Sau d6, phin cudi ctia dong dd phan cit duoc danh diu bang
a-2P-dCTP phong xa. Lai Southern blotting véi cac dong BAC duge thuc hién nhu trén,
va cac dong BAC c6 cac doan géi va chiéu dai cua cac doan géi nay dua trén tin hiéu lai
duoc x4c dinh. Dua trén céac két qué, ban dd vat ly duoc xdy dung (hinh 3C). bé phan
tach phin cudi cac dong duong tinh BAC, xem phuong phap TAIL-PCR do Liu
Yaoguang va cong su tao ra (Liu and Whittier, Thermal asymmetric interlaced PCR:
automatable amplification and sequencing of insert end fragments from P1 and YAC
clones for chromosomewalking. Genomics 25: 674-681). Két qua sang loc va

TAIL-PCR cho thdy dong BAC 76B10 c6 chita toan by gen Bphl4 (hinh 3C).
1.5. Phan tich cac gen c6 thé thich hop trong viing SM1-G1318

Tién hanh phan tich trinh tw cho trinh ti toan bo dong chita gen Bphl4. Trinh tu
nay dugc dung nhu la mét trinh tu dich dé tim trong ngan hang dir liéu NCBI nhim
xé4c dinh trinh tu tuong dong ctia bd gen Nipponbare trong ving nay. Phin mém truc
tuyén RiceGAAS (Sakata,K., Nagamura,Y., Numa,H., Antonio,B.A., Nagasaki,H.,
Idonuma,A., Watanabe,W., Shimizu,Y., Horiuchi,I., Matsumoto,T., Sasaki,T. &
Higo,K.: "RiceGAAS: an automated annotation system and database for rice genome
sequence", 2002. Nucleic Acids Res., 30: 98-102) dugc sir dung dé thuc hién du doan

va chu giai gen, ClustalW ciing duge ding dé phan tich so sanh (bang 2).
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Bang 2 So sanh céc gen ¢ lua dugce du doan khang sau bo cé hai & vung gen Bphl4 véi

cac gen duogc dy doan ctia Nipponbare

Gen dugc du dodn ciua Nipponbare Céc gen ¢ lta duge du doan khang sdu bénh bo
86 . Sé . tuong
So So N
P , . |luong < . , luong dong
Sé: Chtre nang du doén . lugng | S6: | Chic nang du dodn . luong
axit axit
. exon . exon (%)
amin amin
gl Protein p20 ARPC 75 2 gl Protein p20 ARPC 75 3 100
gia dinh gia dinh
g2 Thy quan té bao B 217 3 g2 Thu quan té bao B 189 2 94,7
gia dinh lién quan gia dinh lién quan
dén protein 31 dén protein 31

g3 Gen nhay phién ma 1997 4

ngugc gia dinh

g4 Protein NOI kich 238 4 g3 Protein NOI kich tmg 246 4 96,6
g NO gia dinh NO gia dinh
g4 Protein khang bénh 1333 2 83,4
gia dinh
g5  Protein RIN4 tuong 148 4 33,8
tac RPM1 gia dinh
g5 Protein khang bénh 1315 1 g6  Protein khang bénh 1121 3 99,6
gid dinh gid dinh
g6 Protein chua biét 15 2 g7  Protein gia dinh 148 3
g7 Protein chua biét 132 2 g8  Protein gia dinh 115 3
28 Protein RIN4 tuong 168 3 g9  Protein chua biét 223 3
tac RPM1 gia dinh
29 Protein chua biét 49 2
gl0  Protein gia dinh 87 2
gll Protein khang bénh 680 2 gl0 Protein khdng bénh 680 2 99,7
gia dinh gia dinh

Béng céch so sdnh cic gen duge du dodn ctia ca hai, thiy rang protein khéng
bénh duoc ma hoa bdi gen s6 4 cia lta khang siu bo ¢6 hai 1a khd khac so véi gen d6
cta Nipponbare. Ngay nay, viéc coi lta bi hit va dn béi sdu bo choc-hut gidng voi qua
trinh tin coéng cdy lta cta vi khudn gdy bénh 1a phd bién, do do, co ché cua lua dé
khéng sdu bo choc-hut co thé gidng véi co ché khang vi khuan gay bénh. Do vay, gen

nay cé thé duge xac dinh 1a Bphl4.
1.6. Sang loc thu vién cADN

St dung cac gen dy doan tuong tng véi EST nhu 1a mot doan do, tién hanh lai in

situ thé thuc khudn voi thu vién cADN cua lua BS khang sau bénh cam Ung réy nau
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(Wang XL, Weng QM, You AQ, Zhu LL, He GC (2003) Cloning and characterization
of rice RH3 gene induced by brown planthopper. Chinese Science Bulletin 48:
1976-1981). Sau khi lai in sifu 3 vong, hai dong thé thuc khuan chon dugc bang PCR
duoc kiém tra, va sau d6, chiéu dai ctia manh chén vao duge xac dinh béng phan cit nho
enzym. Chiéu dai déy du cia cADN duogc doc trinh tu. Trinh tu nucleotit ctia nd dugc
thé hién trong danh séch trinh tu SEQ ID NO:2. Tuy nhién, ngudi c6 hiéu biét trung binh
trong linh vuc k¥ thuat s€ hiéu réng theo trinh tu nucleotit dugc boc 16 trong sang ché,
bang cach thiét ké cac mdi thich hop, gen Bphl4 c6 thé duge khuéch dai va thu dugc tir
bo gen cuia lta khang ray nau. Vi du nhu, cac mdi 5’ctecctgactgaagaagagaagag3’ (SEQ
ID NO: 4) va 5’tgctagetgtgattctettatgatg3’ (SEQ ID NO: 5), trinh tu ¢6 thé thu duoc
béng céch st dung bd kit khuéch dai PCR doan dai va khuéch dai bo gen cua lda khang
rdy nau hodc ltia hoang dai (94°C trong 2 phut; 30 chu trinh 94°C trong 15 gidy, 58°C
trong 30 gidy, 72°C trong 7 phut; 72°C trong 2 phut).

Vi du 2: Kiém tra chirc nang ctia Bphl4 va Gmg dung ctia nd
2.1. Tao vecto bién nap di truyén

Vecto duoc st dung 1a pCAMBIA1301 (mua tir Trung tdm cta Uc vé tng dung
sinh hoc phan tir cho néng nghiép quéc té). Dua trén két qua doc trinh ty bd gen, cac
doan moi dugc thiét ké (5’cggaattectcectgactgaagaagagaagag3® (SEQ ID NO: 6),
5’cggaattctgctagetgtgattetcttatgatg3’ (SEQ ID NO: 7) ¢6 chita mét doan ndi EcoRI. Sir
dung céc doan moi nay, bd gen cta lta B5 khing sdu bénh dugce khuéch dai nhu mo ta
duoi day (Z. Huang va cong su, Identification and mapping of two brown planthopper
resistance genes in rice. Theor Appl Genet, 2001, 102: 929-934). Téng thé tich ctia phan
ing PCR 14 50ul: 1ul ADN, 5pl dung dich dém 10x, 1ul NTP 10mM, 3pul mdi mdi
10mM, enzym Taq c6 do chinh x4c cao 1U; chu trinh phéan tng: 94°C 2 phut, 94°C 15

gidy, 58°C 30 gidy, 72°C 7 phut 30 gidy, téng cong 30 chu trinh. San phdm duoc tinh

sach bang bo sung 1/10 thé tich NaAC 3mM va 2x thé tich con tuyét dbi. Trinh ty thu
duoc ¢6 chira mot trinh tu khoi dau phién ma 1960bp va 4997bp phﬁn déu trinh tu bd
gen Bphl4 va 436bp ving khong duge dich ma dau 3° & phan cudi bd gen duoc phan cit
bang EcoRI voi téng thé tich hé phan cit 1a 20pl: khoang 5pl (1pg) san phdm PCR, dung

dich dém phan tmg 1x, EcoRI 1U, tron ki va i & 37°C qua dém. San pham duge két tia

bang 1/10 thé tich NaAC 3mM va 2x thé tich con tuyét ddi, ldy lai phan can ldy. Hé phan
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cAt cua vecto pCAMBIA1301 nhu da dugc dé cap o trén, duogc tinh sach béng bo kit tinh
sach. Phan trng lai nhu sau: 1pl manh thude b gen, 0,5pul vecto, ligaza T4 2U, 2ul dung

dich dém 5x, tdng thé tich 10ul, lai & 4°C qua dém. San pham lai duoc bién nap vio
E.coli DHI0B bang s6c nhiét & 42°C trong 90 gidy, bd sung 400ul LB, phuc hoi trong

45 phut, chuyén sang 200ul méi trudng nudi cdy trén dia LA c¢6 kanamycin, va 0 trong

37°C qua dém. Céc dong don duoc nhat, khuéch dai va tach plasmit va kiém tra bang cit

enzym. Mot dong duong tinh dugc nhdt va bién nap xung dién vao Argobacterium
EHA105. Viéc tach dong dugc xac minh bang tach chiét plasmit va kiém tra bing PCR.
Dich nuéi cdy Argobacterium mang vecto da duoc tao ra duoc bao quan bang cach liy
750ul dich d6 va bo sung cling thé tich glycerol 50%, trén déu. Dich nuéi cdy duoc bao

quan ¢ -70°C.

Céc doan mdi dugc thiét ké dya trén trinh tw cADN chiéu dai day da, cé chira
doan ndi Xmal va Xbal (5’tccccecgggatggeggagetaatggecac3’(SEQ ID NO: 8),
5’gctetagactacttcaageacatcagectad’ (SEQ ID NO: 9)). ARN tong s6 dugce tach tir vo 14
BS bing TRIzol cua Invitrogen (Invitrogen Corporation, 5791 Van Allen Way, PO Box
6482, Carlsbad, California 92008), sau d6, cADN cua B5 duogc thu lai béng st dung bo
kit phién ma ngugc cta Fermentas (Fermentas International Inc, 830 Harrington Court,
Burlington Ontario L7N 3N4 Canada); hé phan tmg: 1pg ARN téng sb, 1l oligo(dT),
4pl dung dich dém 5x, 1pl chét trc ché, 2] INTP 10mM, 1ul enzym phién mi nguoc, 0
& 42°C trong 1 gid. cADN ctia BS duge khuéch dai bing céc doan moi thiét ké. Hé phan

tmg PCR dugc mo ta & trén, tuy nhién, trong chuong trinh, kéo dai chudi & 72°C trong 4

phut dé thu duoc trinh ty cADN ctia Bphl4. Pong thoi, trinh tu khoi ddu phién ma can
cho phién ma cADN c6 thé thu duoc tir khuéch dai PCR trinh tu khéi dau phién ma 35S
co trong pPCAMBIA1301. Str dung cac doan mdi duoc thiét ké c6 doan lién két EcoRI va
Xmal (5’cggaattcatggtggagcacgacactct3’ (SEQ ID NO: 10),
5’tcceecegggateteattgeceecegggat3’ (SEQ ID NO: 11)), trinh tu khoi dau phién ma 35S
duoc khuéceh dai tir pCAMBIA1301. H¢ phan ung PCR dugc md ta ¢ trén, tuy nhién,
thoi gian kéo dai chudi 1a 1 phat. Trinh ty khoi diu phién ma 35S va
vecto pPCAMBIA1301 duoc phén cét timg thir bang EcoRI va Xmal. Poan 35S va vecto

dang thang dugc lai va bién nap vao E.coli sau khi dugc phuc héi. Dong duong tinh thu
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dugc va trinh tw cADN Bphl4 duoc phan cét ting thir bing Xmal va Xbal, san phim
duoc thu hoi, lai va bién nap. Mot vecto 35S:Bphi4 dugce tao ra va bién nap béng xXung

dién vao Argobacterium EHA105, quy trinh chi tiét duoc mo ta & trén.
2.2. Bién nap di truyén

Vecto bién nap di truyén Bphl4 & trén va vecto bién nap cADN duge dua vao
mdt cach riéng 1é giéng lua binh thuong Kasalath (dugc mua tir thu vién ngudn gibng
lta quéc gia hodc vién nghién ctru lia quéc gia) nhay véi riy nau bing phuong phap
bién nap di truyén qua trung gian Argobacterium EHA 105 (Hiei va cong su, 1994,
Efficient transformation of rice (Oryza sativa L.) mediated by Argobacterium and
sequence analysis of the boundaries of the T-DNA. Plant Journal 6:271-282). Pdong
thoi, mot vecto tréng (pCAMBIA1301) duoc ding 1am déi chiung am.

2.3. Két qua biéu hién ctia gen Bphl4 va tng dung clia nd

14 cay giéng tir hat, thu tir mi dong bién nap ké trén, va 4 cay gidng tlr hat ddi
ching duge trong trén canh dong. Sau khi thu hoach thé hé T1 riéng biét, cac cdy dong
hop (14 cay mdi dong) duoc lva chon dé kiém tra tinh khéng sau bénh. Sau khi kiém tra
tinh khdng sdu bénh & giai doan cay con gieo tir hat va ¢ thoi ki truong thanh, trong ca
hai truong hop, tinh khéng ray nau cta ciy chuyén gen duoc tang 10 rang, trong khi cac
cay dbi chimg khong c6 tinh khéng ray ndu. Tat ca cic muirc d6 khang sau bénh cia lua
chuyén gen & giai doan cdy non gieo tir hat nim trong khoang muc 3-5, nhu duoc xac

dinh béng quy trinh duoc néu trong Huang, va cdng sy (Huang Z va cong su, 2001

Identification and mapping of two brown planthopper resistance genes in rice. Theor.
Appl. Genet. 102, 929-934). Cay chuyén gen ¢ giai doan truéng thanh & diéu kién tét
sau khi cho sdu bénh vao va chiing vAn ra hat binh thudng. Pong thoi, EPG (Peiying
Hao va cong su, Herbivore-induced callose deposition on the sieve plates of rice: an
important mechanism for host resistance. PlantPhysiol, 2008, 146: 1810-1820) cho thay
khi rdy nau dn cdy chuyén gen, thoi gian ding cho soi li-be it hon o rang. Thir bang
phuong phap mat ong (P. Paguia, Honeydew excretion measurement techniques for
determining differential feeding activity of biotype of Nilaparvata lugens on rice
varieties. J. Econ. Entomol, 1980, 73: 35-40) chtiing minh rang luong chét bai tiét duoc
tiét ra boi rdy nau 4n cay chuyén gen giam. Do d6, gen Bphl4 tich dong c6 thé tao cho

lta tinh khéng ray ndu an lua.
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Vi du 3: Chi thi phan tr tro gitip chon loc cdy lta khéng rdy ndu mang gen Bphl4

3.1. Dua trén trinh tu bd gen va trinh tw cADN cua gen Bphl4, nhiéu cap mdi
ctia chi thi SSR hodc chi thi STS c¢6 thé dugc thiét ké. Trong phwong an nay, cc cip
mdi 5’ctgetgetgetetegtattgd’ (SEQ ID NO: 12), 5°cagggaagctccaagaacag3’ (SEQ ID
NO: 13) dugc st dung lam cac moi danh dau dé chon lua lua khang sau bénh. Chiéu
dai ctia doan khuéch dai 14 172bp. Béng cach thuc hién khuéch dai PCR, str dung cic
moi duge thiét ké trén trinh tu gen Bphl4, co thé kiém tra su c6 mat cta chi thi phéan tu
bang dién di gel polyacrylamit. Cac cdy con lai giéng chéo cho cic bang dién di PCR
gidng véi lua khéng sdu bénh (san phim khuéch dai c6 chira doan 172bp) 14 cac ciy
dugc chon c6 mang gen Bphl4 (hinh 2). Tinh khang sau bénh cta cic cay nay duoc
khing dinh bang thtr nghiém sang loc luong 16n cac ciy non tir hat gidng va kiém tra &
thoi ki truéng thanh. Lua khang riy nau duoc nhan giéng bing tu lai chéo va chon loc
cac dic diém mang tinh kinh té cta cic cdy nay.

3.2. C6 thé danh gia tinh khang rdy nau cta quin thé ban dd bang cach kiém tra
sang loc luong 16n cdy non: Hat F3 dugc thu hoach tir cay F2, va khoang 20 cdy non
(goi 1a mot ho) duoc trong trong khay. Dong RI35 dbi chimg khang va dong TN1 dbi
chtng nhay duoc trong cing nhau. Khi cdy phét trién dugc khoang 2-3 14, cdy duoc
ciy nhong ray ndu 2-4 tudi (10 nhdng/cdy) va tinh trang bi pha hoai & mdi ho dugc ghi
lai khi tit ca céc cay TNI ddi chung nhay bi chét. Cac thi nghiém duoc lap lai 3 lan
v6i timg vat liéu. Theo két qua dénh gid tinh khang sau bénh, cac ho ctia quan thé ban

d6 duoc phan loai theo muc do khang sau bénh cta chung.

Vi du 4: Cac chi thi phan tir khac dé x4c dinh kiéu gen khang riy nau

4.1. Tao quan thé RI35/TN1 F, va danh gia kiéu hinh
St dung cac phuong phép da duoc biét dén trong linh vuc (Wang BN va cong

su, 2001 Mapping of two new brown planthopper resistance genes from wild rice.

Chinese. Sci. Bull. 46, 1092—1095, Huang Z va cdng su, 2001 Identification and

mapping of two brown planthopper resistance genes in rice. Theor. Appl. Genet. 102,
929-934), gen Bphl4 trdi khang riy nau duoc phat hién va dwa vao dau cudi cia canh
dai nhi®m sic thé tht 3 cta lta, va chi thi RELP cta né ndm gitta R1925 va G1318. Do
ki thuat RFLP 14 rt kho thuc hién nén viée nhan giéng va sang loc trén quy mé 1on doi

héi nhiéu cong suec.
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Pé tim duoc cac chi thi don gian va hi¢u qua co lién hé chat ché voi Bphl4,
ching t6i chon dong RI35 khang ray nau c6 ngudn gbc tir thé hé thir 7 ctia dong lai gan
tai t6 hop gitta BS va Minghui 63, chi mang gen Bphl4 chi yéu khang ray nau (Ren X
va cong su , 2004 Dynamic mapping of quantitative trait loci for brown planthopper
resistance in rice. Cereal. Res. Commun. 32, 31-38). Cay lai dugc tao ra bang cach
dung RI35 lam cdy me va dong lia nhay véi riy nau. TN1 1a cy b6. Quan thé phan
tach F, RI35/TN1 duoc tao thanh. Cac dong F,.3 RI35/TNI1 thu dugce tuong ing tur mdi

gibng don F, bing lai gn.

Danh gia tinh khang cua cac cay bd me va cac dong F,; duoc thuc hién bang
cdy trong thoi ki cdy non. Dé dam bao ring cac cdy bd me va mdi dong tir quan thé
F,3 16n cung tde do, tat ca cac vat lidu thi nghiém duwoc ngdm nude va thic cho ndy
mam trude khi gieo hat. 20 hat tir mdi dong (loai) dugc gieo hat trong hop nhan giéng
dai 54cm, rong 35cm va cao 8cm dd day dat dinh dudng. 40 vat liéu duoc gieo hat
trong mdi hop, bao gém 2 cay bd me khang va 4 cay bd me nhay. Thuc hién cit bo sau
bay ngay gieo hat. Cac ciy non dm va yéu duogc loai bo, va it nhdt 15 cay duoc giit
trong mdi cde. Khi cdy non dén giai doan ba 14, chiing dugc cdy vao 4u trung rdy nau
2~3 tudi véi ti 1& 8 trén mot cay non, va duge phil bang ludi nilon. Khi cic bién thé
TN1 nhay bi chét, mdi giéng don dugc dénh gid kha nang khang & céc cdp do 0, 1,3, 5,
7 va 9 (bang 3) theo phuong phap duge mo ta bdi Huang va cdng sy (Huang Z va cong
su ,2001 Identification and mapping of two brown planthopper resistance genes in rice.
Theor. Appl. Genet. 102, 929-934), va cap do khéng ctia mdi dong tlr cac cdy b6 me
va quan thé dugc tinh toan bing trung binh can ning, va cac kiéu gen gidng don duoc

wdce luong tir cap do khang.
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Bang 3: Cac ti€u chuan phan loai cua cap do khang va cap do nhay ray nau duogc

str dung trong nghién ctru nay

Cép d6 Do thuong tdn (duoc dénh gia khi hon 90% cay ban dia Muc dd

Taichung 1 bi chét) khang

0 Cay khoe manh, khong c6 14 bi ton thuong Khéng (R )

1 Mot 14 vang Khing (R )

3 MGdt hodc hai 14 vang, hodc mot 14 héo Khéng trung
binh ( MR)

5 Hai hodc ba 14 vang, hoac hai 14 héo Khang trung
binh ( MR )

7 Ba hodc bén 14 vang, nhung cay van sdng Nhay ()

9 Cay chet Nhay (S)

4.2. Phan tich chi thi phan tir ctia quin thé F, RI35/TN1

ADN clia céc cay b me va mdi dong cua quén thé F, duoc chiét béng ki thuat
CTAB (Murray MG & Thompson , 1980 Rapid isolation of high-molecular-weight
plant DNA. Nucleic Acids Res 8: 4321-4325).

ViR1925 va G1318 nam riéng biét trong 32G11 va 96MO04, cac dong BAC ctia
bo gen lua Nipponbare, ching t6i tién hanh nghién ctru cho kidu SSR trong céc trinh tu
ctia hai dong BAC nay bing cong cu tim kiém SSRIT duoc Temnykh va cOng su md ta
(Temnykh S, DeClerck G, Lukashova A, Lipovich, Cartinhour S, McCouch 8.
Computational and experimental analysis of microsatellites in rice (Oryza sativa L.):
frequency, length variation, transposon associations, and genetic marker potential.
Genome Research. 2001. 11(8):1441-1452) véi cac thong sb sau ddy: chidu dai kiéu
lén nhat 14 cAu tric phan ttr, 1an lap t6i thiéu 1a 5. Tét ca cac kiéu SSR dai hon 15 bazo
(chiéu dai kiéu x sb lan lap) duoc lua chon va cac moi duoc thiét ké dua trén cdc trinh

tu bién ctia chiing nhu céc chi thi phan tir SSR dwoc dé xuét.
Céc chi thi SSR dugc phan tich theo phuong phéap ctia Temnykh (Temnykh S va

cong su , 2000 Mapping and genome organization of microsatellite sequences in rice.
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Theor Appl Genet 100 : 697-712). Hé phan tmg 10ul bao gém: Tris-HCI 10mM d6 pH
la 8,3, KCI 50mM, MgCl, 1,5mM, dNTPs 50uM, moi 0,2pM, Taq polymeraza 0,5U va
khuén ADN 20ng. Khuéch dai duge thue hién béng may khuéch dai PCR PTC-100:
94°C 2 phut; 94°C 15 giay, 55°C 30 gidy, 72°C 1,5 phut, 35 chu trinh; 72°C 5 phut.
San pham khuéch dai dugc phan tach bing gel PAGE bién tinh 6%, va dugc nhin thay
béng nhudm bac (Zhu va cong su, 2004 Identification and characterization of a new
blast resistance gene located on rice chromosome 1 through linkage and differential
analyses. Phytipathology 94:515-519). Cac bang ADN di khuéch dai duoc quan sat
bang méy soi v4i dén huynh quang. Céc két qua duge ghi lai. Cac mdi da hinh gifta
céc cdy bd me duoc phan tich trong quan thé F, va thu dugc dit liéu vé kiéu gen quan

thé.

Ban dd di truyén cua chi thi SSR ltia duoc xdy dung voi dit lidu kiéu gen quan
thé dya trén nguyén tic lién két va giao nhau. Phin mém duoc ding la
MAPMAKER/EXP3.0.

Tién hanh kiém tra bo gen tong thé bang cach str dung 1ap ban do xen k& da hop
(CIM) tir phan mém Windows QTL Cartographer V2.0. Phén tich chia tach gitta khang
rdy niu va cac chi thi SSR duwoc thuc hién bing phin mém phan tich
MAPMAKER/EXP3.0, va cac chic ning Kosambi dugce chuyén thanh khoang cach di
truyén (cM).

4.3. Sang loc quén thé F, va Fs RI35/TN1 béng chi thi phan tr va xéc dinh vi tri cta
gen Bphl4

Dua trén két qud xéac dinh vi tri cta QTL, cdc cdy don F, dugc sang loc béng
chi thi SSR bién SG1 va SM4 dé thu duoc cdy don 1é co su tai td hop gifra hai chi thi.
Kiéu gen va kiéu hinh ctia mdi gidng don 1é dugc kiém tra nhu mo ta & trén dé phat

hién chi thi nio cling phan tach véi kiéu hinh khang.

Str dung chon loc nho chi thi phan tr, chiing t61 da chon cdy don 1¢ F, di hop tai
vi tri ctia Bphl4 va tét hon 1a ¢6 ngudn gde tir TN1 hodc di hop tai cac vi tri khac. Sau

khi lai gan, thu duoc céc cdy don 1é di hop tai vi tri ctia Bphl4 va tét hon la ¢6 ngudn
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géc tr TN1 tai cac vi tri khac béng chon loc nho chi thi phan tu. Cudi cung, qu?m thé
lai gan Fs dugc tao thanh, trong do trir vi tri Bphl4, tit ca cac ving khac déu tir bo gen
ctia TN1. Dua trén cac két qua cua (1), cac cdy don 1¢ Fs dugc sang loc béng chi thi
SSR ving bién RM570 va SM4 dé thu dugc cac cdy don 1& ¢6 tai to hop giita hai chi
thi. Kiéu hinh va kiéu gen ctia mdi giéng don 1é dugc kiém tra nhu mo ta & trén dé

phat hién chi thi ndo déng phén tach véi kiéu hinh khang.

Dua trén két qua cua (2), thu vién gen cia BS dugc sang loc, va thu dugc cac
dong BAC cua thu vién gen BS bao ham hai chi thi. Sau khi doc trinh tw, trinh tu ndi
trén dugc so sanh dé phat hién sy khic nhau cia ADN véi trinh ty twong tng cua
Nipponbare. Céac mdi duogc thiét ké dua trén su khac nhau vé trinh tu dé khuéch dai
trinh ty ADN ctia RI35 va TN1. Cac mdi da hinh duoc str dung dé phan tich céc cay
don 18 tai t6 hop F, va Fsdé phat hién xem liéu chung ¢6 ddng phén tach véi kidu gen

khang hay khong.
4.4. Céc két qua va phan tich

Kiém tra bing cich cdy nhom & giai doan cdy non cho thiy cip do khang cua
RI35 va TN1 tuong tGmg 14 2,7 va 9. Piéu nay chi ra ring RI35 khang rdy ndu trong khi
TNI lai nhay. Cap d6 khang cta cac cdy F, 1a 3,4 cho thdy tinh khéng ray nu, chi ra
ring tinh khang ctia RI35 dugc diéu khién boi mot gen troi. Su phan bd tin sudt cua
cap do khang ctia 100 dong F, chdng riy nau cho thy sy phan bé lién tiép. Gia tri bé
nhét 1a 3,0 trong khi gia tri 16n nhét 1a 9,0 va ba dinh & rang duoc phat hién tai ba vi
tri 3,5; 5,5 va 8,5. Dua trén cép d6 khang dong F,.; duoc chia 1am ba kiéu hinh: khéang,
chia tach khdng va nhay, va nhay. Kiéu hinh twong ting ctia ciy cdy don 1¢ F, duoc ghi
lai v&i ba kiéu: RR (khang dong hop), Rr (khang di hop) va rr (nhay ddng hop). Su
phan tach tinh khang va nhay ctia quan thé F, pht hop véi ti 16 1:2:1 (x*=0,54 ,
1 005=5,99) (bang 2).

Huang Zhen va Wang Buna da x4c dinh hai gen khéng rdy ndu trdi, Bphl va
Bphl5, tt B5, mot dong c6 kha nang sinh san cua O. officinalis. RI35 ¢ mang mdt

gen Bphl4 chi yéu khang riy nau. Do do, trong nghién ctru nay, QTL cta quin thé F,
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duoc x4c dinh vi tri bang chi thi SSR tir nhidm sic thé thr 3 dé xac dinh xem lidu n6

c6 ding voi cde nghién ctru trude day khong.

Dua trén céc két qua tim kiém cua SSRIT, ching t6i lya chon tat ca cac kiéu
SSR dai hon 15 bazo (chiéu dai kiéu x sb lan 1ap lai), va thiét ké moi dua trén céc trinh
tu bién cta ching. Dua trén su khac nhau ctia cac dong BAC, cac kiéu nay dugc xac
dinh vi tri, cac chi thi SSR nay duoc dat tén lién tiép la SG1, SG2, v.v. va SM1, SM2,
v.v.. Chung t6i st dung cac chi thi SSR nay dé khuéch dai ADN cua céc cay bd me
RI35 va TN1. Chi ¢6 SG1, SG2, SG9 va SM1, SM4 cho thy da hinh gifta cac cay bd

me trong dién di.

Sau do, chung t6i dung chi thi SSR c6 da hinh gilta cac cay bd me dé xac dinh
vi tri QTL cua qué‘m thé F,. Céac két qué cho théy c6d mot vi tri QTL gitta SG1 va SM4
tai ddu cudi ctia canh dai nhiém sac thé thir 3. Gi4 tri LOD ciia n6 1a 25,3 va ti 16 phan
b6 14 67,5%. Chi thi phan tir SG6 va SG9 ddng phan tich v6i Bphl4. SG1 1a 2,1cM tix
Bphl4; RM570 va SM1 1a 0,8cM tur Bphl4; SM4 1a 1,5cM tor Bphi4 (hinh 1). Ti 1&
chinh xé4c cuia SG1, SG6, SG9, RM570, SM1 va SM4 1a 98%, 100%, 100%, 99%, 99%
va 98%.

Khoang cach gitta SG1 va SM4 1a 16n. O dong lua An D6 Nipponbare duoc doc
trinh tu, khoang cach 1a 270kb. Do d6, dé tim chi thi lién két chat hon véi Bphli4,
ching t6i sang loc 3700 cdy don 1é F, bang SG1 va SM4. Két qua cho thiy, chi c6 26
cay don 1é c6 tai to hop giita chi thi SG1 va SM4. Chung t6i st dung cac chi thi SSR
khéc, cting nhu 1a R1925 va G1318 dé kiém tra kiéu gen cua ciy don 1¢ tai td hop, va
két hop véi cac két qua danh gia tinh khang, ching t6i phat hién ra ring Bphl4 dong
phén tach v&i SM1 (bang 5, hinh 1).

Chung t6i xay dung quan thé Fs lai gan bang phuong phép chon loc nhd chi thi
phan tr trong d6 ngoai vi tri Bphl4, tit ca cac ving khac déu tir bo gen ctia TN1. 5000
cdy don 1¢ Fs dugc sang loc béng chi thi SSR vung bién RM570 va SM4, va thu dugc
15 cay don 1é c6 tai t6 hop giita hai chi thi. Chung t6i kiém tra kiéu gen cta céc ciy
don 1é tai t6 hop, va két hop véi cac két qua danh gia tinh khang cua cac cdy don 1é tai
t6 hop, ching t6i phat hién rang Bphl4 nim gitta SM1 va SM4. G1318 duoc st dung

deé kiém tra ki€u gen cua céac cay don 1€ tai t0 hop nay, va cudi cung Bphl4 dugc xac
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dinh vi tri gitta SM1 va G1318 (bang 6, hinh 1). Bang cach sang loc thu vién gen cia
BS5, 76B10 thu dugc mot dong BAC ¢6 mang ca hai chi thi nay. Sau khi doc trinh tu,
trinh tu dugc so sanh vé su khdc nhau ctia ADN v6i trinh tu tuong Ung cua
Nipponbare, va céc mdi ¢6 tén 76-1, 76-2, v.v., dugc thiét ké dua trén su khéc nhau vé
trinh tu dé khuéch dai trinh tw ADN ctia RI35 va TN1. Cudi cung, chi ¢6 76-2 ¢6 da
hinh gitta RI35 va TN1. Céc cay don 1é thu dugc dugc phén tich bing 76-2, va thiy
ring 76-2 dong phan tich voi Bphl 4.

Céc két qua cho thiy cac chi thi phan tir duge mé ta & trén c6 mot sd cay don 1é
tai t6 hop véi Bphl4, do d6 ching co thé dung dé phat hién sy ton tai cua gen chu yéu
khéng Bphl4, va cic dong lta khang rdy ndu c6 thé thu dugc bang cach st dung
phuong phap gay gidng c6 tro gitip ctia chi thi phan tir nhdr d6 gy gidng hang loat cac

dong lta khang ray nau & Trung Qudc o thé duoc tién hanh.

Béng 4: Ti 1¢ phan tich khang —nhay dbi véi rdy ndu trong 100 cay don 1& tir quin thé

phéan tach F, RI35/TN1
Kiéu gen F,* S6 luong cac ca thé F, ®  Kiéu hinh tuong Ung cua céac
dong Fa;3 ©
RR 23 RS<4
Rr 49 4<RS<7
Rr 28 7<RS

“RR khang dong hop ; Rr khang di hop ; rr nhay dong hop ; ° 1RR: 2Rr: lrr

Gia tri thich hop  ¢*=0,54 , %%0.05=5,99 ; “Cép d6 khang : RS , Piém khang
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Bang 5: Kiéu gen va kiéu hinh ctia céc cay don 1¢ tai td hop F, duoc sang loc biang chi

thi phén tr

S8 luong , .
Kicu Capdo
cac cdy SGI R1925 SG9 SG6 RM570 SM1* G1318 SM4
hinh  khang

don lé
RT1 R R R R R H H H H 5,6
RTS R R R R H H H H H 4,74
RTl6 R H H H H H H H H 5,83
SAS O H H H H H R R R R 3,93
SA74 H H H H H R R R R 3,96
RT1I8 H H H H R R R R R 4,04
RT83 H H H R R R R R R 4,56
RT82 H H R R R R R R R 4,1
SA51 H S S S H H S S H 4,48
R84 H H H H H S S S S 7,23
RT24 H H H H S S S S S 8,55
SA60 H H S S S S S S S 7,55
SA102 S S S S S S H H S 8,32
RTS8 S S S S S H H H H 5,58
RT7 S S S S H H H H H 5,39
RT17 S S S H H H H H H 4,35

“ Tlr bang nay, chung ta c6 thé thdy rang chi thi phan tir SM1 ddng phan tach vai kiéu
gen khang. Két qua nay cho thdy Bph14 nim gitta chi thi phan tt RM570 va G1318
va ddng phan tach voi SMI.
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Bang 6: Ki€u gen va ki€u hinh ctia cac cay don 1€ tai t6 hop Fs dugc sang loc bang céac

chi thi phan t

S6 luong céc cay don 16 “RM570 SM1  76-2° G1318 SM4 Kiéu hinhCép d6 khang

RT40-9 S R R R R R 3,63
RT85-1 S R R R R R 4,56
RT87-4 R S S S S S 8,66
RT84-5 R S S S S S 7,75
RT12-5 R H H H H H 5,65
RT7-8 S S H H H H 6,07
SA102 S S S H H S 8,32

*S6 lugng cia cac cay don 1é cho thdy cudi cung thu duoc cac quan thé Fs tir cAc cdy
don 1¢ F, béng chon loc nho chi thi phan tr dugc st dung dé xac dinh vj tri chinh xé4c
Bphli4.

® Tir bang ndy, chung ta ¢ thé thay rang chi thi phan tir 76-2 déng phan tach véi kidu
hinh khang. Céac két qua cho thay Bphl4 nam gifta chi thi phan tor SM1 va G1318 va
dong phan tach voi 76-2.

Mot phuong 4n ctia sang ché dé xudt phan tir axit nucleic duoc phén lap c6
mang trinh ty nucleotit chia gen Bphl4 khéng rdy niu dugc chon loc tir nhém bao
gém SEQ ID NO: 1 va SEQ ID NO: 2. Theo phwong 4n khac, trinh tir nucleotit ma hoéa
phan tir polypeptit chira trinh tu axit amin SEQ ID NO: 3. Ciing theo phuong &n khac

nira, trinh tu nucleotit lién két hoat dong véi trinh tw khoi ddu phién ma di hop.

Mot phuong 4n khic ctia sing ché dé xuat vecto biéu hién c6 chra phan tir axit
nucleic duge phén 1ap c6 mang trinh ty nucleotit chita gen Bphl4 khang rdy nau duoc
chon loc tir nhém bao gdm SEQ ID NO: 1 va SEQ ID NO: 2. Theo phuong an khac
nita, sang ché dé xuét cay, mo cdy hoic té bao cdy chuyén gen mang vecto biéu hién.
Ciing van theo phuong an khac, cdy, mo cdy hodc t& bao cay chuyén gen la mot 14
mam. Theo phuong 4n khac nita, ciy, md cdy hoic té bao cdy chuyén gen 12 lva.

Mot phuong an khac nita ctia sang ché dé xuat phuong phap dé tao ciy chuyén
gen ¢6 biéu hién gen Bphl4, bao gdm céc bude: (a) bién nap 6n dinh mot té bao cua
ciy v&i mot phéan tir axit nucleic chira trinh tur axit nucleic dugc chon lya tir nhém bao

gém SEQ ID NO: 1 va SEQ ID NO: 2 dé tao té€ bao bién nap; (b) tai tao ciy chuyén
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gen tir té bao bién nap; va (c) trong cdy chuyén gen noi phan tir axit nucleic duoc biéu
hién. Theo phuong an khac, cdy chuyén gen la cAy mdt 14 mam. Ciing theo phuong 4n

khac, cdy chuyén gen 1a lua.

Mot phuong an khéc nita cia séng ché dé xuat chi thi phan tir lién két voi khang
réy néu, trong dé chi thi phan tir duoc chon lya tir nhém bao gdm: SG1, SG6, SG9,
RMS570, SM1, 76-2, va SM4. Trong mot phuong an, SG1 duogc khuéch dai béng mdi
SEQ ID NO: 14 va 15. Theo phuong an khac, SG6 duoc khuéch dai bang mdi SEQ ID
NO: 16 va 17. Theo phuong 4n khac nira, SG9 dugc khuéeh dai bing mdi SEQ ID NO:
18 va 19. Ciing theo phuong 4n khac nita, RM570 dugc khuéch dai bang moi SEQ ID
NO: 20 va 21. Theo phuong 4n khac nita, SM1 duoc khuéch dai bang mdi SEQ ID NO:
22 va 23. Theo phuong 4n khac, 76-2 dugc khuéch dai bang mdi SEQ ID NO: 24 va
25. Theo phuong 4n khac nita, SM4 duoc khuéch dai bang méi SEQ ID NO: 26 va 27.

Mot phuong 4n khac nita ctia sang ché 1a phuong phép dé xac dinh su c¢6 mat
hoac Véng mat cua tinh khéng réy nau ¢ cay hodc hat, bao gém phén tich ADN bd gen
tur cdy hodc hat dé kiém tra su c6 mat cua chi thi phan t lién két v6i mot locus tinh
trang dinh luong lién két véi tinh khang rdy ndu, trong d6 chi thi phan ti duoc lua
chon tr nhom bao gém: SG1, SG6, SG9, RMS570, SM1, 76-2, va SM4. Theo phuong
an khac, phuong phéap con bao gdm phan tich ADN bd gen tir cay hoic hat dé kiém tra
sy ¢6 mat cua chi thi phan t&r tht hai dugc lién két v6i mot locus tinh trang dinh luong
lién két voi tinh khang rdy ndu, trong d6 chi thi phan tir tha hai 14 G1318. Theo
phuong an khac nita, cay hogc hat 1 mot 14 mam. Ciing theo phuong an khac nita, ciy

hoac hat la lua.

Mot phuong an khéc ctia sdng ché 1a locus tinh trang dinh lugng lién két véi tinh
khang rdy ndu, trong do6 locus tinh trang dinh luong duoc dat tai ving 34kb giita chi
thi phan tir thir nhat va chi thi phan tir thir hai trén nhiém sic thé 3 cua lua. Theo

phuong an khac, locus tinh trang dinh luong mang gen Bphl4.
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YEU CAUBAO HO

1. Axit nucleic chira gen khéng rdy ndu (Bphl4), trong d6 trinh tu ma héa cta nd
duoc néu trong SEQ ID NO: 2, duogc lién két linh hoat v6i trinh tu khoi dau phién ma

di hop.

2. Axit nucleic theo diém 1, trong d6 trinh tu ma héa nidy ma hoa polypeptit,

trinh tu axit amin ctia n6 dugc néu trong SEQ ID NO: 3.
3. Vecto biéu hién chira axit nucleic theo diém 1.

4. cADN ma héa gen khang ray nau & lua, trong d¢ trinh tw ma hoéa ctia ndé ma

hoa trinh ty axit amin duoc néu trong SEQ ID NO: 3.

5. cADN theo diém 4, trong d6 trinh tu nucleotit ctia n6 duge néu trong SEQ ID
NO: 2.

6. Vecto chtta cADN theo diém 4.
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DANH SACH TRINH TU

<110> Syngenta Participations, AG
Wuhan University
He, Guangcun
Du, Bo
Zhang, Weilin
Zhu, Lili

Chen, Rongzhi

<120> AXIT NUCLEIC CHUA GEN KHANG RAY NAU, VECTO BIEU HIEN CHUA
AXIT NAY, cADN MA HOA GEN KHANG RAY NAU VA VECTO CHUA cADN NAY

<130> 72694PCT1

<160> 27

<170> PatentIn phién ban 3.5
<210> 1

<211> 9921

<212> ADN

<213> Oryza officinalis

<220>
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<221> gen

<222> (1)..(9921)

<400> 1

ccegggectt tetccagtat ctecatgatg attgtttgga ttaacagacc teectggaga 60

tttaccettg cgggcatttt cgaaatactg tgtgtagagg tgttcaccac ggtcttcatc 120

ctcccagett ccaaatttag gaacttgttt atgetggtag agattaacaa acaagtacca 180

tttgcgttag geagacagea tatgetgatt getgaateta ctacacggge ttgttgeett 240

A

gtcagttgtc atctttcata tgtaacagga aatagtatat aattctagee taaacaggta 300

ttccatcegt atatttctag attcattage atcaatataa atatcggaaa tactagaatg 360

acttacattg taaaacagag aaagtatgat tatctaaact ctcagatagt ctattgtaat 420

cattgtatge atgacatcag cttgtgtcaa agetgcagct ttgttggatc aaccagaatt 480

tactagttct aaaaaaaaca gaatttactt agatcctget gaaagacttc gggecaatta 540

gaagcccagt atttggecca aaactggtgt aaactacagg cccataatag aaataagttc 600

actggaggtc ccccaactta acaccgagat ttttttgagg teccttaace ataaaccaga 660
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aatgcgtacc cctaaactat gtaaaaccgt caaaaaaaaa aaggtccega ggeagtatag 720

ttgeteggtt tegetgacgt ggeatectag tcagcaaaaa aaattaaaat aaatatgtgg 780

ggcccacatg taagtgagag aaaatggtgt gggececcaca tttetecttt cttttetttt 840

tetettetet tetetecega ttttetegag tgggegegge ggcagagggg agagaggtga 900

ccggeggtgg agegggegte gtgggagagg geggetggeg cgacgtegge ggegggagaa 960

aaggagagga ggcggcetgge gegacggega geteggacgg caacggeggg aggaggagga 1020

ggagaggagg cagtcggege tgtaaaacge geatgggatg cggeggatga tgtegagegg 1080

gacggtgtee teatcaccat cttecteate gteatcgeag tetgegggtg cegggeggag 1140

cggtttggga gggaggogoa ggcggecage gageeegtte gagetegeee ggeetgegeg 1200

cgagetegee ceteccatag cttggtatge tggggacgac gacgaggaaa gggggagaaa 1260

ggaattgacg geegatgata geaatggegg gegagegegg cgeegggetg cteatgeteg 1320

ccgaccagge cecceggcette geegeacteg tecgeegtge tegeecacge actecgeegac 1380

-34-



22945

cteegcteca ceegeegete ctgeeegetg cecgetgeee geeggectee ctgactgaag 1440

aagagaagag agaaattaaa gagaagagaa ggagaagaaa agagaagaga agaaaaaaag 1500

atgtgtagct gacatgtggg ccecatgtac ttttttattt tttttgetga ctagaatgee 1560

acgtcagcga aaccacccat atatactgtc ataggacctt gagtgeatag tttgtgtgag 1620

tttagggata cacatttcte gttttgtagt taagggacct cgtaaaaatc tegetgttaa 1680

gttgagagac cccteeggtg aacttattce cccaaatatt ttetecatge tetgggetca 1740

aacgcactct tggatgggcc gtgtaateta caccatttet ggeccaatce aacgaaggta 1800

gctecagact cctaacteeg cegecgeatg cecaatecte geeggeegece getgecatet 1860

ccctteceee acegecacceg tegecettete cgtteccceca acaaaggcete agtageagea 1920

geegeggege ggagageaga ggecttggag ggectgeaga ggagegeeeg cgtegacgaa 1980

gacgacatca gcaggeagtg gacatggega ctgegaatge tatcgecgac gtgggagett 2040

caggcgagga tgegtggect tcatcagetg ctgetecctt acctgetetg gtttgtcatt 2100

gtgttggtte gtggtttggg gatatcagga tggggaaggg gaatgggttt cgtgecatgt 2160
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tgttctattg tgcaatttga tgttetettg tcgaatttea tggtgattca atctgeatet 2220

gtgttattgg ttgtcaagca aacattttat ttctttecgag atgggtettt catctgaaat 2280

tggtgtgtet gatgatgtga ccttgtgeaa atcattgttt cattttette tattccacag 2340

agattttttt gtttagagtt tattctacca tettettace ttttgaatge tatgecaccac 2400

agatttctga tttttacaca ttcaatcaca gtgecgaccc ttggegaatt taaaattttc 2460

tcaccgtcaa aatttaatca aacatctgat ctaacagtag tagegecage acggetggta 2520

tttaaggcag aaagaaaggt tgcgagggcg aggagttggt gatgatetge cggtegtgtc 2580

gtgactttag gctataaaag atagctgttt ggattaacce aaccaatgaa gegaatcate 2640

gatggccgat agcgagatta tatccaacta atgaagagaa tcaactttaa tcttttgtga 2700

gctacaagtt tcgtggtgaa ggcatatact aataccacca tcatggetge agegaatcaa 2760

cgagatgcat ttgtcttgca catttcccac cggatacttt gecatceatg getttatcte 2820

ctccatgatt gtatccectt cttectcaac aaggaacgat cgateattgt ttgettettt 2880
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ctctgacgac actttggtge aagtgaaagg ctetttcetg gaactegtee cgtgagetee 2940

ttcctggcta catcctectt aattecttge cgattteegg cttegtette actatcgtca 3000

gttcatttct ccegetetge ctgagagtee agtttettgg agatagtcge cggettgete 3060

tctetetete teteecttet categecage tccagetcac aatccgaget tacgtggtgg 3120

aatcgctatc gecacctete ggaagattat tgtactttge cttgectact tettgagtee 3180

gatcaaacac atccatcatg catctgtttg tacttgcatt cagccaaaca cttcecagttt 3240

aactccgtee geaagtcaat acttgeatte aatttecatt tectacaaaa geagetgete 3300

agactcttge cttctecace cageaategt gtttecttee ctgtatectg cgegtgtgtt 3360

cttagetget ctaggggate cttccaatgg cggagcetaat ggecaccatg gtggteggge 3420

cactgctgte catggtgaag gacaaggcect ccagetaccet cctggageag tacaaggtga 3480

tggagggcat ggaggageag cacgagatec tcaaacgeaa getgecagec atectcgacg 3540

tcatcgeega cgecgaggag caggeggcta aacacaggga aggggtgaaa geatggetcg 3600

aggegeteeg gaaggtggcee taccaggeca atgacgtett cgacgagtte aagtacgagg 3660

-37-



22945

cactccgecg caaggecaag gggeactaca agatgetcag cageatggtt gtaatcaage 3720

tcattcetac tcacaaccgt attctgttea gttataggat gggcaacaag ctcaggatga 3780

ttctgaatge cattgaagtt ctaattgaag agatgaatge ctttaggttt aaattccgac 3840

cagagccacc aatgtegtce atgaaatgga ggaagacaga ttctaaaate tecgaccttt 3900

caaagctaag tgacttagag atatctaaag gcaatcaaca aatatcccta caggeageca 3960

gcagacatat tacttcattg tccagteteg ttetgeattt gtccactgat gacacagaaa 4020

cagcatcggt ggccaageaa caagattcga gtgatttggt gattgaggat gagaaatgga 4080

gtcataaatc tccectggaa cttatggtet tgagteggtg caacctttta ttetctcace 4140

caagtgcact ggctetgtgg acatgttttg ctcagetect agatctgaaa attcggtatg 4200

ttgatgeget tgtcagetgg ccagaagagg tgttccaggg cttagtttee ttgaggaagt 4260

tagagatttc tgtatgcgag aatctgacag gacacacaca agetegtggg caatctacac 4320

ccgeaccaag tgaactectg ccacgtttgg agtcectaga gataacgtgt tgtgattcta 4380
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ttgtggaggt ccecaateta ceggegtete tcaagetatt agaaattagg gggtgecceg 4440

gectggagte catcgtattc aatcagcage aggataggac gatgttggtg agtgcagaaa 4500

gctttgecaga geaggataag tcatcgttaa tatcagggtc cacaagegag accaacgatc 4560

acgtccttce acgectagaa tetcttgtaa taaattggtg cgategtttg gaggttectece 4620

atcttcctee gtecatcaag aaattgggta tttatagetg tgaaaaactt cggtecctet 4680

cagtaaagct ggatgccgtt cgagaattaa gtatcagaca ttgegggage ttgaaatcac 4740

tggaatcttg cttaggagag ctcgegtcge tgcaacaact caaacttttt gattgecaaga 4800

gcctggaate cttgecgaag gggectcaag catactcatc tettacatct cttgaaattc 4860

gtggttgtte tggtataaag gtgcttccac cgagectaca geaacgtetg gatgacatcg 4920

aggacaaaga actagatgcc tgctatgaag gtaatcttca gtttcttaac cgtgtaccat 4980

ttagtggtaa aagtttcgag tttcgtgtet agaaccecta gtcaaccatt aatatgatta 5040

tatgtacata gagtacaatg cgcattcata actcacttct gcagetgtgt catctaaacc 5100

ctttaaactt tgagttgcat ttgggtatct aatcgeatge aaaggaattt agttatatct 5160
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ccegtagecea ttecttatat gtgatgatct cttectgtga ttatgettge tagtttggac 5220

tatgtaatta attttgccgg gtgactatgt aattacatga cttcatttag tcgecaggtg 5280

tggcatcatg caattattat ggcaaagetg tattagtcat gatcgaagece acttggtgaa 5340

cttattccct getactttga accaatacte attgattatt teectttaag cgtttgatat 5400

ggacgacagt ttaaatttge agagctaact aacgcagcege ttgtetttac atttetetgg 5460

aaactcacag ctccattgcea tatgtagttt gagtatacat agtttctttg aactgtetta 5520

tgcctttgaa aagcettgact atggaattct agtctatata ttcaatacat atattttttt 5580

ttettttgtt tgeccagagge agaagecagaa ccaaagtcte gtcatcgtea atctgeaatc 5640

agtaggctga tgtgcttgaa gtageagttt caggaccaga tgagagttgt catcatggtt 5700

tgtaacgegt gettgatgat tgatttcgaa tgaaattcta gecactatee ttatgettac 5760

tctetetatg gtgtgactte cttgtaggat cgttacegaa tetgeaattg ttgggttatt 5820

aattgtgtgg ttgtatctca tggtagaatg tattacctac ctacccttte tcaagataaa 5880
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ctccagtaaa gtcgatcgte tggttggtgt gagetgetac aagaaggatg aagecgatga 5940

tcccaaggece ttgactttaa getagtecca ggttgtaage tgaagaacaa catactggag 6000

cttaaactgc ttcactcttt ttttatectt ttecttttet tgtgaactgt gatgtgtttg 6060

atctegttca tgetecatea taagagaate acagetagea cttccattte aatgatgttt 6120

ttcctaacat gacatgactg cagaggatac ttgtgattga tcaacaacat tttgcagcaa 6180

cgttctctee cgataacget geaatggaat tgatcaattg gtgttectac ttattggaat 6240

ctttggacat tgccaacaac tcaagaaagg aagataaaca ggagattgtc ageagattge 6300

ttgttccage cagegaaggg gatctcactg ttettcecat tgtaggaatg gggeggatgg 6360

gcaagaccac cttagegceag ctcatttaca atgacccetga cattcagaag catttccagt 6420

tgctgetetg ggtgtgtgtt tccgacaact tegatgtgga tttgetgget aaaageatag 6480

ttgaagcage tcgcaaacag aagaatgata acagtggaag tactaacaag tcaccattgg 6540

atgaacttaa agaagttgtg agtgggcaga ggtacctect cgttttggat gatgtctgga 6600

accgtgatge tcgtaagtgg gaagegetca agtectacct tcagecacggt ggeageggta 6660
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gctcagtttt gacaacaact cgtgatcaag aagtggcetea agtgatgget ccagetcaaa 6720

aaccttatga tctcaagaga ctgaaggaaa gettcataga ggaaattate aggacaagtg 6780

ctttcagttc acaacaagaa aggcctectg agcettctcaa aatggttggt gatattgeeca 6840

agaaatgttc tggttceect ttagetgeaa cageattggg ctctacactg cgtacgaaga 6900

ccaccaagaa agaatgggag gcetatattaa gcagaageac aatttgegat gaggaaaatg 6960

gaattttacc aatactcaag ctcagttaca attgettgec atcatatatg cggeaatget 7020

tttcettttg tgcaattttc cccaaggate atgagattga cgtggaaatg ctgatccagt 7080

tatggatggc caatggtttt atcccagage aacaaggaga gtgecctgaa atcattggta 7140

aaagaatttt cagtgagttg gtgtcaaggt cattttttca ggatgegaaa gggatccegt 7200

ttgagttcca tgatataaag aactctaaga ttacttgtaa gatccatgac cttatgeatg 7260

atgttgcaca atcctccatg ggaaaagaat gecgetgetat agatacagaa gttagtaaaa 7320

gtgaggattt tecttattct getcgecatc tatttttgtc aggtgataga ccagaageta 7380
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ttcggactcee ttcceccagag aaaggatate caggtatcea aacattaata tgttcacgtt 7440

tcaaatattt gcagaatgta tcaaaataca ggtcattgeg agtattaaca acgatgtggg 7500

aaggttcatt cctgatacca aaatatcatc atcacctgag gtatcttgat ctctcagaaa 7560

gtgaaattaa agcacttcct gaagacataa geatectata tcatttgeaa acattgaace 7620

tttccegttg tttatetcte cgtegactte caaagggaat gaagtacatg accgeectee 7680

gtcacttgta cactcacgga tgttggagtt taggaagcat gectectgac ctecggacace 7740

tcacttgect acagacgett acatgetttg tageeggtac ttgetctgge tgcagtgatt 7800

tgggagaget geggeagttg gaccttggte gtcgactaga getaagaaaa ctggaaaatg 7860

tgacaaaagc tgatgcaaaa gecagceaaate tcggaaagaa ggaaaaactg accaaattga 7920

ccttaatatg gactgatcag gagtacaagg aggcacagag taataatcat aaagaggtge 7980

tggaaggtct cacgectcac gaggggctca aggttctgag tatatatcac tgtgggageca 8040

gtacatgtcc aacttggatg aataaactge gggacatggt ggggcttgag ttaaatggtt 8100

gcaaaaatct cgagaagctt ccteegttgt ggeagetace ggetetacaa gttetttgee 8160

-43-



22945

tggaaggact gggtagttta aattgettgt tcaactgtga cacacacaca cecttcacat 8220

tttgcagact gaaggagcta accttgtetg atatgacaaa ttttgagaca tggtgggaca 8280

caaatgaggt acaaggagaa gagctgatgt ttcctgaggt tgaaaagetg tcaatcgaaa 8340

gttgccatag getaactgee ttgecaaaag catcaaatge gatttcagaa tegteceggeg 8400

aagttagcac cgtgtgtegt tetgeatttc cageattgaa ggaaatgaaa ttatatgatt 8460

tgcgtatctt tcagaaatgg gaggeagtcg atggaactce aagggaggag geaacatttc 8520

ctcagcttga caaattagaa atcagacagt gcecagagcet gactactcta cetgaageac 8580

gaatttccca ttgtggaata aaatggaaag attggtacaa tctgctgaaa aatgaactgt 8640

cgttactcaa gttgaaacat gtgtcatgtg tgtaactatc agaattgttc tcgacaaaat 8700

cgttgggact tgcaaggtaa aaaaaaaaaa ttcctcaget ctgtaaatge tattgetgaa 8760

ctaaagttca gaaagctata gtgccgaaag atctcagatg gectactgea acaaaattca 8820

gtacaaatgc aaaacaatgt aacattacgt ggeccagece atcatggtaa geccatactg 8880
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tatgcgetge aaactaatat tagttcagge aattactctg aaatttetga tagacgaacc 8940

tgattttttc atgtcaggtg cegtgcttgt tcagattcag caacttacat ttccaaagaa 9000

gaaaaaggaa attcatacct tctetttatt tggtttttaa aagtggectg gattttcatt 9060

atttggttaa aatttggcct ttgtcgtaag gatttggate ctctatccaa acacatgect 9120

tccaagataa acgaatccct cattatacaa aaaaaaaage acaagatget caacaagaag 9180

cttcaaattc gtgtaaatac atgtcatgte tcgetaccaa acaatatctc aacaatgaca 9240

acagattgga ggtattcatc tcacaatgat acatttcaac acaaatttat gtaggectcg 9300

ctgacaggac ttggcetggat ggctgtcagt tcagttettg aaccaactga ageatgagea 9360

geectgeaag gaagegataa actgaattaa aataggaatt tgttacacaa tacctgtaaa 9420

gtggattaca ttaaaatatt accaaatcat actgtaagca atcatacagt acaagattcc 9480

ttgcaaacaa ccctaaccaa acttctagta aaaccattat tttttetgta gtaccaactt 9540

tttgcaacca ctatatactc cagtaaaaac cagaagtatt gttgcaatga ctttgeegat 9600

aaattataga acgcggctac tcgaageagt agatttaaga caatttttac tgcataataa 9660
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ctacgcatgg tgtcaagate cctaaaaatt aacagaggea gacccagcete aagtattgac 9720

aaactcaagt ggcaactgge atatgaacaa ttttctcgtt caaatatatc tgaagcaatg 9780

tgtaaaacaa attagttttg ctccacacat ctgacaataa tttttttcag taagcagact 9840

tactgtggat tcatatttgc gttgttgata gegtttgata taatctgecet cgetagtcat 9900

gacgggagceg ttgceggtac ¢ 9921

<210> 2

<211> 3972

<212> ADN

<213> Oryza officinalis

<220>
<221> CDS

<222> (1)..(3972)

<400> 2

atg gcg gag cta atg gee ace atg gtg gtc ggg cca ctg ctg tec atg 48

Met Ala Glu Leu Met Ala Thr Met Val Val Gly Pro Leu Leu Ser Met
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gtg aag gac aag gec tce age tac ctc ctg gag cag tac aag gtg atg 96
Val Lys Asp Lys Ala Ser Ser Tyr Leu Leu Glu Gln Tyr Lys Val Met

20 25 30

gag ggc atg gag gag cag cac gag atc ctc aaa cgc aag ctg cca gee 144
Glu Gly Met Glu Glu Gln His Glu Ile Leu Lys Arg Lys Leu Pro Ala

35 40 45

atc ctc gac gtc atc gece gac gec gag gag cag geg gct aaa cac agg 192
Ile Leu Asp Val Ile Ala Asp Ala Glu Glu Gln Ala Ala Lys His Arg

50 55 60

gaa ggg gtg aaa gea tgg ctec gag geg cte cgg aag gtg gec tac cag 240
Glu Gly Val Lys Ala Trp Leu Glu Ala Leu Arg Lys Val Ala Tyr Gln

65 70 75 80

gce aat gac gte ttc gac gag ttc aag tac gag gea cte cge cge aag 288
Ala Asn Asp Val Phe Asp Glu Phe Lys Tyr Glu Ala Leu Arg Arg Lys

85 90 95

gce aag ggg cac tac aag atg ctc age agc atg gtt gta atc aag cte 336
Ala Lys Gly His Tyr Lys Met Leu Ser Ser Met Val Val lle Lys Leu

100 105 110
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att cct act cac aac cgt att ctg ttc agt tat agg atg ggc aac aag 384
[le Pro Thr His Asn Arg Ile Leu Phe Ser Tyr Arg Met Gly Asn Lys

115 120 125

ctc agg atg att ctg aat gcc att gaa gtt cta att gaa gag atg aat 432
Leu Arg Met Ile Leu Asn Ala Ile Glu Val Leu Ile Glu Glu Met Asn

130 135 140

gece ttt agg ttt aaa ttc cga cca gag cca cca atg teg tec atg aaa 480
Ala Phe Arg Phe Lys Phe Arg Pro Glu Pro Pro Met Ser Ser Met Lys

145 150 155 160

tgg agg aag aca gat tct aaa atc tce gac ctt tct ttg gac att gec 528
Trp Arg Lys Thr Asp Ser Lys Ile Ser Asp Leu Ser Leu Asp Ile Ala

165 170 175

aac aac tca aga aag gaa gat aaa cag gag att gtc agc aga ttg ctt 576
Asn Asn Ser Arg Lys Glu Asp Lys GIn Glu Ile Val Ser Arg Leu Leu

180 185 190

gtt cca gee age gaa ggg gat ctc act gtt ctt ccc att gta gga atg 624
Val Pro Ala Ser Glu Gly Asp Leu Thr Val Leu Pro Ile Val Gly Met

195 200 205
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ggg ggo atg ggc aag acc acc tta geg cag cte att tac aat gac cct 672
Gly Gly Met Gly Lys Thr Thr Leu Ala Gln Leu Ile Tyr Asn Asp Pro

210 215 220

gac att cag aag cat ttc cag ttg ctg ctc tgg gtg tgt gtt tcc gac 720
Asp Ile Gln Lys His Phe GIn Leu Leu Leu Trp Val Cys Val Ser Asp

225 230 235 240

aac ttc gat gtg gat ttg ctg get aaa age ata gtt gaa gea get cge 768
Asn Phe Asp Val Asp Leu Leu Ala Lys Ser lle Val Glu Ala Ala Arg

245 250 255

aaa cag aag aat gat aac agt gga agt act aac aag tca cca ttg gat 816
Lys GIn Lys Asn Asp Asn Ser Gly Ser Thr Asn Lys Ser Pro Leu Asp

260 265 270
gaa ctt aaa gaa gtt gtg agt ggg cag agg tac ctc cte gtt ttg gat 864
Glu Leu Lys Glu Val Val Ser Gly Gln Arg Tyr Leu Leu Val Leu Asp
275 280 285
gat gtc tgg aac cgt gat get cgt aag tgg gaa geg cte aag tce tac 912
Asp Val Trp Asn Arg Asp Ala Arg Lys Trp Glu Ala Leu Lys Ser Tyr

290 295 300

ctt cag cac ggt ggc age ggt age tea gtt ttg aca aca act cgt gat 960
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Leu Gln His Gly Gly Ser Gly Ser Ser Val Leu Thr Thr Thr Arg Asp

305 310 315 320

caa gaa gtg gct caa gtg atg get cca get caa aaa cct tat gat cte 1008
Gln Glu Val Ala Gln Val Met Ala Pro Ala Gln Lys Pro Tyr Asp Leu

325 330 335

aag aga ctg aag gaa agc ttc ata gag gaa att atc agg aca agt gct 1056
Lys Arg Leu Lys Glu Ser Phe Ile Glu Glu Ile Ile Arg Thr Ser Ala

340 345 350

ttc agt tca caa caa gaa agg cct cct gag ctt ctc aaa atg gtt ggt 1104
Phe Ser Ser Gln Gln Glu Arg Pro Pro Glu Leu Leu Lys Met Val Gly

355 360 365

gat att gcc aag aaa tgt tet ggt tee cct tta get gea aca gea ttg 1152
Asp Ile Ala Lys Lys Cys Ser Gly Ser Pro Leu Ala Ala Thr Ala Leu

370 375 380
ggc tet aca ctg cgt acg aag acc acc aag aaa gaa tgg gag gct ata 1200
Gly Ser Thr Leu Arg Thr Lys Thr Thr Lys Lys Glu Trp Glu Ala Ile

385 390 395 400

tta agc aga agc aca att tge gat gag gaa aat gga att ttaccaata 1248

Leu Ser Arg Ser Thr Ile Cys Asp Glu Glu Asn Gly Ile Leu Pro Ile
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405 410 415

ctc aag ctc agt tac aat tge ttg cca tca tat atg cgg caa tgc ttt 1296
Leu Lys Leu Ser Tyr Asn Cys Leu Pro Ser Tyr Met Arg Gln Cys Phe

420 425 430

tce ttt tgt gea att ttc cce aag gat cat gag att gac gtg gaa atg 1344
Ser Phe Cys Ala Ile Phe Pro Lys Asp His Glu Ile Asp Val Glu Met

435 440 445

ctg atc cag tta tgg atg gee aat ggt ttt atc cca gag caa caa gga 1392
Leu Ile Gln Leu Trp Met Ala Asn Gly Phe Ile Pro Glu Gln GIn Gly

450 455 460

gag tgc cct gaa atc att ggt aaa aga att ttc agt gag ttg gtg tca 1440
Glu Cys Pro Glu Ile Ile Gly Lys Arg Ile Phe Ser Glu Leu Val Ser

465 470 475 480

agg tca ttt ttt cag gat gcg aaa ggg atc ccg ttt gag tte cat gat 1488
Arg Ser Phe Phe Gln Asp Ala Lys Gly Ile Pro Phe Glu Phe His Asp

485 490 495

ata aag aac tct aag att act tgt aag atc cat gac ctt atg cat gat 1536
Ile Lys Asn Ser Lys Ile Thr Cys Lys Ile His Asp Leu Met His Asp

500 505 510
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gtt gca caa tec tee atg gga aaa gaa tge get get ata gat aca gaa 1584
Val Ala GIn Ser Ser Met Gly Lys Glu Cys Ala Ala Ile Asp Thr Glu

515 520 525

gtt agt aaa agt gag gat ttt cct tat tet get cge cat cta ttt ttg 1632
Val Ser Lys Ser Glu Asp Phe Pro Tyr Ser Ala Arg His Leu Phe Leu

530 535 540

tca ggt gat aga cca gaa gct att cgg act cct tce cca gag aaa gga 1680
Ser Gly Asp Arg Pro Glu Ala Ile Arg Thr Pro Ser Pro Glu Lys Gly

545 550 555 560

tat cca ggt atc caa aca tta ata tgt tca cgt ttc aaa tat ttg cag 1728
Tyr Pro Gly Ile Gln Thr Leu Ile Cys Ser Arg Phe Lys Tyr Leu Gln

565 570 575

aat gta tca aaa tac agg tca ttg cga gta tta aca acg atg tgg gaa 1776
Asn Val Ser Lys Tyr Arg Ser Leu Arg Val Leu Thr Thr Met Trp Glu

580 585 590

ggt tca tte ctg ata cca aaa tat cat cat cac ctg agg tat ctt gat 1824
Gly Ser Phe Leu Ile Pro Lys Tyr His His His Leu Arg Tyr Leu Asp

595 600 605
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ctc tca gaa agt gaa att aaa gca ctt cct gaa gac ata agce atc cta 1872
Leu Ser Glu Ser Glu Ile Lys Ala Leu Pro Glu Asp Ile Ser Ile Leu

610 615 620

tat cat ttg caa aca ttg aac ctt tcc cgt tgt tta tct cte cgt cga 1920
Tyr His Leu Gln Thr Leu Asn Leu Ser Arg Cys Leu Ser Leu Arg Arg

625 630 635 640

ctt cca aag gga atg aag tac atg acc gec ctc cgt cac ttg tac act 1968
Leu Pro Lys Gly Met Lys Tyr Met Thr Ala Leu Arg His Leu Tyr Thr

645 650 655

cac gga tgt tgg agt tta gga age atg cct cct gac ctc gga cacctc 2016
His Gly Cys Trp Ser Leu Gly Ser Met Pro Pro Asp Leu Gly His Leu

660 665 670
act tge cta cag acg ctt aca tge ttt gta gec ggt act tgce tet gge 2064
Thr Cys Leu Gln Thr Leu Thr Cys Phe Val Ala Gly Thr Cys Ser Gly
675 680 685
tge agt gat ttg gga gag ctg cgg cag ttg gac ctt ggt ggt cgacta 2112
Cys Ser Asp Leu Gly Glu Leu Arg Gln Leu Asp Leu Gly Gly Arg Leu

690 695 700

gag cta aga aaa ctg gaa aat gtg aca aaa gct gat gca aaa gcagea 2160
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Glu Leu Arg Lys Leu Glu Asn Val Thr Lys Ala Asp Ala Lys Ala Ala

705 710 715 720

aat ctc gga aag aag gaa aaa ctg acc aaa ttg acc tta ata tgg act 2208
Asn Leu Gly Lys Lys Glu Lys Leu Thr Lys Leu Thr Leu Ile Trp Thr

725 730 735

gat cag gag tac aag gag gca cag agt aat aat cat aaa gag gtg ctg 2256
Asp GIn Glu Tyr Lys Glu Ala Gln Ser Asn Asn His Lys Glu Val Leu

740 745 750

gaa ggt ctc acg cct cac gag ggg ctc aag gtt ctg agt ata tat cac 2304
Glu Gly Leu Thr Pro His Glu Gly Leu Lys Val Leu Ser Ile Tyr His

755 760 765

tgt ggg age agt aca tgt cca act tgg atg aat aaa ctg cgg gac atg 2352
Cys Gly Ser Ser Thr Cys Pro Thr Trp Met Asn Lys Leu Arg Asp Met

770 775 780
gtg ggo ctt gag tta aat ggt tge aaa aat ctc gag aag ctt cctccg 2400
Val Gly Leu Glu Leu Asn Gly Cys Lys Asn Leu Glu Lys Leu Pro Pro

785 790 795 800

ttg tgg cag cta ccg get cta caa gtt ctt tge ctg gaa gga ctg ggt 2448

Leu Trp Gln Leu Pro Ala Leu Gln Val Leu Cys Leu Glu Gly Leu Gly
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805 810 815

agt tta aat tgc ttg ttc aac tgt gac aca cac aca ccc ttc aca ttt 2496
Ser Leu Asn Cys Leu Phe Asn Cys Asp Thr His Thr Pro Phe Thr Phe

820 825 830

tgc aga ctg aag gag cta acc ttg tct gat atg aca aat ttt gag aca 2544
Cys Arg Leu Lys Glu Leu Thr Leu Ser Asp Met Thr Asn Phe Glu Thr

835 840 845

tgg tgg gac aca aat gag gta caa gga gaa gag ctg atg ttt cct gag 2592
Trp Trp Asp Thr Asn Glu Val Gln Gly Glu Glu Leu Met Phe Pro Glu

850 855 860

gtt gaa aag ctg tca atc gaa agt tge cat agg cta act gec ttgcca 2640
Val Glu Lys Leu Ser Ile Glu Ser Cys His Arg Leu Thr Ala Leu Pro

865 870 875 880

aaa gca tca aat geg att tca gaa tcg tce gge gaa gtt age ace gtg 2688
Lys Ala Ser Asn Ala Ile Ser Glu Ser Ser Gly Glu Val Ser Thr Val

885 890 895

tgt cgt tct gea ttt cca gea ttg aag gaa atg aaa tta tat gat ttg 2736
Cys Arg Ser Ala Phe Pro Ala Leu Lys Glu Met Lys Leu Tyr Asp Leu

900 905 910
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cgt atc ttt cag aaa tgg gag gea gtc gat gga act cca agg gag gag 2784
Arg Ile Phe GIn Lys Trp Glu Ala Val Asp Gly Thr Pro Arg Glu Glu

915 920 925

gca aca ttt cct cag ctt gac aaa tta gaa atc aga cag tgc cca gag 2832
Ala Thr Phe Pro Gln Leu Asp Lys Leu Glu Ile Arg Gln Cys Pro Glu

930 935 940

ctg act act cta cct gaa gea cca aag cta agt gac tta gag atatct 2880
Leu Thr Thr Leu Pro Glu Ala Pro Lys Leu Ser Asp Leu Glu Ile Ser

945 950 955 960

aaa ggc aat caa caa ata tcc cta cag gea gec age aga cat att act 2928
Lys Gly Asn GIn Gln Ile Ser Leu Gln Ala Ala Ser Arg His Ile Thr

965 970 975

tca ttg tce agt cte gtt ctg cat ttg tcc act gat gac aca gaaaca 2976
Ser Leu Ser Ser Leu Val Leu His Leu Ser Thr Asp Asp Thr Glu Thr

980 985 990

gca tcg gtg gec aag caa caa gat tcg agt gat ttg gtg att gag gat 3024
Ala Ser Val Ala Lys Gln Gln Asp Ser Ser Asp Leu Val Ile Glu Asp

995 1000 1005
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gag aaa tgg agt cat aaa tct ccc ctg gaa ctt atg gte ttg agt 3069
Glu Lys Trp Ser His Lys Ser Pro Leu Glu Leu Met Val Leu Ser

1010 1015 1020

cgg tge aac ctt tta ttc tct cac cca agt gea ctg get ctg tgg 3114
Arg Cys Asn Leu Leu Phe Ser His Pro Ser Ala Leu Ala Leu Trp

1025 1030 1035

aca tgt ttt gct cag ctc cta gat ctg aaa att cgg tat gtt gat 3159
Thr Cys Phe Ala Gln Leu Leu Asp Leu Lys lle Arg Tyr Val Asp

1040 1045 1050

gcg ctt gte age tgg cca gaa gag gtg ttc cag gge tta gtt tee 3204
Ala Leu Val Ser Trp Pro Glu Glu Val Phe Gln Gly Leu Val Ser

1055 1060 1065
ttg agg aag tta gag att tct gta tge gag aat ctg aca gga cac 3249
Leu Arg Lys Leu Glu Ile Ser Val Cys Glu Asn Leu Thr Gly His
1070 1075 1080
aca caa gctcgt ggg caa tet aca cce gea cca agt gaa cte ctg 3294
Thr Gln Ala Arg Gly Gln Ser Thr Pro Ala Pro Ser Glu Leu Leu

1085 1090 1095

cca cgt ttg gag tce cta gag ata acg tgt tgt gat tct att gtg 3339
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Pro Arg Leu Glu Ser Leu Glu Ile Thr Cys Cys Asp Ser Ile Val

1100 1105 1110

gag gtc ccc aat cta ccg geg tet cte aag cta tta gaa att agg 3384
Glu Val Pro Asn Leu Pro Ala Ser Leu Lys Leu Leu Glu lle Arg

1115 1120 1125

ggg tge cce gge ctg gag tce ate gta ttc aat cag cag cag gat 3429
Gly Cys Pro Gly Leu Glu Ser Ile Val Phe Asn Gln GIn Gln Asp

1130 1135 1140

agg acg atg ttg gtg agt gca gaa agce ttt gca gag cag gat aag 3474
Arg Thr Met Leu Val Ser Ala Glu Ser Phe Ala Glu Gln Asp Lys

1145 1150 1155

tca tcg tta ata tca ggg tcc aca age gag acc aac gat cac gtc 3519
Ser Ser Leu Ile Ser Gly Ser Thr Ser Glu Thr Asn Asp His Val

1160 1165 1170
ctt cca cgc cta gaa tct ctt gta ata aat tgg tge gat cgt ttg 3564
Leu Pro Arg Leu Glu Ser Leu Val [le Asn Trp Cys Asp Arg Leu

1175 1180 1185

gag gtt ctc cat ctt cct ccg tee atc aag aaa ttg ggt att tat 3609

Glu Val Leu His Leu Pro Pro Ser Ile Lys Lys Leu Gly Ile Tyr
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1190 1195 1200

agc tgt gaa aaa ctt cgg tce cte teca gta aag ctg gat gee gtt 3654
Ser Cys Glu Lys Leu Arg Ser Leu Ser Val Lys Leu Asp Ala Val

1205 1210 1215

cga gaa tta agt atc aga cat tgc ggg age ttg aaa tca ctg gaa 3699
Arg Glu Leu Ser Ile Arg His Cys Gly Ser Leu Lys Ser Leu Glu

1220 1225 1230

tct tge tta gga gag cte geg tcg ctg caa caa ctc aaa ctt tit 3744
Ser Cys Leu Gly Glu Leu Ala Ser Leu Gln GIn Leu Lys Leu Phe

1235 1240 1245

gat tgc aag age ctg gaa tcc ttg ccg aag ggg cct caa gea tac 3789
Asp Cys Lys Ser Leu Glu Ser Leu Pro Lys Gly Pro Gln Ala Tyr

1250 1255 1260

tca tct ctt aca tct ctt gaa att cgt ggt tgt tct ggt ata aag 3834
Ser Ser Leu Thr Ser Leu Glu Ile Arg Gly Cys Ser Gly Ile Lys

1265 1270 1275

gtg ctt cca ccg age cta cag caa cgt ctg gat gac atc gag gac 3879
Val Leu Pro Pro Ser Leu Gln Gln Arg Leu Asp Asp Ile Glu Asp

1280 1285 1290
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aaa gaa cta gat gcc tge tat gaa gag geca gaa gca gaa cca aag 3924
Lys Glu Leu Asp Ala Cys Tyr Glu Glu Ala Glu Ala Glu Pro Lys

1295 1300 1305

tct cgt cat cgt caa tct geca atc agt agg ctg atg tgc ttg aag 3969

Ser Arg His Arg Gln Ser Ala Ile Ser Arg Leu Met Cys Leu Lys

1310 1315 1320
tag 3972
210> 3

211> 1323

<212> PRT

<213> Oryza officinalis

<400> 3

Met Ala Glu Leu Met Ala Thr Met Val Val Gly Pro Leu Leu Ser Met

1 5 10 15

Val Lys Asp Lys Ala Ser Ser Tyr Leu Leu Glu Gln Tyr Lys Val Met

20 25 30
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Glu Gly Met Glu Glu GIn His Glu Ile Leu Lys Arg Lys Leu Pro Ala

35 40 45

Ile Leu Asp Val Ile Ala Asp Ala Glu Glu GIn Ala Ala Lys His Arg

50 55 60

Glu Gly Val Lys Ala Trp Leu Glu Ala Leu Arg Lys Val Ala Tyr Gln

65 70 75 80

Ala Asn Asp Val Phe Asp Glu Phe Lys Tyr Glu Ala Leu Arg Arg Lys

85 90 95

Ala Lys Gly His Tyr Lys Met Leu Ser Ser Met Val Val Ile Lys Leu

100 105 110

Ile Pro Thr His Asn Arg Ile Leu Phe Ser Tyr Arg Met Gly Asn Lys

115 120 125
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Leu Arg Met Ile Leu Asn Ala Ile Glu Val Leu Ile Glu Glu Met Asn

130 135 140

Ala Phe Arg Phe Lys Phe Arg Pro Glu Pro Pro Met Ser Ser Met Lys

145 150 155 160

Trp Arg Lys Thr Asp Ser Lys Ile Ser Asp Leu Ser Leu Asp Ile Ala

165 170 175

Asn Asn Ser Arg Lys Glu Asp Lys Gln Glu Ile Val Ser Arg Leu Leu

180 185 190

Val Pro Ala Ser Glu Gly Asp Leu Thr Val Leu Pro Ile Val Gly Met

195 200 205

Gly Gly Met Gly Lys Thr Thr Leu Ala Gln Leu Ile Tyr Asn Asp Pro

210 215 220

-62-



22945

Asp lle Gln Lys His Phe GIn Leu Leu Leu Trp Val Cys Val Ser Asp

225 230 235 240

Asn Phe Asp Val Asp Leu Leu Ala Lys Ser Ile Val Glu Ala Ala Arg

245 250 255

Lys Gln Lys Asn Asp Asn Ser Gly Ser Thr Asn Lys Ser Pro Leu Asp

260 265 270

Glu Leu Lys Glu Val Val Ser Gly Gln Arg Tyr Leu Leu Val Leu Asp

275 280 285

Asp Val Trp Asn Arg Asp Ala Arg Lys Trp Glu Ala Leu Lys Ser Tyr

290 295 300

Leu Gln His Gly Gly Ser Gly Ser Ser Val Leu Thr Thr Thr Arg Asp

305 310 315 320

Gln Glu Val Ala Gln Val Met Ala Pro Ala Gln Lys Pro Tyr Asp Leu
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325 330 335

Lys Arg Leu Lys Glu Ser Phe Ile Glu Glu Ile Ile Arg Thr Ser Ala

340 345 350

Phe Ser Ser Gln Gln Glu Arg Pro Pro Glu Leu Leu Lys Met Val Gly

355 360 365

Asp Ile Ala Lys Lys Cys Ser Gly Ser Pro Leu Ala Ala Thr Ala Leu

370 375 380

Gly Ser Thr Leu Arg Thr Lys Thr Thr Lys Lys Glu Trp Glu Ala Ile

385 390 395 400

Leu Ser Arg Ser Thr Ile Cys Asp Glu Glu Asn Gly Ile Leu Pro Ile

405 410 415

Leu Lys Leu Ser Tyr Asn Cys Leu Pro Ser Tyr Met Arg Gln Cys Phe

420 425 430
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Ser Phe Cys Ala Ile Phe Pro Lys Asp His Glu Ile Asp Val Glu Met

435 440 445

Leu Ile GIn Leu Trp Met Ala Asn Gly Phe Ile Pro Glu Gln Gln Gly

450 455 460

Glu Cys Pro Glu Ile Ile Gly Lys Arg Ile Phe Ser Glu Leu Val Ser

465 470 475 480

Arg Ser Phe Phe Gln Asp Ala Lys Gly Ile Pro Phe Glu Phe His Asp

485 490 495

Ile Lys Asn Ser Lys Ile Thr Cys Lys Ile His Asp Leu Met His Asp

500 505 510

Val Ala Gln Ser Ser Met Gly Lys Glu Cys Ala Ala Ile Asp Thr Glu

515 520 525

-65-



22945

Val Ser Lys Ser Glu Asp Phe Pro Tyr Ser Ala Arg His Leu Phe Leu

530 535 540

Ser Gly Asp Arg Pro Glu Ala Ile Arg Thr Pro Ser Pro Glu Lys Gly

545 550 555 560

Tyr Pro Gly Ile GIn Thr Leu Ile Cys Ser Arg Phe Lys Tyr Leu Gln

565 570 575

Asn Val Ser Lys Tyr Arg Ser Leu Arg Val Leu Thr Thr Met Trp Glu

580 585 590

Gly Ser Phe Leu Ile Pro Lys Tyr His His His Leu Arg Tyr Leu Asp

595 600 605

Leu Ser Glu Ser Glu Ile Lys Ala Leu Pro Glu Asp Ile Ser Ile Leu

610 615 620
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Tyr His Leu Gln Thr Leu Asn Leu Ser Arg Cys Leu Ser Leu Arg Arg

625 630 635 640

Leu Pro Lys Gly Met Lys Tyr Met Thr Ala Leu Arg His Leu Tyr Thr

645 650 655

His Gly Cys Trp Ser Leu Gly Ser Met Pro Pro Asp Leu Gly His Leu

660 665 670

Thr Cys Leu Gln Thr Leu Thr Cys Phe Val Ala Gly Thr Cys Ser Gly

675 680 685

Cys Ser Asp Leu Gly Glu Leu Arg Gln Leu Asp Leu Gly Gly Arg Leu

690 695 700

Glu Leu Arg Lys Leu Glu Asn Val Thr Lys Ala Asp Ala Lys Ala Ala

705 710 715 720

Asn Leu Gly Lys Lys Glu Lys Leu Thr Lys Leu Thr Leu Ile Trp Thr
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725 730 735

Asp GIn Glu Tyr Lys Glu Ala Gln Ser Asn Asn His Lys Glu Val Leu

740 745 750

Glu Gly Leu Thr Pro His Glu Gly Leu Lys Val Leu Ser Ile Tyr His

755 760 765

Cys Gly Ser Ser Thr Cys Pro Thr Trp Met Asn Lys Leu Arg Asp Met

770 775 780

Val Gly Leu Glu Leu Asn Gly Cys Lys Asn Leu Glu Lys Leu Pro Pro

785 790 795 800

Leu Trp Gln Leu Pro Ala Leu GIn Val Leu Cys Leu Glu Gly Leu Gly

805 810 815

Ser Leu Asn Cys Leu Phe Asn Cys Asp Thr His Thr Pro Phe Thr Phe

820 825 830
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Cys Arg Leu Lys Glu Leu Thr Leu Ser Asp Met Thr Asn Phe Glu Thr

835 840 845

Trp Trp Asp Thr Asn Glu Val Gln Gly Glu Glu Leu Met Phe Pro Glu

850 855 860

Val Glu Lys Leu Ser Ile Glu Ser Cys His Arg Leu Thr Ala Leu Pro

865 870 875 880

Lys Ala Ser Asn Ala Ile Ser Glu Ser Ser Gly Glu Val Ser Thr Val

885 890 895

Cys Arg Ser Ala Phe Pro Ala Leu Lys Glu Met Lys Leu Tyr Asp Leu

900 905 910

Arg Ile Phe Gln Lys Trp Glu Ala Val Asp Gly Thr Pro Arg Glu Glu

915 920 925
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Ala Thr Phe Pro Gln Leu Asp Lys Leu Glu Ile Arg Gln Cys Pro Glu

930 935 940

Leu Thr Thr Leu Pro Glu Ala Pro Lys Leu Ser Asp Leu Glu Ile Ser

945 950 955 960

Lys Gly Asn Gln GlIn Ile Ser Leu Gln Ala Ala Ser Arg His Ile Thr

965 970 975

Ser Leu Ser Ser Leu Val Leu His Leu Ser Thr Asp Asp Thr Glu Thr

980 985 990

Ala Ser Val Ala Lys Gln Gln Asp Ser Ser Asp Leu Val Ile Glu Asp

995 1000 1005

Glu Lys Trp Ser His Lys Ser Pro Leu Glu Leu Met Val Leu Ser

1010 1015 1020
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Arg Cys Asn Leu Leu Phe Ser His Pro Ser Ala Leu Ala Leu Trp

1025 1030 1035

Thr Cys Phe Ala GIn Leu Leu Asp Leu Lys Ile Arg Tyr Val Asp

1040 1045 1050

Ala Leu Val Ser Trp Pro Glu Glu Val Phe Gln Gly Leu Val Ser

1055 1060 1065

Leu Arg Lys Leu Glu Ile Ser Val Cys Glu Asn Leu Thr Gly His

1070 1075 1080

Thr Gln Ala Arg Gly GIn Ser Thr Pro Ala Pro Ser Glu Leu Leu

1085 1090 1095

Pro Arg Leu Glu Ser Leu Glu Ile Thr Cys Cys Asp Ser Ile Val

1100 1105 1110

Glu Val Pro Asn Leu Pro Ala Ser Leu Lys Leu Leu Glu Ile Arg
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1115 1120 1125

Gly Cys Pro Gly Leu Glu Ser Ile Val Phe Asn Gln GIn Gln Asp

1130 1135 1140

Arg Thr Met Leu Val Ser Ala Glu Ser Phe Ala Glu Gln Asp Lys

1145 1150 1155

Ser Ser Leu Ile Ser Gly Ser Thr Ser Glu Thr Asn Asp His Val

1160 1165 1170

Leu Pro Arg Leu Glu Ser Leu Val lle Asn Trp Cys Asp Arg Leu

1175 1180 1185

Glu Val Leu His Leu Pro Pro Ser Ile Lys Lys Leu Gly Ile Tyr

1190 1195 1200

Ser Cys Glu Lys Leu Arg Ser Leu Ser Val Lys Leu Asp Ala Val

1205 1210 1215
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Arg Glu Leu Ser Ile Arg His Cys Gly Ser Leu Lys Ser Leu Glu

1220 1225 1230

Ser Cys Leu Gly Glu Leu Ala Ser Leu Gln GIn Leu Lys Leu Phe

1235 1240 1245

Asp Cys Lys Ser Leu Glu Ser Leu Pro Lys Gly Pro Gln Ala Tyr

1250 1255 1260

Ser Ser Leu Thr Ser Leu Glu Ile Arg Gly Cys Ser Gly Ile Lys

1265 1270 1275

Val Leu Pro Pro Ser Leu Gln Gln Arg Leu Asp Asp Ile Glu Asp

1280 1285 1290

Lys Glu Leu Asp Ala Cys Tyr Glu Glu Ala Glu Ala Glu Pro Lys

1295 1300 1305
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Ser Arg His Arg Gln Ser Ala Ile Ser Arg Leu Met Cys Leu Lys

1310 1315 1320

<210> 4
211> 24
<212> ADN

<213> Trinh tu nhan tao

<220>

<223> moi

<400> 4

ctceetgact gaagaagaga agag 24

<210> 5
<211> 25
<212> ADN

<213> Trinh tu nhan tao

<220>

<223> mdi
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<400> 5

tgctagetgt gattctctta tgatg

<210> 6
<211> 32
<212> ADN

<213> Trinh tu nhan tao

<220>

<223> moi

<400> 6

cggaattcct cectgactga agaagagaag ag

<210> 7
<211> 33
<212> ADN

<213> Trinh tu nhén tao

<220>

<223> moi

<400> 7

22945

25

32
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cggaattctg ctagetgtga ttetcttatg atg

<210> 8
<211> 30
<212> ADN

<213> Trinh tu nhan tao

<220>

<223> moi

<400> 8

tcceeeeggg atggeggagc taatggecac

<210> 9
<211> 30
<212> ADN

<213> Trinh tu nhéan tao

<220>

<223> mbdi

<400> 9

gctctagact acttcaagea catcagecta

22945
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<210> 10
<211> 28
<212> ADN

<213> Trinh tu nhan tao

220>

<223> moi

<400> 10

cggaattcat ggtggagcac gacactct

<210> 11
<211> 30
<212> ADN

<213> Trinh tiy nhan tao

<220>

<223> mobi

<400> 11

tccececggg atctecattge cececgggat

22945
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<210> 12
<211> 20
<212> ADN

<213> Trinh tu nhan tao

<220>

<223> modi

<400> 12

ctgctgetge tetegtattg 20

<210> 13
<211> 20
<212> ADN

<213> Trinh tu nhéan tao

<220>

<223> modi

<400> 13

cagggaagct ccaagaacag 20

-78-



22945

<210> 14
<211> 20
<212> ADN

<213> Trinh tu nhan tao

<220>

<223> mbdi

<400> 14

tccacctttg caaatccaat 20

<210> 15
<211> 20
<212> ADN

<213> Trinh tu nhan tao

<220>

<223> mbi

<400> 15

cttcttecte tggetggeta 20

<210> 16

-79-



22945

<211> 20
<212> ADN

<213> Trinh tu nhan tao

<220>

<223> mdi

<400> 16

ccggegagaa gttetaccte 20

<210> 17
<211> 20
<212> ADN

<213> Trinh tu nhén tao

<220>

<223> modi

<400> 17

gctgtaatee tgegtgtect 20

<210> 18

<211> 21

-80-



<212> ADN

<213> Trinh ty nhéan tao

<220>

<223> mbdi

<400> 18

tgtgggatttt gettctcact t

<210> 19
<211> 22
<212> ADN

<213> Trinh ty nhén tao

<220>

<223> mdi

<400> 19

caaaccactg tgagtacggc ta

<210> 20
<211> 26

<212> ADN

22945

-81-

21

22



<213> Trinh tu nhan tao

<220>

<223> mbdi

<400> 20

agaaatggtg aaagatggtg ctaccg

<210> 21
<211> 25
<212> ADN

<213> Trinh tu nhan tao

<220>

<223> mdi

<400> 21

ctgaatgttc ttcaactccc agtge

<210> 22
<211> 20
<212> ADN

<213> Trinh tu nhan tao

22945

-82-

25

26



<220>

<223> moi1

<400> 22

agcgttaage gecattatca

<210> 23
<211> 20

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> mbdi

<400> 23

cgcegaggca ttagagtaga

<210> 24
<211> 20

<212> ADN

<213> Trinh tu nhéan tao

22945

-83-

20

20



22945

<220>

<223> modi

<400> 24

ctgetgetge tetegtattg

<210> 25
<211> 20
<212> ADN

<213> Trinh tu nhan tao

<220>

<223> moi

<400> 25

cagggaagct ccaagaacag

<210> 26
<211> 21
<212> ADN

<213> Trinh tu nhan tao

<220>

-84-

20

20



<223> mdi

<400> 26

gcaaatatgt gcatacctgg a

<210> 27
<211> 18
<212> ADN

<213> Trinh tu nhan tao

<220>

<223> modi

<400> 27

ctgacatcte cgectgga

22945

21

18

-85-





