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Linh vuc ky thuat duwge dé cap

Séng ché & cap dén linh vuc bién dbi cay bang cach str dung céc phuong phap
sinh hoc phan tir va cdng nghé chi thi, cing véi ky thuét thiét k& di truyén. Sang ché dé
cap dén cdy c6 tinh khéng Helminthosporium turcicum, cu thé 13 cay ngd chita
polynucleotit c6 mdt hodc nhiéu gen truyén tinh khéng trén doan nhiém séc thé cai bién
tir gidng Pepitilla dang ky, cling nhu té bao, mo, phan, hat va hat gibng ctia né,
polynucleotit dugc phan ldp chita moét hoac nhidu gen truyén tinh khang
Helminthosporium turcicum, vecto, t& bao cdy chuyén gen va cay chuyén gen chira
polynucleotit nay. Sang ché ciing bao gdm chi thi phan tit thich hop va tmg dung ctia
ching dé dua locus khéng hodc gen chuyén vao cay, ciing nhu nhan biét cac cay ngd
cai tién chita doan nhiém séc thé cai bién.

Tinh trang ky thuat cia sang ché

O cay ngd (Zea mays L.), c6 mot lugng tic nhan gy bénh nidm 16n gay bénh
cho 14. Loai ndm c6 thé gdy thiét hai nhiéu nhét trong diéu kién khi hau nhiét ddi cling
nhur khi hiu 6n d6i, nhu cée diéu kién khi hau & phan 16n chau Au va Béc M§ cling nhu
& chau Phi va An D6, duoc biét dén 1a Helminthosporium turcicum hay con goi 1a bénh
ddm 14 (Exserohilum turcicum) (Pass.) Leonard and Suggs (teleomorph:
Setosphaeria turcica (Luttrell) Leonard & Suggs). H. turcicum 1a nguyén nhan gay
bénh dém 14 dugc biét dén 1a “bénh dém 14 to & ngd” (Northern Corn Leaf Blight -
NCLB), ma c6 thé xudt hién & tAm ¢& dich bénh vao cic nim mua nhiéu, tAn cong
cac gibng ngd dé bi gay hai va gy thiét hai 16n va lam gidm néng suét dang ké 30%
va cao hon trén dién rong (Perkins & Pedersen, 1987; Raymundo & Hooker, 1981a;
Ullstrup & Miles, 1957). T sau nhing nam 1970 thi tinh khang ty nhién trong vat
liu di truyén da duogc tim kiém. Hién nay, da biét vé tinh khéng theo dinh lugng va
theo dinh tinh. Mc di tinh khang dinh lwong di truyén mét gen va nhiéu gen xuét hién
chua ddy dii va khong dic hidu & kidu hinh theo ndi va bi anh hudng boi céc gen bo
sung va cac gen troi mot phﬁn, nhung tinh khang theo dinh tinh thuong van dic hiéu

noi va c6 th dugce di truyén thong qua cac gen don 1é, chi yéu 14 cac gen troi nhu Hrl,
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Ht2, Ht3, Htm1 hoac Hinl (Lipps et al., 1997, Welz & Geiger, 2000). Viéc lai nguoc
dong & nhidu dong ngd lai ndi dong thong dung nhu W22, A619, B37 hodc B73 thanh
cdng dem dén sy lai nhap gen cta cac gen HT, trong d6 ching co tinh trdi mot phan

va bidu hién nhu chitc ning cla nén di truyén tuong Gng (Welz, 1998).

B4t chép kién tric di truyén phtrc tap cta tinh khang NCLB nay & cdy ngo, dén
hién tai thi v& co ban viéc stt dung gen Ht! & cdy ngd cung vdi tinh khang dinh luong
mot phz‘?tn 13 du dé kiém soat helminthrosporiosis (Welz, 1998). Co s& cho didu nay la
trén toan ciu, ndi 0 cta H. turcicum dugce st dung nhiéu (khoang 55%) (Lipps et al.,
1997; Ferguson & Carson, 2007), con cac noi khac nhu 2N va 23N chi hiém khi duoc
st dung va ngay ca ¢ ving bi gidi han vé mit dia Iy (Moghaddam & Pataky, 1994;
Jordan et al., 1983; Lipps & Hite, 1982; Thakur et al., 1989; Welz, 1998). Noi 0 nay
khong c6 doc luc trén cdy ngd mang Htl, sao cho khi dugc truyén tinh khang dinh
luong thich hop vao, thi nd s& c6 dit tinh khang tong thé v6i NCLB. Tuy nhién, nhiéu
nghién ctru da bao cao vé su phat tan gia ting cua cac noi it phd bién hon (Jordan et
al., 1983; Welz, 1998; Pratt & Gordon, 2006). Nguyén nhan cua hién tugng nay co
lién hé véi dong hoc ctia qun thé mim bénh ma cho phép thay doi doc lue cia mam
bénh théng qua cac dot bién m&i trén cac gen khong ¢ doc luc va thong qua t6 hop
méi clia cac gen c6 doc luc s&n c6. Cubi cling, viée nay c6 thé din dén su xut hién
cac nodi gay bénh méi, thich hop, d6i khi c6 tinh xam 14n cao hon. O Brazil chang
han, quﬁn thd H. turcicum vé thuc chét c6 vé di da dang hon vé hop phén noi so voi,
vi du, & Béc M¥. Gianasi et al. (1996) da béo céo vé céac ndi H. turcicum bi tiéu diét
boi tinh khang do gen HtI tao ra. Ngoai ra, cac gen khang co thé khong 6n dinh véi
mot s6 yéu t6 moi trudng nhét dinh nhu nhiét d6 va cudng do anh sang & mot s6 ving
khi hau (Thakur et al., 1989). Dién bién nay dan t6i két qua 13, toan cAu dang gia ting
tAm quan trong cua viéc st dung céc gen khang HT mdi hodc cac gen ma tur trude dén
nay it dugc chuy dén @ tao ra cac cdy ngd thuong mai nhim cé duoc tinh khang rong
hon va 1au dai hon v6i H. turcicum & cdy ng6. Phuong phap dAu tién cho muc dich nay
duoc Pataky et al. nd lyc dua ra sém tir ngm 1998. Tinh khang NCLB ¢ cay ngd uu ta

sh2 dugc cai thién béng cach sir dung t6 hop ctia Htl va Hnl.
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Ngudn cung cAp tinh khang Hinl don gen la gidng Mehico “Pepitilla” (Gevers,
1975). Céc dong lai nhap gen Hinl c6 ban dd gen trén nhanh dai ctia nhiém séc the 8
céch khoang 10 cM tinh tir H¢2 va 0,8 ¢M tinh tir chi thi RFLP umc117 (bin 8.06)
(Simcox & Bennetzen, 1993). Trai voi cac gen khang HT thong thuong, Htnl tao ra
tinh khang bang cach 1am chidm qua trinh hinh thanh bao tr, va vi vdy, ngan chan sy
phat trién cta cac tdn thuong. Két qua 13, sé& tao ra tdn thuong it hon, nho hon ciing
nhu giam cac ving hinh thanh bao tr (Raymundo ez al., 1981b, Simcox & Bennetzen,
1993). Khong hinh thanh céc tdn thuong tia vang-hoai tir nhu cac tdn thuong xuét
hién cung véi tinh khang do HtI, Ht2 hodc Ht3 tao ra (Gevers, 197 5). Tuy nhién, phan
img khang & trang thai di hop tir ctia gen Hinl cho hiéu qua thdp hon nhiéu so véi khi
& trang thai ddng hop tir (Raymundo ef al., 1981b).

Viéc phat trién cac chi thi dic hidu bd sung ma con ¢6 thé giup qua trinh xéac
dinh kidu gen don gian hon nita 1am cai thién kha ning kiém soat sinh san ctia gen Hnl.
Theo d6, céng nghé chon loc nho chi thi (marker assisted selection - MAS) khién cho
viée xép chdng hodc tao thap cho vai gen khang c6 thé dat hiéu qua (Min e al., 2012).
Céac dong lai nhdp gen B37Hinl hodc W22Hinl dugc dung trong nhidu nghién ctru
1ap ban dd cho locus khang va xé4c dinh ngudn khang (Raymundo et al., 1981a, b;
Simcox & Bennetzen, 1993, Bar-Zur ef al., 1998; Coates & White, 1998). Tuy nhién,
cac thong tin co san vé chi thi c6 thé duoc sir dung dé chon loc locus khéng cho Hinl
tir Pepitilla dang ky van con bi han ché (Simsox & Bennetzen, 1993). Céc chi thi da
biét cho Htnl ma hitu dung va chén locus khang khoi Pepitilla dang ky van dugc lap
ban dd & vi tri gin cach 22,2 ¢cM, ma trong truong hop t5t nhéat cho phép chon loc
doan nhim séc thé 16n. Tuy nhién, c6 mot nguy co thuong truc bén trong doan nay,
& gitta cac chi thi, d6 1a xay ra su téi 0 hop di truyén d6i ma c6 thé dan dén viéc chon
loc duong tinh gia d6i v6i locus khang Hinl. Ngoai ra, trong mot sd trudng hop, x4c
suét cac ving di truyén khong mong mudn duoc két hop vao dong lai nhap gen s& tang
theo kich ¢& ctia doan nhiém séc thé duoc lai nhap gen va duge truyén qua cac thé hé
cta dong uu tu. Céc vung di truyén nay, ddc biét 1a khi ching két hop nghiém ngit v6i
locus Hinl va dan dén tac dong tiéu cuc 13 rét dén mdt hodc nhidu dic tinh ndéng hoc,
duoc biét dén 12 lién két bét loi. Tuy nhién, theo cac nghién ctu da biét ma tién hanh va
str dung cac dong lai nhip gen mang Hinl tir Pepitilla, thi cac tac dong tiéu cuc nhu vay
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chua duoc biét dén. Ngay ca trong cong trinh nghién ctru rAt toan dién ctia Welz (1998),
khong ké nhitng cai khic, ma ciing duoc thuc hién trén B37Htnl, cling méc nhién
cong nhan rang xét trén khia canh chéng han nhu ning suét va do chin thi viée lai
nhép gen locus Htnl khong dem dén nhuoc didm dang ké nao. Vi vy, khong c6 nhiéu

nd lyc trong tinh trang k¥ thuat truéc day nhim rat ngén doan nhiém sic thé 16m.

Nguoc lai, WO 2011/163590 boc 16 kiéu gen PH99N dudi dang nguén thay
thé cho tinh khang NCLB trén nhidm séc thé 8 bin 5, tuy nhién, n6 khong twong g
v6i Pepitilla dang ky. V& co ban, chi ¢ tinh khang lién quan t6i noi 0 vanoi 1 cta H.
turcicum 13 dugc nhan biét trong céc quén thé lai nguge dong tir PH9IN. Thém chi la
kidu hinh khang van khong dugc xéac dinh rd rang. Tuy nhién, céc tac gia da két luan
rang tinh khéng nay 1a do gen Htnl. Nhung locus khang ¢ PHO99N bi gidi han & duy
nhét doan nhi®m sic thé dai ~224kb; tuy nhién cdy ngo co tinh khang lai mang doan
224 kb va do d6 Hinl gia dinh khong dugce boc 10. Ngoai ra, kiéu gen PH99N nay ciing

khong dugc cong khai thong qua ndp luu.

Mot phuong phap thay thé d& tao ra gen Hinl hitu ich 1a nhan biét va tach dong

gen khang va st dung né trong chién luge chuyén gen.

Vé&i du dinh nhan biét gen khang cho NCLB, nam 2010, Chung et al. 2010 da
cong bd nghién ciru nhim lap ban dd chi tiét cho locus khang bin 8.06. Tuy nhién
doan nhi®m sic thé dugc nghién ctru khéng co ngudn gbc tir Pepitilla ma 1a tir ngo lai
DK888 c¢6 tinh khéang nhiéu bénh. Cac nghién cuu vé tinh dic hiéu noi
Helminthosporium ban dAu cho thiy rd rang locus khéng trén DK888, dugc ky hiéu la
qNLBS.06pksss, lién két nghiém ngit hodc lién két chirc nang véi cac gen Hi2 va
Hinl, do cac ching Helminthosporium 23 va 23N c¢6 doc luc (Chung et al., 2008).
Tuy nhién cong doan phat hi¢n duong vé su ¢6 mit ciia Hinl khong duge thuc hién,
khi khéng c6 thé phan 13p N tinh khiét tir H. turcicum. Ngoai fa, kiéu hinh khéng c6
gNLB8.06pxsss cling khong twong ung vo6i kiéu hinh duoc mong doi lién quan dén su
xuét hién céc tén thuong gy tia vang va lam chdm qua trinh hinh thanh ton thuong.
Céc nghién ctru khac duge thuc hién chi tiét trong Chung et al. (2010) cudi cung da
cung cép cac bang chimg cho thiy gNLBS.06pxsss gibng hét véi, alen, lién két nghiém

ngit hodc lién két chic ning v6i Hi2, cha khong véi Hinl. Locus khang
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qNLBS.06pksss cO thé duoc gan cho doan nhiém sic thé 0,46 Mb. Chu thich hé gen
cua doan nhiém sic thé nay dung dé chi 12 khung doc mé gia dinh, ba trong s6 d6 ¢
thé tuong ung 1a gen gibng protein kinaza tiép d6i (GRMZM2G135202;
GRMZM2G164612) hodc gen gibng protein phosphataza (GRMZM2G119720) va
mdi khung doc m& nay déu cAu thanh cac gen Ung vién day hira hen cho gen khang

Hi2 (Chung et al., 2010). Quy trinh x4c thuc chirc nang khong duoc mo ta.

Ngoai ra, WO 2011/163590 Al cling da dién giai gen Hml gia dinh trong
ngudn khang PH9N 1a gen giéng protein kinaza tiép d6i (GRMZM2G451147) va néu
trinh tu di truyén ctia n6, nhung cfing khong xac dinh chic nang cua no, vi dy, & cay

ngo chuyén gen.
Ban chit k§ thuit cia sang ché

Sang ché bat nguc‘A)n tlr tinh trang k§ thuat dugc mé ta ¢ trén; muc ti€u cua sang
ché 12 d& xuit cay ngd c6 tinh khang voi mam bénh Helminthosporium turcicum tix thé
cho Pepitilla va trong d6 dic tinh ndng hoc cia céc cay ngo da biét c6 thé dugc pht tinh
khang tir thé cho Pepitilla.

MO ta vin tit cac hinh vé

Céac phuong 4n va bién thé ctia sang ché s& duoc mo ta dua trén cac hinh vé va
trinh tu kém theo, trong do:

Fig.1: Ving QTL tinh dugc 12 23,11¢M trén nhiém séc thé 8 bang cach str dung
8 chi thi trong 528 ¢4 thd F2 ctia con lai RP1 x RPIHTN1. Duong mau den (HtN) thé
hién khoéng tin cdy. Vi tri ctia cac chi thi la theo cM.

Fig.2: Thtr nghiém nang suét t chua ¢ 5 vi tri & Duc va lap lai hai 1an, v&i bd
me tudn hoan RP3 va phién ban A ctia doan cho tr B37HTNI (RP 3HTNA) va phién
ban K ctia doan cho tir B37HTN1 (RP3HTNK). Cac duong nay thé hién cac chénh
léch dang ké bing cach st dung kiém dinh t, v6i p = 0,05.

Fig.3: m6 ta cac ving chi thi tt M1 dn M6 ma dinh ra cac khoang nhiém sic
thé (Int. 1 dén Int. 5) biéu hién polynucleotit truyén tinh khéng trong dong nhap gen
va mang lién két bt loi trong doan nhiém sic thé bit ngudn tr thé cho. Poan nhiém

sac thé cta thé cho (Pepitilla” dugc thé hién 14 c4c ving chim, “Pepitilla” cta bb me
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tudn hoan (khong c6 lién két bét loi) duge thé hién 1a cac ving c6 dudng gach chéo.
Khoang 1 (Int. 1) bao gdm locus khang HTN1, khoang 2 (Int. 2) bao gbm ving trinh
tu chiu trach nhiém vé lién két bt loi trong thoi gian ra hoa trong thé cho, khoang 4
va khoang 5 (Int. 4 va Int. 5) bao gdm céc ving trinh ty chiu trach nhi¢m vé lién két

bét loi ctia nang suit & chua trong thé cho.

Fig.4: contig BAC trén ngén hang RP4HTN1 BAC cta n6 v6i chu thich vé
khung trinh t va gen twong tmg. Céc gen Gng vién duoc thé hién trong cac hop hinh
vudng. Cac miii tén mau den 1a céc gen dugce dién giai thém ma khong phai la céac
gen g ctr cho tinh khang HTN.

M3 ta chi tiét sang ché

Mot mit, muc tiéu néu trén dugc thuc hién béng cach tao ra cdy ngd co hé gen
da duoc két hop doan nhiém sic thé tir Pepitilla cho, trong d6 doan nhiém séc thé nay
chtra khoang cho (sau diy duoc goi 1a khoang thire nhét hoic khoang 1) c6 céc alen cho
theo haplotyp thd hién trong Béang 2 va polynucleotit tao ra tinh khang voi
Helminthosporium turcicum & cdy ngo, va trong d6 doan nhiém sic thé nay khong chira
khoang cho tiép tuc (sau day dugc dit tén 1a khoang thi hai hodc khoang 2) gitta chi thi
& ving chi thi thit nhat (M1) ¢6 bén sudn 14 cac chi thi SYN14136 va PZE-108076510
va chi thi & ving chi thi thi hai (M2) c6 bén sudn 1a céc chi thi SYN24931 va PZE-
108077560. Giai phép ndy va céc giai phap khdc cho van d& nay, duge mé ti dusi
day, c6 thé dua trén chuong trinh sinh sén dé két hop locus Hinl tir Pepitilla vao dong
ngd. Tuy nhién, cac phuong phap thiét ké di truyén cling c6 thé duoc chon, cdy theo
sang ché c6 thé duoc tao ra nhd cic phuong phap nay. Cac vi du vé chién luoc thiét
ké di truyén duoc md ta chi tiét hon duéi day. Dé tao ra cay theo séng ché, c6 thé sur
dung nhiéu kiéu gen khac nhau tir tinh trang k¥ thuat. Cu thé 1a, B37HTNI1, chira
locus khang cho gidng “Pepitilla”, dugc sir dung lam dong gbc. Bén canh chinh
Pepitilla va B37HTN1 (con duge biét trong tinh trang k¥ thuat 1a B37HtN), thi héu hét
kiéu gen ngd bét ky ¢6 thé duoc yéu cau dé két hop locus Hinl vao hé gen cta cay
nhdm tao ra cdy ngd theo sang ché, cu thé 1a trén nhidm sic thé 8 bin 5 hoic 6, thé nhap
gen ctia locus khang Hinl tir Pepitilla d& dugc xen vao. V& vin dé nay, di c6 nhiéu vi

du vé kiéu gen trong tinh trang k¥ thudt, vi du: W22Htn (vi du, Bar-Zur et al.,1998);
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H6314Htn (vi du, Bar-Zur et al.,1998), B73HIN (vi du, Shimoni et al., Journal of
Phytopathology 131:4 (1991), 315-321), B68HIN va A632HIN (vi dy, Carson, Plant
Disease 79 (1995), 717-720) va A619HiN (vi du, Stankovi¢ et al, Genetika 39:2
(2007), 227 -240). O cay ngb theo sang ché, doan nhi®m sic thé ¢6 ngudn gde tlr thé
cho Pepitilla; theo mdt phuong 4n dwgc uu tién cla cdy ngd theo séang ché, doan
nhidm séc thd c6 ngudn gdc tir B37HTN1 cho hodc mét tir kiéu gen ngd khic nhu
trich din & trén. Vi dy, B37HTNI1 ¢6 thé duogc dit hang tir Kho trung tim Maize
Genetics COOP str dung ID kho 65749.

Doan nhiém séc thé két hop vao hé gen cua cdy ngd theo sang ché ¢6 ngudn
gbc tir Pepitilla cho, nhu da biét, chira locus khang HTN1. Vi tri nhdp gen cta locus
khang ny dugc dinh vi trén nhénh dai ciia nhiém séc thé 8, bin 8.05 —8.06. Doan nhiém
sac thé duoc két hop nay chita khoang cho thir nhét ma chira polynucleotit tao ra tinh
khang khang Helminthosporium turcicum & cdy ng6 theo sang ché. V& van & nay,
polynucleotit ndy chita mdt hodc nhiéu gen tao ra tinh khang cta locus HIN1 tir
Pepitilla (Bang 1) hodc céc alen gen cua nd. Trong didu kién xam nhiém H. turcicum,
gen hodc alen gen nay ¢ thé tao ra kiéu hinh khéng c6 céc déc tinh dién hinh cia HTN1.
Tt hon néu, polynucleotit nay chira mot hoac nhiéu gen tao ra tinh khang ctia locus
HTNT1, tbt hon néu tir Pepitilla, duoc chon tit RLK1 va EXT1 (xem Bang 1) hodc cac
alen gen cua nd ma tao ra kiéu hinh khéng c6 cac ddc tinh dién hinh ctia HTN1 trong
diéu kién xam nhiém H. turcicum. Dac biét 8t hon néu, polynucleotit nay chira trinh
tu nucleotit ma héa polypeptit tuong Gmg véi SEQ ID NO: 2 hodc SEQ ID NO: 6 hoac
thé tuong ddng ctia polypeptit tuong tng véi SEQ ID NO: 2 hode SEQ ID NO: 6, ma
tao ra kiéu hinh khang c6 cac dac tinh dién hinh ctia HTN1 trong diéu kién xam nhiém
H. turcicum. Vi du vé cac ddc tinh dién hinh nay ctia HTN1 la lam chdm qué trinh
hinh thanh bao tir, 1am giam su phét trién céc tn thuong, phét trién ton thuong nho
hon, lam giam ving hinh thanh bao tir va/hodc khong co tdn thuong hodc chi c6 cac
tdn thuong tia vang-hoai tir tich riéng. V& mit c4u triic, polynucleotit nay déc trung &
chd n6 chira phan tir axit nucleic (a) chira trinh ty nucleotit twong ung vaéi cac SEQ ID
NO: 1,3, 5,7, 9, 11, 13 hoic 15, (b) chira trinh tu nucleotit c6 do dong nhét it nhét
13 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% hodc 99% v61 mot
trong cac trinh tir nucleotit tuong tmg v6i cac SEQ ID NO: 1, 3, 5,7,9, 11, 13 hodc

7
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15, t6t hon 12 trén toan bd chiéu dai cta trinh tw d6, (c) lai véi chudi b tro clia phan
tir axit nucleic theo cdc muc (a) hodc (b) trong cac diéu kién nghiém ngit, (d) ma hoa
polypeptit véi trinh ty axit amin twong ting véi cac SEQ ID NO: 2, 4,6,8,10,12, 14
hodc 16, (¢) ma hoa polypeptit voi trinh ty axit amin c6 do dong nhét it nhét 12 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% hodc 99% v&i mot trong
céc trinh ty axit amin theo cmuc (d), hodc (f) chira mot phén trinh tu cta axit nucleic
theo cac muc tir (a) dén (). Theo mét phuong an duge wu tién, polynucleotit nay dac
trung & chd nd chira phén tir axit nucleic (aa) chira trinh tu nucleotit trong tng vé1
SEQ ID NO: 1 hozc SEQ ID NO: 5, (bb) chira trinh tw nucleotit ¢6 do ddng nhét it
nhét 12 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% v&i
mot trong cac trinh tu nucleotit trong tng véi SEQ ID NO: 1 hoac SEQ ID NO: 5,
t4t hon 13 trén toan bd chidu dai ctia trinh ty d6, (cc) lai véi chudi b trg cta phan ti
axit nucleic theo muc (aa) hoéc (bb) trong cac diéu kién nghiém ngat, (dd) mi hoa
polypeptit v&i trinh tu axit amin tuong tmg v6i SEQ ID NO: 2 hoac SEQ ID NO: 6,
(ee) ma hoa polypeptit véi trinh tu axit amin c6 do ddng nhét it nhat 12 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% v6i mot trong cac trinh
ty axit amin theo muc (dd), hodc (ff) chira mot phén trinh tu cla axit nucleic theo cac
muc tir (aa) dn (ee). Cum tir “mot phén trinh tu ctia phan tir axit nucleic” nhu dugce
st dung trong sang ché c6 thé 1a it nhat 20, 30, 40, 50, 60, 70, 80, 90 hoc it nhét 100
nucleotit lién tiép, hon nita 1a it nhat 150, 200, 250, 300, 350, 400, 450, 500, 600,
700, 800, 900 hodc 1000 nucleotit lién tiép. Polynucleotit nay cé thé ¢ trang thai di
hop tir hoac ddng hop tlr trong hé gen cua cdy ngd theo sang ché; t6t hon néu,

polynucleotit ndy & trang thai ddng hop ti.
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Bang 1: Céc gen tao ra tinh khang tiém ning ctia locus HTN1 tir Pepitilla; tén gen
(cOt 1); tham chiéu t6i cac SEQ ID No tuong tng trong trinh tu exon hé gen (cot 2);
tham chibu t6i cac SEQ ID No tuong ting trong trinh ty axit amin/protein du doan (cot
3); gen ddng dang da dién giai tir hé gen tham chiéu B73 (cot 4).

Tén gen SE&AI]II))I;I\I 0: Trsig}étlqu{\(I)g:m Gen B73 dbng déng
RLK1 1 2 GRMZM2G451147
RLK4 3 4 GRMZM2G 144028
EXT1 5 6 GRMZM2G445338
DUF1 7 8 AC209075.3_FG007
ZNF1 9 10 GRMZM2G175661
CYT1 11 12 GRMZM2G092018
RETI 13 14 GRMZM2G091973
HYD 15 16 GRMZM2G144021

Hon nita, khoang thi nhat trong doan nhidm séc thé ma c6 alen cho theo kiéu
don trong Bang 2 dugc dic trung boi trinh ty ctia alen cho trong kiéu don cta Bang
2, nhung khong bi giéi han & trinh tu ctia alen cho theo Bang 2 nay. Diéu nay c6 nghia
1a khoang thur nhat c6 it nhat 13 alen cho md ta gen tao ra tinh khang tir Bang 1, tuy y
v6i alen cho cta chi thi MA0008. Hon nita, khoang thi nhét nay t6t hon néu cé it
nhét 13 alen cho theo kidu don trong Bang 2 tir MA0021 dén MA0022 (tic 1a
MA0021, MA0007, MA0008, MA0009, MA0010, MA0011, MA0012, MAO0022)
hoic tr MA0005 dén MA0022 (tic 1la MA0005, MA0021, MA0007, MAO0008,
MA0009, MA0010, MA0011, MA0012 va MA0022) hodc tir MA000S dén MA0013
(tec 12 MAO0005, MA0021, MA0007, MAO0OS, MA0009, MA0010, MAOO11,
MA0012, MA0022 va MA0013) hodc tr MA00O5 dén MA0014 (tac 1la MA000S,
MA0021, MA0007, MA0008, MA0009, MA0010, MA0011, MA0012, MA0022,
MAO0013 va MA0014) hoac tir MA0005 dén MAO0O15 (tirc 1a MA0005, MA0021,
MA0007, MA0008, MA0009, MA0010, MA0011, MA0012, MA0022, MAO0013,
MAO0014 va MA0015) hodc tir MA0005 dén MA0016 (tic 1a MA0005, MA0021,
MA0007, MA0008, MA0009, MA0010, MA0011, MA0012, MA0022, MAO0O13,
MA0014, MA0015 va MA0016), dic biét t6t hon néu tr MA0005 dén MA0017 (tirc
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13 MA0005, MA0021, MA0007, MA0008, MA0009, MA0010, MA0011, MA0012,
MA0022, MA0013, MA0014, MAO0015, MA0016 vi MA0017), MA00OS dén
MAO018 (tic 13 MA0005, MA0021, MA0007, MA0008, MA0009, MA0010,
MAO0011, MA0012, MA0022, MA0013, MA0014, MA0015, MA0016, MA0017 va
MAO0018), MA0005 dén PZE-108095998 (tic la MA0005, MA0021, MA0007,
MA0008, MA0009, MA0010, MA0011, MA0012, MA0022, MA0013, MA0014,
MA0015, MA0016, MA0017, MA0018 va PZE-108095998), MA0005 dén PZE-
108096011 (e 1a MA0005, MA0021, MA0007, MA0008, MA0009, MA0010,
MAO0011, MA0012, MA0022, MA0013, MA0014, MA0015, MA0016, MA0017,
MA0018, PZE-108095998 va PZE-108096011) hoic MA0005 dén MA0019 (tic 1a
MA0005, MA0021, MA0007, MA0008, MA0009, MA0010, MA0011, MA0012,
MA0022, MA0013, MA0014, MA0015, MA0016, MA0017, MA0018, PZE-
108095998, PZE-108096011 vi MA0019), dic biét tt hon nita néu tir MA000S dén
PZE-108096610 (ttrc 1a MA0005, MA0021, MA0007, MA0008, MA0009, MA0010,
MAO0011, MA0012, MA0022, MA0013, MA0014, MA0015, MA0016, MA0017,
MAO0018, PZE-108095998, PZE-108096011, MA0019 va PZE-108096610),
MA0005 dén MA0020 (tic 1a MA0005, MA0021, MA0007, MA0008, MA0009,
MA0010, MA0011, MA0012, MA0022, MA0013, MA0014, MA0015, MA0O16,
MA0017, MA0018, PZE-108095998, PZE-108096011, MA0019, PZE-108096610
va MA0020), MA0005 dén PZE-108096791 (tirc 1a MA0005, MA0021, MA0007,
MA0008, MA0009, MA0010, MA0011, MA0012, MA0022, MA0013, MA0014,
MAO0015, MAO0016, MAO0017, MAO018, PZE-108095998, PZE-108096011,
MAO0019, PZE-108096610, MA0020 va PZE-108096791) hoic MA0005 dén
MAO0006 (tic 13 MA0005, MA0021, MA0007, MA0008, MA0009, MAOO10,
MAO0011, MA0012, MA0022, MA0013, MA0014, MA0015, MA0016, MA0017,
MAO0018, PZE-108095998, PZE-108096011, MA0019, PZE-108096610, MA0020,
PZE-108096791 va MA0006). Kiéu don khang nay rd rang dinh 6 va phat hién ngudn
khang Pepitilla. Cu thé 13, khoang thir nhét dugc dinh vi & gitra chi thi MA0004 va chi
thi PZE-108097482, & gitta chi thi MA0004 va chi thi MA0022, & gitta chi thi
MAO0005 va chi thi PZE-108097482 hodc & gitta chi thi MA0005 va chi thi MA0022.

Tét hon néu, khoang thir nhat nay md ta phan doan ctia doan nhiém sac thé ma c6 thé
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tao ra tinh khang dién hinh ctia HTN1. Nhu vy n6 la ch4t mang ctia polynucleotit néu

trén.

Bang 2: Kiéu don khang tit B37HTNI1,;

Vi tri theo bp trén B73 AGPv02 Alen cho B37HTNI1 Ky hiéu chi thi
151831049 C MAO0005
151907173 G MA0021
152045106 T MAO0007
152045141 T MAO0008
152045402 T MAO0009
152045516 C MAO0010
152045912 T MAO0011
152046502 T MAO0012
152046529 A MA0022
152133057 G MAO0013
152133380 A MAO0014
152144310 A MAOQO015
152250992 A MAO0016
152301656 A MAO0017
152304127 A MAO0018
152433358 A PZE-108095998
152435855 A PZE-108096011
152630794 C MAO0019
152703579 G PZE-108096610
152753635 A MA0020
152887338 G PZE-108096791
152888374 A MA0006

Hon nita, moi cdy ngd theo sang ché déu 1a cdy ngd khang HT. Tinh khdng HT
duoc tao ra boi su két hgp ctia doan nhidm sic thé c6 thé dinh luong béang cach x4c dinh
diém sd phén loai trong thi nghiém kidu hinh theo biéu dd trong Bang 3 va vi du 1.A);
trong vi du nay, muc khang gidm tur 1 dén 9. Cay ngo khang HT theo sang ché ¢6 tinh
khang v&i H. turcicum ting it nhét 1a 1 diém s6 phan loai, 1ot hon néu it nhét 13 2 diém
56 phan loai hogc it nhat 1a 3 diém s phan loai va déc biét tot hon néu it nhét 1 4 diém
s6 phan loai. Tt hon néu, cdy ngd theo sang ché ¢6 tinh khang voi it nhit moét noi ciia
Helminthosporium turcicum ma khong tuong tmg vdi noi da biét ¢6 tinh dic hiéu da
biét trong tinh trang k¥ thuét. Theo mdt phuong an duoc dic biét wu tién, cay ngd theo
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sang ché khang véi tat ca cac noi da biét cua Helminthosporium turcicum, tic 1a tinh
khéang dugc tao ra khong dic hiu ndi va c6 the dac biét c6 ich trong viéc tao thanh tinh

khéang rdng v&i Helminthosporium turcicum.

Bang 3: Biéu dd diém s6 phén loai cho thi nghiém kiéu hinh trong céc tht nghiém trén
cénh ddng & nhiéu vi tri khéc nhau c6 chy ghép H. turcicum ty nhién va nhan tao (tu
Deutsche Maiskomitee (DMK, German maize committee); gibng AG 27.02.02;
(DMK J. Rath; RP Freiburg H.J. Imgraben)

Diem so Kidu hinh
phén loai
1 Cay khong co triéu churng ctia bénh, 0%
5 Bt dau nhidm, nhin thiy dugc céc d6m nho dau tién (dudi 2 cm).
Dudi 5% bé mit 14 bi anh hudng.
3 Mot s6 ddm phét trién & giai doan 14. Tt 5 dén 10% bé mat 14 bi anh
hudng.
4 10-20% bé mit 14 bi anh hudng. Cac d6m c6 thé nhin thay 18 & mot
s6 giai doan 14.
5 20-40% bé mit 14 bi anh hudng. Céc d6m bat dau hop lai.
6 40-60% bé mit 14 bi anh hudng. Sy xdm nhi2m c6 hé théng c6 thé
nhin thiy trén 14.
7 60-80% bé mat léNbi éqh hudng. Khoang mdt nira 14 bi phd hoai
hoic bi khé do nhiem nam.
3 80-90% bé mit 14 b1 anh huéng. Hon mot nira 14 bi pha hoai hoac
bi kho do nhidm nim.
9 90-100% bé mit 14 bi anh hudng. Céc cdy hau hét khoé hoan toan.

Phén md ta nay bdc 10 cAu trac di truyén hodc cu tric phéan tir ctia locus HTN1
béng cach tao ra kiéu don, béng cach 1ap ban dd cac chi thi ndi bat va cling béng cach
nhén biét cic gen Umg vién dé tao ra tinh khéng véi mam bénh Helminthosporium

turcicum.

Péng ngac nhién 14, cac cdy ngo theo sang ché chimg minh tinh ndng hoc trong
thi nghiém kidu hinh dugc thyc hién trén canh dong va trong nha kinh. Diéu nay la do,
mic du cac dong da chuyén héa khac tir chuong trinh sinh san dé két hop locus HTN1
tr Pepitilla cling nhu tir cdc dong chuyén héa da biét trong tinh trang k§ thut nhu
B37HTNI1, bén canh tinh khang HT dugc tao ra trong cac didu kién khong xam nhiém

v6i H. turcicum va trong cac didu kién ngoai canh tuong duwong (nhiét do, nguén cép
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dudng chét, vi trf v.v.) biéu hién su 1am cham dang ké d6i vé6i thoi gian ra hoa duc
va/hodc cai so v&i dong twong tmg khong nhap gen (vi dy, dong dang gen hodc dong
gbc), & cay ngd theo sang ché thi thoi gian ra hoa twong ung vdi thoi gian ra hoa cua
cAy ngd dang gen d6i chimg c6 hé gen khong duge két hop doan nhiém séc thé tir thé
cho Pepitilla. “Thoi gian ra hoa” tuong ung khi chung chénh nhau it hon 2 ngay. Bién
d6 lam chim quan sat dugc trong trudng hop nay phu thude chit ché vao loai ngd hoac
kiéu gen ngo, cac diéu kién ngoai canh uu thé nhu diéu kién dit, d6 4m, d6 két tha, nhiét
d6 v.v. va/hodc cang thing sinh hoc nhu sy x4m nhiém mam bénh ngoai H. turcicum.
Su chim néy 12 it nhat 2 ngay, it nhét 3 ngdy, it nht 5 ngay hodc it nhat 7 ngay. Su khic
bidt da thiét 14p vé thoi gian ra hoa nay 1a do lién két bt loi dudi dang mot phan cuia
qua trinh nhap gen, didu nay dic biét gy ngac nhién do céc két qua quan sat vé loai nay
vén chua duoc biét dén trong tinh trang k¥ thuét. Thoi gian ra hoa 1a dac tinh ndng hoc
quan trong. N6 ¢ thé anh hudng truc tiép va vé co ban dén ning suét tiém ning cia

cy ngd. Thoi gian ra hoa bi lam chim thuong din dén ning suét giam.

Dé giai thich nguyén nhan di truyén ctia nhugc ndy va d2 nhan biét lién két bat
loi, cac chuong trinh lai nguge dong bao quat kém theo xac dinh kiéu gen va kiéu hinh
duoc tién hanh, chéng han. Cong viéc nay dugc hd trg boi su phat trién manh cia céac
chi thi phan tir cu thé trén doan nhiém sic thé mang HTN1. K§ thudt chon loc dya trén
chi thi phan tir (marker aided selection - MAS) va thuc hién cac chuong trinh lai nguoc
dong chuyén siu (vi du “tach dong dua trén ban dd di truyén”) c6 thé dugc tim thay
trong tinh trang k¥ thuit (Gupta & Varshney, 2013). QTL ¢6 tinh khang HTN1 tu
B37HTN1 hodc Pepitilla cho dugc dinh vi v6i su tro gitp cla cdc chi thi SSR
bnlg1067, umc1121, MA0002, MA0003, bnlgl 782, umc1287, umc1960 va bnlg240
& cac doi sau trén nhidm séc thé 8 (bin 8.06) & gifta chi thi MA0002 (Bang 4) va chi
thi umc1287 (Bang 5) trong vung 23,1 cM (xem Fig.1). O céc ciy ngd c6 thoi gian
ra hoa cham, locus ctia phan doan trinh tu hé gen thé cho ma chiu trach nhiém vé lién
két bat loi d4 nhan biét v& thoi gian ra hoa duge xac dinh thanh cong la vao khoang
cho thit hai nita trén doan nhidm sic thé (Vi du 3B; Fig.3). O cay ngd theo sang ché,
doan nhidm sic thé duge két hop vao né khong chita khoang cho thit hai. Trong ban
mo ta nay, khoang thi hai bét nguén tu, vi du, bd me tudn hoan khdng mang lién két

bét loi d61 v6i thoi gian ra hoa hodc tir doan ADN tuong déng d3 nhép ndi ngoai sinh
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ma khong phai 14 chit mang cta lién két bét loi, trén vecto thé cho thich hop dé tai tb
hop twong dong huéng dich. Khoang thir hai dugc két hop gin va nghiém ngit véi
locus khang HTN1 hoéc véi khodng thir nhét. Khoang thit hai 1a khoang & gifta chi
thi trong vung chi thi thr nhét (M1) ¢6 bén suon 1a céc chi thi SYN14136 va PZE-
108076510 va chi thi trong ving chi thi thit hai (M2) c¢6 bén suodn la cic chi thi
SYN24931 v& PZE-108077560. Céc chi thi bén sudn niy c6 thé dugc thdy rd trong
Bang 4. Céc chi thi SYN14136, PZE-108076510, SYN24931 va PZE-108077560 la
cac chi thi SNP dé st dung trong hé théng KBioscience-KASP

(www.lgcgenomics.com/ genotyping/K A SP-genotyping-reagents/K ASP-overview/).

Chung x4c dinh 1 rang vung chi thi M1 va vung chi thi M2 & mdt trong hai bén cta
phén doan trinh ty trong thé cho B37HTN1 hoic Pepitilla mang lién két bt loi ddi
véi thoi gian ra hoa. Ngoai ra, dudi dang chi thi da hinh, ching cling c6 kha nang biét
hoéa gitta alen cla thé cho Pepitilla va, vi dy, alen d6i voi bd me tudn hoan. Toan bd chi
tiét lién quan dén viée stir dung céc chi thi nay lam chi thi KASP ¢6 thé thu dugc tir
Bang 4. Céac tham s lai hoa doan mdi thich hop iy lam vi du dbi véi PCR dugc néu
trong Vi du 2. Hon nita, ngudi ¢ hiéu biét trung binh trong linh vuc ndy cling ¢ kha
nang xac dinh c4c tham s6 lai hoa thich hop khac. Hon nita, viéc phat trién céc chi thi
khéc, dic biét 1a cac chi thi da hinh, trong M1 va/hodc M2 bén canh céc chi thi d& néu
14 vAn d& binh thuong dbi véi ngudi c6 hiéu biét trung binh trong linh vue ¢6 kién thire
vé ving chi thi da mé ta. Bang cach sir dung c4c chi thi néu trong ban m6 ta nay, cu thé
1a SYN14136, PZE-108076510, SYN24931 va PZE-108077560 hodc céc chi thi tu
phat trién trong M1 va/hodc M2, ngudi c6 hiéu biét trung binh trong linh vyc nay c6
thé d& dang thiét 1ap xem & cdy ngd c6 hé gen da két hop doan nhiém séc thé véi locus
khang HTNI1 tu thé cho Pepitilla, thi khoang cho tht hai d3 mé ta ¢ trén duge chua
trong d6 hay khong duge chira trong d6. Nguoi c6 hiéu biét trung binh trong linh vuc
nay cling s& nhén thy, vi du, trong chu trinh ctia qua trinh sinh san hodc chién luoc
thiét ké di truyén dé tai t& hop c6 muc dich, khoang nhidm séc thé c6 thé duoc loai bo
khoi thé cho ma, vi dy, chita c4c trinh tw hé gen gdy ra lién két bat loi, bang cach tai
t6 hop di truyén/twong dong doan nhiém sic thé duoc két hop. V& van d& nay, khoang
cho cua Pepitilla co thd dugc thay thé bang khoang tuong ing clia hé gen b6 me tudn

hoan hoac béng doan ADN tuong déng dugc nhip ndi ngoai sinh. Céc chi thi noi
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chung va céc chi thi duge bdc 16 trong ban mo ta nay mot cach cu thé c6 thé dac biét
duoc st dung dé chon loc vé vAn dé nay. Vi dy, cach st dung c6 thé ¢ cua céc chi
thi nhim phét hién ra alen s& dugc dua ra dudi day: viée phat hién alen ¢6 thé duoc
thuc hién bang céch, vi dy, (a) phan 14p it nhét mot phén tir axit nucleic tir hé gen cia
cAy hoic t& bao cdy/ciy ngd hodc t& bao cdy ngd, va (b) kiém tra phan tir axit nucleic
da dugc phén 14p co it nhat mot chi thi, cling nhu tiy y (¢) giai trinh ty alen nay trong
mot va/hodc nhidu kidu gen, (d) phat hién mot vashodc nhiéu dang da hinh va/hoic (e)
gidi han bing endonucleaza giéi han ma c6 thé tao ra cac doan c6 kich thudce khac nhau

& alen chi thi.

Theo modt phuong an duoc wu tién, cdy ngd theo sang ché 13 cay ngd nhu dugc
md t& & trén, trong d6 doan nhiém sic thé khong chira khoang cho thir hai ma c6 bén
suon 1a a) chi thi SYN14136 va chi thi PZE-108077560, b) chi thi PZE-108076510
va chi thi PZE-108077560, ¢) chi thi SYN14136 va chi thi SYN24931 hogc d) chi thi
PZE-108076510 va chi thi SYN24931.

Theo mdt phuong an dugc uu tién, cay ngd theo sang ché ¢6 thoi gian ra hoa
duc va/hodc céi léch so véi dong da chuyén hoa Pepitilla hodc cay da chuyén hoa
Pepitilla nhu B37HTN1 ma chira khoang 2 ¢ giita chi thi trong ving chi thi thir nhit
(M1) c6 bén suon 1 chi thi SYN14136 va chi thi PZE-108076510, va chi thi trong
ving chi thi tht hai (M2) c6 bén suon la chi thi SYN24931 va chi thi PZE-
108077560, trong d6 thuat ngit “thoi gian 1éch” ¢ nghia la dong da chuyén hoéa hozc
cdy da chuyén hoéa c6 d6 cham it nht 12 2 ngay, it nhat 1a 3 ngdy, it nhit 13 5 ngay
hodc it nhét 13 7 ngdy.

M6t phuwong 4n duge uu tién khac clia cdy ng6 theo sang ché 14 cay ngd nhu
duoc md ta & trén, trong d6 doan nhiém sic thé khong chira thém khoang cho (sau
day duoc goi 1a khoang thir ba hoac khoang 3) ¢ gitta chi thi trong vung chi thi thir
hai M2 va chi thi trong ving chi thi thit ba M3 ¢6 bén suon 1a chi thi PZE-1 08093423
(Bang 4) va chi thi PZE-108093748 (Bang 4). Chi thi PZE-108093423 va chi thi
PZE-108093748 14 céc chi thi SNP dé st dung trong hé thong KBioscience-KASP

(www.lgcgenomics.com/genotyping/KASP- genotyping-reagents/K ASP-overview/).

Chung x4c dinh rd rang ving chi thi M3. La céc chi thi da hinh, ching ciing thich hop
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dé phén biét gifta alen cho va, vi du, alen d6i véi bd me tudn hoan. TAt c4 céc chi tiét
lién quan dén viéc st dung céc chi thi ndy nhu céac chi thi KASP c6 thé ¢c6 duoc tir
Bang 4. Céc tham s6 lai hoa doan mdi thich hop 14y lam vi du doi v6i PCR duge néu
trong Vidu 2. Nguoi ¢ hiéu biét trung binh trong linh vuc nay cling c6 thé x4c dinh
céc tham s lai héa thich hop khac. Hon nita, viéc phat trién cac chi thi khac, dic biét
14 céc chi thi da hinh, trong M3 bén canh céc chi thi dd néu la vén d& théng thuong dbi
v6inguoi ¢ hiéu biét trung binh trong linh vuc c6 hiéu biét vé ving chi thi dugc md
t4. Bang cach st dung cc chi thi cho M2 nhu dd néu & trén va céac chi thi PZE-
108093423 va PZE-108093748 luu y trong ban md ta hodc cac chi thi tu phat trién
trong M3, viéc thiét 1ap xem trong cdy ngd c6 hé gen da két hop doan nhiém séc thé
v6i locus khang HTN1 tur thé cho Pepitilla thi chira hay khong chira khoang cho thi ba
nhu duge mb ta & trén s& 1a vAn d& don gian ddi v6i ngudi c6 hiéu biét trung binh trong

linh vuc nay.

Theo mo6t phuong 4n dugc uu tién khéac, cdy ngd theo sang ché duoc dé xuét
14 cdy ngd nhu dugc md ta & trén trong d6 doan nhiém séc thé khéng chira phan doan
di truyén chira khoang cho thtt hai va khoang cho thit ba va c6 bén suon la a) chi thi
SYN14136 va chi thi PZE-108093423, b) chi thi PZE-108076510 va chi thi PZE-
108093423, ¢) chi thi SYN14136 va chi thi PZE-108093748 hodc d) chi thi PZE-
108076510 va chi thi PZE-108093748.

Theo mdt khia canh khéc, cac phan doan di truyén khac ¢6 thé duoc xac dinh
trén doan nhiém sic thé ma, trong cac diéu kién khong xam nhiém H. turcicum, c6
thé gy anh huéng tiu cuc dang ké dén ning suit tiém nang clia cy ngd c6 hé gen da
két hop doan nhiém sc thé c6 locus khang HTN1 tix thé cho Pepitilla. Vi vay, khong
phu thudc vao dd chadm d6i véi thoi gian ra hoa duge mo ta ¢ trén, cdc dong da chuyén
héa cling nhu cac dong da chuyén héa dugc biét trong tinh trang k¥ thuét nhu
B37HTNI1, bén canh tinh khang HT d4 tao ra, con c6 nang sut giam vé co ban, dic
biét 12 ning suét 0 chua giam vé co ban so voi dong tuong tmg khong nhdp gen (vi dy,
dong déng gen hogc dong gbc). Pay 1a truong hop xay ra ngay ca v6i dong c6 hé gen
d3 két hop phén doan di truyén ctia thé cho gdm khoéang 2 (& giita chi thi tir M1 va M2)
hodc khoang 2 va 3 (& gitta chi thi tir M1 va M3) khong con hién dién. Cac két qua quan
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sat vé kidu nay khong dugc mong doi bdi nguoi co hiéu biét trung binh trong linh vuc
ndy, do khong c6 chi dinh trong tinh trang k¥ thuét vé lién két bét loi ctia kiéu nay &
dong nhap gen HTN1. Dé giai thich nguyén nhan di truyén ctia nhuoc diém nong hoc
nay, vi du, cac chuong trinh lai nguge dong mé rong kem theo xac dinh kiéu gen va
kiéu hinh duoc tién hanh. Cong viée nay duge hd tro boi su phat trién manh cua cac chi
thi phan t&r chinh x4c hon va dic hiéu hon trén doan nhiém sc thé mang HTN1. O céc
cay ngd cd ndng suét (nang suét 0l chua) giam, vi trf clia phan doan trinh tw hé gen chiu
trach nhiém v& lién két bét 1oi ctia nang suét 0 chua dugc xac dinh mot cach thanh cong
trén hai khoang cho khéc (sau ddy khoang thir tw hodc khoang 4 va khoang thr ndm
hozc khoang 5) trén doan nhiém séc thé Pepitilla (Vi du 3C; Fig.3). Cay ngb theo sang
ché chira khoang twong ting khong c6 lién két bAt loi, vi du tir bd me tuan hoan, thay
cho khoang cho thir tu va/hodc khoang cho thir ndm mang li€n két bat loi, khong c6
nang suét i chua giam, va vi vdy nang sut, dic biét 1a nang suét i chua, ma bf?mg hoéac
twong duong voi dong khong nhép gen (vi du, dong déng gen hodc dong gbe). So véi
cay ngd dbi chimg c6 lién két bét lgi v& ning sut U chua, thi ning suét 01 chua ctia cy
ngd theo séng ché khong c6 cac khoang cho thtt tu va/hogc thit ndm, c6 thé cao hon
trén 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15% hogc 20%. Khoang thir tu nam
gan va dugc két hop nghiém ngit v6i locus khang HTN1 hodc khoang thir nhat.
Khoang thir nam nim xa va dugc két hop nghiém ngit véi locus khang HTN1 hodc
khoéng thir nht.

Vi vy, mot phuong dn dugc wu tién déc biét ctia cay ngo theo sang ché 1a cay
ngd nhu dugc md ta ¢ trén trong d6 doan nhidm séc thé khong chita thém i) khoang
cho thr tu & gitta chi thi trong ving chi thi thir ba M3 va chi thi trong vung chi thi thi
tu M4 ¢6 bén sudn 1a chi thi MA0004 va chi thi MA0003, hodc ii) phan doan di truyén
c6 khoang thir tu ¢ gitra chi thi trong ving chi thi thtt ba M3 va chi thi trong vung chi
thi thi bay M7 c6 bén sudn 1a chi thi MA0005 va chi thi MA0021, va/hodc trong dé
doan nhidm séc thé khong chira thém i) khoang cho thit ndm ¢ gitta chi thi trong ving
chi thi th& ndm M5 ¢6 bén sudn la chi thi MA0006 va chi thi PZE-108097482 va chi
thi trong ving chi thi thit sdu M6 ¢6 bén sudn la chi thi PZE-108107671 va chi thi
SYN4196, hoac ii) phan doan di truyén c6 khoang thtt nim & gitta chi thi trong ving
chi thi thtr tim M8 ¢6 bén sudn 1a chi thi MA0022 va chi thi MA0013 va chi thi trong
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ving chi thi thir siu M6 ¢6 bén sudn 1a chi thi PZE-108107671 va chi thi SYN4196.
Céc chi thi bén sudn c6 thé dugc thdy tir Bang 4. Céc chi thi MA0004, MA00OS,
MAO0006, MA0013, MA0021, MA0022, PZE-108097482, PZE-108107671 va
SYN4196 13 cac chi thi SNP dé st dung trong hé théng KBioscience-KASP
(www.lgcgenomics.com/ genotyping/K ASP-genotyping-reagents/K ASP-overview/).
Chtng x4c dinh rd rang cac vung chi thi M4, M5, M6, M7 va M8 ma, cung v6i M3,
thiét 1ap céc phén doan trinh tu mang lién két bét loi cho ning suit 1t chua & thé cho
B37HTN]1 hoic Pepitilla. La cac chi thi da hinh, ching ciing thich hop dé phan biét
gitta alen cho va, vi du, alen d6i v6i bd me tudn hoan. T4t ca cac chi tiét lién quan
dén viéc st dung céc chi thi nay 1am chi thi KASP ¢ thé dugc thiy tir Bang 4. Céc
tham s6 lai hoa doan mdi thich hop léy lam vi du dbi v6i PCR dugc néu trong Vi du
2. Nguoi co hiéu biét trung binh trong linh vuc nay cling c6 thé x4c dinh céc tham sb
lai hoa thich hop khac. Hon nita, viéc phat trién cac chi thi khac, dac biét 1a cac chi
thi da hinh, trong M4, trong M5, trong M6, trong M7 va/hodc trong M8 1a van dé
thong thudng déi voi ngudi c6 hidu biét trung binh trong linh vye c6 hidu biét vé
vung chi thi duge mo ta. Béng cach st dung cac chi thi MA0004, MA000S, MA0006,
MA0013, MA0021, MA0022, PZE-108097482, PZE-108107671 va SYN4196 duoc
mo ta trong ban mo t& ndy hodc cac chi thi tw phat trién trong M4, trong M5, trong
M6, trong M7 va/hogic M8 cling nhu cac chi thi trong M3 dugc mo ta & trén, viéc
thiét 1ap xem & cay ngd c6 hé gen da két hop doan nhiém séc thé c¢6 locus khang HTN1
tr thé cho Pepitilla, thi chita hay khong chira khoang cho thir tu nhur duge mo ta & trén

s& 1 vén dé don gian d6i véi ngudi c6 hiéu bict trung binh trong linh vyc nay.

M6t phuong dn dugce wu tién déc biét khac cia ciy ngd theo sang ché 13 cay
ngd nhu duge mo ta ¢ trén trong d6 doan nhidm séc thé 1) khong chita phan doan di
truyén chtta khoang cho thir hai, khoang cho thir ba va khoang cho thir tu va c6 bén
suon 12 a) chi thi SYN14136 va chi thi MA0004, b) chi thi PZE-108076510 va chi
thi MA 0004, ¢) chi thi SYN14136 va chi thi MA0005 hoac d) chi thi PZE-108076510
va chi thi MA0005, hoic (ii) khong chira phan doan di truyén chita khoang thir hai
va khoang cho thit ba va c6 bén suon 1a a) chi thi SYN14136 va chi thi PZE-
108093423, b) chi thi PZE-108076510 va chi thi PZE-108093423, c¢) chi thi
SYN14136 va chi thi PZE-108093748 hoic d) chi thi PZE-108076510 va chi thi PZE-
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108093748, va khoang cho thit nam, hoc (iii) khong chita phan doan di truyén chira
khoang cho thir hai, khoang cho thit ba va khoang cho thi tu va ¢6 bén suon la a) chi
thi SYN14136 va chi thi MA0004, b) chi thi PZE-108076510 va chi thi MA0004, c)
chi thi SYN14136 va chi thi MA0005 hodc d) chi thi PZE-108076510 va chi thi
MAO0005, va khoang cho thir nam.

Mot phuong an dugce uu tién dac biét khic ctia cdy ngd theo sang ché 14 cay
ngd nhu duge mo ta & trén, trong d6 doan nhidm sic thé chira (i) khong chtra phan
doan di truyén chira khoang cho th hai, khoang cho thit ba va khoang cho thur tu va
¢6 bén sudn 1a a) chi thi SYN14136 va chi thi MA0021 hodc b) chi thi PZE-
108076510 va chi thi MA0021, ho#c (ii) khéng chia phén doan di truyén chura
khoéng cho thir hai, khong cho thir ba va khoang cho thir tu va c6 bén suon la a) chi
thi SYN14136 va chi thi MA0021 hogc b) chi thi PZE-108076510 va chi thi MA0021,
va khoang cho thir ndm, hodc (iii) khéng chira phan doan di truyén chira khoang cho
tht hai, khoang cho thir ba va khoang cho thir tu va c6 bén suon la a) chi thi
SYN14136 va chi thi MA0021 hoic b) chi thi PZE-108076510 va chi thi MA0021,
va phén doan di truyén thir hai chtta khoang cho thir nim va c6 bén suon la a) chi thi
MA0022 va chi thi PZE-108107671, b) chi thi MA0022 va chi thi SYN4196, ¢) chi
thi MA0013 va chi thi PZE-108107671 hodc chi thi MA0013 va chi thi SYN4196,
hoic (iv) khong chira phan doan di truyén chtra khoang cho thir hai va khoang cho
thir ba va ¢ bén sudn 12 a) chi thi SYN14136 va chi thi PZE-108093423, b) chi thi
PZE-108076510 va chi thi PZE-108093423, ¢) chi thi SYN14136 va chi thi PZE-
108093748 hoic d) chi thi PZE-108076510 va chi thi PZE-1080937438, va phan doan
di truyén tht hai chita khoang cho thir ndm va c6 bén suon la a) chi thi MA0022 va
chi thi PZE-108107671, b) chi thi MA0022 va chi thi SYN4196, c) chi thi MAO0013
va chi thi PZE-108107671 hogc chi thi MA0013 va chi thi SYN4196, hodc (v) khong
chira phan doan di truyén chira khoang cho thir hai, khoang cho thir ba va khoang cho
thir tur va c6 bén suon 13 a) chi thi SYN14136 va chi thi MA0021 hodc b) chi thi PZE-
108076510 va chi thi MA0021, va phan doan di truyén thit hai chita khoang cho tht
nim va c6 bén suon 1a a) chi thi MA0022 va chi thi PZE-108107671, b) chi thi
MA0022 v chi thi SYN4196, ¢) chi thi MA0013 va chi thi PZE-108107671 hogc chi
thi MA0013 va chi thi SYN4196.
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Muc tiéu tao nén co sd cua sang ché dugc hoan thanh theo cach khac thong
qua cdy ngd c6 hé gen da két hop doan nhiém sic thé tir thé cho Pepitilla, trong d6
doan nhidm séc thé nay chira khoang cho thir nhét c6 alen cho theo kiéu don trong Bang
2 va chira polynucleotit tao ra tinh khang khang Helminthosporium turcicum, va trong
d6 doan nhidm sac thé nay khong chita i) khoang cho thit tu & gifra chi thi trong vung
chi thi thi ba c6 bén sudn 1a chi thi PZE-108093423 va chi thi PZE-108093748, va
chi thi trong ving chi thi th& tu ¢6 bén suon 1a chi thi MA0004 va chi thi MA0OOS,
hodc ii) phén doan di truyén c6 khoang thir tu ¢ giita chi thi trong ving chi thi thtr ba
M3 va chi thi trong ving chi thi thir bay M7 ¢6 bén suon 1a chi thi MA00OS5 va chi thi
MAO0021. Phan md ta & trén, vi du, veé phén céc chi thi thi polynucleotit hodc kiéu hinh
cling c6 kha dung trong trudng hop nay va d6i véi moi giai phéap thay thé khéc cho van

aé néy, cling nhu c4c phuong an da boc 10.

Mot phuong an duge wu tién clia cdy ngd theo sang ché 1a cay ngd nhu duoc
mo ta & trén, trong d6 doan nhidm sic thé nay i) khong chira khoang cho thir tw ma
¢6 bén suom 1a a) b chi thi PZE-108093423 va chi thi MA0004, b) chi thi PZE-
108093748 va chi thibMA0004, ¢) chi thi PZE-108093423 va chi thi MA0005 hoac
d) chi thi PZE-108093748 va chi thi MA0005, hozc ii) khong chtra phan doan di
truyén chira khoang cho thir tu va ¢6 bén suon 13 a) chi thi PZE-108093423 va chi thi
MA0021 hozc b) chi thi PZE-108093748 va chi thi MAOO21.

Mot phwong 4n dugce vu tién khéc cta cay ngd theo sang ché 13 cay ngd nhu
dugc md ta & bén trén, trong d6 doan nhidm séc thé khong chita thém khoang cho thir
ba & giita chi thi trong vung chi thi tht hai M2 va chi thi trong vung chi thi thit ba
M3.

Mot phwong 4n dugc wu tién khéac cta cay ngd theo sdng ché 14 cdy ngd nhu
duogc mo ta & trén, trong d6 doan nhidm sic thé khong chira phan doan di truyén chtra
khoéng thr ba va khoang cho thit tu va c6 bén sudn 14 a) chi thi SYN24931 va chi
thi MA0004, b) chi thi PZE-108077560 va chi thi MA0004, c) chi thi SYN24931 va
chi thi MA0005, d) chi thi PZE-108077560 va chi thi MAO0005, €) chi thi SYN24931
va chi thi MA0021 hodc f) chi thi PZE-108077560 va chi thi MA0021.
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Mbt phuong an duge uu tién khac clia cdy ngd theo sang ché 1a cay ngd nhu
dugec mod ta & bén trén, trong d6 doan nhi®m sic thé i) khong chira thém khoang cho
tht nam & gitta chi thi trong ving chi thi thir nam M5 va chi thi trong ving chi thi
thir sdu M6 ho#c ii) khong chita phan doan di truyén c6 khoang thir ndm & giita chi

thi trong ving chi thi th& tdm M8 va chi thi trong ving chi thi thir séu M6.

Mot phuong 4n duge wu tién dac biét khac clia cdy ng6 theo sang ché 1a cay
ngd nhu dugc mo ta ¢ bén trén, trong d6 doan nhi®m sc thé i) khong chtra phin doan
di truyén chira khoang thi ba va khoang cho thir tu va ¢6 bén suon la a) chi thi
SYN24931 va chi thi MA0004, b) chi thi PZE-108077560 va chi thi MA0004, c) chi
thi SYN24931 va chi thi MA0005 hogc d) chi thi PZE-108077560 va chi thi MA0OOS,
va khoang thr nim, hogc ii) khong chira phan doan di truyén chira khoang thir ba va
khoang cho thir tur va c6 bén sudn 14 a) chi thi SYN24931 va chi thi MA0004, b) chi
thi PZE-108077560 va chi thi MA0004, c) chi thi SYN24931 va chi thi MA00OS
hoic d) chi thi PZE-108077560 va chi thi MA000S, va phan doan di truyén thtr hai
chtta khoang thit ndm va c6 bén suodn la a) chi thi MA0022 va chi thi SYN4196, b)
chi thi MA0022 va chi thi PZE-108107671, ¢) chi thi MA0013 va chi thi SYN4196
hoic chi thi MA0013 va chi thi PZE-108107671.

Mot phuong 4n duge wu tién dac biét khac clia cdy ngd theo sang ché 1a cay
ngd nhu dugc md ta & bén trén, trong d6 doan nhidm sic thé i) khong chira phan doan
di truyén chira khoang tht ba va khoang cho thir tu va c6 bén suon la a) chi thi
SYN24931 va chi thi MA00021 hoic b) chi thi PZE-108077560 va chi thi MA00021,
va khoang thi niam, hodc ii) khong chira phan doan di truyén chtta khoéng cho thir
ba va khoang cho thi tu va c6 bén suon 1a a) chi thi SYN24931 va chi thi MA00021
hodc b) chi thi PZE-108077560 va chi thi MA00021, va phén doan di truyén thir hai
chtra khoang thir nim v c6 bén sudn 1a a) chi thi MA0022 va chi thi PZE-108107671,
b) chi thi MA0022 va chi thi SYN4196, ¢) chi thi MA0013 va chi thi PZE-108107671
hoic chi thi MA0013 va chi thi SYN4196.

Theo céach khac, muc tiéu cla sang ché con duge hoan thanh théng qua cdy
ngd, c6 hé gen di két hop doan nhiém séc thé tir thé cho Pepitilla, trong d6 doan

nhidm séc thé nay chtra khoang cho thir nhét c6 alen cho theo kiéu don trong bang 2
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va chtra polynucleotit tao ra tinh khang khang Helminthosporium turcicum & cay ngo,
va trong d6 doan nhi®m sic thé nay khong chira i) khoang cho thir nam & gitta chi thi
trong ving chi thi thir ndm c6 bén suon 1a chi thi MA0006 va chi thi PZE-108097482,
va chi thi trong viing chi thi thit sdu c6 bén suon la chi thi PZE-108107671 va chi thi
SYN4196, hodc ii) phéan doan di truyén c6 khoang th ndm & giita chi thi trong viung
chi thi thtt tim M8 ¢ bén suon 1a chi thi MA0022 va chi thi MA0O13, va chi thi
trong vung chi thi the sdu M6 c6 bén suon 1a chi thi PZE-108107671 va chi thi
SYN4196.

Mot phuong an duge uu tién khac clia cdy ng6 theo sang ché 13 cay ngd nhu
dugc md ta & bén trén, trong d6 doan nhidm sic thé khong chira thém khoang cho thir
ba & giita chi thi trong vung chi thi thit hai M2 va chi thi trong vung chi thi thir ba
M3.

Mot phuong 4n duge uu tién dac biét khac clia cdy ngd theo sang ché 1a cay
ngd nhu duge md ta ¢ trén, trong d6 doan nhiém sic thé c6 bén sudn 1a a) chi thi
trong ving chi thi thir hai M2 va chi thi trong vung chi thi thir sdu M6, b) chi thi trong
viing chi thi thit ba M3 va chi thi trong viing chi thi thir séu MO, ¢) chi thi trong vung
chi thi tht tu M4 va chi thi trong ving chi thi thir sdu M6, d) chi thi trong vung chi
thi th bay M7 va chi thi trong vung chi thi thir sdu M6, €) chi thi trong ving chi thi
MT1 va chi thi trong ving chi thi M5, f) chi thi trong viing chi thi thir hai M2 va chi
thi trong ving chi thi th ndm M5, g) chi thi trong ving chi thi tht ba M3 va chi thi
trong vung chi thi thir ndim M5, h) chi thi trong viung chi thi thir tw M4 va chi thi trong
ving chi thi thit nim M5, i) chi thi trong ving chi thi thir bay M7 va chi thi trong
ving chi thi tht ndm M3, j) chi thi trong ving chi thi M1 va chi thi trong vung chi
thi M8, k) chi thi trong ving chi thi thir hai M2 va chi thi trong vung chi thi thir tam
M8, 1) chi thi trong ving chi thi thir ba M3 va chi thi trong vung chi thi thir tim MBS,
m) chi thi trong ving chi thi thir tw M4 va chi thi trong ving chi thi thir tim M8, hoéc
n) chi thi trong ving chi thi thir bay M7 va chi thi trong ving chi thi thr tdm MS.

M6t phuong én dugc uu tién dédc biét khac cua cly ngd theo sang ché 1a cay
ngd nhu dugc md ta trén, trong d6 doan nhidm sic thé c¢6 bén sudn 1a a) chi thi

SYN24931 va chi thi SYN4196, b) chi thi PZE-108077560 va chi thi SYN4196, ¢)
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chi thi SYN24931 va chi thi PZE-108107671, d) chi thi PZE-108077560 va chi thi
PZE-108107671, e) chi thi PZE-108093423 va chi thi SYN4196, f) chi thi PZE-
108093748 va chi thi SYN4196, g) chi thi PZE-108093423 va chi thi PZE-
108107671, h) chi thi PZE-108093748 va chi thi PZE-108107671, 1) chi thi MA0004
va chi thi SYN4196, j) chi thi MA00O5 va chi thi SYN4196, k) chi thi MA0004 va
chi thi PZE-108107671, 1) chi thi MA00O5 va chi thi PZE-108107671, m) chi thi
MA0021 va chi thi SYN4196, n) chi thi MA0021 va chi thi PZE-108107671, o) chi
thi PZE-108076510 va chi thi MA0006, p) chi thi SYN14136 va chi thi MA0006, q)
chi thi PZE-108076510 va chi thi PZE-108097482, 1) chi thi SYN14136 va chi thi
PZE-108097482, s) chi thi SYN24931 va chi thi PZE-108097482, t) chi thi PZE-
108077560 va chi thi PZE-108097482, u) chi thi SYN24931 va chi thi MA0006, v)
chi thi PZE-108077560 va chi thi MA0006, w) chi thi PZE-108093423 va chi thi
PZE-108097482, x) chi thi PZE-108093748 va chi thi PZE-108097482, y) chi thi
PZE-108093423 va chi thi MA0006, z) chi thi PZE-108093748 va chi thi MA0006,
aa) chi thi MA0004 va chi thi PZE-108097482, ab) chi thi MA0005 va chi thi PZE-
108097482, ac) chi thi MA0004 va chi thi MA0006, ad) chi thi MA00O5 va chi thi
MAO0006, ae) chi thi MA0021 va chi thi PZE-108097482, af) chi thi MA0021 va chi
thi MA0006, ag) chi thi PZE-108076510 va chi thi MA0013, ah) chi thi SYN14136
va chi thi MAO0013, ai) chi thi PZE-108076510 va chi thi MA0022, aj) chi thi
SYN14136 va chi thi MA0022, ak) chi thi SYN24931 va chi thi MA0013, al) chi thi
PZE-108077560 va chi thi MA0013, am) chi thi SYN24931 va chi thi MA0022, an)
chi thi PZE-108077560 va chi thi MA0022, ao) chi thi PZE-108093423 va chi thi
MAO0013, ap) chi thi PZE-108093748 va chi thi MA0013, aq) chi thi PZE-108093423
va chi thi MA0022, ar) chi thi PZE-108093748 va chi thi MA0022, as) chi thi
MAO0004 va chi thi MA0013, at) chi thi MA00O5 va chi thi MA0O13, au) chi thi
MAO0004 va chi thi MA0022, av) chi thi MA0005 va chi thi MA0022, aw) chi thi
MA0021 va chi thi MA0013, ax) chi thi MA0021 va chi thi MA0022.

Mot phuong an dugc wu tién déc bi¢t khdc cia céy ngo theo sang ché 1a cay
ngd nhu dugc mo ta trén, trong d6 doan nhidm séc thé dugc dinh vi a) & gitta chi thi
trong ving chi thi thtt hai M2 va chi thi trong vung chi thi thtr sdu M6, b) & gifta chi
thi trong ving chi thi thtr ba M3 va chi thi trong ving chi thi tha sau M6, c) & gilta
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chi thi trong ving chi thi th& tw M4 va chi thi trong vung chi thi thir sau M6, d) &
gitta chi thi trong ving chi thi th bay M7 va chi thi trong vung chi thi tht sdu M6,
e) & gifta chi thi trong vung chi thi tht nh4t M1 va chi thi trong vung chi thi thir ndm
MS5 f) & giita chi thi trong ving chi thi thir hai M2 va chi thi trong vung chi thi thr
ndm M5, g) & giita chi thi trong ving chi thi thir ba M3 va chi thi trong vung chi thi
thit nim M35, h) & gitta chi thi trong ving chi thi thir tu M4 va chi thi trong vung chi
thi th nam M35, 1) & giita chi thi trong ving chi thi tht bay M7 va chi thi trong vung
chi thi th@t ndim M3, j) & gita chi thi trong ving chi thi M1 va chi thi trong ving chi
thi M8, k) & gitta chi thi trong vung chi thi thit hai M2 va chi thi trong vung chi thi
thtt tim MBS, 1) & giita chi thi trong vung chi thi thit ba M3 va chi thi trong vung chi
thi thtt tdm M8, m) & gitta chi thi trong ving chi thi th tu M4 va chi thi trong vung
chi thi th& tdm M8, or n) & gitta chi thi trong ving chi thi thir bay M7 va chi thi trong
vung chi thi thtr tdm M8.

Bang 4: céc trinh ty doan mdi cta chi thi KASP va gan cho céc alen cta thé cho
B37HTN1 ¢6 ngudn gdc tlr gidng Pepitilla (alen X va alen Y: md ta cac tri s6 cap
alen cua SNP)

Alen Alen
DPoan
doan doan mii
v 1 Vi tri chi thi moi moi Alen cho \
Cshgg“ AGPvO2 | X(5- | Y(5¢ - g’“;‘g) B37HTNI1 C\thfl
[bp] ) | 39 | g | W) !
[SEQ [SEQ ID NOJ
ID NO] | ID NOJ
SYN14136 | 131681497 17 18 19 A Ml
PZE-
108076510 131905855 20 21 22 G M1
SYN24931 | 132877982 23 24 25 A M2
PZE-
108077560 133189880 26 27 28 A M2
PZE-
108093423 150279048 29 30 31 A M3
PZE-
108093748 150562764 32 33 34 G M3
PZE-
108107671 161543406 35 36 37 C M6
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SYN4196 | 161766769 | 38 39 40 C M6
MAO004 | 151688652 | 41 4 43 A M4
MAO00S | 151831049 | 44 45 46 C M4/M7
MAO021 | 151907173 | 241 | 242 | 243 G M7
MAO006 | 152888310 | 47 48 49 A M5

1 050295;‘82 153139646 | 50 51 52 A M5
MAO002 | 147720853 | 53 54 55 A
MAO003 | 151346184 | 56 57 58 C
MAO007 | 152045106 | 59 60 61 T
MAOO0S | 152045141 | 62 63 64 T
MAO009 | 152045402 | 65 66 67 T
MAOOI0 | 152045516 | 68 69 70 C
MAOQO11 | 152045912 | 71 7 73 T
MAOOI2 | 152046502 | 74 75 76 A
MAO022 | 152046529 | 244 | 245 | 246 A M3
MAO013 | 152133057 | 77 78 79 G M8
MAOOI4 | 152133380 | 80 81 82 T
MAOOLS | 152144310 | 83 84 85 A
MAOOI6 | 152250992 | 86 87 88 A
MAOQ017 | 152301656 | 89 90 91 A
MAOQOIS | 152304127 | 92 03 94 A
MAOOIO | 152630794 | 95 96 97 C
MAO020 | 152753635 | 98 99 100 A

10;)2912'998 152433358 | 101 | 102 | 103 T

1 08P<)Z9E6£)11 152435855 | 104 | 105 | 106 A

1 081)()29]2-61 o | 152703579 | 107 | 108 | 109 C

105()29]2_791 152887338 | 110 | 111 | 112 G

Ngoai ra, séng ché dé cap den hat giong hodc hat, mo, co quan, phan va t€ bao

clia cac cdy ngd theo sang ché dugc md ta 6 trén. Vé van dé nay, hat giong hodc hat
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nay 14 hat gidng hozc hat c6 hé gen da két hop doan nhiém sic thé theo phuong 4n

cua sang ché dugc md ta & trén.

Theo mdt khia canh khac, sang ché dé cép dén phuong phép x4c dinh ciy ngd
khang H. turcicum c6 h¢ gen da két hop doan nhiém sc thé tir thé cho Pepitilla, bao
gbm céc doi sau cta it nhét 14 hai alen trong hé gen ctia cdy, trong do it nhit mot alen
duoc dinh vi trong phan doan hé gen ¢ bén suon la chi thi trong ving chi thi thi nhét
M1, ving chi thj thit hai M2, ving chi thi thir ba M3, vung chi thi thir tr M4 hoac
ving chi thi thir bay M7, va polynucleotit duoc mé ta 6 trén ma tao ra tinh khang voi
H. turcicum & cly ngo, va trong do it nhét mdt alen duge dinh vi trong phan doan hé
gen c6 bén suon 14 chi thi trong ving chi thi thir sdu M6, ving chi thi thir nam M5
hodc vung chi thi thit tim M8. Cac ving chi thi va céc chi thi léy lam vi du trong céc
mién chi thi nay duge md ta & trén. Tét hon néu, cay ngd da nhan biét 1 cdy ngd theo
sang ché. Hon nita, séng _ché cling quan tdm cdy ngd ma da dugc nhan biét bang cach

st dung phuong phap nhén biét dugc dé cap.

Theo mét khia canh khéc, sang ché dé cap dén phuong phap gia ting ning sudt
cua cdy ngd khang H. turcicum, c6 hé gen da két hop doan nhiém sc thé tir thé cho
Pepitilla, trong d6 phuong phép nay bao gdm budc loai bd khoang cho thir hai, khoang
cho thir tw hodc khoang cho tht nam va trong d6 doan nhidm séc thé nay chira khoang
cho thit nhit dugc mé ta & trén chira alen cho theo kiéu don trong bang 2 va
polynucleotit tao ra tinh khang v6i Helminthosporium turcicum & cdy ngo. Vi dy, viéc
loai b6 ¢6 thé duoc thuc hién bang cach tai tb hop di truyén trong quy trinh lai gifra hai
cay ngd, trong d6 cay ngo bd me mang locus khdng HTN1 tir Pepitilla. Bén canh vigc
st dung k¥ thuét sinh san thong thuong dé c6 duoc sﬁ t4i t& hop di truyén c6 két qua 1a
thay thé dugc it nhét mot trong cac khoang cho c6 lién két bat loi nhan biét & trén bang
cac trinh ty hé gen cta b6 me tudn hoan ma t6t hon néu khong c6 cac gen khong mong
mudn, thi céng nghé sinh hoc hién dai cung cAp cho nguoi c6 hiu biét trung binh trong
linh vuc nay nhidu cong cu c6 thé gitip cho viéc thiét ké di truyén duogc tién hanh chinh
xé4c. Cac vi du vé cac cong cu da biét nay 1a meganucleaza (Silva et al., 2011),
endonucleaza vé tb (Chevalier 2002), nucleaza ngon tay kém, nucleaza TALE (WO

2010/079430; WO 2011/072246) hodc CRISPR (Gaj et al., 2013). C4c protein dung
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hop nucleaza nhan tao ¢6 kha nang phan tich cac phén ti axit nucleic chudi d6i nhu
ADN cay va vi vy tao ra cac 16i gdy doi & vi tri mong mudn trong hé gen. Bing cach
tan dung co ché ctia chinh t& bao d& stra chita céc 16i giy doi duge cam Gmg, viéc tai o
hop tuong déng hoic “két ndi dAu cudi co tinh chat khong twong ddng” c6 thé dugc tién
hanh, ma cé thé dan dén viéc loai bd cac khoang cho mang lién két bt loi. Cac trinh tur
dich trong hé gen thich hop véi mién nhan dién cta nucleaza c6 thé duoc chon, vi du,
tlr théng tin trinh tu cho céc chi thi SNP (Bang 4) hodc trong cac khoang cuia chiing.
Tuy nhién, nguoi c6 hidu biét trung binh trong linh vyc nay cling c6 thé biét dugc cac
trinh tu khac, t5t hon néu ndm bén trong hodc & gitta sdu ving chi thi duge m6 ta & trén,

ma thich hop 1am trinh tur dich cho cac mién nhén dién ctia nucleaza.

V& vAn d& nay, phan md ta ndy s& m ta chi tiét hon vé hai phuong phap thiét ké
di truyén, ¢6 su trg giup trong d6 viéc loai bo céc trinh tu nucleotit mang lién két bat loi
tr hé gen cay duoc hd tro hodc thu duge truc tiép. Céc phuong phéap sau cling nhu
phuong phéap sinh san thong thuong co thé dugc ding dé tao ra ciy ngd theo sang ché.

Nhu da d@ cap, céc cong cu phén tir hién c6 c6 kha néng cam tmg cac 161 gdly doi
& cac vi tri 33 x4c dinh trong hé gen cia ADN cay. V& vén d nay, viéc stt dung nucleaza
TALE (TALEN) hoic nucleaza ngén tay k&m (ZFN) dé cho thay 1a dac biét c6 loi.
Mién nhan dién TALE hodic ZF gitip né c6 thé lién két ddc hiéu véi vi tri bt ky trong
hé gen. Theo hiéu biét vé trinh tu trong ving dich, céac mién nhén dién TALE hodc ZF
¢6 thé duoc bién ddi sao cho ching lién két doc quyén véi cic vi tri mong mubn trong
hé gen. Néu, vi dy, trinh tw nhan dién duge hop nhét voi endonucleaza khong déc hi¢u
nhu Fokl, thi 15i giy ddi (double strand break - DSB) ¢6 thé duoc cam tng & céc vi tr
da x4c dinh trong hé gen, cho phép thiét ké hé gen c6 muc dich (Tzfira et al., 2012; Li
et al., 2011; Puchta and Hohn 2010). Nguoi ¢ hiéu biét trung binh trong linh vuc
nay s& quen véi viéc xtr ly endonucleaza FokI va tao ra cac TALEN va ZFN thich
hop tir tinh trang k¥ thuat.

Ldi giy d6i dugc cam mg c6 thé, vi du, kich thich sy tai td hop twong d@)ng
gitta locus gen dich noi sinh (vi dy, mot trong cac vung chi thi ¢ trén) va doan ADN
tuong dong dugc nhap ndi ngoai sinh ma, vi du, khong phai la chit mang cta lién két

bét loi (vi du, trén vecto thé cho thich hop). Cong doan goi l1a thay thé gen hodc chinh
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stra hé gen nay co thé duoc thuc hién in vitro va khong can phai c6 bt ctr budc lai
nao gitta hai cay. Nham muc dich nay, cac ciy can bién ddi mot mat phai duoc bién
nap tam thoi véi axit nucleic mé hoa TALEN hoic ZFN dugc chi dinh, va mit khac
12 v6i doan ADN ngoai sinh. Poan ADN n6i dén & day c6 thé bt ngudn tir ciy cliing
loai va, vi du, tuong tmg voi phan doan nhidm séc thd cAn dugc thay thé, nhung khong
¢6 lién két bit loi. Sau khi hoan thanh qué trinh tai t6 hop tuong déng dugce cam Ung,
thi céc té bao voi hé gen da bién ddi co thé dugc tai sinh vao cy va sau d6 dugc chon
loc xem lién két bét loi c6 duge loai bo thanh cong khong va céac yéu t§ ADN di bién
nap tir trude cd bi mAt mot 1an nita trong khi phén chia t& bao tai sinh hyay khong. Cac
chi thi dugc md ta & trén cling ¢6 thé duoc st dung cho muc dich nay. Cac phuong phép

bién nap va tai sinh 1a da biét trong tinh trang thuét va cling duge m6 ta thém dudi day.

Hon nita, cac TALEN va ZFN theo sang ché cling c6 thé dugc nhap ndi nho
chuyén gen trong quy trinh gidm phén, trong do céac 16i gay doi dugc cam tmg & céc vi
tri dinh trudc trong hé gen va vi thé xac suét tai td hop & céc vi tri nay trong qué trinh
lai qua céc budc tang lén. Theo cach ndy, viéc loai bo lién Kkét bat loi ¢6 thé duoc tro
giup dang ké. Nguoi co hidu biét trung binh trong linh vurc nay s&€ nhan thy rang, sau
khi hoan t4t quy trinh giam phan, thi céc cy khong c6 lién két bét loi va khong co
TALEN ho#c ZFN duoc tao ra tir t& bao don boi. Theo mot khia canh khac, sang ché
d& cap dén phuong phép tao ra cdy ngd theo sang ché, ma bao gém céac budc sau: (A)
chuén bi cay ngo thir nhét c6 hé gen da két hop doan nhiém sac thé tir thé cho Pepitilla,
trong d6 doan nhidm sic thé nay chira khoang cho thi nhat c6 alen cho theo kiéu don
trong bang 2 va chta polynucleotit tao ra tinh khang khang Helminthosporium
turcicum trong ciy ngd, va trong d6 doan nhidm séc thé nay chira khoang cho thit hai
va/hoic khoang cho thit tu va/hodc khoang cho thir nam, (B) tao ra ciy ng6 thu hai,
(C) lai cay ngd trong budc (A) voi cay ngd trong bude (B), va (D) chon loc cay ngo
theo sang ché, t6t hon 1a bﬁng cach stir dung it nhit mét trong céc chi thi dugc mo ta
& trén. Theo cach khac, sang ché dé cap dén phuong phap tao ra cdy ngod theo sang
ché ma bao gdm cac bude sau: (A) bién nap tam thoi té bao cay ngd voi trinh ty
nucleotit thr nhdt ma ma hoa protein thi nhét ¢6 hoat tinh endonucleaza (vi du, protein
dung hop endonucleaza TALE hodc ZF) ¢6 kha nang cam ng 16i gy d6i ADN ¢ gifta
ving chi thi M2 va ving chi thi M4 trong té bao cay ngo, va véi trinh tur nucleotit thi

28

28/159



45021

hai md hoa protein thit hai c6 hoat tinh endonucleaza (vi du, protein dung hop
endonucleaza TALE hodc ZF) c6 kha ndng cdm Ung 16i gaiy d6i ADN trong hé gen cua
té bao cly ngd & gitta ving chi thi M5 va ving chi thi M6, (B) dua tam thoi vecto cho
vao té bao cay ngd thur nhét mang doan nhiém sc thé tir thé cho Pepitilla, trong d6 doan
nhiém sic thé chira khoang cho tht nhét c6 alen cho theo kiéu don trong bang 2 va chira
polynucleotit tao ra tinh khang khdng Helminthosporium turcicum & cdy ngd, va trong
d6 doan nhidm sic thé nay con chira cac phan doan nhidm sic thé cta thé cho Pepitilla
gifta cac vi tri 181 gdly dbi tir bude (A) sao cho quy trinh tai td hop tuong d6ng dién ra
gilta h¢ gen cua t& bao cay ngd thtr nhét va doan nhidm séc thé cia vecto cho, (C) téi
sinh cdy ngd tir t& bao cy ngd, (D) nhan biét cdy ngd theo sang ché, t6t hon 1 bang
cach str dung it nhét mét trong céc chi thi duge mo ta ¢ trén. Dac biét t5t hon néu, cac
trinh tu axit nucleic thit nhat va tht hai va céac vecto cho di duoc nhép ndi tam thoi s&
mét di sau d6. Ngudi c6 hiéu biét trung binh trong Iinh vuc nay s& biét lam thé nao dé
tién hanh viéc ndy va phat hién ra no.

Theo mdt khia canh khéc, sang ché bao gém céac chi thi duoc mo ta & trén la cac
oligonucleotit, cu thé 12 oligonucleotit doan mdi. Tét hon néu, cac oligonucleotit nay 1a
céc oligonucleotit da duge phan 14p. Oligonucleotit chira phan tir axit nucleic c6 trinh
tw nucleotit dugc chon tir mot trong cac SEQ ID NO: 41-49, 53-100 va 229-250. Hon
nita, séng ché dé cap dén oligonucleotit chira phan tir axit nucleic c6 trinh ty nucleotit
duoc chon tir mot trong cac SEQ ID NO: 17-250, sir dung dé nhén biét cay ngod khang
H. turcicum. Tét hon néu, tinh khang nay c6 dugc tir thé cho Pepitilla va 1a HTNT.

Ngoai ra, véAn @& cta sang ché dugc giai quyét theo cach khéac thong qua cay
chuyén gen, cu thé 14 cdy ngd chuyén gen, chita t& bao cdy chuyén gen nhu duge mo
ta dudi day. Hon nita, sing ché ciing dé cap dén mot phan ctia cdy theo sang ché nay,
trong d6 phﬁn nay co thé 13 té bao, mo, co quan hodc dang két hop ctia mdt vai té bao,
md hodc co quan. Vidu vé dang két hgp clia mdt vai co quan la hoa hodc hat gidng.
Theo mot phuong an cu thé, sang ché dé cap dén hat gidng tir cdy chuyén gen, trong
d6 hat giéng chira polynucleotit theo sang ché 1a gen chuyén, nhu dwgc md ta dudi
day. Tét hon néu, cay chuyén gen theo séng ché, cu thé 13 cay thudc loai Zea mays, 6

tinh khang H. turcicum cao hon so v6i cdy khong duoc bién nap twong Ung (cdy déng
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gen khong c6 gen chuyén). Cay khang HT chuyén gen theo séng ché ¢6 tinh khang H.
turcicum tang it nhét mot diém s6 phén loai, t6t hon néu it nhét 12 2 diém s6 phéan loai
hoiic it nhit 13 3 didm sb phan loai va dic biét tdt hon néu it nhit 13 4 diém s6 phan loai

(xem bidu dd diém s phén loai trong Bang 3).

Ngoai ra, sang ché dé cap dén phuong phap tao ra ciy chuyén gen bao gdm bude
dua polynucleotit theo sang ché hoic vecto theo sang ché duge md ta dudi ddy vao té
bao cdy, va tuy y bude chon loc té bao cay chuyén gen. Hon nita, phuong phap tao ra
cay chuyén gen kiéu nay duoc dic trung bdi bude tiép theo ma bao gbm viéc tai sinh
cay chuyén gen tir té bao cdy chuyén gen da tao ra trong budc thi nhét. Cac phuong
phép t4i sinh 1a d bibt dbi v6i ngudi c6 hiéu biét trung binh trong linh vue ndy tir tinh
trang k¥ thuat.

Theo mot khia canh khac, sang ché boc 16 polynucleotit chira mot hodc nhiéu
gen tao ra tinh khang cua locus HTN1 tir Pepitilla (bang 1) hodc duoc chon tir RLK1
va EXT1 (xem Bang 1) ho#c alen gen cua chiing. Cac gen hogc alen gen ¢o thé dem
lai kiéu hinh khéng véi ddc tinh dién hinh cuia HTN1 trong cac diéu kién xAm nhiém H.
turcicum. V& mit céu tric, polynucleotit nay dac trung & chd né chira phan tir axit
nucleic ma (a) chira trinh tw nucleotit twong tng véi cac SEQ ID NO: 1, 3, 5,7, 9,
11, 13 hodc 15, (b) chtta trinh tw nucleotit c6 d6 ddng nhét it nhat 1a 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% hodc 99% véi mdt trong céc trinh tu
nucleotit tuong tmg véi cac SEQ IDNO: 1, 3,5,7,9, 11, 13 va 15, tdt horn_lé trén
toan bd chibu dai trinh tu d6, (c) lai véi chudi bd trg ctia phan tir axit nucleic theo
muc (a) hodc muc (b) trong céc diéu kién nghiém ngit, (d) mé hoéa polypeptit c6 trinh
tu axit amin twong tng véi cac SEQ ID NO: 2, 4, 6, 8, 10, 12, 14 hodc 16, hoac (e)
ma hoa polypeptit véi trinh tw axit amin c6 do dong nhét it nhat 1a 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% hodc 99% v&i mét trong cac trinh tu
axit amin theo muc (d). Theo mot phuong 4n dugc uu tién, polynucleotit nay déc
trung & chd n6 chita phan tir axit nucleic ma (aa) chua trinh tu nucleotit tuong ng
v6i SEQ ID NO: 1 hodc 5, (bb) chira trinh tw nucleotit v6i do dong nhat it nhat 1a
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% hodc 99% véi mot
trong céc trinh tu nucleotit twong tmg véi SEQ ID NO: 1 hodc SEQ ID NO: 5, tot
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hon néu 1 trén toan b chidu dai cta trinh ty do, (cc) lai voi chudi bé tro clia phan tix
axit nucleic theo muc (aa) hodc muc (bb) trong cac diéu kién nghiém ngit, (dd) ma
héa polypeptit véi trinh ty axit amin tuong timg v6i SEQ ID NO: 2 hoac SEQ ID NO:
6, hodc (ee) ma héa polypeptit v6i trinh ti axit amin ¢6 do ddng nht it nhét 14 80%,
85%., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% hodc 99% vo1 mot trong
céc trinh ty axit amin theo muc (dd). Tt hon néu, polynucleotit nay cé thé duoc phan
14p va/hodc tinh ché tir méi truomg di truyén tu nhién cta nd hoac vé co ban c6 mit &
dang tinh khiét hoc ddng nhat. Tt hon néu, polynucleotit nay la ADN, va dic biét
tbt hon néu 1a cADN, tirc 1a polynucleotit chita cADN tir mot hodc nhidu gen tao ra
tinh khang (Bang 1). Tuy nhién, né cling ¢6 thé ¢6 mit dudi dang ARN. Nguoi co6
hiéu biét trung binh trong linh vuc nay sé biét lam thé nao dé suy ra trinh tw ADN hé
gen tlr thong tin trinh tw dugc boc 19 trong ban m6 ta nay. Polynucleotit theo sang ché
m3 hoa it nhit mot polypeptit ma c¢6 kha nang tao ra tinh khang chéng lai mam bénh
Helminthosporium turcicum & cy trong d6 polypeptit nay dugc biéu hién. Tét hon néu,
polypeptit ndy dugc ma hoa béi polynucleotit theo sang ché hodc c4c phan ciia né, t6t
hon néu tao ra tinh khang véi mam bénh Helminthosporium turcicum, ddc bi€t 1a ¢ cay

thudc gidng Zea hodc cdy thudc loai Zea mays.

Ngoai ra, sang ché ciing dé cap dén polypeptit c6 kha nang tao ra tinh khang
H. turcicum & ciy trong d6 polypeptit nay duoc biéu hién va dugc mé héa béng
polynucleotit theo sang ché hodc mot phéan ctia né. T8t hon néu, polypeptit nay chira
trinh tu axit amin tuong Gng véi cac SEQ ID NO: 2.4,6,8,10,12, 14 hodc 16 hodc,
dac biét t6t hon néu, trinh ty axit amin nay twong Gmg v6i SEQ ID NO: 2 hoac SEQ

ID NO: 6. Polypeptit nay co thé 1a polypeptit d& phan 14p.

Theo mdt khia canh khac, sang ché @ cap dén vecto chira polynucleotit theo
sang ché. Vecto nay c6 thé 1a plasmit, cosmit, thé thuc khuin hodc vecto biéu hién,
vecto bién nap, vecto con thoi hodc vecto tach dong, 1n6 ¢6 thé 1a chudi doi hodc chudi
don, thang hodc vong, hodc né c6 thé 14 vat chi nhan rai rc hodc nhan dién hinh, bang
cach két hop vao hé gen ctia nd hodc bién nap ngoai nhiém sic thé. Tét hon néu,
polynucleotit theo sang ché lién két diéu khién dugc trong vecto biéu hién v6i mot hoac

nhiéu trinh ty diéu hoa ma cho phép phién ma va tuy y ca bidu hién trong t bao chu
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nhan rai rac hodc nhén dién hinh. Vi dy, polynucleotit ndy c6 thé 1a dudi su kiém soat
ctia gen khoi dAu hodc gen két thiic thich hop. Gen khoi dau thich hop 6 thé 12 gen
khéi diu ma co ban duge cam tng (vi du: gen khoi dau 35S tir “virut kham sup lo”
(Odell et al. 1985); gen khoi d4u dic biét thich hop 1a cac gen khoi dau dé cam tng
mam bénh (vi du: gen khoi ddu PR1 tlr mui tdy (Rushton et al., 1996)). Gen khéi dau
d& cam mg mam bénh dic biét thich hop 12 gen khdi d4u tong hop hogc kham khong
¢6 trong tu nhién, gbm mot vai yéu t6 va chira gen khoi dAu tbi thiéu ciing nhu, dau
nghich cta gen khéi dAu t6i thidu, it nhat mot yéu t6 didu hoa cis ma dong vai tro 1a vi
trf lién két cho cc yéu t6 phién mé dac biét. Gen khoi dau kham duge thiét ké tiy chinh
va dugc cam Ung bé“mg cac yéu td khéc nhau hodc duoc mdi lai. Céc vi du vé cac gen
khoi dAu nay ¢6 thé dugc tim thdy trong WO 2000/29592 va WO 2007/147395. Vi du
vé gen két thuc thich hop 1a gen két thuc nos (Depicker et al., 1982).

Bén canh vecto dugc mé ta & trén, sang ché cfing @& cap dén phuong phap bao
gém budc dua vecto nhu duge md ta vao té bao chil. Vecto ndy ¢ thé, vi du, dugc nhap
ndi bang cach lién hop, huy dong, bién nap ban gen, bién nap truyén qua agrobacterium,
chuyén nhiém, tai nap, thAm loc chan khdng hodc xung dién. Cac phuong phép kiéu
nay ciling nhu céc phuong phép tao ra vecto dd mo ta la quen thudc dbi voi ngudi c6

hidu biét trung binh trong linh vyc nay (Sambrook et al. 2001).

Theo mot khia canh khéc, sang ché dé cap dén t€ bao chu chira polynucleotit
theo sang ché hodc vecto theo sang ché. Theo ngit canh cua sang ché, t& bao chui c6
thé 1 & bao nhén rai rac (vi du, vi khudn) hodc té bao nhan dién hinh (vi du, t€ bao
cdy hodc té bao ndm men). Tt hon néu, enzym 13 agrobacterium nhu Agrobacterium
tumefaciens hodc Agrobacterium rhizogenes, hoéc té bao cay chira polynucleotit theo
sang ché hodc vecto theo séng ché. Nguoi co hiéu biét trung binh trong linh vuc nay
da quen voi nhiéu phuong phap nhu lién hop hodc xung dién dé dua polynucleotit
theo sang ché hodc vecto theo sang ché vao agrobacterium, va ca cac phuong phap
nhu cac phuong phap bién nap khac nhau (bién nap bén gen, bién nap truyén qua
agrobacterium) ma polynucleotit theo sang ché hoic vecto theo sang ché ¢c6 thé duoc

nhép ndi vao té bao cay bang cac phuong phap d6 (Sambrook et al. 2001).
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Theo mdt khia canh khéc, sang ché @& cap dén té bao cay chuyén gen chira
polynucleotit theo sang ché 1a gen chuyén hoc vecto theo sang ché. Té bao cy chuyén
gen thudc loai nay 13, vi du, t& bao cdy dugc bién nap véi polynucleotit theo sang ché
hoic v6i vecto theo sang ché, t5t hon néu theo cach 4n dinh. Theo mot phuong an duoc
wu tién cia té bao cay chuyén gen, polynucleotit lién két diéu khién duoc véi mot hodc
nhidu trinh tu diéu hoa ma cho phép phién ma va tiy y ca biu hién trong té bao cay.
Toan bd ciu tao ctia polynucleotit theo sang ché va (cac) trinh ty diéu hoa sau d6 c6 thé
cAu thanh gen chuyén. Céc vi du v& trinh tu diéu hoa thudc loai nay 1a gen khoi dau
hodc gen két thic. Nguoi c6 hiéu biét trung binh trong linh vuc nay s& quen voi nhiéu
gen khoi dAu va gen két thuc chitc nang ma c6 thé duoc stir dung trong cay. Tét hon néu,
té bao cay chuyén gen theo sang ché, cu thé 1a t& bao cay thudc loai Zea mays, c6 tinh
khang H. turcicum cao hon so v6i t€ bao cay khdng duoc bién nap tuong tng (t& bao
cdy (dang gen) khong c6 gen chuyén). Té bao ciy khang HT chuyén gen theo sang ché
¢6 tinh khang H. turcicum tang 1én it nhét mot diém sb phan loai, t6t hon néu it nhét 1a
2 diém sb phén loai hodic it nhat 14 3 diém s6 phén loai va dac biét tot hon néu it nhét 13
4 di8m s6 phan loai (xem bidu dd phén loai & Bang 3). Hon nita, sdng ché ciing dé cép
dén phuong phép tao ra té bao cdy chuyén gen theo sing ché, bao gdbm budc dua
polynucleotit theo sang ché hoic vecto theo sang ché vao té bao cay nay. Vi duy, bude
dua vao nay co thé duoc thuc hién bz‘?lng cach bién hap, t6t hon néu béng cach bién nap
bn dinh. K§¥ thuét thich hop d8 dua vao nhu bién nap ban gen, bién nap truyén qua
agrobacterium hogc xung dién 1a da biét v6i nguoi cb hidu biét trung binh trong linh

vuc nay (Sambrook et al. 2001).

Theo mot khia canh khéc, sang ché ciing dé cap dén phuong phép truyén hodc
ting tinh khang H. turcicum & céy, t5t hon néu 13 cay thudc loai Zea mays, bao gdm
budc bién nap t bao cy véi polynucleotit theo sang ché hodc véi vecto theo sang ché.
Tét hon néu, phuong phép nay thu dugc tinh khang H. turcicum ting 1én it nhat 1a 1
diém sb phan loai, tdt hon néu it nhat 13 2 diém s phéan loai hogc it nhét 1a 3 diém sb
phan loai va dic biét t6t hon néu it nhat 1a 4 diém s6 phén loai (xem bidu dd phan loai

& Bang 3).
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Theo mdt khia canh khéc, sang ché cling bao gdbm phuong phép bién dbi kiéu
hinh khang cta cay, cu thé 14 cdy ngd, véi mam bénh Helminthosporium turcicum, bao
gbm budc dot bién gen truyén tinh khang ctia locus HTNT tir Pepitilla hodc alen gen
duoc chuia trong do. Tét hon néu, gen truyén tinh khang ctia locus HTN1 tir Pepitilla
nay ma hoa polypeptit twong ting véi SEQ ID NO: 2 hoic thé tuong ddng ctia polypeptit
tuong tmg v6i SEQ ID NO: 2 ma tao ra kiéu hinh khang véi dic tinh dién hinh cia
HTNI trong céc didu kién xdm nhiém H. turcicum. Gen truyén tinh khang cta locus
HTN1 tir Pepitilla hozc alen gen ctia né ¢o thé chuyén gen hodc ndi sinh trong h¢ gen
cta cdy. Su bién dbi kiéu hinh khang c6 thé c6 nghia 1a sy thay d6i vé tinh dic hi¢u
giéng ctia mam bénh va/hoic su thay ddi v& mirc khang, duoc do dudi dang diém sd
phan loai dya trén cac déc trung kiéu hinh nhu bé mit 14 bi anh huéng (xem Bang 3)
hodc dugc do dudi dang gié trif AUDPC (xem Vi du 1.0). Tét hon néu, mutrc khang sau
Kchi bién ddi kidu hinh khéng & khoang giita mitc khang ciia cdy biéu hién gen truyén
tinh khang khong dot bién ctia locus HTN1 tir Pepitilla va murc khang ctia céy dang gen
khong biéu hién gen truyén tinh khang ctia locus HTN1 tir Pepitilla; tuy nhién, mic
khang nay cling c6 thé cao hon mic khang cua cdy biéu hién gen truyén tinh khang
khong dot bién cuia locus HTN1 tir Pepitilla. Déc biét t&t hon néu, mtc khang nay &
khoang gifta mrc khang ctia ciy biéu hién polypeptit tuong tmg véi SEQ ID NO: 2 va
murc khang ctia cay ding gen khong biéu hién polypeptit twong tmg véi SEQ ID NO:
2; tuy nhién, mtc khang nay cling co thé cao hon mirc khang ctia cay biéu hién
polypeptit trong tmg v6i SEQ ID NO: 2. Cum tur “gay dot bién” nhu duogc s dung
trong ban mo ta nay co thé 1a su thay ddi dugc con ngudi thuc hign trong trinh tu di
truyén (d6t bién). Cac vi du vé vAn dé nay 14 céc cly, té bao cay hogc cac phan cdy nhan
c4c chat hoa hoc, phong xa hodc chét gay dot bién khac véi liéu cao va sau do chon loc
thd dot bién. Theo cach khac, ot bién ciing c6 thé dugc thyc hién voi, vi du, sy tro gitp
cta nucleaza TILLING, nucleaza TALE, nucleaza ngén tay k&m hoac hé théng
CRISPR/Cas, hodc bang cach dung hop, cai xen, 1am khuyét hoic trao d6i trong trinh
tw ADN hoic trinh ty axit amin. Ngudi c6 hiéu biét trung binh trong linh vuc nay ¢6
thé ¢6 dugc chi din k¥ thut thich hop tir tinh trang k¥ thuét lién quan dén quy trinh
thuc hién céac budc dot bién. Tét hon néﬁ, dot bién ctia gen truyén tinh khang ctia locus

HTNI tir Pepitilla tao ra it nhét mot cai bién trao doi axit amin, it nhAt 13 hai cai bién
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trao dbi ddi axit amin, it nhét 13 ba cai bién trao ddi axit amin, hoc it nhét 13 nam hoic
nhidu hon nim cai bién trao dbi axit amin. Trong truong hop nhiéu cai bién trao d6i
axit amin, thi ching c6 thé duge thuc hién trén cac alen gen khic nhau d6i véi gen
truyén tinh khang ctia locus HTNT tix Pepitilla, tirc 1a dot bién nay c6 thé 1a di hop tir

hodc né cling c6 thé 1a d6ng hop tt.

Theo mdt phuong 4n dwoc wu tién cia phuong phép bién doi kieu hinh khang
cla cay, dot bién ctia gen truyén tinh khang cta locus HTN1 tir Pepitilla tao ra dot bién
didm trong trinh tu nucleotit twong tmg véi SEQ ID NO: 1 & vi tri 1365 v6i cai bién
trao ddi bazo ctia G cho A hodc & vi tri 1490 véi cai bién trao ddi bazo ctia G cho A.
Hon nita, phuong an nay cling & cap dén dot bién dAn dén cai bién trao dbi axit amin
trong trinh ty axit amin tuong tmg v6i SEQ ID NO: 2 ¢ vi tri 455 tr M (methionin)
sang I (isoleuxin) hodc & vi tri 497 tr G (glyxin) sang E (axit glutamic). Theo mot
phuong 4n duge uu tién khic cta phuong phap nay, dot bién cta gen truyén tinh
khéang ctia locus HTNT tir Pepitilla tao ra dot bién diém, dan dén cai bién trao doi axit
amin trong trinh tur nucleotit tuong tng v6i SEQ ID NO: 1 giita vi tri 1365 va vi tri
1490, hodc phuong an dé cap dén dot bién din dén cai bién trao ddi axit amin trong

trinh tw axit amin tuong ing véi SEQ ID NO: 2 gitta vi tri 455 va vi tri 497.

Theo mot khia canh khac, sang ché @& cap dén phuong phép tao ra cdy, cu thé
ld cdy ngd, c6 kiéu hinh khing dugc cai bién lién quan dén mam bénh
Helminthosporium turcicum, bao gdm budc dot bién gen truyén tinh khang cua locus
HTN1 tir Pepitilla hodc alen gen ctia n6 & it nhét mdt t& bao clia cdy hodc & it nhét
mot t& bao ma ciy duge tai sinh tir 6. Ngoai ra, phuong phap nay vi thé ma c6 thé
bao gdm bude tai sinh it nhAt mot cdy tir it nhat mot t€ bao dot bién va budc chon loc
cac cdy da tai sinh trén co s¢ kiéu hinh khang d3 cai bién lién quan dén mam bénh
Helminthosporium turcicum. Tét hon néu, gen truyén tinh khéng ctia locus HTNT tux
Pepitilla nay ma hoa polypeptit tuong tmg voi SEQ ID NO: 2 hodc thé tuong dong
ctia polypeptit tuong tng véi SEQ ID NO: 2, tao ra kiéu hinh khéng v6i didc tinh dién
hinh clia HTN1 trong céac didu kién xam nhiém H. turcicum. Gen truyén tinh khang
ctia locus HTN1 tir Pepitilla hodc alen gen cta no ¢o thé hién dién trong cdy theo

huéng chuyén gen hodc ndi sinh. Bién ddi kiéu hinh khang c6 thé c6 nghia la sy thay
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ddi vé tinh dic hiu giéng ctia mam bénh va/hodc su thay ddi vé& murc khang, duoc do
dudi dang diém s6 phan loai dua trén cac dic trung kiéu hinh nhu bé mat 14 bi anh
huéng (xem Bang 3) hodc duge do dudi dang gié tri AUDPC (xem Vidu 1.C). Tét hon
néu, mirc khang cta kiéu hinh khéang dugc cai bién ndm gitta mic khéng ctia cay bidu
hién gen da truyén tinh khang khong dot bién ctia locus HTN1 tit Pepitilla va mirc khang
clia cAy dang gen ma khong biéu hién gen da truyén tinh khang cua locus HTN1 tir
Pepitilla; tuy nhién, mirc khang nay co thé cao hon mitc khang cua ciy biéu hién gen
da truyén tinh khang khong dot bién ctia locus HTN1 tir Pepitilla. Dac biét t5t hon néu,
muc khang nay & gitta mic khang cta cay biéu hién polypeptit twong tng véi SEQ ID
NO: 2 va mirc khang cua cay déng gen khong biéu hién polypeptit twong tmg véi SEQ
ID NO: 2; tuy nhién, mic khang nay cling c6 thé cao hon mirc khang cta céy biéu hién
polypeptit twong Gng v6i SEQ ID NO: 2. Cum tir “dot bién” trong ban md ta ndy co thé
hidu 1 sw thay @i v& trinh ty di truyén (dt bién) dugc thuc hién béi con ngudi. Cac vi
du vé vén dé nay 14 cy, té bao cdy hoic cac phén cay nhan chét hoa hoc, phong xa hodc
chét gay dot bién khac véi lidu cao va sau d6 dugce chon loc cac thé dot bién. Theo cach
khéc, dot bién ciing ¢6 thé duoc tién hanh, vi dy, véi sy trg gitp cta nucleaza TILLING,
nucleaza TALE, nucleaza ngén tay kém hodc hé théng CRISPR/Cas hodc bang cach
dung hop, cai xen, lam khuyét hoéc trao dbi trong trinh tw ADN hodc trinh tu axit
amin. Ngudi co hiéu biét trung binh trong linh vuc nay cé thé c6 duoc chi dan k¥
thuat thich hop tir tinh trang k¥ thuat lién quan dén quy trinh thyc hién cac budc dot
bién. Tét hon néu, dot bién gen truyén tinh khang cta locus HTNI tir Pepitilla tao ra it
nhéit mét cai bién trao ddi axit amin, it nhét 12 hai cai bién trao ddi axit amin, it nhét 1a
ba cdi bién trao dbi axit amin, it nhat 1a ndm hoc nhidu hon nam céi bién trao doi axit
amin. Trong truong hop co6 nhiéu cai bién trao dbi axit amin, thi chung cfing c¢6 thé hién
dién trén céc alen gen khac nhau ctia gen truyén tinh khang ctia locus HTN1 tr Pepitilla,
tirc 1a dot bién nay c6 thé 1a di hop tir hodc tham chi 1a dong hop tir

Theo mét phuong 4n duge uu tién ctia phuong phap tao ra cdy ¢6 kiéu hinh
khang duogc cai bién vé mim bénh Helminthosporium turcicum, dt bién cha gen
truyén tinh khang ctia locus HTN1 tur Pepitilla tao ra dot bién diém trong trinh tu
nucleotit twong tng véi SEQ ID NO: 1 6 vi tri 1365 véi cai bién trao d6i bazo ctia G

cho A hoic & vi tri 1490 véi cai bién trao ddi bazo cia G cho A. Hon nita, phuong
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an nay cling 8 cap dén dot bién tao ra cai bién trao ddi axit amin trong trinh tu axit
amin twong tmg véi SEQ ID NO: 2 & vi tri 455 tu M (methionin) sang I (isoleucin)
hodc & vi tri 497 tir G (glyxin) sang E (axit glutamic). Theo mot phuong an dugce uu
tién khac cua phuong phap nay, dot bién ctia gen truyén tinh khang ctia locus HTN1
tir Pepitilla tao ra dot bién diém, ma dan dén cai bién trao ddi axit amin trong trinh tu
nucleotit twong mg v6i SEQ ID NO: 1 ¢ gilta vi tri 1365 va vi tri 1490, hodc phuong
4n nay dé cap dén dot bién ma dan dén cai bién trao ddi axit amin trong trinh tur axit

amin twong tng véi SEQ ID NO: 2 & giita vi tri 455 va vi tri 497.

Séng ché cling d¢ cap dén cdy hodc cac phan ciia no ma cé the dugce tao ra bang
phuong phap tao ra cdy véi kidu hinh khang dugc cai bién vé mam bénh

Helminthosporium turcicum.

Ngoaira, sang ché bao gdm cay hoic phan ctia né chira dot bién trong gen truyén
tinh khéng ctia locus HTNT1 tir Pepitilla hodc alen gen ctia né. Tt hon néu, dot bién
ndy dem lai kiéu hinh khang dugc cai bién nhw duge mé ta ¢ trén. Tét hon néu, gen
truyén tinh khang cua locus HTN1 tr Pepitilla ma héa polypeptit tuong tmg v6i SEQ
ID NO: 2 hogc thé twong ddng cia polypeptit trong tung véi SEQ ID NO: 2, tao ra
kidu hinh khang véi dic tinh dién hinh ctia HTN1 trong cac didu kién xAm nhiém H.
turcicum. Gen truyén tinh khang cta locus HTN1 tur Pepitilla hodc alen gen ctia no
c6 thé hién dién trong ciy theo huéng chuyén gen hodc ndi sinh. Theo mot phuong
4n duogc wu tién cua cdy hodc bo phan cta no, dot bién nay 1a dot bién diém trong
trinh tu nucleotit twong ing véi SEQ IDNO: 16 vi tri 1365 véi cai bién trao dbi bazo
ctia G cho A hodc & vi tri 1490 véi cai bién trao ddi bazo ciia G cho A. Hon nita,
phuong 4n nay cling dé cap dén dot bién ma din dén cai bién trao dbi axit amin trong
trinh tu axit amin twong tmg v6i SEQ ID NO: 2 6 vi tri 455 tir M (methionin) sang I
(isoleucin) hodc & vi tri 497 tt G (glyxin) sang E (axit glutamic). Theo mot phuong
4n duoc uu tién khac cta cdy hodc bo phan ciia no, d6t bién ctia gen truyén tinh khang
cta locus HTN1 tur Pepitilla 1a dot bién diém ma din dén cai bién trao ddi axit amin
trong trinh ty nucleotit tuong tmg véi SEQ 1D NO: 1 gifta vi trf 1365 va vi tri 1490,
hodc phuong an nay & cap dén dot bién ma din dén cai bién trao ddi axit amin trong

trinh tu axit amin twong tmg véi SEQ 1D NO: 2 gifta vi tri 45 5va vi tri 497.
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Mot sb thuét ngit duoc st dung trong ban mo ta nay s€ dugc giai thich chi tiét

hon:

Thuit ngit “alen” dung dé chi mét hoic hai hodc nhiéu trinh tu nucleotit &
locus cu thé trong hé gen. Alen thir nhét 13 & trén nhidm sic thé, alen tht hai & trén
nhidm séc thé thir hai & cung vi tri. Néu hai alen nay khac nhau, thi ching la di hop
tir, va néu ching giéng nhau, thi chung 1a ddng hop tir. Cac alen khac nhau cua gen
(alen gen) khac nhau & it nhit mot SNP. Tuy thude vao ngft canh clia ban mo ta, alen
cing c6 nghia 1a SNP don ma, vi dy, cho phép phan biét giita thé cho cua HTN1

(Pepitilla) va b6 me tun hoan.

Cum ttr “doan nhidm séc thé” c6 nghia 1a phin doan ADN nhiém séc thé cu thé
ctia nhidm séc thé cu thé ma chira it nhit mot gen. Doan nhidm séc thé duoc két hop ¢co
ngudn gbe tir ngudn cho. Theo ngft canh clia sang ché, chudi tuan tu ctia cic gen bén
trong doan nhim sic thé duge két hop nay tuong ung v6i trinh ty nhu hién dién trong
doan nhiém sic thé géc cua nguén cho. Theo cach nay, doan nhidm séc thé duge két
hop nay c6 thé hién dién trén toan bd chiéu dai khong ddi so v6i doan nhiém sic thé
tuong Ung trong ngudn cho. Poan nhidm séc thé hodc mot phan ctia né co thé cAu thanh
“kidu don” cu thé, trong d6 doan nhidm séc thé nay c6 thé chita cac SNP cu thé ma

thong qua do kiéu don nay cfing ¢ thé duoc quy dinh va nhan biét rd rang.

Thuét ngit “xa” va “gan” mo ta vi tri ctia khoang nhiém séc thé hodc phan doan
di truyén li€n quan dén diém tham chiéu cu thé (vi dy, polynucleotit cu thé, mot khoang
nhi®m séc thé khac hodc gen) trén toan bd nhidm sic thé; “xa” c6 nghia la khoang hodc
phéan doan d6 dugc dinh vi & phia bén diém tham chiéu cach xa tAm ddng cla nhiém
sc thé, va “gan” c6 nghia 1a khoang hogc doan d6 dugc dinh vi & phia bén diém tham
chiéu gin tAm d6ng ctia nhiém séc thé.

“Duoc két hop gan” hogc “duge lién két nghiém ngit” nghia 14 hai locus, hai
khoang, hai phan doan di truyén hodc hai chi thi (locus chi thi) cach nhau it hon 15 cM,
it hon 12 ¢M, it hon 10 cM, it hon 8 ¢cM, it hon 7 cM, it hon 6 cM, it hon 5 cM, it hon
4 ¢M, it hon 3 ¢M, it hon 2 cM, it hon 1 ¢M, it hon 0,5 cM, it hon 0,2 cM, it hon 0,1
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cM, duoc thiét 1ap bé'mg cach st dung IBM2 lan cén 4 ban dd di truyén da duoc cong
khai trén trang web Maize GDB.

Thuat nglt “nang suat” nhu duoc st dung trong ngft canh cuia sang ché ding
d8 chi strc san xuét trén mot don vi dién tich clia san pham cay cu thé c6 gia tri thwong
mai. Vi dy, nang suit cta cdy ngd thuong dugc xac dinh theo tAn hat giéng hodc hat
trén mdi hecta (ha) va mua hodc theo tAn sinh khdi kho trén mdi hecta (ha) va mua.
Trir khi néu cu thé khac di hodc duge quy dinh rd, nang suét c6 thé nghia 1a vat chét
sach hoac kho tuyét d6i, vat chat tuong ddi sach hoac kho, ning suét 0 chua (con
duoc biét dén 1a ning sudt ngd 1 chua hodc tbng ning sult vat chit kho) hodc ning
suit hat. Nang suét bi anh hudng boi cac yéutb di truyén va ngoai canh va vé nguyén
téc 12 t6 hop clia nhidu tinh chit ndng hoc ma hinh thanh tir cdc ddc diém duya trén yéu
t di truyén ciia cdy va gop phén vao ning sut cudi trong mua. Céc vi du vé céc tinh
chét néng hoc riéng 1& ndy 1a su nay mam hat giéng, stic sdng thue vat, kha nang dung
chiu cdng théng, kha ning khang hodc dung chiu bénh, kha nang khang thude diét co,
xu huéng phan nhénh, thoi gian ra hoa, cum hat giéng, mat do hat, d 6n dinh va kha
nang luu kho, kha nang dap (chin ddng déu), v.v..

Cum tir “phén doan di truyén ¢6” khoang dugc quy dinh chinh xac hon can duge
hiéu c6 nghia 13 phan doan di truyén ma bao gdm hodc chita khoang dugc quy dinh
chinh x4c hon nay, tirc 1 khong bi gidi han boi khoang duge quy dinh chinh x4c hon
ndy. Vi dy, “phén doan di truyén c6 khoang thir ndm gitta chi thi trong ving chi thi thu
t4m M8 c6 bén sudn 1a chi thi MA0022 va chi thi MA0013, va chi thi trong vung chi
thi thir séu M6 c6 bén suodn 1a chi thi PZE-108107671 va chi thi SYN4196” c6 nghia
1a phén doan di truyén chira khoang thit ndm va phén doan di truyén duoc dinh vi gifta
chi thi trong ving chi thi thir tim M8 c6 bén sudn 1a chi thi MA0022 va chi thi
MAO0013 va chi thi trong ving chi thi thir sdu M6 c6 bén sudn 1a chi thi PZE-
108107671 va chi thi SYN4196.

Thuat ngit “lai héa” hodc “su lai hoa” cdn duoc hiéu nghfa 1a qud trinh trong
d6 phén tir axit nucleic chudi don két tu v&i chudi axit nucleic bd tro nhat co thé, tirc
14 ciip bazo cd nd. Cac vi du vé cac phuong phap tiéu chudn d lai hoa da duge mo ta

vao nam 2001 bdi Sambrook et al. Tét hon néu, didu nay can duoc hiéu c6 nghia 1a
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it nhat 60%, t5t hon nita néu it nhat 65%, 70%, 75%, 80% hodc 85%, dc biét tot hon
néu 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% hodc 99% cac bazo cua phan
tir axit nucleic tién hanh bat cap bazo voi chudi axit nucleic b trg nhét ¢é thé d6. Kha
nang két tu nay phu thudc vao do nghiém ngat ctia cac diéu kién lai hoa. Thuat ngit
“d6 nghiém ngat” ding dé chi cac diéu kién lai héa. DO nghiém ngat cao la khi viée
ghép cip bazo kho khan hon, dd nghiém ngat thap 1a khi viéc ghép cdp bazo dé hon.
D0 nghiém ngét cla cac diéu kién lai héa phu thude vao, vi du, néng d6 mudi hodc
cudng do ion va nhiét 9. N6i chung, do nghiém ngat nay co thé gia ting béng cach
tang nhiét do va/hodc bang cach gidm ham lugng mudi. Thudt ngit “cac didu kién lai
héa nghiém ngét” cAn duoc hiéu nghia 13 cac diéu kién trong d6 quy trinh lai hoa dién

~, 6

ra cht yéu 13 chi gitta cac phan tr axit nucleic ddng dang. Thuat ngt “cac diéu kién lai
hoa” theo khia canh nay khéng nhiing duoc ding 8 chi cac didu kién thue t& chiém wu
thé trong qua trinh két tu axit nucleic thuc té, ma con duge dimg dé chi ca cc diéu kién
chiém uu thé trong cic budc rira tiép theo. Céc vi du vé céc diéu kién lai hoa nghiém
ngat 1a cac diéu kién trong d6 cha yéu la chi cac phan tr axit nucleic ¢6 do ddng nhét
trinh tu it nhét 12 70%, tét hon néu it nhit 1a 75%, it nhét 1a 80%, it nhat 1a 85%, it
nhat 13 90% hodc it nhit 13 95% 14 trai qua qua trinh lai héa. Cac diéu kién lai hoa
nghiém ngit 13, vi du: 4 x SSC & nhiét d6 65°C va rira nhiéu lan tiép do trong 0,1 x
SSC & nhiét dd 65°C trong khoang 1 gio. Thuat ngit “cac diéu kién lai héa nghiém
ngat” nhu duge s dung trong ban mo td nay cling co thé ¢6 nghia 1a: qu4 trinh lai
héa & nhiét d6 68°C trong natri phosphat 0,25M, do pH = 7,2, SDS 7%, EDTA 1mM
va BSA 1% trong 16 gi¢ va sau d6 rira hai lan véi 2 x SSC va SDS 0,1% & nhiét do

68°C. Tét hon néu, qua trinh lai héa dién ra trong cac didu kién nghiém ngjt.

Thu4t ngtt “khoang” hoac “khoang nhiém séc thé” c6 nghia 1a phan doan thing
lién tuc trén ADN hé gen ma c6 mit trong tung nhiém séc thé cta cy hogc trén doan
nhidm sic thé va thuong duoge xac dinh théng qua hai chi thi 1a cac diém cudi coa
khoang nay ¢ phia xa va phia gln. Vé van d& nay, ban than céc chi thi xac dinh céc dAu
cua khoang nay cling co6 th8 1a mot phan ctia khoang d6. Hon nita, hai khoang khac
nhau c6 thé chdng 1én nhau. Trong phin mé ta niy, khoang dugc quy dinh bang cau “&
gitta chi thi A va chi thi B”. Chi thi & du cua khoang cling ¢6 thé duogc dinh vi trong

vung chi thi d8 duoc xéc dinh vé mot phia clia khoang. Sau d6 ving chi thi dugc Xac
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dinh bang cach b6 tri hai chi thi bén sudn va ciu thanh phan doan nhi®m sic thé ma cé
thé dinh vi nhidu chi thi hon, ngoai c4c chi thi bén suwon nay. Cac chi thi bén suon xac
dinh didm cubi ctia viing chi thi va ban than ching van 1a mdt phan ctia ving chi thi do.
Néu ca hai chi thi & diu ctia khoang 14 chi thi trong cac ving chi thi khac nhau & ca hai
phia cua khoéang, thi phin md ta néu rd khoang nay bang cau “& gifta chi thi trong vung
chi thi X c6 bén suon la chi thi C va chi thi D va chi thi trong ving chi thi Y ¢6 bén
swon 1a chi thi E va chi thi F”. Ving chi thi c6 thé kéo dai lén dén 500 000 cip bazo
(bp), va t4t hon néu c6 thé c6 kich ¢ ndm trong khoang tir 100 000 dén 400 000 bp,
hodc dic biét tbt hon néu c6 thé c6 kich ¢& ndm trong khoang tir 140 000 dén 315 000
bp.

Thuét ngft “sw nhap gen” nhu dugc sir dung lién quan dén séang ché nghia 1a sur
truyén it nhét mot alen gen mong mudn trén locus di truyén cla nén di truyén vao nén
khac. Vi du, sy nhdp gen cta alen gen mong muén & locus cu thé c6 thé duoc truyén
vao thé hé con bang cich lai gibng gitta hai bd me cta cing mdt loai. Theo cach khac,
vi dy, viéc truyén alen gen cfing c6 thé di®n ra bang cach tai t6 hop giita hai hé gen thé
cho trong t& bao nguyén sinh dung hop, trong do it nhét mot t& bao nguyén sinh thé cho
mang alen gen mong muén trong hé gen ctia nd. Trong timg trudng hop, cac thé hé con
ma sau dé chira alen gen mong mubn, sau d6 c6 thé duoc lai nguge dong mot Jan nita
véi dong chira nén di truyén dugc vu tién va ¢6 thé dugc chon loc alen gen mong mudn.

Két qua 1a ¢b dinh duoc alen gen mong mudn trong nén di truyén da chon loc dugc.

Thuét ngit “phdn tir axit nucleic duoc phan 1ap” hodc “thé phan 1ap
polynucleotit” nén duge hiéu c6 nghia 13 phéan tir axit nucleic hodc polynucleotit dugc
loai ra khoi mdi trudng tw nhién hoge mdi truong gbc ctia n6. Thuét ngit ndy con bao
ham phén tir axit nucleic dugc san sinh theo phuong phap tdng hop. “Polypeptit duge
phén 1ap” nén dugc hiéu c6 nghia 12 polypeptit d& dugc loai ra khoi mdi truong nhién
hodc moi truong gbc ctia né. Thuat ngft nay con bao ham polypeptit duge san sinh theo

phuong phap tbng hop.

Thuat ngft “lay nhiém mam bénh” nén dugc hiéu ¢6 nghia 12 thoi diém sém nhat
ma tai d6 mam bénh tuong tac véi mo chu cta cay. Céc vi du trong nam nhu ndm nang

hodc ndm nuédce 12 sy sinh trudng clia soi nadm hodc sy hinh thanh cac cau trtc 18y nhiém
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cu thé nhu soi ndm x4m nhap va soi ap. Cu thé 13, su lay nhiém Helminthosporium
turcicum c6 thé dugc nghién ctru bang céch str dung céc k§y thudt nhuém khéc nhau (vi
du, xanh trypan) (Chung et al., BMC Plant Biology 10 (2010), 103; Walsh et al.
(2008), Poster Presentation P192, 50th Maize Genetics Conference in Washington
D.C.).

“Thé cho Pepitilla”, “Pepitilla dang ky” hodc “Pepitilla” nghia la, bén canh
ban than gidng Pepitilla, cac kiéu gen cdy ngd khac ma hé gen cua nd, cu thé 1a trén
nhiém séc thé 8 bin 5 hogc 6, duge cai xen thé nhap gen ctia locus khang HTNI, t6t hon
néu tir Pepitilla. Cc vi du vé chung 1a W22Htn (vi dy, Bar-Zur et al. 1998), H6314Hin
(vi du, Bar-Zur et al. 1998), B73HtN (vi du, Shimoni etal., J ournal of Phytopathology
131:4 (1991), 315-321), B68HIN va A632HtN (vi dy, Carson, Plant Disease 79
(1995), 717-720) va A619H:N (vi dy, Stankovi¢ et al, Genetika 39:2 (2007), 227 -
240). Hon nita, Pepitilla bao gdm ngudn khéng bét ky mang lai kiéu hinh khing véi
céc dic tinh dién hinh cia HTN1 sau khi nhdp gen vao dong ng6/cay ngd dé bi gy hai.
Céc vi du vé cac dic tinh dic hidu dbi véi HTN1 nay 14 1am chdm sy hinh thanh bao tt,
lam giam sy phat trién ton thuong, phét trién tdn thuong nhd hon, lam giam ving hinh

thanh bao tir va/hodc khong c6 hodc chi cac tdn thuong tia vang-hoai tir tach riéng.

"Locus" 1 vi trf trén nhidm séc thé trong d6 tim thay mot hogic nhidu gen dugc
gdy ra dic tinh ndng hoc hogc dic tinh anh huong. Cu thé 1a, “locus” nhu duqc su
dung trong ban md ta nghia 1a locus khang HTN1 truyén tinh khang chéng lai mam
bénh Helminthosporium turcicum hodc it nhét 13 chéng lai noi Helminthosporium

turcicum.

“Cay ngd” nén dugc hiu nghia 1a cay tlr loai Zea mays cling nhu loai con cua
né nhu, vi du, Zea mays ssp. mays, Zea mays ssp. mehicoa hoac Zea mays ssp.
: y

parviglumis.

“Chi thi” 13 trinh tu nucleotit dugc st dung d8 1am diém tham chiéu hozc diém
dinh huéng. Chi thi ding dé nhan dién s kién t4i t hop nén thich hop dé giam sat su
khac nhau hoidc hién tugng da hinh trong quén thé cay. D41 véi céc chi thi, cac khac
nhau nay la & cép d6 ADN va, vi dy, 1a sy khéc nhau vé trinh tu polynucleotit nhu, vi
du, SSR (chudi lap lai don gian), RFLP (da hinh chidu dai doan cét giéi han), FLP
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(da hinh chidu dai doan cit) hoic SNP (da hinh nucleotit don). Céc chi thi nay c6 thé
co ngué)n géc tlr axit nucleic hé gen hogc axit nucleic duoc biéu hién nhu ARN cat
ndi, ADN bb tro hodc EST va ¢6 thé 1a dua trén axit nucleic dimg lam ddu do hodc
cap doan mdi va nhu thich hop dé khuéch dai doan trinh tu bang cach s dung céc
phuong phép dya trén PCR. Céc chi thi lién quan dén da hinh di truyén gitta cac phan
quan thé ¢ thé dugc phat hiénra bang cach str dung cac phuong phap da duge thiét lap
tir tinh trang k¥ thuit (An Introduction to Genetic Analysis. 7th Edition, Griffiths,
Miller, Suzuki et al., 2000). Cac phuong phap nay bao gbm, vi du: giai trinh tw ADN,
khuéch dai dic hiéu trinh tu dva trén PCR, thir nghi¢ém RFLP, thtr nghiém da hinh
polynucleotit béng cach st dung k¥ thuat lai hoa dac hiéu alen (ASH), do SSR, SNP
hodc AFLP. Cac phuong phéap phét hién EST (nhan trinh tu dugc biéu hién) va RAPD
(ADN da hinh dugc khuéch dai ngdu nhién) cling 1a da biét. Ty vao ngft canh, thuét
ngit “chi thi” trong phan md ta cling c6 thé c¢6 nghia 1a vi tri nhidm séc thé dic hiéu
trong hé gen ctia loai ma chi thi déc hiéu nay (vi du, SNP) c6 thé duoc tim thiy. Vi
. tri chi thi thudc loai nay co thé duoc st dung dé giam sat sy ¢6 mat cta locus duge
két hop, vi du, locus da két hop ma gop phan biéu hién déc tinh kicu hinh dac hiéu (vi
dy, HTNT1 hoac lién két bat 1oi). Vi du, locus chi thi nay ciing c6 thé duoc str dung dé
quan sat sy phén ly alen & locus (QTL hodc ca thé gen) ma duge két hop nghiém ngit

vé mat di truyén hoic vat Iy véi vi tri chi thi.

“Dudc lién két didu khién dugc” nghia 1a dugce lién két trong phan tir axit
nucleic chung theo céach sao cho cac yéu td duoc lién két dugc dinh vi va dinh huéng
d6i v6i nhau sao cho c6 thé didn ra qua trinh phién méa cta phén tir axit nucleic. ADN
duoc lién két didu khién duge véi gen khoi dAu 13 duéi sy kiém soat phién ma ciia gen
khéi dAu nay.

Céc vi du v& “bd phan” cla cdy 13 14, than cdy, than, 1é, chéi sinh dudng, md
phén sinh, phdi, bao phén, noin hoc qua. “Cac phén” ctia cdy c6 nghia la dang két hop
ctia mdt vai bd phén, vi dy, hoa hodc hat giéng hodc mot phén cta bd phén, vi dy, doan
cht tir than. Cac vi du vé “mb” cay 1a md sin, md mém, md phén sinh, m6 14, mo chdi,

md r&, md budu ciy hodc md sinh san. Thudt ngft “te bao” nén duoc hiéu ¢ nghia la t€
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bao ciy duoc phan 14p v6i thanh té bao hoac thé két tu ctia n6 hoic té bao nguyén sinh
ching han.

Trong ngit canh clia sang ché, trir khi c6 quy dinh khéc, “cay” co thé 1a loai bat
ky trong sd céy hai 14 mam, cdy mot 14 mam hoic cdy hat trin. T6t hon néu, cac cdy
nay la cay mot 1a mam va dang dugc quan tAm trong ndng nghiép hodc ndng trai hodc
dé san xuét nang lugng sinh hoc (etanol sinh hoc, bioga, v.v.). Vi du la Gossypium sp.,
Zea mays, Brachypodium distachyon, Triticum sp., Hordeum vulgare, Oryza sativa,
Sorghum sp., Musa sp., Saccharum officinarum, Secale cereale, Avena sp., o6 canh
va ¢o gia stc. Céy dugc uu tién theo sang ché 1 cay ¢ nguén gbe tir gidng Zea, cu

thé 14 loai Zea mays, hodc Sorghum.

Lién quan véi sang ché, thuit ngit “trinh tu didu hoa” co6 nghia la trinh tu
nucleotit anh hudng dén tinh dic hidu va/hodc do bén biéu hién, vi dy, téi mic ma trinh
fir didu hoa nay mang lai tinh ddc higu mé cy thé. Trinh tw diéu hoa kiéu nay c6 thé
duoc dinh vi ngugce dong v6i diém bét diu phién ma ctia gen khoi dAu t6i thidu, nhung
ciing ca xubi dong cta nd, vi dy, trong trinh tu dan dau duoc phién ma nhung khéng

dich ma hoéc trong intron.

Cum tir “tinh khang” hodc “khéng” li€n quan dén mam bénh nén dugc hiéu co
nghia 13 kha ning khang céc tac dong pha hai ciia mam bénh & cy hodc té bao cay va
Kéo dai tir thoi didm bénh cham phét trién dén khi tc ché hoan ton sy phét trién clia
bénh. Lién quan dén sang ché, cay/té bao cay khang hodc cAy/té bao cdy c6 tinh khang
d6i v6i mim bénh Helminthosporium turcicum (H. turcicum hodc HT), tic la bénh &
14 goi 12 bénh dém 14 & cdy ngd (NCLB). Tinh khéng nay duoc truyén lai nho mot
hozic nhiu protein duge ma héa bing gen hoic bang céc gen (gen truyén tinh khéng)
tir Pepitilla dang ky. Tinh khang nay c6 thé 1a hoan toan hodc cuc bd va c6 thé dac hiéu
hodc khong déc hiéu dbi véi ndi mam bénh. Trong su kién tinh khang dac hiu véi noi
mam bénh, thi ndi c¢6 ddc lyc ca Helminthosporium turcicum c6 thé, vi du, bao gbm
N, 1N, 2N, 23N hofic 123N; ndi khéng c6 doc luc ¢6 thé, vi dy, bao gom 0, 1,2, 3,
12, 23 hodc 123. Tinh khéng dugc truyén lai c6 thé 1a tinh khang dugc di truyén méi

hoic tinh khang ting thém mot phén so v6i hién co.
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“Cay chuyén gen” la ciy da duoc két hop vao hé gen cua nod it nhit mot
polynucleotit, t5t hon néu 13 polynucleotit khac loai. T&t hon néu, polynucleotit nay da
duoc két hop theo cach 4n dinh, ¢6 nghia 1a polynucleotit da két hop van bn dinh trong
cdy, dugc biéu hién va cling ¢ thé duoc di truyén mot cach 4n dinh cho c4c doi sau.
Qua trinh nhép ndi polynucleotit mot cach &n dinh vao hé gen cua cdy con bao gdm
bude két hop vao hé gen cla cdy thé hé bd me trudc d6, nhd d6 polynucleotit nay co
thé tiép tuc dugce di truyén theo cach 6n dinh. Thuat ngit “khac loai” c6 nghia la
polynucleotit danhap ndi cd ngudn gbe ti, vi du, té bao hoic co quan co nén di truyén
khac thudc cliing loai hodc tir mot loai khac, hodc dong déng v6i té bao chii nhan rai rac
hoic nhan dién hinh, nhung sau d6 dugc duoc dinh vi trong moi trudng di truyén khac
nhau va do d6 khac véi polynucleotit ¢6 trong tur nhién twong Gmg c6 thé co bt ky.

Polynucleotit khéc loai c6 thé c6 mat ngoai gen ndi sinh twong tmg.
1. Thi nghiém kiéu hinh

A) Thuc hién cac thir nghiém trén canh ddng dé xac dinh tinh khang HT trong cac

didu kién cAy ghép/lay nhiém tu nhién va nhén tao va thoi gian ra hoa:

& mot vi tri, it nhat 20 c& thé trong mdi kiéu gen ngd can duoc nghién ciru
duoc trong thanh hang. Tién hanh cdy ghép theo phwong phép tw nhién hoac nhan
tao. Qua trinh cly ghép/lay nhiém tu nhién dugc thuc hién bang cach st dung cac bao
tir ¢6 trong tu nhién ctia H. turcicum. Qua trinh cly ghép/lay nhiém nhén tao dugc
thuc hién bing cach sir dung vét lidu 14 dugc 1dy nhiém va trén dAt ma duoc st dung
cho cdy can duge thir nghiém. Kiéu ciy ghép nhan tao cho phép md phong su xam
nhi®m H. turcicum twong duong trong nam thir nghiém khac nhau va & cac vi tri khac
nhau khong phu thudc vao cac didu kién xdm nhiém tu nhién chiém wu thé & d6. B6
me dé bi gy hai va bd me ¢6 su nhip gen HTN1 duge canh truong tur thé cho
B37HTN1 dé lam kiéu gen dbi chimg, tiry thudc vao quan thé con lai th nghiém.
Diém s phén loai vé dic tinh khang HT dugc ghi lai it nhét 12 ba 14n trong giai doan
sinh dudng. Chi c6 bidu dd diém sb phan loai dugc thé hién trong Bang 3 dugc su
dung.

Thé cho B37HTN1 duéi dang ngudn cua tinh khang HT dugc lai vao cac nén
di truyén khac nhau tir dong wu ta voi cac muc dd dé bi gdy hai khac nhau d6i véi H.
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turcicum va dong gan dang gen duogc phat trién ma khac véi dong gbc dé bi gy hai
vé co ban chi bang cach nhap gen tir B37HTNI. Trong thi nghiém kiéu hinh, sau qua
trinh céy ghép nhén tao nhu dugc md ta & trén, cac dong dugc chon loc ma biéu hién
tinh khéng HT cai thién it nhit 14 2 dén 3 diém s6 phan loai, t5t hon néu tir 3 dén 4 diém
s6 phan loai bang cach dua thé nhap gen truyén tinh khéng tir B37HTN1 vao. Sang ché
dugc mo ta chi tiét hon dudi day thong qua vi du str dung hai bd me tuan hoan duoc
chon loc RP1 va RP3. Cac két qua cta thi nghiém kiéu hinh dugc md ta nay duge tom
tat trong Bang 5. B me tudn hoan RP1 khong c6 sy nhdp gen bidu hién diém s6 phan
loai trung binh ndm trong khoang tir 7 dn 9, dugc cai thién 3 dén 4 diém sb phan loai
nhd qua trinh nhép gen tr B37HTNI. B4 me tudn hoan RP3 ¢ diém s6 phan loai nim
trong khoang tir 4 dén 6 khong c6 su nhip gen va cai thién 2 dn 3 diém s phan loai
nh¢ qua trinh nhép gen. B4 me tudn hoan RP4 ¢ diém s6 phan loai 1a 6 khong cé su
nhap gen va cdi thién 2 dén 3 diém sb phan loai nhd qué trinh nhép gen.

Béng 5: Dit liéu kiéu hinh déi voi tinh khang HT tir cac kiéu gen RP1, RP3, va RP4
c6 va khong c6 su nhép gen truyén tinh khang tir B37HTN1 (diém s6 phan loai duge
xéc dinh theo biéu dd trong Bang 3).

Kiéu | Diém sd phan loai trung binh (n=20) Tinh khang HT cai thién vé6i
gen khong ¢6 sy nhép gen tir B37HTNI su nhép gen tur B37HTNI1
RP1 7dén 9 3 dén 4

RP3 4 dén 6 2 dén3

RP4 6 2 dén3

Ngoai tinh khang HT, d6i v6i mdi kiéu gen, thoi gian cdy céi va cdy duc ra hoa
duoc xac dinh 12 “ngay sau khi gieo hat”. Thoi gian ra hoa ddi véi cdy cai duge xéac
dinh bﬁng su xuét hién rau; con thoi gian ra hoa d6i v6i cay duc 1a bé.ng su biéu hién
chuy. Cac két qua dugc thé hién chi tiét hon trong Vi du 3.B).

B) Thuc hién céc thir nghiém trén canh dong dé x4c dinh san luong hat va san lugng
U chua:
Bén canh dit li¢u lién quan dn tinh khang HT va thoi gian ra hoa néu trén, dit

liéu san luong ddi voi RP3 chira cac doan nhép gen truyén tinh khang c6 chiéu dai khéc
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nhau tir B37HTN1 hodc Pepitilla va dbi véi dong dbi chimg uu ti dugce xac dinh. Céc
dong RP3, RP3HTNA va RP3HTNK dugc réc phén tir thir nghiém (ngd d4, con lai
don nhém trung gian) ciia nhdm gen bb tro (ngd da) dé tao ra hat gidng cay dung cho
cac thé lai thir nghiém. Mdi thé lai thir nghiém nay dugc cho sinh truéng 1ap lai trong
thir nghiém trén canh ddng & nam vi tri tiéu biéu dbi v6i cdy ngd & Duc. Céc thé lai
thir nghiém duogc bién ddi thich nghi v&i cac vang sinh trudng nay vé d6 chin. Thi
nghiém trén canh déng duoc thuc hién hai l4n trong cac manh dat 4 luéng riéng ré
dai 6m va rong 0,75m. Mat d6 1a 9 ciy/m? trong 14n tht nhét va 11 cay/m? trong lan
I3p lai thit hai. Tai thoi diém thu hoach ngd 1 chua, chi hai luong & gitta ciia mdi manh
dit duoc thu hoach dé giam thiéu tdi da tac dong canh tranh. Trong luong trong mdi
manh d4t va ham lugng nude duge xac dinh dbi vai vat lidu duoc thu hoach dé tinh
nang suét ngd u chua (con dugce biét dén 13 nang suit G chua hodc tdng san luong chét

kho) va ham lugng chat kho (tdng ham lugng chét kho).
C) Thuec hién céc thir nghiém trong nha kinh dé x4c dinh tinh khang HT:

20 c4 thé trong mbi kiéu gen duge cho sinh trudng trong chau. Cac d6i ching
1a kiéu gen cua bd me d& bi gay hai va b6 me gan ding gen (NIL) c6 thé nhéap gen
truyén tinh khéng tt B37HTN1, phu thu¢c vao con lai. 14 ngay sau khi gieo hat, tién
hanh 1ay nhiém nhan tao (tham khao & trén). Sau 2 dén 3 tuln nita, c4c triéu ching dau
tién ctia bénh phat trién. Tl thoi dim bidu hién cac triéu chimg dau tién, mdi ngay sau
d6, diém s phan loai vé dic tinh khang HT cling nhu s6 luong cdy c6 cac triéu ching
ndy duoc xac dinh. Tir 46, AUDPC (dién tich dudi dwong cong 1ién trién bénh) duge
xéc dinh. Tan suét x4m nhiém (& dang %/thoi gian x giai doan) duoc st dung dé phan
loai c4c cdy trong khao st nay; ¢ day, AUDPC tur 0 — 100 1a khang, 101 — 450 1a di
hop tir, va > 450 1a d€ bi gy hai.

2. Su phat trién chi thi d6i véi ving dich HTN1

Bén canh cac thir nghiém diém sb phén loai, ving dich quanh locus khang
HTNT1 trén nhidm sic thé 8 (bin 8.06) trong nhiéu kiéu gen cling dugc thtr nghiém chi
tiét hon va duoc 1ap ban dd mdt cach ddng déu béng cach st dung chi thi phan tb méi

va/hodc chi thi phéan tir duoc t5i uru hoa. Chi thi phan tir duge sir dung trong ban md ta
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nay dugc phat trién dua trén dang da hinh nucleotit don (SNP) hodc chi thi chudi lap lai
don gian (SSR) d c6 sén trén thi truong:

ADN tlr céc kiéu gen dé sir dung lam chi thi dugc phan 18p bang céch st dung
phuong phap NucleoSpin 96 Plant II theo chi dAn ctia nha san xudt (MACHEREY-
NAGEL GmbH & Co. KG, Pirc) hodc bang cach st dung phuong phap Klear Gene
DNA Extraction 384 (LGC Genomics GmbH, D).

Céc trinh tu doan mdi déi v6i cac chi thi SSR 14 da biét tix co s¢ dit li¢u cong
khai cta Trung tdm Thong tin K§ thuat sinh hoc Quédc gia (NCBI) tai
http://www.ncbi.nlm.nih.gov/unists; céc trinh tu doan mdi ddi véi cac chi thi

bnlg1782, umc1960, bnlg240, umc1121, bnlg1067 va umc1287, duge su dung dé thu

nghiém vung dich, dugc tom t4t trong Bang 6, cling nhu cac bién ddi duoc tao ra.

Bang 6: Trinh tu doan mdi d6i véi chi thi SSR (NED: phenyl-1.4-diclo-6-
carboxyfluoresxein dugc dung hop 2°_clo-5’-flo-7°,8’; FAM: 6-carboxyfluoresxein;

M13: trinh ty 18i di v6i thé thuc khuan M13)

trinh tu doan Trinh tu doan moi

chigq | moithuén | Bién nghich Bién g;’inun“g“j: |
' (5°-39) doi (5°-39) doi bidn dbi
[SEQ ID NOJ [SEQ ID NOJ

bnlg1782 113 NED 114 khong

umc1960 115 NED 116 khong

bnlg240 117 FAM 118 khong

umcl121 119 FAM 120 khong
bnlgl1067 121 FAM 122 khong

umc1287 123 khong 124 khong | M13 + FAM

Thé tich ctia hdn hop phin tng PCR ctlia bnlgl782, umc1960, bnlg240,
umec1121 va bnlgl067 1a 10pl va gdm ndng do don 1é 1a 4x chit dém B (Solis
BioDyne, Estonia), 0,5pmol doan mdi thudn, 0,5pmol doan mdi nghich, 10-30 ng
ADN, 0,25 don vi HotFirepol TAQ-Polymeraza (Solis BioDyne, Estonia). Thé tich

ctia hdn hop phan tng clia umc1287 1a 10pl va gdm nong do don 1é cla 4x chit dém
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B (Solis BioDyne, Estonia), 0,5pmol doan moi nghich, 2,5pmol doan mbi nghich,
0,3pmol doan mdi bd sung M13, 10-30 ng ADN, 0,25 don vi HotFirepol TAQ-

Polymeraza (Solis BioDyne, Estonia).

Phan tmg PCR duoc thuc hién véi thoi gian bién tinh ban dau 14 900 gidy &
nhidt d6 94°C, chu ky khuéch dai 12 25 dén 40 chu ky voi 15 gidy ¢ nhiét do 94°C, 30
gidy & nhiét do tir 50 dén 55°C va 120 gidy & nhiét d6 72°C, va bude cudi cling 1a
300 gidy & nhiét o 72°C. Tiép theo, hon hop phan tmg PCR dugc U trong thoi gian
2 gid & nhiét d 65°C. Cac san phim PCR dugc tich ra trén ABI3730x!1 (Life
Technologies™, USA) theo chi d3n ctia nha san xuit dé tach cc doan 50 dén 400
bp.

Cac chi thi SNP duoc phat trién va duoc st dung (a) tir ngudn san c6 trén thi
trudong (b) tlr qué trinh giai trinh ty amplicon dbi chtng hoic (c) tir qué trinh so sanh
trinh ty ca céc trinh tw BAC tir RP4HTNI (tham khao doan Phén tich phan tr) va

hé gen tham chiédu B73 AGPv02 (www.maizesequence.org).

(a) Cac SNP dugc bién nap vao céac chi thi KASP (LGC Genomics GmbH,
Puc) tr ngudn SNP sén c6 trén thi trudng ctia Maize Community S0K-Ilumina-Chip
(Ganal et al., 2011). Nhim muc dich nay, cac doan mdi m&i duogc phat trién ma dam
bao su khuéch dai ctia cac alen mang tinh quyét dinh trong thir nghiém chi thi KASP
(tham khao Bang 4). Toan bd thao tac dugce thuc hién bang cach sut dung phﬁn mém
Kraken™ (LGC Genomics GmbH, Duc). DA4i véi thir nghiém chi thi KASP, 5-20 ng
ADN, 0,021 hdn hop thir nghiém oligo (12uM alen doan thuan 1 (thuén); 12pM alen
doan mdi 2 (thuan); 30pM doan mdi nghich) va 1,5u1 bo kit chét phan tmg 1xKASPar
ding cho 1536 dia duge st dung. Diéu kién cai dat PCR tiéu chuén gdém c6 nhiét do
94°C trong 15 phiit, 10 chu ky & nhiét d6 94°C trong 20 gidy, ha xudng 61-55°C trong
1 phut, 26 chu ky & nhiét d§ 94°C trong 20 gidy va 55°C trong 1 phut. Qua trinh dénh
gia alen trong mbdi kiéu gen dugc thuc hién bang céach st dung phén mém Kraken™

(LGC Genomics GmbH, Duc).

(b)  Qua trinh giai trinh tu amplicon dbi ching duge thuc hién béng cach
str dung k¥ thudt giai trinh tw Sanger. M3i kiéu gen trong céc trinh tu d6i chimg chira
thé cho B37HTN1 cling nhu cac thé cho B37, RP1, RP1HTN1, RP3, RP3HTNI (phién
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ban A, B, K), RP4, RP4AHTNI1. ADN duoc phan 14p tur cac hat trén dht béng cach su
dung phuong phap CTAB (Maniatis et al., 1982). Cac trinh tuw doan moi dé gidi trinh
ty amplicon dugc 1iét ké trong Bang 4. Phuong phap PCR ti€u chudn dé khuéch dai
c4c vung tuong Ung bao gbm budc lam bién tinh & nhiét d6 94°C trong 5 phit, 35
chu ky, mdi chu ky & nhiét d6 94°C trong 1 phut, 60°C trong 1 phut va 72°C trong 2
phut va budc tiép theo & nhiét do 72°C trong 10 phtt. Céc san phdm PCR dugc gidi
trinh tu bang phuong phép Sanger (Sanger & Coulson, 1975). Qua trinh danh gia trinh
tu dugc thyc hién bz‘?lng cach str dung phﬁn mém DNAStar Lasergene (DNASTAR
Inc., USA). Céc dang da hinh phat hién duoc duge bién doi thanh cac chi thi KASP

nhu duoc mod ta trong muc ().

(c)  Céc contig trinh tv BAC duoc nham chéng lai hé gen tham chiéu B73
AGPv02 bing cach sir dung thuat toan Blast (http://blast.ncbi.nlm.nih.gov/Blast.cgi)
d& phat hién dang da hinh nucleotit don (SNP). Dang da hinh nay dugc phat hién béng
céch sir dung phan mém Lasergene (DNASTAR Inc., USA) va duoc thé hién trong
Bang 4 ciing v6i trinh ty bén swon. Céac doan mdi duogc phat trién d6i v6i trinh tu bén
suon cia SNP va cac SNP di nhén biét duoc dugce bién nap vao céc chi thi KASP

nhu duoc md ta trong muc (a).
3. Pinh vi locus khang HTNI trén nhiém séc thé 8 béng cach str dung chi thi SSR
A) Dinh vi locus khang HTN1:

Locus khang HTN1 tir cac thé cho B37HTN1 dugc lai vao cac dong uu ti nhu
duoc mb ta trong vi du 1.A) va dwoc dinh vi trén nhiém séc thé 8 (bin 8.06) voi su
trg gitip ctia cic chi thi SSR va SNP tir vi du 2 (xem Fig.1). Cac NIL tir cdc con lai
RP1 x RPIHTN1 va RP3 x RP3HTN1 duoc 14p kiéu hinh I3p lai hai 1an & hai vi tri
qua vai ndm trong cac didu kién 1ay nhiém ty nhién bang cach st dung biéu db diém
s6 phén loai trong bang 3. Cac NIL thé hién, trén trung binh, dap ing khang ma cai
thién 4 diém s phan loai so v6i dong gbc. Su phat tridn ctia cac tén thuong cuc bd
trén 14 duoc dich chuyén khoang 2 tudn so véi kidu gen d& bi ton thuong. Quy trinh
14p ban dd QTL dugc thuc hién véi 528 c4 thé F2 (lai RP1 x RP1IHTNI) bang cach
st dung 8 chi thi (bang 4 va bang 6 la tix cac chi thi 1ap ban @6 QTL trén Fig.1). Ving
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QTL ma bao gbm locus khang HTN1 dugc dinh vi trén nhiém séc thé 8 gitta chi thi
MAO0002 va chi thi umc1287, trong viung 23,1 cM.

B) Lai doan thé cho B37HTN1 vao dong ng uu tit va nhn biét va loai bo lién két bat

loi lam chém thoi gian ra hoa:

Thé cho B37HTNI1 duoc lai véi KWS.elite, dong ngd vu ti tr KWS SAAT
AG (D) va sau d6 duoc lai nguge dong qua nam doi véi KWS elite. O mdi doi lai
nguoc dong, chi thi phan tir duge st dung dé chon loc cac cay ma l1a di hop tir dbi vei
ving dich HTN. K& tiép, cay da dugc chon loc tir doi lai nguge dong thur nam dugc tu
thy tinh va cac cay ddng hop tir d6i v6i ving dich HTN dugc nhén biét bang céc chi thi

phén tur.

Cac dong nay dugc kiém dinh trong céc thit nghiém trén canh ddng & mot vai
vi tri. VE& vAn dé nay, d6i véi cac kiéu gen B37HTNI, KWS.elite va
KWS.elite. B37HTN], dit liéu kidu hinh vé tinh khang HT va thoi gian ra hoa duoc
x4c dinh nhu dugc md ta trong vidu 1. Cac kiéu gen c6 thé nhap gen HTN1 biéu hién
tinh khang HT theo mong do¢i v6i diém sb phén loai 1a tir 1 dén 3, trong khi dong gbc
KWS.elite c6 didm s phan loai 1a tir 5 dén 7. Ngoai ra, so véi KWS elite, bt ngo Ia
KWS.elite.B37HTN] c6 thoi gian ra hoa déi véi ca hoa cai va hoa due ma dich chuyén
it nhit 12 2 ngay. Thoi gian ra hoa dich chuyén nay c4u thanh dzc tinh ndng hoc tiéu cyuc
cho cdy ng6 dua trén lién két bét loi chua dugc md ta & dang nhép gen sau nay cua tinh
khéng HT tir B37HTN1. Phan tich chi thi tim ra sy dinh vi ctia lién két bat loi ma chiu
tréch nhiém v& vide 1am chim thoi gian ra hoa ¢ ving ndm giita hai ving chi thi trén
phin nhap gen tir B37HTN1, gitta M1 va M2. V& vén d& nay, céc kiéu gen B37HTNI,
KWS.elite va KWS.elite. B37HTN1, vi dy, dugc phan tich béng cac chi thi KASP
SYN14136, PZE-108076510, SYN24931 va PZE-108077560 (xem Fig.3 va bang 4).
SYN14136 va PZE-108076510 dugc st dung dé phét hién cu thé vung chi thi M1,
SYN24931 va PZE-108077560 @& phat hién cu thé ving M2. Theo do, ving chi thi
M1 nim & dAu 5¢ tir locus ctia lién két bt loi va ving chi thi M2 ndm & dau 3’ tir do.
Phan tich chi thi di cho thdy ring B37HTN1 va KWS.elite B37HTN1, déu ¢6 thoi

gian ra hoa chdm hai ngay, biéu hién alen chung cho ving M1 va ving M2 cling nhu

51

51/159



45021

khoang gitta cdc ving ndy, trong khi KWS.elite c6 thoi gian ra hoa binh thuong va co

céc alen khéc nhau cho ving M1 va ving M2 va khoang gitra ching.

Thé cho B37HTN1 duge lai v6i RP3 va sau d6 duge lai nguge dong qua ba
doi vai RP3. Chi thi phén tir duge str dung trong mdi doi lai nguoc. Ban dAu, cay di
hop tir véi ving dich HTN1 dugc chon loc va sau do céac ciy nay dugc khao sat véi
cac chi thi ma da dugc phan phéi déng déu trén toan hé gen dé chon loc dua trén hé
gen thé cho. Tiép theo, cdy da dugc chon loc tir doi lai nguge dong tha ba duogc tu
thu tinh va céc cdy ddng hop tit véi ving dich HIN1 duge nhén biét bang cac chi thi
phan ttr.

Hon nita, thé cho B37HTNI1 cling dugc lai véi bd me tudn hoan RP3 va RP4
va dong RP3HTNA va RP4HTNA d tao ra qua mot vai budce lai nguge dong. Viée
xéc dinh kidu hinh trén tinh khang HT da thé hién sw cai thién v& diém s6 phén loai tir
5 dén 7 d6i véi dong gbc RP3 dén 1 dén 3 d6i véi RP3HTNA va sy céi thién vé diem
s6 phan loai tir 6 déi voi dong géc RP4 dén 2 dén 3 dbi v6i RPAHTNA. Viée xéc dinh
kidu hinh cho thoi gian ra hoa c6 thdi gian ra hoa twong duong d6i voi RP3 va
RP3HTNA va RP4 va RPAHTNA. Viéc st dung cac chi thi KASP SYN14136, PZE-
108076510, SYN24931 va PZE-108077560 da cho thdy rang RP3 va RP3HTNA
mang alen chung cho ving M1 va ving M2. Céc alen nay khong tuong ung voi thé
cho B37HTN1. Két qua 13, sau do, doan nhidm sic thé 1am cham thoi gian ra hoa cta
thé nhap gen tir B37HTN1 nim trén khoang nhiém sdc thé gitta ving chi thi M1 va
viing chi thi M2. Véi dong RP3HTNA, thi lién két bt loi nay duge loai bo mot cach
thanh cong. Cac chi thi KASP dugc su dung, SYN14136, PZE-108076510,
SYN24931 va PZE-108077560, cho th'fly 1a cac cong cu hiu qua cho quy trinh “chon
loc co tro giup”.

Viée xéc dinh kidu hinh ctia RP3 va RP3HTNA ciing bao gom viée ghi lai ning
suét hat va & chua. Mic di nang sut hat trong céc kiéu gen khong khac nhau dang
ké, dic tinh ning suét i chua trong RP3HTNA dé ¢6 su gidm rd rang, coy nghia vé
mat thdng ké it nhat 13 14 deciton trén hecta (dt/ha) so véi RP3, hodc giam hon 5%.

Vi s tro gitip clia céc chi thi KASP da thiét ké SYN14136, PZE-108076510,
SYN24931 va PZE-108077560, dong RPTHTNT1 ¢ thé dugc chon loc tir con lai ctia
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B37HTNI va bé me tudn hoan RP1 ma khong c6 thém bét ky lién két bét loi 1am
cham thoi gian ra hoa ndo nita, thay vao d6 lam giam nang suét i chua, nhu duge quan
st d6i véi RP3HTNA. Vi muc dich nhim mé ta dic diém phan tir chinh xac hon,
RPIHTN]1 duge phét trién thém va quan thé F2 dugc thanh 14p véi 724 ca thé tir con
lai RP1 x RP1THTNI. Tiép theo, doi F3 duogc tu thy tinh va cac cdy F4 da duoc chon
loc dugc xac dinh kiéu gen va kiéu hinh. Quy trinh x4c dinh kiéu gen dugc thuc hién
bang cach str dung cac chi thi tir bang 6 trong ving QTL phat hién dugc bang 23,1 cM.
Quy trinh xac dinh kiéu hinh dugc thuc hién & mot vai vi tri 1ap lai hai l4n (xem vi du
1). Céc cay tai t6 hop dbi véi ving QTL duge chon loc va tuong quan v6i dit lidu kidu
hinh. Viéc chon loc bao gdm céc cay gdm céc ving khac nhau ctia vung dich cling nhu
céc cdy di hop tir, véi muc dich thu duoc céc cy tai t6 hop m&i. Mdi ndm, hai phép lai
nguoc dong v6i RP1 duoc thuc hién va cac ca thé cdy dugc chon loc, va vi vy cac thé
tai td hop méi duge tao ra. Céc thé tai t hop méi duge xac dinh kiéu hinh trong céc
thir nghiém trén canh ddng va trong nha kinh (xem muc 1.) va xac dinh kiéu gen dé phét

trién chi thi phan tr mé&i theo myc 2.

Viée str dung céc chi thi méi nay trén kiéu gen RP3HTNA cho phép vung chi
thi M3 dugc nhan biét ma gi6i han sy nhap gen trong vung 5’ va c6 thé duge mo ta
bing cac chi thi bén suon PZE-108093423 va PZE-108093748. V& van dé nay, PZE-
108093423 cAn ¢6 alen ctia bd me tudn hoan RP3 va PZE-108093748 can c6 alen clia
thé cho B37HTN1. Trong vung 3, sy nhép gen cia RP3HTNA bdi cac chi thi PZE-
108107671 va SYN4196 trong vimg chi thi khdc M6 duge md ta (xem Fig.3). Ve van
d8 nay, PZE-108107671 mang alen clia thé cho B37HTN1 va SYN4196 mang alen
ctia bb me tudn hoan RP3. Su nhdp gen tir RP3HTNA (sau déy goi la phién ban A)
tuong mg, gilta ving chi thi M3 va vung chi thi M6, véi thé cho B37HTN1, nhung
ngoai viing nay thi n6 twong g véi bd me tudn hoan hodc mot dong khac ma khong
mang alen trong vung ctua thé cho B37HTN1 giitta M1 va M2. Phién ban A nay duoc
nhép ndi vao nhidu nén di truyén khéc va thir nghiém nang suét sach, xac dinh kiéu
hinh khang va xéac dinh thoi gian ra hoa dugce thuc hién. Cac két qua ndy twong duong
v6i cac két qua duge mo ta dbi v6i RP3HTNA. Vi vdy, thoi gian ra hoa khong thay
d6i so véi dong twong Ung khong nhdp gen va dong nay co tinh khang
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Helminthosporium turcicum céi thién so véi dong goc, hodc it nhat 1a gidm nang suat

chua.
C) Nhan biét va loai bo lién két bit loi dé giam néng sudt i chua:

Thé cho duoc st dung 1a dong RP3HTNA. Dong nay dugc lai voi RP3 va tu
thu tinh qua sau doi nita. G m3i doi ty thy tinh, chi thi phan fir duge st dung trong
ving dich dé 1am gidm doan cho. Do tAt ca cac ving ctia hé gen bén ngoai vung dich
da dugc chon loc trong dong RP3HTNA trén hé gen RP3, nén chi cé vung xung
quanh vung dich HTN duoc khao sat bang céc chi thi. V& van dé nay, cic cdy dong
hop t&r duoc nhan biét cho vung dich HTN da giam. Ddng thoi cling tién hanh phat
trién chi thi manh & ving dich. Bén canh nhiéu dong khéc, dong RP3HTNK duoc
nhan bibt ma di mo ta doan cho B37HTN1 tir ving chi thi M4 ¢6 bén suon la chi thi
MAO0004 va chi thi MA0005, trong d6 MA0004 mo ta alen ctia bd me tuan hoan RP3
va MA0005 md ta alen ciia thé cho B37HTN1 trong RP3HTNK, lén dén vung chi thi
MS5, ¢ bén sudn 14 chi thi MA0006 va chi thi PZE-108097482, trong d6 MA0006
mé t4 alen clia thé cho B37HTN1 va PZE-108097482 m ta alen ctia b6 me tuan hoan
RP3. Trong RP3HTNK, su nhép gen tit RP3HTNK (sau day goi 1a phién ban K) tao
ra tinh khang HTN1 cai thién tir 3 dén 4 diém s6 phan loai so v&i RP3, thoi gian ra
hoa giéng nhu dong gbc RP3 ctia nd (khdéng chim ra hoa) va khong lam giam néang
suit i chua dang ké thém nita (xem Fig.2). Ngoai ra, vGi su tro gitip cua céc chi thi
dugc mo ta, dong khong c6 lien Kkét bat 1oi c6 thé duoc tao ra tir dong gbe RP1 bang

cach lai, cac dong d6 c6 sy nhép gen phién ban K.
D) Kiéu don truyén tinh khéng tir B37HTN1 hodc tir Pepitilla

Ban K c6 kiéu don tt B37HTN1 hoic tir Pepitilla ma mang alen cho dugc mo
ta trong bang 4 & cac vi tri vat ly dbi véi B73 AGPvO02 theo bp. Vi dy, kiéu don & chi
thi MA0008 s& dugc mo ta: st dung chi thi MA0008 va dinh 13 céc alen cho
B37HTNI1, RP3, RP3HTNA, RP3HTNK, sau d6 alen “T” la cho B37HTNI,
RP3HTNA, RP3HTNK va alen “C” cho RP3. DPéi vé6i locus nay, chi thi nay cling
phéan biét ngudn khang HTN1 gia dinh PH99N (WO 2011/163590), ma cling chia

alen “C” & vi tri ndy, v6i ngudn khang duge sir dung trong ban mo ta.
O >

4. Phan tich phén t cta ving duge lap ban d6 ddng déu
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Ngoai ra, doan nhiém séc thé da duoc cai xen va cit ngan do nhap gen dugc
khdo sat vé murc d6 phén tir. Locus khang Hin! tir Pepitilla dang ky vi thé giam xuéng
dén vung dich riéng biét, khoang nhiém sic thé 700 kb, va dugc giai trinh tu trong
kiéu gen RP4HTN1. Nhu duoc md ta chi tiét hon dui ddy, dong vo tinh BAC tir
RP4HTN1 dugc phén lap, giai trinh tu va lép rap thanh khung trinh tu. Khung trinh
tu ndy duoc dién giai va cac gen da dién giai trong khoang nay dugc thiét 1ap dua
trén thong tin trinh ty EST/cADN. Sau d6 céc nghién ctru vé sy biéu hién khéc biét
duoc thuc hién tir v6 sb cac gen da dién gidi dé nhén biét cac gen ing vién (xem bang
1).

A) K&t ciu ngan hang va tap hop BAC, sang loc ngan hang BAC, giai trinh tu BAC

Ngan hang BAC duoc tao ra tu kiéu gen RP4HTNI1. Tiép theo d6 1 xay dung
két cAu ngan hang BAC nay va tdp hop ma trdn 3D tir vt liu 14 cling nhu sang loc
tap hop ma tran 3D d6. Cac doan moi dé_ sang loc tdp hop ma trdn 3D la dya trén
trinh tw B73 AGPvO1 tir 149957158 bp dén 152977351 bp trén nhiém séc thé 8
(www.maizesequence.org) va chuong trinh doan moi 3 (http://simgene.com/primer3;
Rozen & Skaletsky, 2000). Céc tham s6 dé lua chon doan mdi 1a ham luong GC trung
binh bang 50%, chidu dai doan mdi nam trong khoang tir 20 dén}25 bp, nhiét dd nong
chay nam trong khoang tir 70 dén 90°C va chiéu dai amplicon ndm trong khoang tir
70 dén 80 bp. Béng cach st dung céac cap doan moi & bang 7, cac tap hop 3D duoc
sang loc bang cach st dung phuong phap RT-PCR. Céc tri 5O clia hai tham sd, 1a
nhiét d6 ndng chay va gia tri CP, dugc dua ra dbi v6i dong vo tinh BAC. 26 dong v
tinh BAC ¢6 thé duoc nhan biét cho ving dugc chon. T4t ca cac dong vo tinh BAC
nay dugc phan lap tlr ngan hang BAC va dugc st dung nhu méi trudong nudi cAy
E.coli d& phén 1ap ADN va giai trinh tu. Quy trinh giai trinh tw duoc thuc hién voi
bo kit titan tieu chudn GS-FLX (454 Life Sciences, USA). Thong tin trinh ty thu dugce
d6i v6i cac dong vo tinh BAC 144N24, 119F13, 219G11, 86N21, 16B06, 84L18,
128D02, 25M23, 96H10, 19J24, 136A01, 75H06, 135F07 dugc tdng két & bang 8.
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Bang 7: Céc cap doan mdi ding dé phat hién céc dong v6 tinh BAC tir ngén hang
RP4HTN BAC

ID ‘ Nhiét do néng | ., . .
dong Cap doan mdi 1 Trmﬂh chay, °C (50% Gia trl (‘:P Kich
b ti o tu, cap e (chu k§/ :
v tinh amplicon la ) _ | thuéce
doan . khi pha mt )
BAC A chudi don) trong \ amplic
Cap d 51 2 mot 1 kiéu gen cua PCR on (bp)
ap doan mo1 113! i
(5-3) | o€ | it diu)
579ZMPMO_2F; 125
58A1 |  579ZMPMO 2R 126 774 28,5 74
4 579ZMPMO_4F; 127
579ZMPMO 4R | 128 80,56 26,52 77
579ZMPMO_5F; 129;
144N | 579ZMPMO _5R 130 79,09 27,09 76
24 | 579ZMPMO_17F; | 131;
579ZMPMO 17R | 132 83,06 25,53 78
579ZMPMO_16F; | 133;
219G | 579ZMPMO_16R 134 84,7 25,96 78
11 | 579ZMPMO 25F; | 135;
579ZMPMO 25R | 136 78,95 26,09 80
579ZMPMO_22F; | 137
119F | 579ZMPMO 22R | 138 80,89 25,98 73
13 | 579ZMPMO 34F; | 139;
579ZMPMO _34R 140 80.1 24,43 76
579ZMPMO 35F; | 141;
86N2 | 579ZMPMO 35R | 142 80,9 25,27 70
1 579ZMPMO _38F; | 143;
579ZMPMO 38R | 144 83,86 26,01 71
579ZMPMO_37F; | 145;
l6B6 | 379ZMPMO_37R 146 79,22 25,71 80
579ZMPMO_41F; | 147 o o3 iy ”
579ZMPMO 41R | 148 ; ;
579ZMPMO_41F; | 149;
84L1 | 579ZMPMO 41R | 150 75,93 26,6 74
8 579ZMPMO_46F; | 151;
579ZMPMO 46R | 152 80,54 25,68 78
579ZMPMO_180F; | 153,
128D | 579ZMPMO 180R2 | 154 84,41 25,99 77
2 579ZMPMO_48F; | 155;
579ZMPMO 48R 156 83,96 25,33 77
5797ZMPMO_48F; | 157;
25M2 | 579ZMPMO 48R | 158 83,96 25,33 77
3 579ZMPMO_56F; | 159;
579ZMPMO _S6R | 160 77 29,12 79
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5707ZMPMO_253F; | 205;
a1y |_ST9ZMPMO 253R | 206 77,3 32,34 B
579ZMPMO_125F; | 207, o 14 e17 5
579ZMPMO_125R | 208 ’ ’
579ZMPMO_128F; | 209;
gy | STOZMPMO_128R | 210 77,99 24,05 77
579ZMPMO_136F; | 211; s o s
579ZMPMO 136R | 212 ’ ’
579ZMPMO_131F; | 213,
alg |_STOZMPMO I31R | 214 76,58 26,54 78
579ZMPMO_137F; | 215; 7 o s
579ZMPMO_137R | 216 ’ ’
579ZMPMO_138F; | 217;
1470 | 579ZMPMO 138R | 218 79.38 24,8 7
15 | 579ZMPMO_147F; | 219;
5797ZMPMO 147R. | 220 79,63 26,71 80
579ZMPMO_145F; | 221
88Kl | 579ZMPMO 145R | 222 81,51 27,61 76
7 [ 579ZMPMO_262F; | 223;
$79ZMPMO 262R | 224 75,7 25,82 80
579ZMPMO_161F; | 225;
130G | 579ZMPMO 161R | 226 80,21 25,16 3
22 [ 579ZMPMO 265F; | 227;
5797ZMPMO 265R | 228 9.3 24,7 L
Bang 8: Ham lugng trinh tw cua 13 dong v6 tinh BAC dugc phan tich
, Ham luong trinh
4 K&t qua #Két quado | Ham lugng trinh tu am uqng HA w
BAC ! khi khéng c6 theo bp khi khong co
do _ theo bp .
E.coli E.coli
144N24 | 10967 10849 3646226 3591222
119F13 | 17987 17847 6033910 5957456
219G11 | 32904 30484 10553629 10381924
86N21 | 39606 39106 12991596 12750077
16B06 | 36198 35849 12523123 12357036
84118 | 50537 34162 15991645 10776458
128D02 | 15998 15847 5138442 5064677
25M23 | 22551 22416 7864493 7786402
96H10 | 7723 7614 2569604 2525488
19724 | 21953 21775 7327364 7234315
136A01 | 31998 31724 10298869 10158900
75H06 | 24345 24121 8021727 7920125
135807 | 29702 20484 9721708 9604010
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B) Lip rap trinh tw BAC, dién giai va chon loc gen tmg vién:

Sén xuét khung trinh ty: cac dong vo tinh BAC 144N24, 119F13, 219G11,
86N21, 16B06, 84118, 128D02, 25M23, 19J24, 96H10, 136A01, 75H06, 137F07
dugc giai trinh ty bang céch st dung k¥ thuat 454 (Margulies et al., 2005).

Quy trinh Iip rap tu dong céc trinh tu nguyén cua dong vo tinh BAC duoc
thuc hién véi phdn mém “Newbler” (phan mém 454 runAssembly, phin mém giai
phéng 2.3). Céc contig trinh ty BAC pro san xudt theo cach nay duoc sip xép mot

céch chinh x4c bang cach phan tich thi cong, trong do6 cac k§ thuat sau duge sir dung:

1. Trinh tu ctia cac BAC chdng lap co thé tam chia thanh ving chdng lap va
ving khong chdng 13p.

2. C4c contig trinh tu tir cac BAC chdng lip khac nhau dugc so sanh trong cac
ving chdng lip. Khodng 20% cac contig trinh tu c6 thé duoc sip xép theo cach nay
va khoang tréng giita ching c6 thé dugc thu hep (vi dy, khi contig ctia mét BAC bao

pht hoac duoc lién két v6i hai contig ctia cdc BAC khac).

3. TAt ca céc contig trinh tu duoc didn giai tha cong. V& vén d€ nay, ban dau
chi ¢6 céc yéu tb lap (transposon va retrotransposon, dugc viét tit 13 “TE”) 1a duoc
dién giai. Do c4c khoang tréng trinh tu xut hién cht yéu & céc TE, nén viée dién giai
TE ¢6 thé gitip sép xép dung céc contig trinh tu. Diéu nay c6 nghia 1a khi mot dAu cua
TE 1a & trén mot contig trinh ty va dau con lai & trén contig kia, thi hai contig ndy c6
thé duoc sip xép thir tw mdt cach thich hop. Trong céc truong hop nay, trinh tu ctia 100
Ns 14n luot duoc cai xen vao dé lap dAy khoang tréng gita cdc contig trinh tu. Ngoai
ra, thong tin tir cac TE duoc 16ng vao nhau (tic 1a cac TE dd dugc cai xen vao cac TE
khéc) duoc sir dung dé sap xép céc contig trinh ty.

4. O mot sb ving, ca thong tin tir cac BAC chdng lap 1dn dién giai TE déu
khong thé dugc st dung (dy 1a truong hop, vi dy, ¢ cac ving ma chi dugc bao phu
bdi mot BAC). Trong ban md ta nay, cac contig trinh tu duoc sip xép tly ¥ va cac
khoang tréng giita ching dugc 14p d4y bang c4c trinh tw 200 Ns.

5. Nhiéu trong s6 cac TE trong hé gen ngd la céc retrotransposon “lap doan

cubi dai” (long terminal repeat - LTR) c6 bén sudn la cac trinh ty LTR dai (1-2 kb).
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Céc LTR nay c6 thé ddng nhét 1én dén 100%. Trong mot s6 truong hop, thi, céc trinh
tu nguyén ctia hai LTR nay duoc 14p rép thanh trinh tu lién Gmg (tic 1a ban sao cia LTR
khong cé mét trong cum 1ap rap d6). Trong cac truong hop nay, cdc khoang tréng trinh

ty duoc lap day bang mot s6 lwong Ns ma twong Umg véi chiéu dai ctia LTR tht hai.

6. Cac gen duogc dién giai thu cong. Nhim muc dich ndy, c4c trinh ty ma hoa
(CDS) cho hé gen ngé B73 di cong bd duoc sir dung dé tham khao
(http://www.maizegdb.org/gene_model.php). CDS dugc can thing v&i trinh tu
RP4HTN bing cach stt dung DotPlot (http://www.dotplot.org/j vado do cac vitricta
exon va intron dugc xac dinh. Mot mit cac gen tng vién duge xac dinh bang cach mo
ta chiic ning ctia ching (ndu da dugc biét dén cong khai). Mit khic, CDS clia
RPAHTN khéng duoc so sanh v6i B73 AGPv02 d& bi gdy hai. Néu xuat hién sw khéc
biét, thi gen twong ting duge cho trong danh sach céc tmg vién. Trinh tw d4 chuan bi

6 chidu dai 1'328'253 bp. Danh séch cic gen tmg vién dugc dua ra trong bang 1.
5. Phan tich phén tir cac gen ing vién:

Phan tich bidu hién: su biéu hién cua nhiéu gen tmg vién khéac nhau dugc thir
nghiém trén cac cay 21 ngay tudi (sau gieo hat), khong bi lay nhidm (ngay lay nhiém
= 0 dpi) va trén ca cac cdy 36 ngay tudi da bi nhiém va cling khong bi nhiém H.
turcicum (15 ngay sau khi lay nhiém = 15 dpi inf/ni).

ARN tir 14 thit hai duoc chiét xudt tir cac cay ngd thir nghiém, dugc phién mé
ngugc thanh cADN va su biéu hién duoc xac dinh bang cach st dung phuong phap
qPCR. Trong mdi trudng hop thi 14 thit hai dugc thu hoach, lam dong lanh va ARN
duoc chiét, dinh luong va thir nghiém v& cht lugng va do tinh khiét bang cach sir
dung bo kit SV Total RNA Isolation System Kit (Z3100; Promega, Diibendorf, Thuy
S§), chinh xac nhu duge m6 ta (Brunner et al., 2011; Risk et al., 2012).

1pg ARN dugc phieén ma nguge béang cach st dung iScript RT Supermix (170-
8841; Bio-Rad, Cressier, Thuy S¥) trong thé tich phan tGng 1a 20ul, theo chi dén ciia
nha séan xudt. D4 loai trir kha nang nhidm tap bdi ADN hé gen (RT am), thi dong thoi,

hdn hop phan ng khong bo sung transcriptaza nguoc duoc 0 véi moi mau.
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Phuong phap PCR dinh lugng thoi gian thuc (quantitative real time PCR - RT-
qPCR) duge thyc hién Iip k§ thudt ba 1an hogc nhiéu lan & thé tich phan img 10ul va
c6 bd sung 4pl cADN pha lodng ty 1& 1:10 (Tris HCL10mM d6 pH=8, EDTA
0,1mM), 5ul SsoFast EvaGreen® Supermix (172-5201; Bio-Rad, Thuy Sy) va ndng
d6 doan mdi 400nM trén C1000 Touch Cycler (Bio-Rad, Thuy S9). Dé khuéch dai,
chuong trinh sau dugc st dung: 95°C trong 30 gidy, tiép theo 1a 40 chu ky & 95°C
trong 3 gidy, sau d6 60-63°C (xem bang 2) trong 5 gidy. Pé phan tich dudng cong
noéng chay (loai trir dime doan moi), san pham PCR dugc gia nhiét trong cac bude
0,5°C tu 65°C dén 95°C. Cac dudng cong khuéch dai va cac dudng cong nong chay
dugc kiém tra trong chuong trinh CFX Manager V 3.0 (Bio-Rad, Thuy S¥) va cac tri
36 Cq (chu ky lugng héa) duoc xuit vao chuong trinh gbasePLUS V 2.3 (Biogazelle,

Zwijnaarde, Belgium) dé xac dinh mic biéu hién tuong dbi.

Cac doan mdi dung cho céc gen Umg vién dugc xac dinh véi su trg gitup cua
doan mdi BLAST (http://www.ncbi.nlm.nih.gov/tools/primer-blast/), dé loai trir su
khuéch dai khong dic hiéu trén cac ban phién da biét cang 1au cang t6t. Bé danh gia
cac amplicon thich hop, cdc san phim PCR dugc tach béng cach st dung phuong phép
dién di gel agaroza va cac kich thudc ctia ching duoc kidém tra bang cach st dung céac
dai giao thoa duge phan lap. Hon nita, cac amplicon tt RP1HN va ca NILHtN nhu
quy dinh trong bang 1 dugc giai trinh tu. D& chuén hoa dit liéu biéu hién, cac gen
tham chiéu tir 1 d¢én 3 (LUG, MEP, FPGS) dugc sir dung (Manoli et al., 2012).

Tat ca cac gen ing vién déu duoc bidu hién trong kiéu gen d& bi gy hai RP1
va trong kiéu gen khang RPTHTN. Sy biéu hién khéc biét gitta RP1 va RPIHTN c6
thé dugc ching minh cho RLK1. RLK1 & céc cay dé bi gy hai duoc biéu hién manh

hon 1én dén 4 1an so va6i ¢ cdy khang.
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Bang 9: Cac cip doan moi cho cic gen Ung vién, v6i chiéu dai amplicon cua ching

theo bp va nhiét d u thich hop.

Tén gen | Tén doan | SEQ | Céc trinh tu doan mdi (F = Trinh tu A gas A .. | Nhiétdou
méi ID | thuan; R = Trinh tu nghich) Chi€u dai | Chicu  dai
NO: (theo bp) (theo bp)
trong trong
RP1 RPIHTN
ZNF1 GHO034 229 F: TGGTTGGTGTCGAAGCTGAG 130 130 60°C

GHO033 230 R: ATTTATCCCGGCCTTTGCAT

GHO039 231 F: GATCTACAGGGAAGCCCACTGA °
HYD GHO040 232 R: TTTTTCCTTGAGGCAGTTATATGCT 74 74 60°C

GH220 233 F: TTGTGCAGCGGAGGGAA

RLK4 GH221 234 R: CCAGGGCACCAGCAAGAAT

91 85 63°C

GH168 235 F: CGACTACAAGACGCGTACC

GH170 236 R: GGTGTCGATGGTGAGGTTC 103 103 60°C

EXT1

GH138 237 F: TATTGTTGGTGCTGTTGCCG o
RLK1 GH139 238 R: GGACTCAATCCTTGTCCCTG 121 121 60°C

GHO55 239 F: CGCTCGTTTGCCAGATAGCC

GHOS6 | 240 | R: CACGGTGTGTGCCAGTTTGT 165 165 60°C

RET1

Sang loc quin thé TILLING va phat hién thé d6t bién: d6i v6i cdc gen g vién
(Bang 1), tién hanh sang loc quan thé TILLING gém 10000 cay mang thé nhap gen tir
Pepitilla trén nhim sic thé 8 & ving tir 151688552 dén 153139596 bp so véi B73
tham chibu AGPv02 (www.maizesequence.org) (RP3HTNI) va ¢6 tinh khang
Helminthosporium tufcicum. Céac dot bién co thé 13 cai bién trao dbi nucleotit cAm, cai
bién trao ddi axit amin hodc cai bién chin codon va duge hoat dong dé phat hién ra

chtrc niing cta cic gen Ung vién.

Bién nap: Céac gen tng vién c6 thé, vi du, duoc nhap ndi vao kicu gen dé bi

gdy hai A188 thong qua bién nap truyén Agrobacterium tumefanciens. Kiéu gen nay
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duoc dac trung bdi cac tri s6 AUDPC 702 trong kiém dinh GWH (n=18 cdy), sao cho

su bién nap gen khang tao ra dap ting khang rd rang.

6. Xac dinh tinh d4c hiéu noi: chiing minh rang HTN1 cfing truyén tinh khang khong
dac hiéu nodi

Quy trinh sang loc cac kiéu gen voi gen HIN duoc thuc hién & nhiéu vi trf trong
tht ca céc ving xAm nhim & chau Au. Cho t6i nay, tinh khang nay khong bi pha v3, do
d6 céc thc gia séng ché bit dAu vdi gia dinh rang cho t6i nay ching khong dic hiéu noi
cho t6i khi noi N duoc phét hién ra. Noi 1 chiém wu thé & chau Au, nhung & mot s6
vung riéng biét, thi cac noi 2 hodc 3 hodc tb hgp cta ching co6 thé dugc tim théy
(Hanekamp et al., 2013).
7. Thit nghiém kidu hinh trén cac cdy ti to hop khac

Céc cdy tai t6 hop méi dugce thir nghiém d6i v6i ving QTL va twong quan voi
s6 liéu kiéu hinh. Viéc chon loc bao gbm cac cdy gdm cac ving khac nhau ctia ving
dich. Cac cay téi tb hop c6 thé duoc nhan biét trong d6 céc cdy nay co thé nhéap gen ciia
thé cho B37HTN1 gifta c4c chi thi MA0005 va MA0021 — vung chi thi M7 va cac chi
thi MA0013 va MA0022 — vung chi thi M8, trong nén di truyén cia RP1. Fig.4 thé
hién rang ving ndy chi chia ba gen RLK4, EXT1 va RLKI. Céac cay tai td hop nay,
ma bao gdm ving M7 — M8, ¢6 kiéu hinh khang & ca thir nghiém trén canh ddng co
céy ghép nhan tao va & ca thir nghiém trong nha kinh.
8. Nhan biét gen tmg vién truyén tinh khéng

Dé nhén biét gen truyén tinh khang, tién hanh sang loc quén thé TILLING gbm
10000 cay da co thé nhép gen tir Pepitilla trén nhiém séc thé 8 & ving tir 151688552
dén 153139596 bp so voi B73 tham chiéu AGPvO02 (http://www.genome.arizona.edu)
(RP3HTNI1) va tinh khdng dbi v&i Helminthosporium turcicum.

Céc amplicon dugc phat trién cho cac gen RLK4 va RLK1 (bang 10) va sau
khi khuéch dai ADN cua ting cdy riéng lé cuia quan thé TILLING, chiing duoc giai
trinh tu bang phuong phép gii trinh tu Sanger.
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Bang 10: Cac trinh tu doan modi cho cac amplicon

64/159

SEQ N Chiéu dai cta
N R A Céc trinh tu doan mdi (F = Trinh . Nhiét do u
Tén gen Tén doan mdi ID r thudn; R = Trinh tu nghich) amplicon (theo ©C)
NO: bp)
F:
247 | TGTTTCAGGAATCACGCAAC '
RLK4 MA04916-6f TGGA 199 6
MA04916-6r R:
248 | GCACCACGCCATGACCAAC
ATC
F:
TG10013-10.£ | 249 CTTCCTAC/%AC?TAGAACGAG
RLK1 . 804 60
TG10013-11r | 250 | TTCCTCACGAGCTCTGTGGT
C

Céc trinh ty amplicon dugc danh gia béng cach st dung phan mém DNASTAR

Lasergene va cac dot bién bazo dugc nhan biét. Bang 11 liét ké cac dot bién chon loc

duoc tim ra.

Bang 11: Céc dot bién duge nhén biét cho cac gen RLK4 va RLK1

PP Vi tri cta dot
Vi tri cua dot Ve 1A A X
A an X Caibieén | bién trong trinh | ., <
A Tén dot bién trong 2. S Tac dong trao
Tén gen X \ trao d6i | tu protein cua 2. . .
bieén cADN cua bazo RP3LTINI dd1i axit amin
RP3HTNI1 (b
977 trong SEQ 326 trong SEQ
RLK4 RLK4d D NO: 3 G>A D NO: 4 G>D
1169 trong SEQ 390 trong SEQ
RLKAT | 1pNo: 3 C>T | IDNO:4 T>1
1365 trong SEQ 455 trong SEQ
RLKT | RERID | h No: 1 G>A | pNO:2 M>1
1490 trong SEQ 497 trong SEQ
RLKId |~ "1pNo: 1 G>A | "DNO:2 G>E |

Céc thé dot bién d4 nhan biét dugc tu thy tinh trong nha kinh va hat gibng cay

duoc thu hoach tir céc cay ddng hop tt voi alen kiéu dai va alen dot bién trong mdi

su kién dot bién cho thir nghiém kiéu hinh.
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15 cay riéng 1& ddng hop tir c6 alen kiéu dai va alen dot bién cho cac thé dot
bién RLK1b, RLK1d, RLK4d va RLK4f va cac dbi chiung RP1 va RPIHTNI dugc
cly ghép H. turcicum nhu dugc md ta & trén, trong nha kinh. Trong giai doan tir 11
dén 25 ngay sau cly ghép, swxam nhiém duoc xac dinh héng ngay. Céc tri s6 AUDPC
cua tt ca cac cdy thit nghiém dugc tdng két trong bang 12. Sy thay d6i axit amin &
bé me khang ctia quin thé RP3HTN1 TILLING dwgc mong doi 1a lam cho céc thé
dot bién ddng hop tir d€ bi gy hai.

Bang 12: céc tri s6 AUDPC dbi véi cac ciy ddng hop tir ¢ alen kiéu dai va alen dot
bién clia céc gen RLK 1 va RLK4. Trong ct kiéu hinh, 0 — 100 nghia la khang, 101 —
450 nghia 1a di hop tir, va > 450 nghia 1a dé bi gdy hai.

Tén thé dot bién Alen AUDPC Kiéu hinh
RLK4d Hom. thé d6t bién 333 khéng
Hom. kiéu dai 0,0 khang
RLK4f Hom. thé dot bien 46,7 khang
Hom. kiéu dai 96,7 khéng
RLK1b Hom. thé dot bién 346,7 di hop tir
Hom. kiéu dai 46,4 khéng
RLK1d Hom. thé dot bién 406,7 ~ dihop tit
Hom. kiéu dai 83,3 khéng
RP1 1030,0 dé bi gdy hai
RPIHTN1 0,0 khang
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Yéu ciu bao hd
1. Phuong phép nhan biét cay ngd khang Helminthosporium turcicum, hé gen
ctia cdy ngd dugc tich hop doan nhiém séc thé tir thé cho Pepitilla, phuong phap nay

bao gdm viéc phat hién it nhat hai alen trong hé gen cta cdy,

(i) trong d¢ it nhAt mot alen nim trong doan hé gen duoc chan bang chi thi trong ving
chi thi thir nhat, ving chi thi thi hai, ving chi thi thit ba hodc vung chi thi thr tu va

bang polynucleotit tao ra déc tinh khang Helminthosporium turcicum cho cay ngo,

(ii) trong do6 it nhét mdt alen nim trong doan hé gen dugc chan béng polynucleotit ma
tao ra tinh khang véi Helminthosporium turcicum va bang chi thi trong ving chi thi
thtt sau hodc vung chi thi thit ndm; va trong d6 vung chi thi th nhét dugc chin béng
céc chi thi SYN14136 va PZE-108076510, vung chi thi thi hai duoc chan bﬁng cac
chi thi SYN24931 va PZE-108077560, ving chi thi thtt ba dugc chin bé’mg cac chi
thi PZE-108093423 va PZE-108093748, ving chi thi thi tw dugc chin bang céc chi
thi MA0004 va MA0005, vung chi thi thit nam dugc chan b?mg cac chi thi MA0006
va PZE-108097482, va vung chi thi ther sau dugc chin bﬁng cac chi thi PZE-
108107671 va SYN4196.

2. Phuong phap theo diém 1, trong d6 viéc phat hién cdy ngd c6 ddc tinh khang
Helminthosporium turcicum bao gdm viéc st dung oligonucleotit chira trinh tur

nucleotit duge chon tr nhom gém cac SEQ ID NO: 17-52, 62-64, va 244-246.

3. Phuong phap theo diém 1, trong d6 viéc phat hién cdy ngd c6 ddc tinh khang
Helminthosporium turcicum bao gdm viéc st dung oligonucleotit chira trinh tu

nucleotit dugc chon tir nhém gf“)m cac SEQ ID NO: 17-52,

trong d6 oligonucleotit tuong tmg voi it nhat mot trong sé ving chi thi thu nhéit duoc
chiin bang céc chi thi SYN14136 va PZE-108076510, vung chi thi thi hai dugc chdn
béng cac chi thi SYN24931 va PZE-108077560, vung chi thi thir ba dugc chin béng
cac chi thi PZE-108093423 va PZE-1080937438, vung chi thi thir tw dugc chén béng
cac chi thi MA0004 va MA0005, ving chi thi thit nam dugc chan béng céc chi thi
MAO0006 va PZE-108097482, va ving chi thi thir sdu duge chdn béng céc chi thi PZE-
108107671 va SYN4196.
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4, Phuong phép theo diém 1, trong d6 doan nhiém sic thé chira khoang cho con
chira khoang cho co it nhét 1a alen cho ctia chi thi MA0008.

5. Phuong phap theo diém 1, trong d6 doan nhiém séc thé khong chia:

a)  khoang cho & giita chi thi trong ving chi thi tht nhat dugc chan bang
céc chi thi SYN14136 va PZE-108076510 va chi thi trong vung chi thi thir hai duogc
chin bing céc chi thi SYN24931 va PZE-108077560,

b) khoang cho & gitta chi thi trong ving chi thi thtt ba dugc chan bé“mg cac
chi thi PZE-108093423 va PZE-108093748 va chi thi trong ving chi thi thir tu dugc
chan b?mg cac chi thi MA0004 va MA000S, va

c) khoéng cho & giita chi thi trong ving chi thi thit nam dugc chin bang
céc chi thi MA0006 va PZE-108097482 va chi thi trong ving chi thi thir sau duoc
chiin bang céc chi thi PZE-108107671 va SYN4196.

6. Phuong phép theo diém 1, trong d6 doan nhiém séc thé khong chua:

a) khoang cho dugc x4c dinh béng chi thi SYN14136 va chi thi
SYN24931;

b) khoang cho dugc xac dinh bing chi thi PZE-108093748 ‘va chi thi
MAO0005; va

c) khoéang cho dugc xac dinh bang chi thi MA0006 va PZE-108107671.

7. Phuong phap theo diém 1, trong d6 doan nhiém séc thé khong chita khoang
cho duogc x4c dinh bing va bao gdm chi thi SYN14136 va chi thi SYN24931.

8. Phuong phép theo diém 1, trong d6 doan nhi®m sic thé khong chira khoang

cho duoc x4c dinh bing va bao gdm chi thi PZE-108093748 va chi thi MA00OS.

9. Phuong phép theo diém 1, trong d6 doan nhiém sic thé khong chira khoang
cho duoc xac dinh bing va bao gdm chi thi MA0006 va chi thi PZE-108107671.
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tgceceegtceg
ttcgacaacc
tttgcecgact
tccttegtgt
tgcgacgagg
acagggtacg
tcggaggatc
cagaagagag
aaaccatcga
gctgcgcectge
aagaagaaag
ccgegttegce
ttcgectacg
gatggcggcet
aagcggctgt

ctgtcggggc

mays

acctaccacg
ccgececatgg
ttcttcegag
agatccgcta
cctgeggceta
cctggacccce
actatcatac
tccgeccacaa
tcaccttett
acaacatcag
tcaagcctga
ttttecteecgt
ggtacggcga
agtgtggcca
aattcctggg
agtcaacaag
ttgttggtgc
tgaccaactc
gggttggtga
aggagctcga
tcggcaccgt
acaacaacgg

tgcgccaccc

ccteeecgte
cgagcctect
cacttacaac
ccecgttecaat
caccgacttg
taccatccgt
catctcactg
cgtcagcttc
cttcggatgce
ctgcgeecggg
atatcttgac
gccagtcaga
gctgcttagg
gtgcgaggga
ctgcttgtgc
gaaaccaaga
tgccatattt
gtcttcgaag
catggagtcc
ggaggcgacc
ctacaaaggg
gtaccggcgce

aaacctcgtc

45021

ctecctcctceg
cttccgagceca
gccteccatgt
cttgccaacg
agcgtttect
ctcggeggeyg
gcggacaacg
aacgagacgt
cactgggggc
ttcaatcctc
gaacaagagg
agcgatgctc
caggggttcg
tcgggctceccg
agcggaggga
attcttgctg
ttgttcgtca
ctcctcaagt
ggcagcatcg
aaccgctteg
tacctcaggg
gtggagcagt

atgttctacg

tcectectege
cttacaacac
gctcggaatc
caaccgccga
gcgaactcga
acatctacac
atgtgctcgg
ggctgcacaa
cacggaatac
caactatcag
agcaggagtt
tgecgggcgac
ggttggaatg
gcggatggtg
aggtgggcaa

gtgcecctggg

tcatgcgcaa
acagcggctc
aggacccgcc
acgaaagcag
acgggcgcegt
tccagaacga

gctgcacgtce

tgcccatgtc
ctccgeccat
gttctggtgt
ctacagcggg
ggtcgaaggg
cgtcaagaac
aggcggcgag
cgccagcgcec
accgcctgaa
cggtggagac
ggcttcacac
cttcagcctc
gaatcggaca
cgcctacagc
cccgttctge
tggtggtgct
gaggaagcag
tggtgggacc
aacgcaccac
agaactcggc
ggtggcggtyg
ggcggccatc

cagccacagc

83/159

60
120
180
240
300
360
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600
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960

1020
1080
1140
1200
1260
1320

1380



cgcgagcetcce
gggcagcggyg
tccgececgegyg
aagaccacca
tccecgectet
tatgttgatc
ttcggggtygg
cgcagcgaga
gagctcgteg
atggtcgcgg
aaggaggtgc
ggggacaaga

aggtccacga

<210> 4

<211> 710
<212> PRT
<213> Zea

<400> 4

Met Ala Ala

1

Ala Ala

Ser Thr

35

Asn
50

Tyr

Ile
65

Arg

His

Tyr

Ala

Tyr

tgctggtgta
ccceccgageg
cgctcaccta
acatcctecct
tceceectega
cagagtacca
tcctggtgga
tcaacctggce
acctecggcect
agctggectt
tcgaggtgcet
gcaaggacgg

cgcccaacac

mays

His Leu

val val

20

Asn Thr

Met

Ser

Pro Phe

Pro

Ser

Ser

Cys

Asn
70

cgagttcgtg
cgceccteteg
cctgcacgec
ggacgccgac
cgtcacgcac
ccagtgctac
gctcatctcg
cagcatggcce
gggctacgac
ccgcectgectg
caggaacatc

gcccttetet

cagcagggac

Arg Leu

Thr

Ser

His
40

Ala

Ser Glu

55

Leu Ala

Pro

Ala

25

Gly

Ser

Asn

45021

gccaacggca
tggccgetcce
atcgagccgce
taccacgtca
gtctccaccyg
cagctgacgg
tccaagccgg
atcagcaaga
accgacccgg
cagcagaacg
cagggcgagt
cccaccacgg

tag

val
10

Leu
His Gly
Glu Pro
Phe

Trp

Thr
75

Ala

cggtcgccega
gcctcagegt
ccgtecgtgceca
aggtcgccga
ctccgcaggg
acaagagcga
ccgtcegacat
tccagaagtg
ccaccaggaa
gcgagatgcg
gtctgacgtc

ttcacgctcc

Leu Leu Val

Glu Pro

30

Pro

Leu Pro

45

Leu

Cys Gly

60

Ala Asp Tyr

ccacctgcac
cgccgtggag
ccgcgacgtc
cttcggcectce
cacgccaggg
cgtgtacagc
cacccggcac
ccagctggag
gatgatgacg
cccgeegatce
ggggaaggat

gtgggacagc

Leu
15

Leu

Leu Pro

Ser Thr

val Glu

Ser Gly

80

84/159
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2133



Asn

Glu

Gly

Ser

Arg

145

Phe

Thr

Pro

Leu

Phe

225

Thr

Trp

Ser

Leu

Tyr

val

Asp

Leu

130

His

Asp

Pro

Pro

Asp

210

Ser

Gly

Asn

Gly

Cys
290

Tyx

Glu

Ile

115

Ala

Asn

Asn

Pro

Thr

195

Glu

val

Tyr

Arg

Gly

275

Ser

Ser

Gly

100

Tyr

Asp

val

Leu

Glu

180

Ile

Gln

Pro

Gly

Thr

260

Trp

Gly

Cys

85

Ser

Thr

Asn

Ser

Thr

165

Phe

Ser

Glu

val

Tyr

245

Ser

Cys

Gly

Gly

Pro

val

Asp

Phe

150

Phe

Ala

Gly

Glu

Arg

230

Gly

Glu

Ala

Lys

Tyr

Thr

Lys

val

135

Asn

Phe

Asp

Gly

Gln

215

Ser

Glu

Asp

Tyr

val
295

Thr

Thr

Asn

120

Leu

Glu

Phe

Tyxr

Asp

200

Glu

Asp

Leu

Gln

Ser

280

Gly

45021

Asp

Trp

105

Ile

Gly

Thr

Gly

Asn

185

Ser

Leu

Ala

Leu

Cys

265

Gln

Asn

Leu

90

Thr

Ser

Gly

Trp

Cys

170

Ile

Phe

Ala

Leu

Arg

250

Gly

Lys

Pro

Ser

Pro

Tyr

Gly

Leu

155

His

Ser

val

Ser

Arg

235

Gln

Gln

Arg

Phe

val

Thr

Asp

Glu

140

His

Trp

Cys

Phe

His

220

Ala

Gly

Cys

Glu

Cys
300

Ser

Ile

Tyr

125

Cys

Asn

Gly

Ala

Lys

205

Cys

Thr

Phe

Glu

Phe

285

Lys

Cys

Arg

110

His

Pro

Ala

Pro

Gly

190

Pro

Asp

Phe

Gly

Gly

270

Leu

Pro

Glu

95

Leu

Thr

val

Ser

Arg

175

Phe

Glu

Glu

ser

Leu

255

Ser

Gly

Ser

Leu

Gly

Ile

vVal

Ala

160

Asn

Asn

Tyr

Val

Leu

240

Glu

Gly

Cys

Lys

85/159



Ser

305

Ala

Lys

Lys

Glu

Glu

385

Asp

val

Gln

Leu

Leu

465

Gly

val

Thr

Ala

Arg

Tyr

Ser

370

Leu

Gly

val

Phe

val

450

val

Gln

Ala

Arg

Leu

Lys

Ser

355

Gly

Glu

Gly

Ala

Gln

435

Met

Tyr

Arg

val

Lys

Leu

Gln

340

Gly

Ser

Glu

Phe

val

420

Asn

Phe

Glu

Ala

Glu
500

Pro

val

325

Lys

Ser

Ile

Ala

Gly

405

Lys

Glu

Tyr

Phe

Pro

485

Ser

Arg

310

Gly

Lys

Gly

Glu

Thr

390

Thr

Arg

Ala

Gly

val

470

Glu

Ala

Ile

Ala

Lys

Gly

Asp

375

Asn

val

Leu

Ala

Cys

455

Ala

Arg

Ala

Leu

Ala

Vval

Thr

360

Pro

Arg

Tyr

Tyr

Ile

440

Thr

Asn

Ala

Ala

45021

Ala

Ile

Thr

345

Pro

Pro

Phe

Lys

Asn

425

Leu

Ser

Gly

Leu

Leu
505

Gly

Phe

330

Asn

Arg

Thr

Asp

Gly

410

Asn

Ser

Ser

Thr

Ser

490

Thr

Ala

315

Leu

Ser

Ser

His

Glu

395

Tyr

Gly

Gly

His

val

475

Trp

Tyr

Leu

Phe

Ser

Arg

His

380

Ser

Leu

Tyr

Leu

Ser

460

Ala

Pro

Leu

Gly

val

Ser

val

365

Phe

Arg

Arg

Arg

Arg

445

Arg

Asp

Leu

His

Gly

Ile

Lys

350

Gly

Ala

Glu

Asp

Arg

430

His

Glu

His

Arg

Ala
510

Gly

Met

335

Leu

Asp

Tyr

Leu

Gly

415

vVal

Pro

Leu

Leu

Leu

495

Ile

Ala

320

Arg

Leu

Met

Glu

Gly

400

Arg

Glu

Asn

Leu

His

480

Ser

Glu

86/159



Pro

Ala

Pro

545

Tyr

Asp

Pro

Met

Leu

625

Met

Arg

Glu

Phe

Pro
705

Pro

Asp

530

Leu

val

Val

Ala

Ala

610

Gly

val

Pro

Cys

Ser

690

Asn

<210>
<211>

5
879

val

515

Tyr

Asp

Asp

Tyr

val

595

Ile

Leu

Ala

Pro

Leu

675

Pro

Thr

val

His

val

Pro

Ser

580

Asp

Ser

Gly

Glu

Ile

660

Thr

Thr

Ser

His

val

Thr

Glu

565

Phe

Ile

Lys

Tyr

Leu

645

Lys

Ser

Thr

Arg

Arg

Lys

His

550

Tyr

Gly

Thr

Ile

Asp

630

Ala

Glu

Gly

val

Asp
710

Asp

Val

535

vVal

His

vVal

Arg

Gln

615

Thr

Phe

Val

Lys

His
695

val

520

Ala

Ser

Gln

val

His

600

Lys

Asp

Arg

Leu

Asp

680

Ala

45021

Lys

Asp

Thr

Cys

Leu

585

Arg

Cys

Pro

Cys

Glu

665

Gly

Pro

Thr

Phe

Ala

Tyr

570

val

Ser

Gln

Ala

Leu

650

val

Asp

Trp

10

Thr

Gly

Pro

555

Gln

Glu

Glu

Leu

Thr

635

Gln

Leu

Lys

Asp

Asn

Leu

540

Gln

Leu

Leu

Ile

Glu

620

Arg

Gln

Arg

Ser

Ser
700

Ile

525

Ser

Gly

Thr

Ile

Asn

605

Glu

Lys

Asn

Asn

Lys

685

Arg

Leu

Arg

Thr

Asp

Ser

590

Leu

Leu

Met

Gly

Ile

670

Asp

Ser

Leu

Leu

Pro

Lys

575

Ser

Ala

val

Met

Glu

655

Gln

Gly

Thr

Asp

Phe

Gly

560

Ser

Lys

Ser

Asp

Thr

640

Met

Gly

Pro

Thr

87/159



<212>
<213>

ADN
zZea

<400> 5
atggctcctc

ctagccgtag
atccagtacc
ggccttgtcet
gtgtccagca
gagtacgacyg
ctgecggceceg
accctgeccecct
caacaggatt
gcgcaccagt
gagatcctgg
gagctgaact
tgcggctacc
tgcttctgeg
ttcattcccc
<210> 6

<211> 292
<212> PRT
<213> Zea

<400> 6

Met Ala Pro Leu

1

Leu Leu Leu Leu

Arg Ala Thr Cys

35

mays

tgctcctget
ccgacgctgt
cgttctggcet
gcgagggcaa
tcgactacaa
cggccggcetg
cggecteega
ccgecgtgga
attgccgtag
acgggtgcga
gcgegectcece
acgacaccca
ggcgeggcega
acggcggccc

cagcgttaca

mays

5

20

cctgctectce
cceceggtete
caactcctcg
ctcgacgctg
gacgcgtacc
cccgegegtce
cgccaacatce
actgagtggg
gtcgtacgtg
ggacgtggtg
ggcgaacgga
ctectgagcectyg
ggcgcccgcece
gacgacgacg

atttattata

40

45021

ttceceegtcece
tgcgccagag
gcgcccgact
accctccecect
gtgctggtcet
cgcgtgaacc
accttectct
tgccattgcece
ctgccggacg
gtggcgccgyg
tccecteecgece
tgcgaccggt
accggcgccg
ggcctgtgcyg

tgtttgtaa

10

25

11

agttccagcet
ccacatgcgce
gcggecgecyg
acatgtccca
cggacgccga
tcaccatcga
acgactgcaa
accagcagca
gcgggatcac
tgctggacgce
gggtgctgca
gcgaggcectce
gcggegggct

gtgccggtac

30

45

cctgcectectce
cggccatgtce
ccacgggatc
cagatacgta
catcggcgac
caccgcctgg
gaagagcatc
gcagcagcag
gggcgccgag
gcacaggagyg
gggcgggtte
cggcegggtygg
gacgttcgcec

gtacctcctc

Leu Leu Leu Leu Leu Leu Phe Pro Val Gln Phe Gln

15

Leu Ala Val Ala Asp Ala Val Pro Gly Leu Cys Ala

Ala Gly His Val Ile Gln Tyr Pro Phe Trp Leu Asn

88/159
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120

180

240

300

360
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480

540

600

660

720

780

840
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Ser

Glu

65

val

Asp

Asn

Asn

Ala

145

Gln

Thr

Pro

Asn

Asp

225

Cys

Leu

Ser

50

Gly

Ser

Ile

Leu

Ile

130

val

Gln

Gly

val

Gly

210

Thr

Gly

Thr

Ala

Asn

Ser

Gly

Thr

115

Thr

Glu

Asp

Ala

Leu

195

Ser

His

Tyr

Phe

Pro

Ser

Ile

Asp

100

Ile

Phe

Leu

Tyr

Glu

180

Asp

Leu

Ser

Arg

Ala
260

Asp

Thr

Asp

85

Glu

Asp

Leu

Ser

Cys

165

Ala

Ala

Arg

Glu

Arg

245

Cys

Cys

Leu

70

Tyr

Tyr

Thr

Tyxr

Gly

150

Arg

His

His

Arg

Leu

230

Gly

Phe

Gly

55

Thr

Lys

Asp

Ala

Asp

135

Cys

Arg

Gln

Arg

Val

215

Cys

Glu

Cys

Arg

Leu

Thr

Ala

Trp

120

Cys

His

Ser

Tyr

Arg

200

Leu

Asp

Ala

Asp

45021

Arg

Pro

Arg

Ala

105

Leu

Lys

Cys

Tyr

Gly

185

Glu

Gln

Arg

Pro

Gly
265

His

Tyr

Thr

90

Gly

Arg

Lys

His

val

170

Cys

Ile

Gly

Cys

Ala

250

Gly

12

Gly

Met

75

val

Cys

Pro

Ser

Gln

155

Leu

Glu

Leu

Gly

Glu

235

Thr

Pro

Ile

60

Ser

Leu

Pro

Ala

Ile

140

Gln

Pro

Asp

Gly

Phe

220

Ala

Gly

Thr

Gly

His

val

Arg

Ala

125

Thr

Gln

Asp

val

Ala

205

Glu

Ser

Ala

Thr

Leu

Arg

Ser

vVal

110

Ser

Leu

Gln

Gly

val

190

Pro

Leu

Gly

Gly

Thr
270

val

Tyr

Asp

95

Arg

Asp

Pro

Gln

Gly

175

val

Pro

Asn

Gly

Gly

255

Gly

Cys

Val

80

Ala

val

Ala

Ser

Gln

160

Ile

Ala

Ala

Tyr

Trp

240

Gly

Leu

89/159



45021

Cys Gly Ala Gly Thr Tyr Leu Leu Phe Ile Pro Pro Ala Leu Gln Phe

275

Ile Ile Cys Leu

290

<210> 7

<211> 588
<212> ADN
<213> Zea

<400> 7
atggggtgca

ccccgtgege
ctgtgcecgeg
accgcgcacyg
gtggcgtceg
tccccegeca
gtctecgtcge
aagggaagcg
attagaatcc
gtgaagtgcg
<210> 8

<211> 195
<212> PRT

<213> Zea

<400> 8

mays

cgacctccca
gccgetegtce
agcgegtgge
ctgcctactt
cgctegegec
agctggtegce
tctcgeactc
cgcgagagag
gatttcgggt

gacgaggctt

mays

280

cgacgeccgtce
cgcgtccgac
gctcatccac
ccgctegete
cgccacgect
tgccgegtcece
cctcgcagag
gacacagtca
ccacgctcac

caaaaggggt

gccgetgetg
ccctcaccac
gccgcgaccyg
gccgeegteg
gggtcctecge
gccagcctcc
aagcggcgga
cggactcagg
acgtgtcaac

gaggttttaa

285

tcacctecctce
ggcgcggaga
accgcecggta
gtgacgcgct
tggtgctcac
cgacgtggcc
tctttaggga
ccaccgttge
gccggatacg

taacttag

cagttcccgg
ccccgecgceg
cgcgetegece
gcggecgcette
gctccecgect
gttgtccacc
ggcggegttyg
tcacagctgc

ggatgctaac

Met Gly Cys Thr Thr Ser His Asp Ala Val Ala Ala Ala Val Thr Ser

1

5

10

15

Ser Ser Ser Arg Pro Arg Ala Arg Arg Ser Ser Ala Ser Asp Pro Ser

20

25

30

Pro Arg Arg Gly Asp Pro Ala Ala Leu Cys Arg Glu Arg Val Ala Leu

35

40

13

45
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Ile

Ala

65

val

Thr

Leu

Ala

Arg

145

Ile

Arg

Leu

His

50

Tyr

Ala

Leu

Pro

Glu

130

Glu

Arg

Asp

Ile

<210> 9
<211> 3

<212>

<213> Z

<400> 9

atggcgacgc
tccecegtete

ttcctttact

Ala Ala

Phe Arg

Ser Ala

Pro Pro

100

Thr Trp
115

Lys Arg

Arg Thr

Ile Arg

Ala Asn

180

Thr

195

699

ADN

ea mays

Thr

Ser

Leu

85

Ser

Pro

Arg

Gln

Phe

165

val

Asp

Leu

70

Ala

Pro

Leu

Ile

Ser

150

Arg

Lys

Arg

55

Ala

Pro

Ala

Ser

Phe

135

Arg

val

Cys

Arg

Ala

Ala

Lys

Thr

120

Arg

Thr

His

Gly

45021

Tyr

val

Thr

Leu

105

val

Glu

Gln

Ala

Arg
185

Ala

Gly

Pro

90

vVal

Ser

Ala

Ala

His

170

Gly

14

Leu

Asp

75

Gly

Ala

Ser

Ala

Thr

155

Thr

Phe

Ala

60

Ala

Ser

Ala

Leu

Leu

140

Val

Cys

Lys

Thr

Leu

Ser

Ala

Ser

125

Lys

Ala

Gln

Arg

Ala

Arg

Leu

Ser

110

His

Gly

His

Arg

Gly
190

His

Arg

val

95

Ala

Ser

Ser

Ser

Arg

175

Glu

Ala

Phe

80

Leu

Ser

Leu

Ala

Cys

160

Ile

val

cgacgcccat gcctggaggc gaggggacgc tcgcagecggt gatgccgcgg
cgacgccggce ggaggcgggyg acctcggcga ccgagacgcc cgtgctgata

ttcacaaggc gatccgcgcg gagctcgagg cgctgecacgg cgccgcecgtg
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ctcctggeca
ttcaacattt
atccgagtaa
tttagccagt
gagcttgcgt
gaagaacagg
gtgtggcaat
tcaacttctg
cctgatgaga
gaagtggcag
ccagaccaag
tgtggagaat
cacaatgcta
tctggggatt
tgcatctacc
tcctttgtge
cagcaaatcc
tcacatgctg
gtgctteccte
agtttgtgtg
ctgagtgatg
gaaactgcac
gatggagaat
gatctgggaa
ctgcagctac
ttttctcata

agcaaaaaac

ccgagcgceac
acaaacacca
agaatgttgc
tatttgatct
catgcacagg
tcttteccatt
tcctatgeaa
tcacatctga
aacttctcca
agagcattgc
ggaagattca
ctaatggtcc
ttcgtatgga
tttctgatat
acagtatcgc
aggagcatgc
aaatagcagg
ataaaatatt
aagctaggat
ttatgccatt
ttcaggcaac
tggtcactct
atttatgctt
aatgccgatc
atactgagaa
ctaatggaat

catgttgtat

cggcgatgta
ctgcgacgcc
agggacctat
cctgcaattg
cgcgatacag
gcttacaaag
cattcctgtc
tgagcaccaa
acaggttgta
tgctggtatt
tatttgttta
tcaggctgac
gttacgtgat
atcagcctte
tgaggatcag
tgaagaagaa
agccgaatca
ggaggcaatc
gctcttctet
gaaattattg
ttcatttectt
tatctctggt
aacatcaggt
attctgtcca
tgattctagg
ctactgctct

tcctggtttg

45021

gagatgctcg
gaggatgcgg
tccttagage
gacatacata
acatgtctca
aaattttcgt
aatatggtgg
gatatccgta
ttcacatgga
tcagcaagaa
catcacaatt
aagcatccta
ataaaagagg
aatgagaggc
gttgtttttc
tgcaggttta
actgcattgg
gaaaaacact
cttgagaagc
gaacgtgttt
cagaatatac
tgggcatgca
gcggcgagat
tgtgcttcac
ccaggcaagce
caaactgctg

agagtagaga

15

ccaagcgcetyg
tcatttttcc
ataaaggaga
atgatgatgg
gccaacatat
gtgaagaaca
cagagttcct
actgcttatg
tggaagggaa
atcatagtgt
ctaaacttgg
tagatgatat
agacaagaag
ttcagttcat
ctgcagtcga
acaattttag
acttctactc
tctgcaatga
aaagggaact
tgccgtggtt
gcttggcagce
aaggccggga
gtctatcaga
ccaacagctc
gaggaaaaga
acattgaagc

gtagcaatct

ccgettette
agcactcgat
aagcgatctt
tcttcgtagg
gtccaaggag
agctgattta
tccatggett
caaagtagtt
agcaacaaga
tgaggatgtc
gagtaaaaac
tttatactgg
ggtgcagcaa
tgcagatgta
tagtgagctg
gtgtttaatt
aaaactgtgt
agaaaccaag
ttcatacaaa
ggtgtcgaag
atcaccatct
taaatccaaa
tgatgtagat
agatctttect
tgcagtatct
aattccatgt

tggtattggt

92/159

240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740

1800



tccttggcett
tattcgagcc
aggccaatcg
gatgttgaat
aggttccgtt
tttccagcat
cacaagcagg
ctacatgata
cattcatcta
ggcatgtgca
ttatggccgt
ataattggtt
ctcactcaag
atgtttgggg
gcagaggcgt
cagatgttca
gaggtgcgaa
caaaatctca
gaagaatgta
aaacaaattt
aacaagctct
aaagcaacac
tgccaaaccc
ttttttgatg
aaaggtcttg
ttaactgagc

ttcctattta

ctgcaaagtc
tcttttcatg
atacaatatt
ctggcaagct
tgttatgggyg
tggaatccag
aagaacagtt
gccagggcca
atgatgtcga
agtctatccg
tgtttgataa
caacaggtgc
aggagcagaa
aatggctaaa
cctetgetcec
agcctggctyg
aggtttcacg
tgacaagccg
atcacgatgc
atggttgtga
tcacatgcag
aggagatgat
catcttgcaa
atgaaaggac
gtgttgattt
acaaatgtcg

catcaagtgc

ttttcactct
ggagacagat
caaatttcat
cattgatggc
tctttacagg
agaaacatta
gtttgaagat
tgcccagact
ttttgctaga
ggtcgccttg
acatttttct
tgaggttctc
caaaatgctt
cgagtggtgg
agaagatagt
gaaggacata
agattctaca
ctggatagct
cagtatacct
acactacaaa
gttctgccat
gtgcatggta
cagactatcg
tgtgtaccac
cttccattgce

ggaaaaaggg

cgcagtcaga

45021

ttatcataca
acatcattgt
aaggcaattc
aacgagtcct
gctcacagca
cacaatgtga
atctcaaatg
gaagttaatg
aagtataatg
actaatcatg
gtggaggagc
caatctatgt
gatatgtgga
aagggagctg
catttacaag
tttcgaatga
cttgacccaa
gcacagcaga
ggatgtgcac
cggaactgca
gataaagtta
tgcctaaaga
atggcaaagt
tgtcegtttt
atgaaatgca
ctagagacaa

gcccteectt

16

attcaactgc
cttgttcgga
gcaaggattt
gccttegeca
atgctgagga
gccattcata
ttctctttca
aagtaaagaa
aacttgccac
tccatagaga
aagataaact
taccctgggt
agcaagctac
gaacagcatc
ataagcttga
atcagagtga
ggcggaaggc
agttaccaga
cttcataccg
aacttgttgc
gtgaccatac
ttcaacctgt
actactgtaa
gtaatttgtg
actgctgcct
attgtccaat

gtggccactt

tccttecacta
cagcatttca
agaatactta
attcattgga
tgaaattgtg
tactcttgac
actttcacaa
aagctgtttce
aaaacttcag
agaacttgaa
tgtaggtcgt
tacatcagtt
aaaaaataca
tgattcttca
acaaaatgac
acttgaggct
gtatctaatt
accaaattct
agaccaggag
tgcatgctgce
gatggaaagg
tggttcgttc
catctgtaaa
tcgtcttggg
tggaatgaaa
atgctgtgac

catgcattca

93/159

1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360

3420



45021 94/159

gcttgectttc aggcatacac ttgtagtcac tacacttgcc ctatctgctg caaatccttg 3480
ggagatatgg cggtttattt tggcatgctt gatgccttgt tggcggctga agagcttccg 3540
gaggaatacc gtgatcggtg tcaggatata ctttgcaatg actgtgagag gaaaggtaga 3600
tgtcgatttc attggttata ccacaaatgc ggctcctgtg ggtcgtacaa cacccgagtt 3660
atcaagactg ccacagcaga ttgctctaca ccaaactag 3699
<210> 10

<211> 1232

<212> PRT

<213> Zea mays

<400> 10

Met Ala Thr Pro Thr Pro Met Pro Gly Gly Glu Gly Thr Leu Ala Ala
1 5 10 15

Val Met Pro Arg Ser Pro Ser Pro Thr Pro Ala Glu Ala Gly Thr Ser
20 25 30

Ala Thr Glu Thr Pro Val Leu Ile Phe Leu Tyr Phe His Lys Ala Ile
35 40 45

Arg Ala Glu Leu Glu Ala Leu His Gly Ala Ala Val Leu Leu Ala Thr
50 55 60

Glu Arg Thr Gly Asp Val Glu Met Leu Ala Lys Arg Cys Arg Phe Phe
65 70 75 80

Phe Asn Ile Tyr Lys His His Cys Asp Ala Glu Asp Ala Vval Ile Phe
85 90 95

Pro Ala Leu Asp Ile Arg Val Lys Asn Val Ala Gly Thr Tyr Ser Leu
100 105 110

Glu His Lys Gly Glu Ser Asp Leu Phe Ser Gln Leu Phe Asp Leu Leu
115 120 125

Gln Leu Asp Ile His Asn Asp Asp Gly Leu Arg Arg Glu Leu Ala Ser
130 135 140

17



Cys

145

Glu

Gln

val

His

Leu

225

Glu

val

Asn

Ala

Arg

305

Ser

Ile

Phe

Thr

Glu

Ala

Ala

Gln

210

Leu

val

Glu

Ser

Asp

290

Met

Gly

Ala

Pro

Gly

Gln

Asp

Glu

195

Asp

Gln

Ala

Asp

Lys

275

Lys

Glu

Asp

Asp

Ala
355

Ala

val

Leu

180

Phe

Ile

Gln

Glu

val

260

Leu

His

Leu

Phe

val

340

val

Ile

Phe

165

Val

Leu

Arg

Val

Ser

245

Pro

Gly

Pro

Arg

Ser

325

Cys

Asp

Gln

150

Pro

Trp

Pro

Asn

val

230

Ile

Asp

Ser

Ile

Asp

310

Asp

Ile

Ser

Thr

Leu

Gln

Trp

Cys

215

Phe

Ala

Gln

Lys

Asp

295

Ile

Ile

Tyr

Glu

Cys

Leu

Phe

Leu

200

Leu

Thr

Ala

Gly

Asn

280

Asp

Lys

Ser

His

Leu
360

45021

Leu

Thr

Leu

185

Ser

Cys

Trp

Gly

Lys

265

Cys

Ile

Glu

Ala

Ser

345

Ser

Ser

Lys

170

Cys

Thr

Lys

Met

Ile

250

Ile

Gly

Leu

Glu

Phe

330

Ile

Phe

18

Gln

155

Lys

Asn

Ser

val

Glu

235

Ser

His

Glu

Tyr

Thr

315

Asn

Ala

vVal

His

Phe

Ile

Val

val

220

Gly

Ala

Ile

Ser

Trp

300

Arg

Glu

Glu

Gln

Met

Ser

Pro

Thr

205

Pro

Lys

Arg

Cys

Asn

285

His

Arg

Arg

Asp

Glu
365

Ser

Cys

Val

190

Ser

Asp

Ala

Asn

Leu

270

Gly

Asn

Val

Leu

Gln

350

His

Lys

Glu

175

Asn

Asp

Glu

Thr

His

255

His

Pro

Ala

Gln

Gln

335

val

Ala

Glu

160

Glu

Met

Glu

Lys

Arg

240

Ser

His

Gln

Ile

Gln

320

Phe

val

Glu

95/159



Glu

Ile

385

Ser

Glu

Lys

Leu

Gln

465

Glu

Asp

Arg

Cys

Thr

545

Phe

Glu

370

Ala

His

Glu

Gln

Leu

450

Ala

Thr

Lys

Cys

Pro

530

Glu

Ser

Cys

Gly

Ala

Thr

Arg

435

Glu

Thr

Ala

Ser

Leu

515

Cys

Asn

His

Arg

Ala

AsSp

Lys

420

Glu

Arg

Ser

Leu

Lys

500

Ser

Ala

Asp

Thr

Phe

Glu

Lys

405

val

Leu

vVal

Phe

val

485

Asp

Asp

Ser

Ser

Asn
565

Asn

Ser

390

Ile

Leu

Ser

Leu

Leu

470

Thr

Gly

Asp

Pro

Arg

550

Gly

Asn

375

Thr

Leu

Pro

Tyr

Pro

455

Gln

Leu

Glu

Val

Asn

535

Pro

Ile

Phe

Ala

Glu

Gln

Lys

440

Trp

Asn

Ile

Tyr

Asp

520

Ser

Gly

Tyr

45021

Arg

Leu

Ala

Ala

425

Ser

Leu

Ile

Ser

Leu

505

Asp

Ser

Lys

Cys

Cys

Asp

Ile

410

Arg

Leu

val

Arg

Gly

490

Cys

Leu

Asp

Arg

Ser
570

19

Leu

Phe

395

Glu

Met

Cys

Ser

Leu

475

Trp

Leu

Gly

Leu

Gly

555

Gln

Ile

380

Tyr

Lys

Leu

val

Lys

460

Ala

Ala

Thr

Lys

Ser

540

Lys

Thr

Gln

Ser

His

Phe

Met

445

Leu

Ala

Cys

Ser

Cys

525

Leu

Asp

Ala

Gln

Lys

Phe

Ser

430

Pro

Ser

Ser

Lys

Gly

510

Arg

Gln

Ala

Asp

Ile

Leu

Cys

415

Leu

Leu

Asp

Pro

Gly

495

Ala

Ser

Leu

val

Ile
575

Gln

Cys

400

Asn

Glu

Lys

vVal

Ser

480

Arg

Ala

Phe

His

Ser

560

Glu

96/159



Ala

Glu

His

Phe

625

Arg

Leu

Ser

Tyr

Glu

705

His

Gln

Asn

Ala

Ser
785

Ile

Ser

Ser

610

Ser

Pro

Glu

Cys

Arg

690

Ser

Lys

Leu

Glu

Arg

770

Ile

Pro

Ser

595

Leu

Trp

Ile

Tyr

Leu

675

Ala

Arg

Gln

Ser

val

755

Lys

Arg

Cys

580

Asn

Ser

Glu

Asp

Leu

660

Arg

His

Glu

Glu

Gln

740

Lys

Tyr

val

Ser

Leu

Tyr

Thr

Thr

645

Asp

Gln

Ser

Thr

Glu

725

Leu

Lys

Asn

Ala

Lys

Gly

Asn

Asp

630

Ile

vVal

Phe

Asn

Leu

710

Gln

His

Ser

Glu

Leu
790

Lys

Ile

Ser

615

Thr

Phe

Glu

Ile

Ala

695

His

Leu

Asp

Cys

Leu

775

Thr

Pro

Gly

600

Thr

Ser

Lys

Ser

Gly

680

Glu

Asn

Phe

Ser

Phe

760

Ala

Asn

45021

Cys

585

Ser

Ala

Leu

Phe

Gly

665

Arg

Asp

val

Glu

Gln

745

His

Thr

His

Cys

Leu

Pro

Ser

His

650

Lys

Phe

Glu

Ser

Asp

730

Gly

Ser

Lys

val

20

Ile

Ala

Ser

Cys

635

Lys

Leu

Arg

Ile

His

715

Ile

His

Ser

Leu

His
795

Pro

Ser

Leu

620

Ser

Ala

Ile

Leu

val

700

Ser

Ser

Ala

Asn

Gln

780

Arg

Gly

Ala

605

Tyr

Asp

Ile

Asp

Leu

685

Phe

Tyr

Asn

Gln

Asp

765

Gly

Glu

Leu

590

Lys

Ser

Ser

Arg

Gly

670

Trp

Pro

Thr

val

Thr

750

val

Met

Glu

Arg

Ser

Ser

Ile

Lys

655

Asn

Gly

Ala

Leu

Leu

735

Glu

Asp

Cys

Leu

val

Phe

Leu

Ser

640

Asp

Glu

Leu

Leu

Asp

720

Phe

vVal

Phe

Lys

Glu
800

97/159



Leu

Leu

Met

Met

Trp

865

Ala

Glu

Met

Ser

Thr

945

Glu

Arg

Cys

Trp

val

Leu

Leu

850

Leu

Glu

Gln

Asn

Thr

930

Ser

Glu

Asp

Lys

Pro

Gly

Pro

835

Asp

Asn

Ala

Asn

Gln

915

Leu

Arg

Cys

Gln

Leu
995

Leu

Arg

820

Trp

Met

Glu

Ser

Asp

900

Ser

Asp

Trp

Asn

Glu

980

val

Phe

805

Ile

val

Trp

Trp

Ser

885

Gln

Glu

Pro

Ile

His

965

Lys

Ala

Asp

Ile

Thr

Lys

Trp

870

Ala

Met

Leu

Arg

Ala

950

Asp

Gln

Ala

Lys

Gly

Ser

Gln

855

Lys

Pro

Phe

Glu

Arg

935

Ala

Ala

Ile

Cys

His

Ser

val

840

Ala

Gly

Glu

Lys

Ala

920

Lys

Gln

Ser

Tyr

cys
1000

45021

Phe

Thr

825

Leu

Thr

Ala

Asp

Pro

905

Glu

Ala

Gln

Ile

Gly
985

Asn Lys Leu Phe Thr

Ser

810

Gly

Thr

Lys

Gly

Ser

890

Gly

vVal

Tyr

Lys

Pro

970

Cys

21

vVal

Ala

Gln

Asn

Thr

875

His

Trp

Arg

Leu

Leu

955

Gly

Glu

Glu

Glu

Glu

Thr

860

Ala

Leu

Lys

Lys

Ile

940

Pro

Cys

His

Glu

val

Glu

845

Met

Ser

Gln

Asp

val

925

Gln

Glu

Ala

Tyr

Gln

Leu

830

Gln

Phe

Asp

Asp

Ile

910

Ser

Asn

Pro

Pro

Lys
990

Cys Arg Phe

1005

Asp

815

Gln

Asn

Gly

Ser

Lys

895

Phe

Arg

Leu

Asn

Ser

975

Arg

Lys

Ser

Lys

Glu

Ser

880

Leu

Arg

Asp

Met

sSer

960

Tyr

Asn

98/159



Cys

Gln

Ser

Tyr

Tyr

Gly

Met

Asn

val

Gln

Ser

Leu

Asp

His

His
1010

Glu
1025

Phe
1040

Tyr
1055

His
1070

val
1085

Lys
1100

Cys
1115

Arg
1130

Ala
1145

Leu
1160

Ala
1175

Ile
1190

Trp
1205

Asp

Met

Cys

Cys

Cys

Asp

Leu

Pro

Ala

Tyr

Gly

Ala

Leu

Leu

Lys

Met

Gln

Asn

Pro

Phe

Thr

Ile

Leu

Thr

Asp

Glu

Cys

Tyr

Val

Cys

Thr

Ile

Phe

Phe

Glu

Cys

Pro

Cys

Met

Glu

Asn

His

Ser

Met

Pro

Cys

Cys

His

His

Cys

cys

Ser

Ala

Leu

Asp

Lys

Asp
1015

val
1030

Ser
1045

Lys
1060

Asn
1075

Cys
1090

Lys
1105

Asp
1120

Gly
1135

His
1150

vVal
1165

Pro
1180

Cys
1195

Cys
1210

45021

His

Cys

Cys

Phe

Leu

Met

Cys

Phe

His

Tyr

Tyr

Glu

Glu

Gly

Thr

Leu

Asn

Phe

Cys

Lys

Arg

Leu

Phe

Thr

Phe

Glu

Arg

Ser

22

Met

Lys

Arg

Asp

Arg

Cys

Glu

Phe

Met

Cys

Gly

Tyr

Lys

Cys

Glu

Ile

Leu

Asp

Leu

Asn

Lys

Thr

His

Pro

Met

Arg

Gly

Gly

Arg
1020

Gln
1035

Ser
1050

Glu
1065

Gly
1080

Cys
1095

Gly
1110

Ser
1125

Ser
1140

Ile
1155

Leu
1170

Asp
1185

Arg
1200

Ser
1215

Lys

Pro

Met

Arg

Lys

Cys

Leu

Ser

Ala

Cys

Asp

Arg

Cys

Tyr

Ala

vVal

Ala

Thr

Gly

Leu

Glu

Ala

Cys

Cys

Ala

Cys

Arg

Asn

Thr

Gly

Lys

val

Leu

Gly

Thr

Ala

Phe

Lys

Leu

Gln

Phe

Thr

99/159



Arg Val
1220

<210>
<211>
<212>
<213>

11

Zea

<400> 11
atggagagct

atctacctcg
tcgggcaccg
ggcaagatgc
tacaatcgag
gggtcactgg
acacataatt
gaagaagaca
tctgcaacca
tttgatgaag
aattttgctg
aaccccttge
gggcttccat
gaaattaaga
cagccatact
gacactgcag
gagatacttc
gaaggagatt
atttctattc

caagggctct

<210> 12

1152
ADN

Ile Lys Thr Ala Thr

mays

gggtccgcege
ccggeggtge
tcctcecgaggt
ccctgcaatt
cactcaagct
cgagctcacg
gtctcaggac
aggtttcaag
ttcagccaga
atcaagaact
ctcecggecgga
acgatggtca
tctttgagat
ggcgtgttga
tctataagaa
caaggcttgt
tcgaatgtaa
tcaaggtcct

cggaggaaaa

ga

1225

ggtggtggag
atcccaggcg
cgtecgtgccce
cactagcaag
ttctggacca
tccaaaacat
atcacatgtt
ctactttttg
cattcacaaa
ccagcaagtt
aagtaacttg
ccttagattg
atcagcaatt
gcaatttaga
agcagaactt
taaccctaag
gagcataggg
tgagaactta

gtttcgcata

45021

Ala Asp Cys Ser Thr

gccatccact
ctcggttgge
tactctaggg
caggctgcag
ggtctgcaag
ggtgaccaca
accttgtcga
cttaaggcaa
tctgaaattc
attaatgggc
aacagaaaaa
ctagaagctg
aatgctgata
aaagcaggga
ttcccaggaa
tactatggag
actacttttc
gacattccag

gatatttcat

23

1230

cctctegetce
tcctectecgt
cctcecatgge
aggacatggc
ttatgggtgt
ggttttatgt
agggtttacg
tagcagatac
cagaagaaat
aagtttgcat
taattctgcc
cagtaagcat
aacctccact
agaatgtgat
gcgcttttat
gagattacaa
ttgttggtgg
aagagctgag

ctactgaaat

Pro Asn

ccagacagtc
gcccggcegcet
gcagctcctt
actggccgca
tggatttact
gtcaacatgg
gagtagggag
ctgcagagtt
catggaacaa
gaaagtatat
tggttcgttce
gtgtgatgat
atctattgca
tatatctaac
aattggtgca
cagaatgctg
tcgaaagatt
agaaatgttc

aagaaagagc

100/159

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140

1152



<211>
<212>
<213>

<400>

383
PRT

Zea mays

12

Met Glu Ser

1

Ser

Trp

Val

Leu

65

Tyr

val

His

His

val

145

Ser

Ile

Gln

Leu

Pro

50

Gln

Asn

Gly

Arg

val

130

Ser

Ala

Met

Thr

Leu

35

TyTr

Phe

Arg

Phe

Phe

115

Thr

Ser

Thr

Glu

Trp

Val

20

Ser

Ser

Thr

Ala

Thr

100

Tyr

Leu

Tyr

Ile

Gln
180

val

Ile

val

Arg

Ser

Leu

85

Gly

val

Ser

Phe

Gln

165

Phe

Arg

Tyr

Pro

Ala

Lys

70

Lys

Ser

Ser

Lys

Leu

150

Pro

Asp

Ala

Leu

Gly

Ser

55

Gln

Leu

Leu

Thr

Gly

135

Leu

Asp

Glu

val

Ala

Ala

40

Met

Ala

Ser

Ala

Trp

120

Leu

Lys

Ile

Asp

45021

val

Gly

25

Ser

Ala

Ala

Gly

Ser

105

Thr

Arg

Ala

His

Gln
185

Glu

10

Gly

Gly

Gln

Glu

Pro

90

Ser

His

Ser

Ile

Lys

170

Glu

24

Ala

Ala

Thr

Leu

Asp

75

Gly

Arg

Asn

Arg

Ala

155

Ser

Leu

Ile

Ser

val

Leu

60

Met

Leu

Pro

Cys

Glu

140

Asp

Glu

Gln

His

Gln

Leu

45

Gly

Ala

Gln

Lys

Leu

125

Glu

Thr

Ile

Gln

Ser

Ala

30

Glu

Lys

Leu

Val

His

110

Arg

Glu

Cys

Pro

Val
190

Ser

15

Leu

Val

Met

Ala

Met

Gly

Thr

Asp

Arg

Glu

175

Ile

Arg

Gly

val

Pro

Ala

80

Gly

Asp

Ser

Lys

val

160

Glu

Asn

101/159



Gly

Asn

Asp

225

Gly

Leu

Gly

Glu

Arg

305

Glu

Gly

Pro

Arg

Gln

Leu

210

Gly

Leu

Ser

Lys

Leu

290

Leu

Ile

Arg

Glu

Ile
370

<210>
<211>

<212>

<213>

<400>

val

195

Asn

His

Pro

Ile

Asn

275

Phe

val

Leu

Lys

Glu

355

Asp

13

666
ADN
Zea mays

13

Cys

Arg

Leu

Phe

Ala

260

val

Pro

Asn

Leu

Ile

340

Leu

Ile

Met

Lys

Arg

Phe

245

Glu

Ile

Gly

Pro

Glu

325

Glu

Arg

Ser

Lys

Ile

Leu

230

Glu

Ile

Ile

Ser

Lys

310

Cys

Gly

Glu

Ser

val

Ile

215

Leu

Ile

Lys

Ser

Ala

295

Tyr

Lys

Asp

Met

Thr
375

Tyr

200

Leu

Glu

Ser

Arg

Asn

280

Phe

Tyr

Ser

Phe

Phe

360

Glu

45021

Asn

Pro

Ala

Ala

Arg

265

Gln

Ile

Gly

Ile

Lys

345

Ile

Ile

Phe

Gly

Ala

Ile

250

vVal

Pro

Ile

Gly

Gly

330

val

Ser

Arg

25

Ala

Ser

val

235

Asn

Glu

Tyr

Gly

Asp

315

Thr

Leu

Ile

Lys

Ala

Phe

220

Ser

Ala

Gln

Phe

Ala

300

Tyr

Thr

Glu

Pro

Ser
380

Pro

205

Asn

Met

Asp

Phe

Tyxr

285

Asp

Asn

Phe

Asn

Glu

365

Gln

Ala

Pro

Cys

Lys

Arg

270

Lys

Thr

Arg

Leu

Leu

350

Glu

Gly

Glu

Leu

Asp

Pro

255

Lys

Lys

Ala

Met

val

335

Asp

Lys

Leu

Ser

His

Asp

240

Pro

Ala

Ala

Ala

Leu

320

Gly

Ile

Phe

102/159



atgcacccta
catagcaggc
ctgtggaagg
ctgttcgagg
atgctcgtcyg
atcccagaag
aaactggcac
ttcctectgg
acaagtcttc
tatgagacag
aagaggattg
aaataa
<210>

<211>

<212>
<213>

14

221
PRT
Zea
<400> 14

Met His Pro
1

Gly Gly

Gly Gly Arg

35

Ala Gly

50

Leu

val
65

Glu Tyr

Met Leu Val

Gly

attttccaag
gcaagccgat
acaggaattt
ttgttgagta
tcttcatctg
tgatcatctc
acaccgtgtc
tggtcttatc
tatatcttgg
aggttgacca

attccaattt

mays

Asn Phe

Gly His

20

Ala Ala

Leu Ala
Ile

Ser

Phe
85

val

Pro

Ser

Asp

Gly

val

70

Ile

cgatcatggc
tcatcagctt
gtctgcaggc
cagcattgta
gtcgaatgct
tgagcatgcc
tgctctttat
actgctaata
atttctttgce
ccttgccgea

gctgaacaaa

Ser Asp

Arg Arg

Ile Leu

40

Ala Thr

55

Pro Leu

Trp Ser

45021

aacggacgag
ctcggtggag
ctgctcgcetg
ccgctegttt
gcgcccectet
ttccgacaaa
gacattgcat
gtgtcagagg
gcccacactt
aggggtagtg

ataccaaggg

His Gly Asn

10

Lys Pro Ile

25

Leu Trp Lys

Leu Val Trp

val Gln

75

Cys

Ala Ala

90

Asn

26

gggtgggcgg
ggcgagccgce
gggccacgct
gccagatagce
tgaacatagc
tagcacagat
gcgggaagga
ttggaagttc
tgccagegtt
aagacatcaa

gcccagtcaa

Gly Arg Gly

Gln Leu

30

His

Asp Arg Asn

45

Tyr Leu Phe

60

Ile Ala Ile

Pro Leu Leu

cggcggceggce
ggacatcttg
ggtatggtac
catcctggce
ccctccaagg
cgtccattac
tctgaagaaa
ttacagcttc
gtaccaaaga
gaggttctac

gacaaaagtt

val
15

Gly
Leu Gly
Leu Ser
val

Glu

Ala
80

Leu

Asn Ile

95

103/159

60

120

180

240

300

360

420

480

540

600

660

666



Ala Pro Pro

Ala
115

Gln Ile

Leu Tyr

130

Asp

val
145

Leu Ser

Thr Ser Leu

Leu Tyr Gln

Ser Glu Asp

195

Asn Lys Ile

210

<210>
<211>
<212>
<213>

15
1113
ADN
Zea

<400> 15
atgggcggcyg

tcctacaccg
cgggcaccct
tccteegteg
cgccgeggga
ctctactccc

agccgccgcec

Arg Ile

100

Gln Ile

Ala

Ile

Leu Leu

Pro

val

Cys

Ile

Glu Val

His Tyr

120

Gly
135

Lys

Val Ser

150

Leu Tyr

165

Arg
180

Tyr

Ile Lys

Pro Arg

mays

tcacgtccac
tcgtecgtcegce
cgcgecgteg
tcgcggceccgce
acgagatcgt
acggcaacgc

tcecgcegtcaa

Leu

Glu

Arg

Gly

Gly Phe

Thr Glu

Phe Tyr

200

Pro Val

215

catcgccgceg
cgacgccgcec
gaggcgggac
cgaggaggag
gggggtctac
cgccgacctce

cctetttggg

Ile

105

Lys

Asp

Glu

Leu

val

185

Lys

45021

Ile Ser

Leu Ala

Leu Lys

val Gly

155

Cys Ala

170

Asp His

Arg Ile

Thr Lys

cgcttcgect
accggtecgcece
ggcgcecggceg
gacggcgcgyg
gtgcgccacg
ggccagatgt

tatgattatt

27

Ala
110

Glu His

Thr Val

125

His

Lys Phe Leu

140

Ser Ser Tyr

His Thr Leu

Ala
190

Leu Ala

Ser Asn

205

Asp

val
220

Lys

tcttecccgec

tcgeccatccc

ccgggggcte
aggtggtgcg
cgecgggecte
acgggctctt

ctggttatgg

Phe Arg

Ser Ala
vVal

Leu

Phe
160

Ser

Pro Ala

175

Arg Gly

Leu Leu

gacgccgcecyg
ggagatctcc
ctccteggece
cctceggacce
cgccaccgtg
cgtcgagctce

gagatctaca

104/159

60
120
180
240
300
360

420



gggaagccca
gaaaaatatg
ccaaccattg
attttatctg
aagaacatcg
gatgacgtgg
tcteccactgt
aagcacttga
aaagaaacaa
aaacctcaag
gggaaatcca
aagttccgga
<210>
<211>

<212>
<213>

16

370
PRT
Zea

<400> 16

Met Gly Gly

1

Pro Thr Pro

Ala
35

Arg Leu

Arg Asp

50

Gly

Alé Ala Ala

65
Arg

Arg Gly

ctgagtgtaa
gtgtagcaga
atcttgcttc
gactaagagt
ataaaattgg
ttgactgctc
ggttaagtgg
aaaagtttgt
cgacaaagga
aggccaagaa

aaacagtgga

ggagcagatg

mays

Vval Thr

Pro Ser

20

Ile Pro

Ala Gly
Glu

Glu

Glu
85

Asn

Ser

Tyr

Glu

Ala

Glu

70

Ile

tacatatgca
tgaggatata
gcggttgcca
aatatatcca
cttggtaaat
ccacggaaaa
tggtggccac
gtcaagcgtt
tgacactacc
gtgccecgcag
tgttcctgat

cttggtctgg

Thr Ile

Thr Val

Ile Ser

40

Gly
55

Gly
Asp

Gly

val Gly

Ala

val

25

Arg

Ser

Ala

val

45021

gacattgaag
atcttatatg
gacttgcgag
gtcaagcgga
tgtccggtgce
cagctatggg
tgcaatctcg
agcaaaaaag
agtaaagaaa
atctcgcgaa
aaaccacgga

tga

Ala
10

Arg

val Ala

Ala Pro

Ser Ser

Glu val

75

Tyr Val

90

28

cagcatataa
gtcagtctgt
ctgtggtttt
cgttttggtt
ttgtcattca
agcactgcaa
agctatatcc
catcatcgaa
cagaggaagc
agagcctgga

tgagctcgga

Phe Ala Phe

Ala
30

Asp Ala

Ser Arg

45

Arg

Ala
60

Ser Ser

vVal Arg Leu

Arg His Ala

ctgcctcaag
tggaagtggt
gcatagtcct
tgacatttac
tggtacatca
agtaaaatat
agattacatt
acctgaccca
gtacccggag
cagccgattc

cgacatcgac

Phe
15

Pro
Thr Gly
Arg Arg
Val

val

Thr
80

Arg

Arg Ala

95

105/159

480

540

600

660

720

780

840

900

960

1020

1080

1113



Ser

Met

Phe

Glu

145

Glu

val

Arg

Tyr

Lys

225

Asp

Lys

Leu

ser

Ala

Tyr

Gly

130

Cys

Lys

Gly

Ala

Pro

210

Ile

Asp

val

Glu

val
290

Thr

Gly

115

TyTr

Asn

TyY

Ser

val

195

val

Gly

val

Lys

Leu

275

Ser

val

100

Leu

Asp

Thr

Gly

Gly

180

val

Lys

Leu

val

Tyr

260

Tyr

Lys

Leu

Phe

Tyr

Tyr

val

165

Pro

Leu

Arg

vVal

Asp

245

Ser

Pro

Lys

Tyr

val

Ser

Ala

150

Ala

Thr

His

Thr

Asn

230

Cys

Pro

Asp

Ala

Ser

Glu

Gly

135

Asp

Asp

Ile

Ser

Phe

215

Cys

Ser

Leu

Tyr

Ser
295

His

Leu

120

Tyr

Ile

Glu

Asp

Pro

200

Trp

Pro

His

Trp

Ile

280

Ser

45021

Gly

105

Ser

Gly

Glu

Asp

Leu

185

Ile

Phe

val

Gly

Leu

265

Lys

Lys

Asn

Arg

Arg

Ala

Ile

170

Ala

Leu

Asp

Leu

Lys

250

Ser

His

Pro

29

Ala

Arg

Ser

Ala

155

Ile

Ser

Ser

Ile

val

235

Gln

Gly

Leu

Asp

Ala

Leu

Thr

140

TyTr

Leu

Arg

Gly

Tyr

220

Ile

Leu

Gly

Lys

Pro
300

Asp

Arg

125

Gly

Asn

Tyr

Leu

Leu

205

Lys

His

Trp

Gly

Lys

285

Lys

Leu

110

vVal

Lys

Cys

Gly

Pro

190

Arg

Asn

Gly

Glu

His

270

Phe

Glu

Gly

Asn

Pro

Leu

Gln

175

Asp

val

Ile

Thr

His

255

Cys

val

Thr

Gln

Leu

Thr

Lys

160

Ser

Leu

Ile

Asp

Ser

240

Cys

Asn

Ser

Thr

106/159



Thr

305

Lys

Asp

Arg

Val

Lys

Pro

Ser

Met

Trp
370

<210>
<211>
<212>
<213>

<220>
<223>

<400>
gaaggtgacc aagttcatgc tcatcttgtt cggccttttce tacacta

<210>
<211>
<212>
<213>

<220>
<223>

<400>
gaaggtcgga gtcaacggat tatcttgttc ggccttttct acactc

<210>
<211>
<212>
<213>

<220>
<223>

<400>
agaaccaaaa attcaccagc tgtgagaa

Asp

Gln

Arg

Ser

355

17
47
ADN

Asp Thr Thr
310

Glu Ala Lys
325

Phe Gly Lys
340

Ser Asp Asp

Trinh ty nhin tao

SYN14136 Alen cia doan mdi X

17

18
46
ADN

Trinh ty nhadn tao

SYN14136 Alen cua doan mdéi Y

18

19
28
ADN

Trinh ty nhén tao

Ser

Lys

Ser

Ile

Lys

Cys

Lys

Asp
360

45021

Glu

Pro

Thr

345

Lys

Thr

Gln

330

vVal

Phe

SYN14136 doan mdéi gemeinsamer

19

30

Glu Glu Ala
315

Ile Ser Arg

Asp Val Pro

Arg Arg Ser
365

Tyr

Lys

Asp

350

Arg

Pro

Ser

335

Lys

Cys

Glu

320

Leu

Pro

Leu

107/159

47

46

28



45021

<210> 20

<211> 44

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> PZE-108076510 Alen cua doan mdi X

<400> 20
gaaggtgacc aagttcatgc tagcggcggg ctttcataca attt

<210> 21

<211> 43

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223s> PZE-108076510 Alen cua doan mdi Y

<400> 21
gaaggtcgga gtcaacggat tgcggcgggce tttcatacaa ttc

<210> 22

<211l> 24

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> PZE-108076510 doan mdi gemeinsamer

<400> 22
cttgtgatca cgtgaggggc tcaa

<210> 23

<211l> 49

<212> ADN

<213> Trinh ty nhan tao

<220>
<223> SYN24931 Alen cua doan mdi X

<400> 23
gaaggtgacc aagttcatgc tccattagat gagaaagcaa agagaacta

<210> 24

<211> 48

<212> ADN

<213> Trinh tu nhdn tao

31

108/159

44

43

24

49



45021 109/159

<220>
<223> SYN24931 Alen cua doan mdi Y

<400> 24
gaaggtcgga gtcaacggat tcattagatg agaaagcaaa gagaactg 48
<210> 25
<211> 25

<212> ADN
<213> Trinh tu nhin tao

<220>
<223> SYN24931 doan mdi gemeinsamer

<400> 25
attggtcgac atctcatgga ggctt 25
<210> 26
<211> 36

<212> ADN
<213> Trinh tu nhdn tao

<220>
<223> DZE-108077560 Alen ctia doan mdi X

<400> 26
gaaggtgacc aagttcatgc tgcagtggce tgcgca 36
<210> 27
<211> 39

<212> ADN
<213> Trinh tu nhdn tao

<220>
<223> PZE-108077560 Alen cua doan mdi Y

<400> 27
gaaggtcgga gtcaacggat tgctgcagtg gcctgcgcg 39
<210> 28
<211> 28

<212> ADN
<213> Trinh tu nhin tao

<220>
<223> PZE-108077560 doan mdi gemeinsamer

<400> 28
agataatgag tcatcaggct atcagcaa 28

32



<210>
<211>
<212>
<213>

<220>
<223>

<400>

gaaggtgacc aagttcatgc tgtaatccat tgtgaacata tcgctatca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

45021

29

49

ADN

Trinh ty nhén tao

PZE-108093423 Alen cua doan mdi X

29

30

47

ADN

Trinh tu nhén tao

PZE-108093423 Alen cua doan mdi Y

30

gaaggtcgga gtcaacggat taatccattg tgaacatatc gctatcg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

31

25

ADN

Trinh ty nhdn tao

PZE-108093423 doan mdi gemeinsamer

31

gaaacggttc tgctgcagtt tggta

<210>
<211>
<212>
<213>

<220>
<223>

<400>

32

47

ADN

Trinh tu nhin tao

PZE-108093748 Alen cua doan mdi X

32

gaaggtgacc aagttcatgc tggatagagt tgcagctaat gcttcaa

<210>
<211>
<212>
<213>

33

46

ADN

Trinh tu nhdn tao

33

110/159

49

47

25

47



45021

<220>
<223> PZE-108093748 Alen cua doan mdi Y

<400> 33

gaaggtcgga gtcaacggat tgatagagtt gcagctaatg cttcag

<210> 34

<211> 28

<212> ADN

<213> Trinh tuy nhdn tao

<220>
<223> PZE-108093748 doan mdi gemeinsamer

<400> 34
cctgcgettt gtaaataagt taggcaaa

<210> 35

<211> 38

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> PZE-108107671 Alen cua doan moi X

<400> 35
gaaggtgacc aagttcatgc ttgcacctgc acacgccg

<210> 36

<211> 40

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> PZE-108107671 Alen ciia doan mdi Y

<400> 36
gaaggtcgga gtcaacggat tcttgcacct gcacacgccc

<210> 37

<211> 21

<212> ADN

<213> Trinh ty nhan tao

<220>
<223> PZE-108107671 doan mdi gemeinsamer

<400> 37
gatgccaagg atcgggcgct t€

34

111/159

46

28

38

40

21



45021 112/159

<210> 38

<211> 47

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> SYN4196 Alen cua doan mdi X

<400> 38
gaaggtgacc aagttcatgc tctgcactct ggaatatcta taacaga 47
<210> 39
<211> 47

<212> ADN
<213> Trinh ty nhdn tao

<220>
<223> SYN4196 Alen cta doan mdi Y

<400> 39
gaaggtcgga gtcaacggat tctgcactct ggaatatcta taacagc 47
<210> 40
<211> 25

<212> ADN
<213> Trinh tu nhdn tao

<220>
<223> SYN4196 doan mdéi gemeinsamer

<400> 40
tggtttatac caggaaggga cgcat 25
<210> 41
<211l> 41

<212> ADN
<213> Trinh ty nhdn tao

<220>
<223> MA0004 Alen cla doan mdi X

<400> 41
gaaggtgacc aagttcatgc tgcctegtcc gcacttcacg t 41
<210> 42
<211> 40

<212> ADN
<213> Trinh ty nhan tao

35



45021

<220>
<223> MA0004 Alen clla doan mdi Y

<400> 42
gaaggtcgga gtcaacggat tcctegtccg cacttcacgg

<210> 43

<211l> 22

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> MA0004 doan mdi gemeinsamer

<400> 43
gtgtcaacgc cggatacggg at

<210> 44

<211l> 52

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> MA0005 Alen cla doan mdi X

<400> 44
gaaggtgacc aagttcatgc tccaaaattt tagaatcaca aacagattta cg

<210> 45

<211> 52

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> MA0005 Alen cia doan mdi Y

<400> 45
gaaggtcgga gtcaacggat tccaaaattt tagaatcaca aacagattta ct

<210> 46

<211> 30

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> MA0005 doan mdéi gemeinsamer

<400> 46
aaacgccagt atcaaggagt tattagtatt

36
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40

22

52

52

30



<210>
<211>
<212>
<213>

<220>
<223>

<400>

gaaggtgacc aagttcatgce tgcacacaaa cacaaattat gtcaaactg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

gaaggtcgga gtcaacggat tagcacacaa acacaaatta tgtcaaacta

<210>
<211>
<212>
<213>

<220>
<223>

<400>

45021

47

49

ADN

Trinh tu nhdn tao

MA0006 Alen clia doan mdi X

47

48

50

ADN

Trinh tu nhén tao

MA0006 Alen cua doan mdi Y

48

49

29

ADN

Trinh ty nhidn tao

MAO006 doan mdi gemeinsamer

49

ggctgtctta cgatatacca gttttctta

<210>
<211>
<212>
<213>

<220>
<223>

<400>

50

43

ADN

Trinh ty nhdn tao

PZE-108097482 Alen cua doan mdi X

50

gaaggtgacc aagttcatgc tagtcgggga tgcatgccat tga

<210>
<211>
<212>
<213>

51

42

ADN

Trinh ty nhédn tao

37

114/159
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50

29

43



45021 115/159

<220>
<223> PZE-108097482 Alen cta doan mdi Y

<400> 51
gaaggtcgga gtcaacggat tgtcggggat gcatgccatt gc 42
<210> 52
<211> 25

<212> ADN
<213> Trinh ty nhidn tao

<220>
<223> PZE-108097482 doan mdi gemeinsamer

<400> 52
gactccagag agagacagaa aggaa 25
<210> 53
<211> 41

<212> ADN
<213> Trinh ty nhdn tao

<220>
<223> MA0002 Alen cua doan mdi X

<400> 53
gaaggtgacc aagttcatgc tgcctcgtcce gcacttcacg t 41
<210> 54
<211> 40

<212> ADN
<213> Trinh ty nhdn tao

<220>
<223> MA0002 Alen ciia doan mdi Y

<400> 54
gaaggtcgga gtcaacggat tcctcgtccg cacttcacgg 40
<210> 55
<211l> 22

<212> ADN
<213> Trinh ty nhan tao

<220>
<223> MA0002 doan mdi gemeinsamer

<400> 55
gtgtcaacgc cggatacggg at 22

38
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<210> 56

<211l> 41

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> MA0003 Alen cua doan mdi X

<400> 56
gaaggtgacc aagttcatgc tccgtgatgce gccttgecgt a

<210> 57

<211> 40

<212> ADN

<213> Trinh tyu nhdn tao

<220>
<223> MA0003 Alen ciia doan mdi Y

<400> 57
gaaggtcgga gtcaacggat tcgtgatgcg ccttgecgtce

<210> 58

<211> 24

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> MA0003 doan mdi gemeinsamer

<400> 58
gcacatcaat cgactcagcc ctat

<210> 59

<211> 48

<212> ADN

<213> Trinh tu nhin tao

<220>
<223> MA0007 Alen cua doan mdi X

<400> 59
gaaggtgacc aagttcatgc tgaaattatt ctcagcgagc atataacc

<210> 60

<211> 49

<212> ADN

<213> Trinh ty nhin tao

39

116/159

41

40

24

48



45021

<220>
<223> MA0007 Alen cua doan moi Y

<400> 60
gaaggtcgga gtcaacggat tggaaattat tctcagcgag catataact

<210> 61

<211> 24

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> MA0007 doan mdi gemeinsamer

<400> 61
cgaacaggca grcccatatg cttt

<210> 62

<211> 48

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> MA0008 Alen cua doan mdi X

<400> 62
gaaggtgacc aagttcatgc tggtaaaatg aagtaaaagc atatgggc

<210> 63

<211> 50

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> MA0008 Alen cua doan mdi Y

<400> 63
gaaggtcgga gtcaacggat tgaggtaaaa tgaagtaaaa gcatatgggt

<210> 64

<211l> 25

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> MA0008 doan mdi gemeinsamer

<400> 64
tagacggagg gtgtacttat gcgaa

40
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<210> 65

<211> 51

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> MA0009 Alen cua doan mdi X

<400> 65
gaaggtgacc aagttcatgc tgtaacaaat ttgtgcttta tgtttctggt t 51
<210> 66
<211> 49

<212> ADN
<213> Trinh ty nhén tao

<220>
<223> MA0009 Alen cua doan mdi Y

<400> 66
gaaggtcgga gtcaacggat taacaaattt gtgctttatg tttctggtg 49
<210> 67
<211> 29

<212> ADN
<213> Trinh ty nhdn tao

<220>
<223> MA0009 doan mdéi gemeinsamer

<400> 67
gatttsagca agattaagct gattcacgt 29
<210> 68
<211> 47

<212> ADN
<213> Trinh tu nhdn tao

<220>
<223> MA0010 Alen cua doan mdi X

<400> 68
gaaggtgacc aagttcatgc tgttggtaag agcctatagt caataca 47
<210> 69
<211> 47

<212> ADN
<213> Trinh ty nhédn tao

41
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<220>
<223> MA0010 Alen cua doan mdi Y

<400> 69

gaaggtcgga gtcaacggat tgttggtaag agcctatagt caatacc

<210> 70

<211> 30

<212> ADN

<213> Trinh ty nhan tao

<220>
<223> MA0010 doan mdéi gemeinsamer

<400> 70
aattcatcay atgcttttct tctgctcttt

<210> 71

<211l> 44

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> MA0O01l Alen cla doan mdi X

<400> 71
gaaggtgacc aagttcatgc tccttcectac agaagaacga gagc

<210> 72

<211> 44

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> MA001l Alen cla doan mdi Y

<400> 72
gaaggtcgga gtcaacggat tccttcctac agaagaacga gagt

<210> 73

<211> 25

<212> ADN

<213> Trinh ty nhin tao

<220>
<223> MAOOll doan mdi gemeinsamer

<400> 73
ttcacgtccg cgtaggtgta tcttt

42
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<210> 74

<211> 47

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> MA0012 Alen cla doan mdi X

<400> 74
gaaggtgacc aagttcatgc tatagacatc agacttgctg cttattg

<210> 75

<211> 49

<212> ADN

<213> Trinh tyu nhdn tao

<220>
<223> MAO0012 Alen clta doan mdi Y

<400> 75
gaaggtcgga gtcaacggat tctatagaca tcagacttgc tgcttatta

<210> 76

<211> 25

<212> ADN

<213> Trinh tuy nhin tao

<220>
<223> MA0012 doan mdi gemeinsamer

<400> 76
ccecggaggte tactcaaagce aattt

<210> 77

<211l> 45

<212> ADN

<213> Trinh tu nhédn tao

<220>
<223> MA0O013 Alen ctia doan mdi X

<400> 77
gaaggtgacc aagttcatgc tccttccgac aaatagcaca gatca

<210> 78

<211> 44

<212> ADN

<213> Trinh tuy nhin tao

43
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<220>
<223> MA0013 Alen cua doan mdéi Y

<400> 78
gaaggtcgga gtcaacggat tcttccgaca aatagcacag atcg

<210> 79

<211> 25

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> MAO0013 doan mdéi gemeinsamer

<400> 79
gacacggtgt gtgccagttt gtaat

<210> 80

<211l> 47

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> MA0014 Alen cua doan mdi X

<400> 80
gaaggtgacc aagttcatgc tcaacctctg acactattag cagtgat

<210> 81

<211> 46

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> MA001l4 Alen cua doan mdi Y

<400> 81
gaaggtcgga gtcaacggat taacctctga cactattagc agtgac

<210> 82

<211> 29

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> MA0Ol4 doan mdi gemeinsamer

<400> 82
tgttctgttt ctgattctaa ggtggtctt

44

121/159

44

25

47

46

29



<210>
<211>
<212>
<213>

<220>
<223>

<400>

45021

83

44

ADN

Trinh tu nhén tao

MAOO015 Alen cua doan mdi X

83

gaaggtgacc aagttcatgc tacaggtatg ccttgectcat aagce

<210>
<211>
<212>
<213>

<220>
<223>

<400>

gaaggtcgga gtcaacggat tcacaggtat gccttgcteca taaga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

84

45

ADN

Trinh tyu nhén tao

MA0OO015 Alen cua doan mdi Y

84

85

26

ADN

Trinh ty nhén tao

MAOO15 doan mdéi gemeinsamer

85

catarccact gttctaggct ggtgaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

86

43

ADN

Trinh ty nhén tao

MA0016 Alen ctia doan mdi X

86

gaaggtgacc aagttcatgc tcgagcaacc ggagataacc aca

<210>
<211>
<212>
<213>

87

42

ADN

Trinh ty nhin tao

45

122/159

44

45

26

43
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<220>
<223> MA0016 Alen cua doan mdéi Y

<400> 87
gaaggtcgga gtcaacggat tgagcaaccyg gagataacca cg

<210> 88

<211> 30

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> MA0016 doan mdi gemeinsamer

<400> 88
tttcggtaac ttgagacctc taattctttt

<210> 89

<211> 38

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> MA0017 Alen clia doan mdi X

<400> 89
gaaggtgacc aagttcatgc tcccaaacac gtcgcacg

<210> 90

<211> 43

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> MA0017 Alen cua doan mdi Y

<400> 90
gaaggtcgga gtcaacggat tatgctccca aacacgtcge aca

<210> 91

<211l> 23

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> MAQ0017 doan mdi gemeinsamer

<400> 91
cgcccgtcac ctaacaacag caa

46

123/159
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30

38

43



<210>
<211>
<212>
<213>

<220>
<223>

<400>

45021

92

50

ADN

Trinh ty nhén tao

MA0018 Alen cua doan mdi X

92

gaaggtgacc aagttcatgc tattctagag tatagatgtc taaacaaacc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

93

47

ADN

Trinh tyu nhén tao

MA0018 Alen clla doan mdi Y

93

gaaggtcgga gtcaacggat tctagagtat agatgtctaa acaaact

<210>
<211>
<212>
<213>

<220>
<223>

<400>

94

22

ADN

Trinh ty nhén tao

MAO018 doan mdéi gemeinsamer

94

cgacgggtga cgagtgacga tt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

95

46

ADN

Trinh tuy nhén tao

MA0019 Alen cta doan méi X

95

gaaggtgacc aagttcatgc tataaatatc tactcggcgce caatac

<210>
<211>
<212>
<213>

96

46

ADN

Trinh tuy nhén tao

47

124/159

50

47

22

46
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<220>
<223> MA0019 Alen cta doan mdi Y

<400> 096
gaaggtcgga gtcaacggat tataaatatc tactcggcgce caatag

<210> 97

<211l> 27

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> MA0019 doan mdéi gemeinsamer

<400> 97
ygagatctag gtgtcatctt ctagtca

<210> 098

<211> 42

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> MA0020 Alen cia doan méi X

<400> 98
gaaggtgacc aagttcatgc tttgccagca tctctectget cc

<210> 99

<211l> 46

<212> ADN

<213> Trinh tyu nhdn tao

<220>
<223> MA0020 Alen cua doan mdi Y

<400> 99
gaaggtcgga gtcaacggat taattttgcc agcatctctc tgctca

<210> 100

<211> 25

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> MA0020 doan mdi gemeinsamer

<400> 100
gtgaatcgga gaccaaggat tgctt

48
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<210> 101

<211> 45

<212> ADN

<213> Trinh tyu nhdn tao

<220>
<223> PZE-108095998 Alen clia doan mdi X

<400> 101
gaaggtgacc aagttcatgc ttcaaacaag caagaggagc agcat

<210> 102

<211> 44

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> PZE-108095998 Alen cua doan méi Y

<400> 102
gaaggtcgga gtcaacggat tcaaacaagc aagaggagca gcag

<210> 103

<211> 25

<212> ADN

<213> Trinh tu nhin tao

<220>
<223> PZE-108095998 doan mdéi gemeinsamer

<400> 103
ttgtcteggt tgttaggtcg ccaat

<210> 104

<211> 45

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> PZE-108096011 Alen cua doan moi X

<400> 104
gaaggtgacc aagttcatgc tccactaatg cagagatgga gacta

<210> 105

<211> 44

<212> ADN

<213> Trinh ty nhén tao

49
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<220>
<223> PZE-108096011 Alen cua doan mdi Y

<400> 105
gaaggtcgga gtcaacggat tcactaatgc agagatggag actg

<210> 106

<211l> 26

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> PZE-108096011 doan mdi gemeinsamer

<400> 106
catttacaca ctttgcaagg gcccta

<210> 107

<211> 44

<212> ADN

<213> Trinh tu nhin tao

<220>
<223> DPZE-108096791 Alen cua doan mdi X

<400> 107
gaaggtgacc aagttcatgc tagcacgaat cagcttccaa gagt

<210> 108

<211> 43

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> PZE-108096791 Alen cua doan mdi Y

<400> 108
gaaggtcgga gtcaacggat tgcacgaatc agcttccaag agc

<210> 109

<211l> 29

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> PZE-108096791 doan mdi gemeinsamer

<400> 109
attcgaagtg cactgcattc tttgtcaaa

50
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<210> 110

<211> 47

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> PZE-108096791 Alen ciia doan mdi X

<400> 110
gaaggtgacc aagttcatgc tgtcaaacat ataagagggc aaagtca

<210> 111

<211> 47

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> PZE-108096791 Alen ctia doan mdi Y

<400> 111
gaaggtcgga gtcaacggat tgtcaaacat ataagagggc aaagtcg

<210> 112

<21l> 29

<212> ADN

<213> Trinh ty nhin tao

<220>
<223> PZE-108096791 doan mdéi gemeinsamer

<400> 112
tgttcecgtte tacattttga tgtacctct

<210> 113

<211l> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi thudn bnlgl782

<400> 113
cgatgctccg ctaggaatag

<210> 114
<211> 20
<212> ADN

<213> Trinh ty nhdn tao

51
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<220>
<223> doan mdi nghich bnlgl782

<400> 114
tgtgttggaa attgacccaa

<210> 115

<211l> 23

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi thudn umcl960

<400> 115
ctgectggact acatggtgga ctt

<210> 116

<211> 21

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> doan mdi nghich umcl960

<400> 116
gagctgtagc acccccaaaa ¢

<210> 117

<211> 25

<212> ADN

<213> Trinh tyu nhin tao

<220>
<223> doan mdéi thuidn bnlg240

<400> 117
aagaacagaa ggcattgata cataa

<210> 118

<211l> 20

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdéi nghich bnlg240

<400> 118
tgcaggtgta tgggcagcta

52
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<210> 119

<211l> 24

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> doan mdi thuidn umcll2l

<400> 119
aaaacgacat gtcatcgtct tcaa

<210> 120

<211l> 24

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi thuadn umcll2l

<400> 120
ggggtcaggt acagggctag tagt

<210> 121

<211l> 20

<212> ADN

<213> Trinh tu nhin tao

<220>
<223> doan mdi thudn bnlgl067

<400> 121
ggcttgcttt tgcttcactt

<210> 122

<211> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdéi nghich bnlgl067

<400> 122
ctcatcccat tcgttccact

<210> 123

<211> 42

<212> ADN

<213> Trinh ty nhén tao

53
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<220>
<223> doan mdi thudn umcl287

<400> 123
tgtaaaacga cggccagtat gggatgatca gtcgtttcag tc

<210> 124

<211> 24

<212> ADN

<213> Trinh tu nhin tao

<220>
<223> doan mdéi nghich umcl287

<400> 124
aacgcacttc ttgtagctgt aggg

<210> 125

<211> 20

<212> ADN

<213> Trinh tyu nhén tao

<220>
<223> doan mdi 579ZMPMO_2F

<400> 125
actcgcttgt ctgtgtcacg

<210> 126

<211> 21

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdéi 579ZMPMO_2R

<400> 126
cttgtcgatt ctccgatctc a

<210> 127

<211> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdéi 579ZMPMO_A4F

<400> 127
cttccagacc gacgtgagat

54
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<210> 128

<211> 20

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdi 579ZMPMO_4R

<400> 128
aatactatgc aaggtcggcg

<210> 129

<211> 20

<212> ADN

<213> Trinh ty nhédn tao

<220>
<223> doan mdi 579ZMPMO_5F

<400> 129
ggcattatta gctaggcgca

<210> 130

<211> 20

<212> ADN

<213> Trinh tu nhidn tao

<220>
<223> doan mdi 579ZMPMO_5R

<400> 130
ttgggaaact caggttctgc

<210> 131

<211l> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi 579ZMPMO_17F

<400> 131
tgtaccccag ctacgacgtt

<210> 132

<211> 20

<212> ADN

<213> Trinh tu nhdn tao

55
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<220>
<223> doan mdéi 579ZMPMO_17R

<400> 132
aaccttcacg caaagaatcg

<210> 133

<211> 20

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdi 579ZMPMO_16F

<400> 133
aaacatatgc gtgatcggcet

<210> 134

<211l> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdéi 579ZMPMO_16R

<400> 134
atggctecgtt tcttcaggtg

<210> 135

<211> 22

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi 579ZMPMO_25F

<400> 135
ttggaccaaa cactatcgat cc

<210> 136

<211> 21

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi 579ZMPMO_25R

<400> 136
cgttggcaaa acctaggaat c

56
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<210> 137

<21l1> 20

<212> ADN

<213> Trinh tu nhin tao

<220>
<223> doan mdi 579ZMPM0O_22F

<400> 137
actggaactg caggaaggtg

<210> 138

<211> 20

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdi 579ZMPMO_22R

<400> 138
gacgtttaac cggcagtcag

<210> 139

<211> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi 579ZMPMO_34F

<400> 139
tgaattgcaa gcccacacta

<210> 140

<211> 20

<212> ADN

<213> Trinh ty nhidn tao

<220>
<223> doan mdi 579ZMPMO_34R

<400> 140
cctggtttge tgctctteat

<210> 141

<211> 20

<212> ADN

<213> Trinh tuy nhén tao

57
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<220>
<223> doan mdéi 579ZMPMO_35F

<400> 141
ccaaatgaac acgaacacca

<210> 142

<211> 20

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> doan mdi 579ZMPMO_35R

<400> 142
ggcgtggtga ctttttgtet

<210> 143

<211> 20

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdi 579ZMPMO_38F

<400> 143
cccaagatga agatccgatg

<210> 144

<211> 20

<212> ADN

<213> Trinh tu nhin tao

<220>
<223> doan mdi 579ZMPMO_38R

<400> 144
caaaccaaag aactcgagcg

<210> 145

<211> 20

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdi 579ZMPMO_37F

<400> 145
gtaatggggc agatgtttgg

58
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45021

<210> 146

<211> 20

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> doan mdi 579ZMPMO_37R

<400> 146
gcgactcttc gctacacacc

<210> 147

<211l> 24

<212> ADN

<213> Trinh tyu nhadn tao

<220>
<223> doan mbéi 5579ZMPMO_41F

<220>

<221> d&c tinh hdn hop
<222> (1)..(3)

<223> n 1la a, ¢, g, hodc t

<400> 147
nnnccctgtt catgtaactt caat

<210> 148

<211l> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi 579ZMPMO_41R

<400> 148

tgcacacgat aaggacatgc

<210> 149

<211> 24

<212> ADN

<213> Trinh tu nhidn tao

<220>
<223> doan mdi 5579ZMPMO_41F

<220>
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45021

<221> dic tinh hdn hop
<222> (1) ..(3)
<223> n 13 a, ¢, g, hodc t

<400> 149
nnnccctgtt catgtaactt caat

<210> 150

<211> 20

<212> ADN

<213> Trinh tyu nhén tao

<220>
<223> doan mdi 579ZMPMO_41R

<400> 150
tgcacacgat aaggacatgc

<210> 151

<211l> 20

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi 579ZMPMO_46F

<400> 151
tcaagagaac tctgggtggc

<210> 152

<211l> 20

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdi 579ZMPMO_46r

<400> 152
ggccaacaat gacgagagtc

<210> 153

<211> 20

<212> ADN

<213> Trinh tu nhin tao

<220>
<223> doan mdi 579ZMPMO_180F

<400> 153
gggagggttg ttctggtttt
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45021

<210> 154

<211> 20

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdi 579ZMPMO_180R2

<400> 154
ggtccttgtc aatgtcaccc

<210> 155

<211> 20

<212> ADN

<213> Trinh tu nhin tao

<220>
<223> doan mdi 579ZMPMO_48F

<400> 155
atggaccccc gttgttatct

<210> 156

<211> 20

<212> ADN

<213> Trinh tu nhin tao

<220>
<223> doan mdi 579ZMPMO_48R

<400> 156
gcctgcagac aaattcctgt

<210> 157

<211> 20

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> doan mdi 579ZMPMO_48F

<400> 157
atggaccccc gttgttatct

<210> 158

<211> 20

<212> ADN

<213> Trinh ty nhdn tao
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45021

<220>
<223> doan mdi 579ZMPMO_48R

<400> 158
gcctgcagac aaattcctgt

<210> 159

<211> 20

<212> ADN

<213> Trinh tyu nhdn tao

<220>
<223> doan mdi 579ZMPMO_56F

<400> 159
cctgtcatgg tgggaacaat

<210> 160

<211> 20

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdi 579ZMPMO0_56R

<400> 160
ctcatcagcg aagcgaaaaa

<210> 16l

<211> 20

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdi 579ZMPMO_51F

<400> 161
accctctcct tgctattggce

<210> 162

<211> 20

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> doan mdi 579ZMPMO_51R

<400> 162
ctccagetcet tcgttegtte
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45021

<210> 163

<211> 20

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> doan mdi 579ZMPMO_199F

<400> 163
gcaggctgga caaaagtgtt

<210> 164

<211> 20

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> doan mdi 579ZMPMO_199R

<400> 164
ttctttttge ggcctatctg

<210> 165

<211> 20

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi 579ZMPMO_63F

<400> 165
atttgcttgg cgtaatcctg

<210> 166

<211> 20

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi 579ZMPMO_63R

<400> 166
cagccgtgtt tttetttget

<210> 167

<211> 20

<212> ADN

<213> Trinh tu nh8n tao
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<220>
<223> doan mdi 579ZMPM0O_208F

<400> 167
cgcacggatc aagaagagtt

<210> 168

<211> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi 579ZMPM0O_208R

<400> 168
caatcgccat gcatactttg

<210> 169

<211l> 22

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi 579ZMPMO_206F

<400> 169
atggtacaag tgtcgatccc tc

<210> 170

<211> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdéi 579ZMPMO_206R

<400> 170
aatgaatcga tgtcgctggt

<210> 171

<211l> 22

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> doan mdi 579ZMPMO_86F

<400> 171
cacaactaaa gaggaaaccg ga
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45021

<210> 172

<211> 20

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> doan mdi 579ZMPMO_86R

<400> 172
ggctgacggt ctagtcttcg

<210> 173

<211> 20

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi S579ZMPMO_79F

<400> 173
aaccaaatgg ggtcttagcc

<210> 174

<211> 20

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdi 579ZMPMO_79R

<400> 174
atccgeccact ggtcaaaata

<210> 175

<211> 20

<212> ADN

<213> Trinh ty nhédn tao

<220>
<223> doan mdi 579ZMPMO_278F

<400> 175
catcgcaaca tcagcaacat

<210> 176

<211> 20

<212> ADN

<213> Trinh tu nhin tao
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45021

<220>
<223> doan mdi 579ZMPM0O_278R

<400> 176
acgtttgtte ccttcatcca

<210> 177

<211l> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdéi 579zmpm0_209F

<400> 177
ctgtgcttct ggtgctgaaa

<210> 178

<211> 20

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdéi 579zmpm0_209R

<400> 178
ctttccecgee tgtaaatgaa

<210> 179

<211> 22

<212> ADN

<213> Trinh tu nhin tao

<220>
<223> doan mdi 579ZMPMO_86F

<400> 179
cacaactaaa gaggaaaccg ga

<210> 180

<211> 22

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> 579zmpm0_86F

<400> 180
cacaactaaa gaggaaaccg ga
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45021

<210> 181

<211> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi 579zmpm0_87F

<400> 181
ctcaccccac cctaccctat

<210> 182

<211> 20

<212> ADN

<213> Trinh tu nhédn tao

<220>
<223> doan mdi 579zmpm0_87R

<400> 182
ggggagctgt tgaaggaaat

<210> 183

<211> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi 579zmpm0_91F

<400> 183
acgtcgatct gcttgctacc

<210> 184

<211> 20

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdi 579zmpm0_91R

<400> 184
gagacctagc gatccaacga

<210> 185

<211> 21

<212> ADN

<213> Trinh ty nhdn tao
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45021

<220>
<223> doan mdi 579zmpm0_216F

<400> 185
ctccatagtg tttcecggectt t

<210> 186

<211l> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi 579zmpm0_216R

<400> 186
gccctcagga cttaccgact

<210> 187

<211> 20

<212> ADN

<213> Trinh ty nhédn tao

<220>
<223> doan mdi 579ZMPMO_95F

<400> 187
gtcactatac ggagacggcg

<210> 188

<211> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi 579ZMPMO_95R

<400> 188
ctcggcectte aatttgtgat

<210> 189

<211> 20

<212> ADN

<213> Trinh ty nhin tao

<220>
<223> doan mdi 579ZMPMO_99F

<400> 189
agagcaacat gccttgaacc
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45021

<210> 190

<211> 20

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> doan mdi 579ZMPM0O_99R

<400> 190
gttttgatcc cgaagccttt

<210> 191

<211> 21

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi 579ZMPMO_244F

<400> 191
attcaatgga cacgcaacaa t

<210> 192

<211l> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi 579ZMPMO_244R

<400> 192
tgtggtgggg attttagtgg

<210> 193

<211> 20

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdi 579ZMPMO_241F

<400> 193
cattcgaaaa tctggccact

<210> 194

<211> 20

<212> ADN

<213> Trinh ty nhdn tao
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45021

<220>
<223> doan mdi 579ZMPMO_241R

<400> 194
gccaatggaa tggagaacag

<210> 195

<211> 20

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi 579ZMPMO_109F

<400> 195
gagcaaatca gatgcagcaa

<210> 196

<211> 20

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mbéi 579ZMPMO_109R

<400> 196
tgatgatggt ctgttgccag

<210> 197

<211> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi 579ZMPMO_109F

<400> 197
gagcaaatca gatgcagcaa

<210> 198

<211> 20

<212> ADN

<213> Trinh tu nhédn tao

<220>
<223> doan mdi 579ZMPMO_109R

<400> 198
tgatgatggt ctgttgccag
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45021

<210> 199

<211l> 20

<212> ADN

<213> Trinh tu nhin tao

<220>
<223> doan mdi 579ZMPMO_247F

<400> 199
tgcaaccata tgttgatggg

<210> 200

<211> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi 579ZMPMO_247R

<400> 200
cagcttgaga caaacgctga

<210> 201

<211> 20

<212> ADN

<213> Trinh tu nhin tao

<220>
<223> doan mdéi 579ZMPMO_112F

<400> 201
tgaaaaccct acctgaagcg

<210> 202

<211l> 20

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdéi 579ZMPMO_112R

<400> 202 .
actgcactga tccggacttce

<210> 203

<211> 21

<212> ADN

<213> Trinh tu nhin tao
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45021

<220>
<223> doan mdi 579ZMPMO_125F

<400> 203
tcgaggctaa catggtctct g

<210> 204

<211l> 21

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> 579ZMPMO_125R

<400> 204
catacacttc atgtcgtccc g

<210> 205

<211l> 20

<212> ADN

<213> Trinh tyu nhén tao

<220>
<223> doan mdi 579ZMPMO_253F

<400> 205
ggccgggacg tactagtgta

<210> 206

<211> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi 579ZMPMO_253R

<400> 206
tggttgtcat catttggcac

<210> 207

<211> 21

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi 579ZMPMO_125F

<400> 207
tcgaggctaa catggtctct g
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45021

<210> 208

<211> 21

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdi 579ZMPMO_125R

<400> 208
catacacttc atgtcgtccc g

<210> 209

<211> 20

<212> ADN

<213> Trinh tyu nhén tao

<220>
<223> doan mdi 579ZMPMO_128F

<400> 209
gctcaaggcg atacatgctt

<210> 210

<211> 20

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> ©579ZMPMO_128F

<400> 210
gctcaaggeg atacatgcett

<210> 211

<211> 16

<212> ADN

<213> Trinh tyu nhén tao

<220>
<223> doan mbéi 579ZMPMO_136F

<400> 211
ggcttgactg taatgg

<210> 212

<211> 20

<212> ADN

<213> Trinh ty nhén tao

73

150/159

21

20

20

16



45021

<220>
<223> doan mdi 579ZMPMO_136R

<400> 212
tttctgctca cacttcggtg

<210> 213

<211> 25

<212> ADN

<213> Trinh tu nhan tao

<220>
<223> doan mdi 579ZMPMO_131F

<400> 213
tcaagcaaac gagactcttc ttgta

<210> 214

<211> 20

<212> ADN

<213> Trinh tu nhin tao

<220>
<223> doan mdi 579ZMPMO_131R

<400> 214
tagccatgga cagatcgaca

<210> 215

<211> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi 579ZMPMO_137F

<400> 215
cggaccttgt actccgtcac

<210> 216

<211> 20

<212> ADN

<213> Trinh tuy nhdn tao

<220>
<223> doan mdéi 579ZMPMO_137R

<400> 216
agaatgtgga ggctacggtg
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45021

<210> 217

<211> 20

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdéi 579ZMPMO_138F

<400> 217
tgaaatttag gacttgcccg

<210> 218

<211l> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi 579ZMPMO_138R

<400> 218
acatctgaac accgcattga

<210> 219

<211l> 20

<212> ADN

<213> Trinh tyu nhdn tao

<220> :
<223> doan mdéi 579ZMPMO_147F

<400> 219
cttgtggtcc cactccactt

<210> 220

<211> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> doan mdi 579ZMPMO_147R

<400> 220
ttactttcca tggcctccaa

<210> 221

<211> 20

<212> ADN

<213> Trinh ty nhin tao
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45021

<220>
<223> doan mdi 579ZMPMO_145F

<400> 221
tgtgctcggg tattgacgta

<210> 222

<211> 20

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdi 579ZMPMO_145R

<400> 222
ccgtcaactt cctceccctat

<210> 223

<211> 20

<212> ADN

<213> Trinh tu nhdn tao

<220>
<223> doan mdi 579ZMPMO_262F

<400> 223
ttgctggett gttatcctcce

<210> 224

<211l> 20

<212> ADN

<213> Trinh tu nh8n tao

<220>
<223> doan mdi 579ZMPMO_262R

<400> 224
ccctgtegtt caaggaaaaa

<210> 225

<211> 20

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> doan mdi 579ZMPMO_161F

<400> 225
taggtaacag aattgcgggc
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45021

<210> 226

<211l> 20

<212> ADN

<213> Trinh tu nhén tao

<220>
<223> doan mdi 579ZMPMO_161R

<400> 226
tttctaaggce atgggagtgc

<210> 227

<211> 20

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> doan mdi 579ZMPMO_265F

<400> 227
catttcatgg catatgagcg

<210> 228

<211l> 20

<212> ADN

<213> Trinh tuy nhin tao

<220>
<223> doan mdi 579ZMPMO_265R

<400> 228
ctaaaggccc tgttcccagt

<210> 229

<211> 20

<212> ADN

<213> Trinh ty nhé&n tao

<220>
<223> ZNF1 GH034 F Doan mdi

<400> 229
tggttggtgt cgaagctgag

<210> 230

<211> 20

<212> ADN

<213> Trinh ty nhén tao
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<220>
<223>

<400>

ZNF1 GHO033 R boan mdi

230

atttatcccg gecctttgeat

<210>
<211>
<212>
<213>

<220>
<223>

<400>

231

22

ADN

Trinh ty nhan tao

HYD GHO039 F boan mdi

231

gatctacagg gaagcccact ga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

232

25

ADN

Trinh tu nhan tao

HYD GH040 R Poan mdi

232

tttttccttg aggcagttat atgcet

<210>
<211>
<212>
<213>

<220>
<223>

<400>

233

17

ADN

Trinh ty nh8n tao

RLK4 GH220 F Poan mdi

233

ttgtgcagcg gagggaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

234

19

ADN

Trinh ty nhén tao

RLK4 GH221 R Poan mdi

234

ccagggcacc agcaagaat

45021
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45021

<210> 235

<211> 19

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> EXT1 GH168 F Doan mdi

<400> 235
cgactacaag acgcgtacc

<210> 236

<211> 19

<212> ADN

<213> Trinh tu nhin tao

<220>
<223> EXT1 GH170 R Doan mdi

<400> 236
ggtgtcgatg gtgaggttc

<210> 237

<21i> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> RLK1 GH138 F Doan mdi

<400> 237
tattgttggt gctgttgccg

<210> 238

<211> 20

<212> ADN

<213> Trinh tu nhin tao

<220>
<223> RLK1 GH139 R Poan mdi

<400> 238
ggactcaatc cttgtccctg

<210> 239

<211> 20

<212> ADN

<213> Trinh ty nhédn tao
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45021

<220>
<223> RET1 GHO055 F Doan mdi

<400> 239
cgctegtttg ccagatagcc

<210> 240

<211> 20

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> RET1 GH056 R Poan mdi

<400> 240
cacggtgtgt gccagtttgt

<210> 241

<211l> 42

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> MA0021 Alen cta doan mdi X

<400> 241
gaaggtgacc aagttcatgc tgagctcatc tcgtccaagec cc

<210> 242

<211l> 42

<212> ADN

<213> Trinh tu nhin tao

<220>
<223> MA0021 Alen cla doan mdéi Y

<400> 242
gaaggtcgga gtcaacggat tgagctcatc tcgtccaagce cg

<210> 243

<211> 19

<212> ADN

<213> Trinh ty nhdn tao

<220>
<223> MA0021 doan mdi gemeinsamer

<400> 243
cgctgeggtg ccgggtgat
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45021

<210> 244

<211> 47

<212> ADN

<213> Trinh tu nhédn tao

<220>
<223> MA0022 Alen clila doan mdi X

<400> 244
gaaggtgacc aagttcatgc tcaccaacac aatagtcgtc caaatgt

<210> 245

<211> 46

<212> ADN

<213> Trinh tuy nhén tao

<220>
<223> MA0022 Alen cua doan mdi Y

<400> 245
gaaggtcgga gtcaacggat taccaacaca atagtcgtcc aaatgc

<210> 246

<211> 25

<212> ADN

<213> Trinh ty nhén tao

<220>
<223> MA0022 doan mdi gemeinsamer

<400> 246
cagccaatat ttccctcagt ggett

<210> 247

<211l> 24

<212> ADN

<213> Trinh tu nhin tao

<220>
<223> Doan mdi MA04916-6f

<400> 247
tgtttcagga atcacgcaac tgga

<210> 248

<211l> 22

<212> ADN

<213> Trinh tu nhdn tao
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45021

<220>
<223> DPoan mdi MA04916-6T

<400> 248
gcaccacgec atgaccaaca tc

<210> 249

<211l> 22

<212> ADN

<213> Trinh ty nhin tao

<220>
<223> Poan mdi TG10013-10.f

<400> 249
cttcctacag aagaacgaga gt

<210> 250

<211> 21

<212> ADN

<213> Trinh tyu nhén tao

<220>
<223> Doan mdi TG10013-11l.r

<400> 250
ttcctcacga gctctgtggt c

82
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