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Nguyén li¢u thuc vat chtra trinh ty nucleotit b gen ma hoda yéu td phién ma SUSIBA2
hoac giéng SUSIBA2 chiju su kiém soét phién ma cua trinh ty kho1 dong hoat dong &
nguyén liéu thyc vat ndy. Trinh tu nucleotit bd gen mé hoa yéu t6 phién ma SUSIBA2
hoac giéng SUSIBA2 thiéu it nhat mot phﬁn cua vung hoat héa cua trinh ty khdi dong
SUSIBA1 hoic trinh ty khoi dong gidng SUSIBAI c¢6 mét trong intron cua phién ban kiéu
dai cua trinh tu nucleotit by gen ma hoa yeu t6 phién ma SUSIBA2 hoic giong SUSIBA2.
Nguyén liéu thyc vat c6 kha nang san xuat hydrat cacbon kiém soat dugc, cy thé 1 tinh bot
hodc tinh bot va fructan. Cu thé 1a, nguyén li€u thuc vat co thé duoc thiét ké dé san sinh
hydrat cacbon ¢ cdc mirc do dugc tang cuong.
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Linh vue k§ thuit dwoe dé cap
Céc phuong 4n cla séng ché dé cap chung dén cac nguyén lidu thuc vat, va cu thé

1a dén nguyén liéu thuc vat ¢6 kha ning san xuét hydrat cacbon kiém soat dugc.

Tinh trang k§ thuit ciia sing ché

DPudng 1a cdc chit mang ning luong chinh trong qua trinh chuyén ning luong mat
troi thanh ning luong héa hoc thiét yéu cho su séng trén Trai dAt bing qué trinh quang
hop. O thyc vat bac cao, dudng khong chi 1a nguyén liéu co chit co ban dé téng hop sinh
khéi , ma con 1a cac phén tir truyén tin hiéu cho nhiéu con dudng chuyén héa. Qud trinh
téng hop hydrat cacbon thuong dugc gdy ra boi cac dudong. Tuy theo mirc nong do dudng
VA su san co cua duong, cac thuc vat bac cao st dung cac chién lugc khac nhau dé téng
hop cdc hydrat cacbon khac nhau trong viée du trit ning lwong dé cung cip nédng luong
ngay (vai phut), trung han (vai gio) va dai han (vai ngay dén vai nam) dé dap tng cac nhu
cdu ning lwgng ctia su sinh trudng, phét trién va sinh san.

Fructan, tinh bot chuyén tiép va tinh bot du trit 14 céc vi du vé cac hydrat cacbon -
lién quan dén cac dang cung cip ning luong khac nhau. Chung dugc tao ra & mot s6 luong
16n cac thuc vat c6 hoa bao gém Gramineae 6n d6i nhu dai mach, 1Ga mi, yén mach, va
nhiéu loai ¢é nudi gia suc.

Tai liéu [1] md ta yéu t& phién ma (TF) truyén tin hiéu dudng & dai mach 2
(SUSIBA2), thugc céc protein WRKY. SUSIBA2 TF lién két véi cac yéu td dap tmg dudng
(SURE) va yéu t6 W-bow nhung khong lién két vi yéu t& SP8a trong trinh tu khoi dong
ISOI. Sy phién ma clia SUSIBA2 ¢6 thé cam tng duoc béi duong va 1a yéu té phién ma
diéu hoa trong qué trinh t6ng hop tinh bot.

Tai lidu [3] mo ta su biéu hién cia SUSIBA2 TF dai mach & cdy 1aa, tao ra cay laa
chuyén gen c6 san lugng tinh bot cao va metan thap.

Taj liéu [17] md t& thuc vat chuyén gen chira trinh tu axit nucleic ma héa TF truyén
tin hi€u duong, nhu SUSIBA2 TF, ma c6 kha ndng hoat hoa trinh tw khoi dong cia gen ma
hoa enzym tham gia vao qua trinh tong hop tinh bot.

Van c¢6 nhu cau vé nguyén liéu thue vat ¢6 kha ning san xuat hydrat cacbon kiém

soat duogc.
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Ban chét ky thuat cia sang ché

Muc dich chung ctia sang ché 1a d& xuét nguyén liéu thuc vat ¢ kha ning san xudt
hydrat cacbon kiém soat dugc.

Muc dich nay va cac muc dich khac ctia séng ché dat duoc nhér cac phuong an dugc
mo ta ¢ day.

Séng ché dugc xéc dinh trong diém yéu cu bao ho doc 1ap. Céc phuong an khéc
dugc xac dinh trong cac diém yéu cau bao ho phu thudc.

Nguyén liéu thuc vét chtra trinh tu nucleotit bd gen ma hoa yéu td phién ma truyén
tin hiéu dudng & dai mach 2 (SUSIBA2) hoic yéu t§ phién ma gibng SUSIBA2 chiu su
kiém soat phién ma cuta trinh ty khéi dong hoat dong & nguyén li¢u thuc vat nay. Trinh tu
nucleotit bd gen ma héa yéu t6 phién ma SUSIBA2 hoic yéu t6 phién ma gibng SUSIBA2
thiu it nhat mot phan cta ving hoat hoa cia trinh tw khéi dong SUSIBAI hodc trinh tu
khoi dong gibng SUSIBAI(SUSIBAI p hodc SUSIBA1-like p) Fagrocod mit & intron ctia
phién ban kiéu dai cta trinh tu nucleotit bd gen ma hoa yéu tb phién ma SUSIBA2 hodc
yéu t6 phién ma gibng SUSIBA2.

Nguyén liéu thuc vat theo cac phuong an ctia sang ché ¢6 kha ning san xuit hydrat
cacbon kiém soat duoc, cu thé 1a tinh bot hodc tinh bot va fructan. Cu thé 1a, nguyén licu
thuc vat theo cac phuong 4n cia sang ché ¢6 thé duoc thiét ké dé san xuét hydrat cacbon &
cac mirc d6 duoc ting cudng. Nguyén lidu thue vat theo cic phuong an cia sang ché cling
¢6 thé lam gidm sy thai metan, va do d6 cé thé 1a nguyén li¢u thuc vat c6 san lugng tinh
bot cao va thai metan thép, hodc nguyén li¢u thuc vat cé san lugng tinh bt cao, fructan

cao va thai metan thip.

M5 ta vin tit cdc hinh vé

Cac phuong 4n nay, cing vé6i cac muc dich va cac wu diém khéc nira cta ching, ¢o
thé duoc hiéu rd nhat bang cach tham khao phin mé ta sau ddy ciing v6i cac hinh v& kém
theo, trong do:

Fig.1. Nhan dién SUSIBAI cADN c6 do dai day dua (sé truy cAp Ngan hang Gen
KT290558) va phat hién céc san phdm phién ma va protein duoc biéu hién tir SUSIBAI va
SUSIBA2 & dai mach. (A) Khuéch dai cdc ddu 5° ctia cac SUSIBAI ¢cADN bing 5’-RACE
tao ra ba amplicon (Dai 1-3). (B) Két quéa giai trinh tu (SEQ ID NO: 114) chi ra 1a céc
amplicon 1-3 1a gidng véi trinh ty SUSIBA2 cADN (s6 truy cdp Ngian hang Gen
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AY323206). Dai dai nhit 3 bit ddu tir nt 907 nhu duge chi ra bdi mii tén mau den. Trinh
tu SUSIBAI cADN dugc in nghiéng. Cac trinh tu codon khdi ddu va dimg caa SUSIBA2
va SUSIBA1 dugc gach chan. Cac doan mdi duge st dung cho khuéch dai 5°-RACE 1a
bang cac mii tén (doan mdi 16ng). (C) Phén tich thdm tach Northern cta cac san phim
phién ma SUSIBAI va SUSIBA2 & 14 cAy dai mach va céc hat dang phat trién. (D) Phan
tich thdm tach Western ctia SUSIBA1 va SUSIBA2 & 14 dai mach va céac hat dang phat
trién, daf, sé ngay sau khi ra hoa.

Fig.2. Thé hién bang so db trinh tw khoi dong SUSIBAI va SUSIBA2 (s truy cap
Ngan hiang Gen l4n lrot 1a KT290559, KT290560 va AC269483). Trinh ty khoi dong
SUSIBAI bao gém SUSIBAZ2 intron 2 va 5’-exon 3. Trinh tu khoi dong SUSIBA (SEQ ID
NO: 115) dugc chi ra va trinh ty nay bao gbm intron 2 (chit thuong) va du 5°cua exon 3
(in nghiéng va in dam) ctia SUSIBA2 dugc thé hién. Su khéi diu phién ma (twong tng véi
SUSIBAI dai 3 cADN) dugc chi ra béng mfii tén. Trinh ty ma hoéa NLS (tin hiéu dinh vi
nhan) va c4c trinh ty ma hoa cadc mién WRKY axit amin duoc chi ra.

Fig.3. Phén tich hoat tinh trinh tu khdi dong SUSIBA . Céac cdu trac khac nhau & vi
khudn agrobacterium duge cho thAm nhap. (A) Huynh quang dugc kiém tra dudi dén UV,
(B) Céc vung huynh quang cta ba 14 gidng nhau bi thAm nhép duoc kiém tra dudi kinh
hién vi. (C) Cudng do huynh quang twong d6i duge dinh lugng tir ba 14 gidng nhau nay.
Cac khéc biét dang ké ctia hai SUSIBA? intron 2-5°-exon 3 bi cit, p35S:GFP, GUS-GFP
va AGL1 ctia vi khuin agrobacterium dugc so sanh véi do dai day du ctia SUSIBA? intron
2-5’-exon 3, va dugc chi ra bing d4u hoa thi (**p < 0,01). ANOVA mdt chiéu duoc st
dung (C4c vach sai s6 thé hién s.d.). C4c vach trong (A) =7 mm va trong (B) = 100 pm.

Fig.4. Ham luong fructan va tinh bt trong 14 dai mach dap Gng véi viée sucroza
(Suc) bi cung cép lac chd & cac ndng do khéc nhau. Su thay d6i vé ham luong fructan (A)
va tinh bot (B) dugc thé hién. Ba tht nghiém doc 1ap (n = 3; hai 14 mdi thtr nghiém) duogc
thuc hién va cac bo doi ky thuat duoc st dung cho cac phén tich fructan va tinh bot trong
mdi thir nghiém. Céc thay ddi v& mirc fructan va tinh bot dugce phat hién lan iuqt 6 50 mM
va 85 mM Suc. Ngudng cam tng cho sy tong hop fructan va tinh bot & 14 dai mach dugc
x4c dinh 14n luot 1a 40-50 mM va 75-85 mM sucroza. Céac vach do 1éch c_huén la nho, nhu
dugc chi ra. C4c khac biét ddng ké gitta cac mau duoc xir ly bang sucroza va dbi chimg
sorbitol (Sorb) dugc chi ra bang déu hoa thi (**p <0,01). ANOVA mdt chiéu duoc st dung

(Céc vach sai s6 thé hién s.d.).
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Fig.5. Hoat tinh nhay v6i dudng cua céc SUSIBAI va SUSIBA2 TF trong viéc didu
hoa qué trinh téng hop tinh bdt va fructan & dai mach. (A) Hai trinh tu khéi dong luén
phién ctia trinh tu SUSIBA, trinh ty khoi dong SUSIBA1 (SUSIBAI p) va trinh tu khéi dong
SUSIBA2 (SUSIBA2 p) & nhiém sic thé dai mach 2, dap tng khic nhau véi cac noéng do
sucroza (Suc). V&i néng d6 Suc cao hon 25 mM, su giam hoat tinh SUSIBAI p x4y ra va
& 40 mM Suc SUSIBA?2 p duoc hoat hoa. Sy biéu hién hoat tinh SUSIBAI p va SUSIBA2 p
cudi cling tao ra SUSIBA2 (62 kD) va SUSIBAL1 (30 kD) TF, tuong ing. SUSIBA1 lién
két nhu 1a tac nhan Gc ché voi cac gen tham gia vao qué trinh téng hop fructan, va
SUSIBA2 lién két nhu 14 tac nhan hoat hoa vé6i cac gen tham gia vao qua trinh tong hop
tinh bot. Viéc gidi phong tac dung Ge ché cia SUSIBAL ¢ = 50 mM Suc khéi dong qua
trinh tong hop fructan, va su lién két cia SUSIBA2 véi cac yéu t cis cung gbe > 85 mM
Suc kich thich sy téng hop tinh bdt. (B) Hoat tinh SUSIBA 1 p va SUSIBA2 p dap tng v6i
mirc néng d6 Suc. SUSIBAI p va SUSIBA2 p 1an lugt duoc dung hop véi cic gen chi thi
GFP va BFP. Vi khuin Agrobacterium mang céc cu tric nay dugc tham nhdp vao céc la
dai mach, ma sau d6 duoc 0 & céc néng do Suc khéc nhau. Huynh quang cua SUSIBAI
p:GFP dugc kiém tra bang 4nh sang kich thich ¢ 460-500 nm va huynh quang cua SUSIBA2
p:BFP & 340-380 nm. Trinh tu dung hop (GUS.: GFP) cia GUS va GFP dugc st dung lam
d6i ching am. Céac vach = 100 pum.

Fig.6. Ham luong fructan va tinh bdt, va cac muc néng do san phém phién ma va
protein ctia SUSIBA 1, SUSIBA2, 6-SFT va SBEIIb trong 14 dai mach dap tmg véi cac ndng
do khac nhau cua sucroza (Suc), fructoza (Fru) va glucoza (Glc). (A) Ham lugng fructan.
(B) Ham luong tinh bét, (C) Phan tich qPCR vé cac murc biéu hién gen. (D) Phan tich thAm
tach Western vé cdc mirc protein twong ung. Ba thir nghiém ddc 1ap (n = 3) duoc thyc hién
cho cac phan tich vé fructan, tinh bot va qPCR va hai thtr nghiém cho phan tich thdm tach
Western. ANOVA mot chiéu duoc str dung (*p < 0,05 hoidc **p < 0,01 gitra cac miu duoc
xtr Iy bang dudng va cac ddi chimg sorbitol va cac vach sai s6 thé hién s.d. va 1a nhé trong
(A) va (B)).

Fig.7. Cac thay ddi vé mirc noi sinh ctia glucoza (Glc) va fructoza (Fru) va xac dinh
hoat tinh trehaloza 6-phopsphat synthaza (TPS) va cac muc biéu hién giong TPS & 14 sau
céc lan xtt 1y dudng khac nhau. (A) Gle ndi sinh. (B) Fru ndi sinh. (C) Cac miic biéu hién
gen cua protein giong TPS & dai mach trong cic mau twong ung. (D) Tdng hoat tinh ctia

TPS. Dich chiét protein Arabidopsis tir cac mau 1a duoc xir Iy bing Suc (85 mM) va 4nh
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sang duge sir dung lam ddi ching duong cho thir nghiém enzym. Cac bd ba sinh hoc (A,
B, D) va ba thtt nghiém doc 1ap (C) duoc thuc hién (n = 3). ANOVA mot chidu duge st
dung (*p < 0,05 va **p < 0,01 cho su gia ting cta cac mau duge xi Iy bang dudng so véi
cac d6i ching sorbitol (Sorb) va cac vach sai s6 thé hién s.d.).

Fig.8. Téc dung trc ché hoat tinh cta trinh tu khéi dong 6-SFT bdi SUSIBAL. (A-
D) Su dinh vi nhan ctia SUSIBA1 ¢ té bao dai mach. SUSIBAI ¢cADN duogc dung hop véi
GFP. Vi khuan Agrobacterium ¢6 mot minh GFP (A, B) hodc SUSIBA1.GFP (C, D) dugc
diéu khién boi trinh ty khéi dong 35S dugc cho thdm nhép. (E-J) Hoat tinh lién két cia
SUSIBA1 v6i SUREa, cac yéu t& W-box va trinh tu khéi dong SP8a cua 6-SFT. Cac doan
do doan ADN dugc dénh déu ddu ciing bang [y*2P]-ATP véi Ty polynucleotit kinaza. D6i
v6i cdc doan do oligo, mot soi dwoc danh diu ddu cing bing [y2P]-ATP vé6i Ta
polynucleotit kinaza va dugc gin mdi vdi soi oligo bd sung. (E) Cac yéu 6 khéc nhau trong
trinh tu khéi dong 6-SFT. (F) Hoat tinh lién két SUSIBA1 v6i nim doan trong (E).
SUSIBA1 dugc biéu hién qua mérc va dugc tinh ché tir E. coli. Hoat tinh lién két duoc thé
hién bang su dich chuyén dai duoc chi ra bing cac miii tén. (G) Trinh ty cta cac yéu td
trong trinh tu khoi dong 6-SFT (SEQ ID NO: 78, 79, 62-67). Céc trinh tu lién ang ddi véi
SP8a va W-Box dugc gach chan. (FI) EMSA ctia cac yéu t6 trong (G) khi ¢6 mit (+) hoic
Véng mit (-) SUSIBAL. Vi tri ctia doan do ADN tu do dugc chi ra. (I) Cac trinh tu cta tirng
yéu t6 duoc thao tac di truyén (SEQ ID NO: 68-79). Poan A (dugc gach chan) duoc thiét
ké dé thay thé céc trinh tu lién tng. (J) EMSA cua céc yéu t6 dugc thao tac di truyén khi
c6 midt (+) hoic ving mit (-) SUSIBAIL. (K-O) Su ddng thim nhdp ciia vi khuén
agrobacterium vé&i cic ciu trac 6-SFT p:GFP va p35S:SUSIBAI. (K) Vi khuin
Agrobacterium chtta 6-SFT p: GFP. (L) Hon hop cta vi khuin agrobacterium chta 6-SFT
p-GFP va p35S:WRII. WRII 1 gen TF khong lién quan dén SUSIBA tir Arabidopsis véi
s truy cap Ngan hang Gen NM_202701. (M) Hdn hop céc vi khuén agrobacterium chtra
6-SFT p:GFP va p35S:SUSIBAI. (N) Cac mirc ndng do protein va san phim phién ma
SUSIBAI trong vung bi thdm nhép. Phéan 10ng vao thé hién phan tich thdm tach Western
ctia cac murc ndng dd protein trong vung bi thdm nhap véi vi khuén agrobacterium séng
(lan trai) hodc vi khuén agrobacterum nén bi giét bang nhiét (lan phai). (O) Céc mic san
phim phién ma WRI! trong ving bi thAm nhdp. Ba thir nghiém ddc lap (n = 3) dugc thuc
hién cho phén tich gPCR va hai thir nghiém cho phan tich thAm tach Western. Cac vach
trong (A-D) = 5 pum va trong (K-M) = 100 um. ANOVA mdt chiéu duoc sit dung (Céc
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Vé,Ch sai s thé hién s.d. va **p < 0,01 gifta vi khuén agrobacterium nén bi giét bang nhiét
va vi khuén agrobacterium séng).

Fig.9. Tac dung e ché asODN ciia SUSIBAL (A) Shp xép thing hang trinh tw cta
nim asODN di chon, mot dua vao mét ving ctia SUSIBA2 ¢cADN chéng 1én mot phan cta
trinh tuw khéi dong SUSIBAI (asODN 1), va dua vao cac vung cua SUSIBAI va SUSIBA2
cADN (asODN 2-5) (SEQ ID NO: 32-37,116-119). (B) Phan tich thAm tach Western céc
mirc ndng do SUSIBA1 va SUSIBA2 sau khi trc ché asODN véi nam asODN da chon
(panen trén) va cic mirc ndng d6 6-SFT sau khi trc ché SUSIBAI véi asODN 1 hoic 5
(panen duéi). (C) Phan tich hoat tinh trinh tu khoi dong SUSIBAI sau khi e ché véi
asODN 1 khang lai ving trinh tu khoi dong SUSIBA . Hiéu qua Gc ché v&i asODN 1 duoc
so sanh véi tdc dung trc ché hoat tinh trinh tu khoi dong SUSIBAI bdi 100 mM sucroza
(Suc; panen trén va dudi v& bén phai). Cac dbi ching véi 50 mM Suc va ODN ¢6 nghia
(sODN) trong 50 mM Suc dugc dua vao (panen trén va dudi Vé bén trai). (D) Hip thu ODN
dd gin nhan huynh quang trong 50 mM Suc vao céc té bao 14 dai mach. Su tu phat huynh
quang dugc chi ra (panen trdi) va ODN di duoc danh ddu huynh quang (mii tén mau tring)
1a kha kién trong té bao 14 (panen bén phai) sau khi 0 24 gi¢. Cac vach trong (C) = 100um,
va trong (D) = 50 pm.

Fig.10. C4c thay d6i v& ham luong fructan va tinh bot trong 14 dai mach do tac dung
tic ché oligodeoxynucleotit d6i nghia (asODN) ctia SUSIBAI va SUSIBA2 & ngudng cam
mg sucroza dbi vdi su tong hop fructan va tinh bot. (A) Ham luong fructan trong 14 v6i su
trc ché SUSIBAI & 40 mM sucroza (Suc; panen trai) va véi tic dung e ché SUSIBA2 & 50
mM (panen phdi). (B) Ham luong tinh bt trong 14 c6 su trc ché SUSIBAI & 75 mM Suc
(panel trai) va véi su trc ché SUSIBA2 & 85 mM (panen phai). Viée xtt Iy bang cac ODN
c¢6 nghia twong tmg cho SUSIBAI va SUSIBA2 duoc sir dung lam ddi chting cho cac phan
tich théng ké. Ba thtr nghiém doc lap (n = 3) dugc thuc hién. Sorb, sorbitol. ANOVA mét
chiéu duoc sir dung (*p < 0,05 hodic **p < 0,01 va cac vach sai sé thé hién s.d.).

Fig.11. Céc thay dbi v& muc ndng do san phdm phién ma va protein ctia SUSIBAI,
SUSIBA2 va 6-SFT trong 14 dai mach sau khi Grc ché hoat tinh SUSIBAI va SUSIBA2 béng
asODN. (A) Phén tich gPCR vé cac murc biéu hién gen tuong ddi ctia SUSIBAI, SUSIBA2
va 6-SFT ¢ céc ndng d6 sucroza (Suc) da chi ra v6i su (e ché SUSIBAI (panen trai) hodc
SUSIBA?2 (panen phai) bai asODN. (B) Phan tich thim tach Western vé cac mirc ndng do

protein trong Gmg sau khi rc ché bang asODN. Cac khac biét dang ké sau khi tc ché duge
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chi ra bing cac ddu hoa thi s0 Vi dbi chung 1a cac ODN ¢6 nghia (sODN) trdng sucroza
(Suc). Ba thtr nghiém doc lap dugc thuc hién dé uc ché asODN va phan tich qPCR (n = 3),
va hai cho phén tich thdm tach Western. ANOVA mét chiéu duoc st dung (Cac vach sai
s6 thé hién s.d. va **p< 0,01). Sorb, sorbitol.

Fig.12. Cac thay d6i v& mirc ndng do san phdm phién ma va protein ctia SUSIBAI,
SUSIBA2 va SBEIIb trong 14 dai mach sau khi e ché hoat tinh SUSIBA I va SUSIBA2 bing
asODN. (A) Phan tich qPCR vé cac mirc biéu hién gen twong d6i ctia SUSIBAI, SUSIBA2
va SBEIIb & céc ndng do sucroza (Suc) da chi ra voi sy e ché SUSIBAI (panen trai) hodic
SUSIBA2 (panen phai) bai asODN. (B) Phan tich thAm tach Western vé cac mic ndng do
protein trong Ung sau khi e ché bang asODN. Cac khéc biét dang ké sau khi e ché duoc
chi ra bang cac diu hoa thi so v6i déi chimg 1a cac ODN ¢6 nghia (SODN) trong sucroza
(Suc). Ba thtr nghiém doc 1ap dugc thuc hién cho viée e ché asODN va phén tich qPCR
(n = 3), va hai thr nghiém ddc 14p cho phén tich thdm tach Western. ANOVA mot chiéu
dugc st dung (Céc vach sai s6 thé hién s.d. va *#p<0,01). Sorb, sorbitol.

Fig.13. Phan tich c4c giéng dai mach c6 ham lugng fructan trong hat cao va thap.
(A) Phén tich gPCR vé cac mrrc biéu hién gen SUSIBAI, SUSIBA2, 6-SFT va SBEIIb & céc
gibng cho ham lugng fructan cao (gidng 155) va cho ham luong fructan thip (giéng 181)
& thoi diém 9 ngay sau khi ra hoa (daf; cac panen trai), & cac giai doan phat trién khac nhau
cila giéng 155 (cac panen gitta), va & nhiét do sinh trudng khac nhau cho giéng 155 &
24/16°C (d/n) hodic 18/10°C (d/n) (cic panen phai). (B) Phén tich thdm tich Western vé
cac muc ndng d6 protein SUSIBAI, SUSIBA2, 6-SFT va SBEIIb cho céc gidng tuong
Ung, cc giai doan phat trién (giai doan Dev) va céac nhiét do sinh truong (Growth temp:
nhiét do sinh truéng). (C) Phan tich ham lugng fructan va tinh bot trong cic mau twong
tmg. Céc khac biét dang ké duoc chi ra bang cac d4u hoa thi gitta hai mau trong mdi panen.
ANOVA mdt chiéu dugc sir dung (Céc vach sai sb thé hién s.d. va *P<0,05 hoic **P<
0,01). Cac giai doan Dev gdm 9 va 12 ngay sau khi ra hoa (9daf; 12daf) tuong Gmg vai
773-775 trén thang Zadoks trong phét trién cdy ngii cdc. Cac bd ba sinh hoc (n=3) véi 10
hat trong mbi 14n ldp lai sinh hoc dwgc st dung cho céc phén tich vé ham luong fructan va
tinh bot va gPCR. Hai thtr nghiém doc lap dugc thuc hién cho phéan tich thdm tach Western.

Fig.14. Pap tng ctia mic ndng dd san phdm phién ma va protein cia cic gen
SUSIBA1, SUSIBA2 va fructan (6-SFT) va tinh bot (SBEIIb) véi ndng do sucroza. (A) Phén
tich QPCR vé cac muc biéu hién SUSIBAI, SUSIBA2, 6-SFTva SBEIIb twong d6i dép lai
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céc ndng dd sucroza (Suc). (B) Phén tich thdm tich Western vé cac mirc ndng do protein
SUSIBA1, SUSIBA2, 6-SFT va SBEIIb dép ing voi cac ndng do sucroza. Daf, s6 ngay
sau khi ra hoa; ANOVA mét chiéu duoc st dung (cac vach sai sb thé hién s.d.). ¥*p<0,05
va **p < 0,01 dugc thé hién khi cac khac biét dang ké xuit hién gifta céc méu duoc xu ly
bang sucroza va ddi ching 1a 100 mM sorbitol (Sorb). Ba thir nghiém doc 1ap duoc thuc
hién cho viéc cam tng duong va phan tich qPCR (n = 3), va hai tht nghiém doc 1ap cho
phan tich thdm tach Western.

Fig.15. Ham luong tinh bot va cic muc biéu hién trong mot ngay cia cic gen
SUSIBAI, SUSIBA2, va cac gen chuyén hoa tinh bot va fructan trong 14 tich trir (sink) ctia
dai mach. (A) Phén tich qPCR v& cac mirc biu hién twong ddi ctia SUSIBAI, SUSIBA2,
SBEIIb, 6-SFT, 6-FEH va I-FEH trong 14 tich trt ctia dai mach. (B) Ham lugng tinh bot
va fructan trong cac mau tuong tng. Cac thoi diém thu hoach mau duoc chi ra va cac didu
kién sang va tdi duoc thé hién bin g céac 0 chit nhat ddc va r5ng v6i biéu tuong mat troi va
mit tring, tuong tng. ANOVA mét chidu duoc sit dung (Céc vach sai sé thé hién s.d. va
*p< 0,05 hodc **p< 0,01 so vdi 05:00 gio sang). Ba thu nghiém doc 1ap duoc thuc hién (n
=3).

Fig.16. Nhan dién vung 5° xa trong trinh tu khéi dong SUSIBA2 ma két ndi hoat
tinh Grc ché SUSIBA1 vdi hoat tinh dap tmg duong SUSIBA2. (A) Cac ciu triic ¢6 d¢ dai
khac nhau cta trinh tu khéi dong SUSIBA2 va ciu trac dé biéu hién qué mirc SUSIBAI
duoc st dung cho phuong phap agroinfiltration (phwong phép biéu hién gen tam thdi nho
Agrobacterium :LGiefaciens) trong phén tich hoat tinh trinh ty khéi dong SUSIBA2. (B)
Hoat tinh trinh tu khoi dong SUSIBA2. Cac ciu tric dugc bién nap vao vi khuén
agrobacterium va dugc tham nhép vao 14 dai mach. L4 dai mach da tham nhiém dugc 0 &
cac ndng d6 sucroza khac nhau. Huynh quang duoc kiém tra ba ngay sau khi thim nhap
duéi kinh hién vi & budce séng tix 460 dén 500 nm. (C) Cudng do huynh quang twong ddi
duoc dinh luong ba 1an. Cac khac biét dang ké gifta cdu tric 1 va cdu trac 1 + ciu triic 3
va gifta cdu tric 2 va cu tric 2 + cu tric 3 dugce phén tich théng ké va dugc chi ra bing
dAu hoa thi (**p < 0,01 hodc *p <0,05). ANOVA mot chiéu dugc st dung (Céc vach sai
s6 thé hién s.d.). Cac vach = 100 pm. Ba thr nghiém doc 1ap duoc thuc hién (n = 3).

Fig.17. Hoat tinh Gc ché SUSIBALI trén trinh ty khoi dong SUSIBA2 can trd hoat
tinh ty tang cuong SUSIBAZ2. (A, B) Téc dung e ché SUSIBAT ctia ODN déi nghia gan

bing mirc ngudng cam Gng sucroza cho su biéu hién SUSIBA2 (25 mM/40 mM) hoc biéu

-O-



38157

hién qua mirc/cung cip SUSIBA1 & céc ndng dod Suc khac nhau. Céc thay d6i vé murc phién
ma SUSIBA?2 khi tic ché SUSIBA1 boi asODN (A) hodc su biéu hién qua mic SUSIBAI
(B) dugc phan tich bing qPCR. (C) Hoat tinh ty ting cuong ciia SUSIBA2 khi trc ché
SUSIBAI bang asODN. Céc thay ddi v& mirc phién ma SUSIBA2 khi biéu hién quéa murc
SUSIBA2 sau khi tic ché SUSIBAI bang asODN duoc phan tich bing qPCR. Céc khac biét
dang ké dugc chi ra biang d4u hoa thi (**p < 0,01) gitta asSUSIBAI va sODN trong (A),
gitta p35S:SUSIBAI va céc ddi chimg vi khudn agrobacterium twong Gng & cac nbng do
sucroza khac nhau trong (B), va gitta AGL1 vi khuan agrobacterium & 40 mM Suc va céc
lan xir Iy twong tng & 40 mM Suc trong (C). ANOVA mét chiéu dugc sit dung (Cac vach
sai s6 thé hién s.d.). Ba thu nghiém dgc lap dugc thuc hién (n = 3).

‘Fig.18. Sy lién két canh tranh SUSIBA1/SUSIBA2 trén W-box trong trinh tu khoi
dong SUSIBA2 diéu khién sy biéu hién SUSIBA2. (A) Trinh tu oligo ngan dugc chon tir
ving dap tmg dudong 5° xa cta trinh tu khéi dong SUSIBA2 bao gdm W-box (dugc gach
chén) trong viing nay va trinh tu oligo déi ching ¢6 ciing chiéu dai nhung khong c6 W-
box bat ky duoc chon ngau nhién tr trinh ty khéi dong SUSIBA2 (SEQ ID NO: 108-111).
C4 hai trinh tur oligo dugc sir dung lam céc oligonucleotit sgi kép cho thir nghiém bay moi
va EMSA. Céc vi tri oligo 1a nhu dugc chi ra trong trinh tu khoi dong SUSIBA2. (B) Céc
mirc phién ma ctia SUSIBA2 dugc phan tich bing qPCR sau khi ddng tham nhép vi khuan
agrobacterium chtra p35S:SUSIBAI cing v6i cac oligo mdi chudi kép & 40 mM Suc. Cac
14 da duoc thdm nhdp duoc U & 40 mM Suc. Hai ngay sau khi thdm nhdp va 0, phén tich
gPCR dugc thuc hién. (C) Cac muc phién ma cia SUSIBA2 sau khi déng tham nhép vi
khuan agrobacterium chtra p35S:SUSIBA2 cung véi oligo méi soi kép trong khi e ché ddi
nghia SUSIBAI. (D) Cac muc phién ma cia SUSIBA2 sau khi thim nhap mdt minh vi
khuén agrobacterium chtra p35S:SUSIBA2 hoic mot minh céc oligo mdi sgi kép & 100 mM
Suc. Céc 14 da duge tham nhap dugc u & 100 mM Suc trong hai ngay trude khi phén tich.
Céc khac biét dang ké duo‘cvphén tich théng ké gitta p35S:SUSIBAI va céc oligo mdi, va
duoc chi ra bing cac ddu hoa thi (**p <0,01) trong (B), va gitta p35:SUSIBA2 va céc oligo
moi trong (C), va gitta p35:SUSIBA2 va céc oligo mdi trong (D). ANOVA mdt chiéu duge
str dung (Céc vach sai s6 thé hién s.d.). Ba thu nghiém doc lap dugc thuc hién (n = 3). (B)
Phén tich EMSA vé hoat tinh canh tranh d8i v&i W-box trong trinh tw khoi dong SUSIBA2
gitta SUSIBA2 va SUSIBAL. Phan tich EMSA vé hoat tinh canh tranh déi v6i W-box ciia
SUSIBA2 (panen trai) va SUSIBA1 (panen gitta) va SUSIBA2 va SUSIBA1 khi canh tranh
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(panen phai). SUSIBA?2 va SUSIBAL duoc biéu hién qua mirc va duoc tinh ché tir E. coli
va duoc ﬂ’lfl’ b%mg hai oligo. Phan tich EMSA dugc thuc hién khi c6 mat (+) hodc Véng mat
(-) SUSIBA2 (0,2 pg) va SUSIBAL1 (0,2 jig) hodc khi ¢6 mat SUSIBA2 (0,2 pg) voi su gié
tdng caa SUSIBA1 (0,0125, 0,025, 0,05, 0,1 va 0,2 ug) dbi voi thie nghi¢m hoat tinh canh
tranh. Vi tri cia doan do ADN tu do dugc chi ra.

Fig.19. Phan tich huynh quang vé hoat tinh ty ting cudng SUSIBA2/SUSIBA2 khi
trc ché SUSIBAI biang asODN st dung cdu tric SUSIBA2 p:GFP. (A) Céu tric SUSIBA?2
p:GFP dugc ddng tham nhép ciing v6i céc td hop trong Fig.17C dé theo ddi hoat tinh cua
trinh tu khoi dong SUSIBA2. Ba ngay sau khi thAm nhép, huynh quang duoc kiém tra dudi
kinh hién vi ¢ budc song 460-500 nm. (B) Cuong do huynh quang twong d6i duoc dinh
luong. Céac khac biét dang ké duoc chi ra biang cac dau hoa thi (*p < 0,035) gitta AGL1
agrobacterium ¢ 40 mM Suc va céc truong hop xu ly tuong tng 6 40 mM Suc. ANOVA
mot chiéu dugc st dung (Cac vach sai s6 thé hién s.d.). Ba thtr nghiém doc lap duoc thuc
hién (n = 3). Céc vach = 100 pm. ,

Fig.20. Phan tich huynh quang vé vai trd cia W-box trong hoat tinh @rc ché
SUSIBA1 dbi v6i hoat tinh trinh ty khoi dong SUSIBA2 st dung ciu tric SUSIBA2 p: GFP.
(A) Céu trac SUSIBA2 p:GFP dugc ddng tham nhidm cing v6i cac td hop trong Fig.18B
dé theo doi hoat tinh trinh tu khéi dong SUSIBA2. Bangay sau khi tham nhédp, huynh quang
duoc kiém tra dudi kinh hién vi & bude song 460-500 nm. (B) Cudng d6 huynh quang
tuong d6i dugc dinh lugng. Céac khac biét dang ké dugc phan tich théng ké giita
p35S:SUSIBAI va cic oligo mdi, va duoc chi ra bang cac ddu hoa thi (**p <0,01). ANOVA
mot chiéu duge str dung (Céc vach sai sé thé hién s.d.). Ba thir nghiém doc 1ap dugc thuc
hién (n = 3). Cac vach = 100 um.

Fig. 21. Phan tich huynh quang vé vai trdo cia W-box trong hoat tinh tu tang cuong
SUSIBA2/SUSIBA2 st dung ciu tric SUSIBA2 p:GFP khi SUSIBAI bi tic ché. (A) Cau
tric SUSIBA2 p:GFP dugc dong thAm nhidm ciing v6i cac td hop trong Fig. 18C dé theo
doi hoat tinh trinh tu khéi dong SUSIBA2. Ba ngay sau khi thdm nhap, huynh quang duoc
kiém tra dudi kinh hién vi & bude séng 460-500 nm. (B) Cudng dé huynh quang tuong dbi
dugc dinh luong. Cac khac biét dang ké duoc phan tich thdng ké gitta p35S:SUSIBA2 va
cdc oligo méi, va duoc chi ra bang cac ddu hoa thi (**p <0,01). ANOVA moét chiéu duge
st dung (Céc vach sai s6 thé hién s.d.). Ba thir nghiém doc 1ap dugc thuc hién (n = 3). Cac

vach = 100 pm.
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Fig. 22. Phan tich hoat tinh trinh ty khoi dong SUSIBAI. (A) Céc clu trac ¢ do dai
khac nhau cta trinh tu khéi dong SUSIBAI dé thyc hién phuong phép agroinfiltration trong
phén tich hoat tinh trinh tu khéi dong SUSIBA 1. (B) Hoat tinh trinh tu khoi dong SUSIBA .
Céac chu trac duoc bién nap vao vi khuén agrobacterium va dugc tham nhdp vao 14 dai
mach. L4 dai mach da thdm nhidm duoc @ & cac ndng do sucroza khac nhau. Huynh quang
duoc kiém tra ba ngay sau khi thAm nhap dudi kinh hién vi & buéce séng tir 460 dén 500
nm. (C) Cudng dd huynh quang twong déi duoc dinh luong ba 14n . Céc khac biét dang ké
gifra cAu tric 1 va cdu trac 3 va gifta cdu tric 2 va cdu trac 3 duoc phan tich thdng ké va
dwoc chi ra bing déu hoa thi (**p <0,01). ANOVA mdt chidu duoc sir dung (Cac vach sai
s6 thé hién s.d.). Ba tht nghiém doc 1ap duoc thuc hién (n = 3). Cac vach = 100 um.

Fig. 23. Nhan dién trinh tu cis ddp ung dudng va hoat tinh frans twong ing trén trinh
ty khoi dong SUSIBAI. (A) Chién lyc nhan dién céc trinh tu cis dap ting dudng va hoat
tinh trans tiém nang. Ving dap ung duong di nhan dién trong trinh tw khéi dong SUSIBAI
dugc st dung dé thiét ké 6 trinh tu oligo moi. Mot doan ADN (Poan 1) bao gém cac moi
1-3 va doan ADN ddi ching (Poan 2) bao gém ving khéng dap tng duong duoc tao ra
bang enzym gii han, Xbal va BstXI dé phan tich. (B) Cac trinh tw don 1é ctia 6 oligo moi
(SEQ ID NO: 80-91). (C) Cac mutic phién ma ctia SUSIBA sau khi thdm nhdp v&i cac oligo
mdi khac nhau va i & cac ndng do sucroza khic nhau. (D) Phan tich EMSA dich chiét
protein nhan tir 14 d4 xtr Iy & cac ndng do dudng khac nhau. Cac doan 1 va 2 (panen tréi)
va céc oligo mdi 2 va 3 (panen phai) dugc sir dung trong phan tich EMSA. Phan tich EMSA
duoc thuc hién khi Véng mat (-) hodc c6 mat (+) céc dich chiét protein nhan. Vi tri cta
doan do tu do duogc chi ra. Hoat tinh lién két duogc thé hién bang su dich chuyén dai duoc
chi ra bing cac mii tén. Céc khéc biét ding ké duoc chi ra bing cac ddu hoa thi (¥*p <
0,01). giita cac oligo mdi va H20, 50 mM Suc hodc 100 mM Suc trong (C). ANOVA mot
chiéu duoc st dung (Céc vach sai sb thé hi¢n s.d.). Ba thir nghiém doc 14p dugce thyc hién
dé bay oligo mdi va cho phan tich gPCR (n = 3). »

Fig. 24. Phan tich huynh quang vé& cac tic dong ciia cac oligo mdi 2, 3 va 6 ddi voi
hoat tinh ddp Ung duong SUSIBAI st dung chu trac SUSIBAI p.GFP. (A-C) Chu tric
SUSIBAI p:GFP dugc ddng thdm nhéap cling vdi cac oligo mdi 2, 3 va 6 nhu trong Fig.23C
dé theo ddi hoat tinh trinh ty khéi dong SUSIBAI. Céc 14 da thim nhép dugc 0 & céc ndng
dd Suc khac nhau. Ba ngay sau khi thdm nhép va 4, huynh quang duoc kiém tra dudi kinh

hién vi & bude song 460-500 nm. (D) Cudng 46 huynh quang tuong dbi dugc dinh luong.
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Céc khéc biét dang ké duoc phan tich thng ké va dugc chi ra bang cac dau hoa thi (**p <
0,01) cho SUSIBAI p:GEP, mdi 2 va mdi 6 so véi mdi 3. ANOVA moét chiéu duoce sir dung
(Céc vach sai s6 thé hién s.d.). Cac vach = 100 pm.

Fig. 25. Phéan tich cac trinh tu khoi dong SUSIBAI va hoat tinh trans da dugc xac
dinh gitta cac gidng cho ham luong fructan cao (gidéng 155) va thap (giéng 181). (A) Thé
hién bang so db hai trinh ty khéi dong SUSIBAI da dugc gii trinh tu dugce phan l1ap bing
PCR tir cac gibng dai mach 155 (giéng cho ham lugng fructan cao) va 181 (giéng cho ham
lwong fructan thip). (B) Mot doan (Poan 1; ciing xem Fig.23A) tir ving dap tng dudng
chtra trinh tu cis dap ing duong da dugc nhan dién va doan ddi ching (Doan 2; xem
Fig.23A) duge st dung cho phan tich EMSA. (C) Phén tich EMSA dich chiét protein nhan
dugc phan 14p tir céc hat gibng 9 ngay sau khi ra hoa cta hai giéng nay. Phan tich EMSA
duoc thuc hién khi ving mit (-) hodc c¢6 mit (+) cac dich chiét protein nhan. Vi tri cta
doan do ty do dugc chi ra. Hoat tinh lién két dugc thé hién bang sy dich chuyén dai dugc
chi ra bang mii tén.

Fig.26. H¢ thdng lién két yéu t6 phién ma canh tranh cam bién dudng didu khién su
téng hop fructan va tinh bot phéi hop & dai mach. B doi chét hoat hoa-chét te ché dap
g dudng SUSIBA2-SUSIBA1 TI' diu hoa tinh bot va fructan phdi hop ¢ dai mach nho
su _truyén tin hidu sucroza/glucoza/fructoza (Suc/Gle/Fru). Khi muc dudng 1a thip (A),
phirc hop/yéu t6 phién ma da huy dong (hinh qua bong v6i ddu hoi chdm) lién két véi trinh
tu dap tng duong trong trinh tu khéi dong SUSIBAI va hoat hoa su biéu hién SUSIBAI.
Su biéu hién cao cta SUSIBAI gdy ra muc néng dd cao cia SUSIBA1 ma lién két véi W-
box trong trinh ty khoi dong SUSIBA2 ngén cén sy lién két cua SU SIBA2, va voi cac yéu
t6 cis trong trinh tu khoi dong gen fructan (nhu trinh tu khoi dong 6-SFT), va tc ché su
biéu hién ctia SUSIBA2 va céc gen fructan, va két qua 13, sy tong hop va ham luong cia
tinh bot va fructan thip & mirc ndng do duong thap. Khi taing lwong dudong dén mic cao
(B), mirc néng do phirc hop/yéu td phién ma giam va cudi ciing tién dén 0 khi duong tiép
tuc ting. Khi khong c6 su lién két ctia phire hop/yéu té phién ma véi trinh tu dap g duong
trong trinh tw khéi dong SUSIBAI, su biéu hién ctia SUSIBAI 1a thap. Su biéu hién thip
ctia SUSIBAI dan dén sy biéu hién cao cta cac gen fructan va su ting Iy tién su biéu hién
SUSIBA2. SUSIBA2 lién két v6i W-box trong trinh tu khai dong ciia chinh né va lam tadng
su b_iéu hién ctia chinh n6. SUSIBA2 lién két vai W-box nhiéu hon va san phém phién ma

SUSIBA2 dugc tao ra nhiéu hon. Su tu diéu hoa duong nay s€ dan dén su bicu hi¢n cao cda
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SUSIBAZ v'a su tong hop tinh b6t cao. Do do, & mac dudng cao, su téng hop va ham lugng
tinh bt va fructan cao dugc tao ra. _

Fig. 27. Phén tich sb liéu phat sinh loai ctia cac intron tht hai SUSIBA2 (cc phan
chinh ctia trinh ty khoi dong SUSIBAT) tu ba loai cay trong, dai mach, Ita mi va laa. Cac
trinh tu intron thir hai ctia SUSIBA2 dai mach (sé truy cap Ngan hang Gen AC269483 hodc
KT290559), trinh ty tuong ddng (orthologue) SUSIBA2 lua mi (TaSUSIBA2, khung
TGACv1 scaffold 114535 2AS: 19,457-27,625 & http://ensembl.gramene.org/) va trinh
tuy tuong ddng SUSIBA2 laa (OsSUSIBA2, s6 truy cip Ngan hang Gen AP014963.1) duoc
str dung dé phan tich bang chuong trinh DNASTAR Lasergene phién ban 12.

Fig. 28. Fig nay so sanh céc trinh tu nucleotit cia exon 2 (SEQ ID NO: 98) cta gen
SUSIBA2 & dai mach va exon 2 (SEQ ID NO: 101) cta gen gidng SUSIBA2 & céy lia.

Fig. 29. Fig nay so sanh cac trinh tu nucleotit cia exon 3 (SEQ ID NO: 99) ctia gen
SUSIBA2 & dai mach va exon 3 (SEQ ID NO: 102) ctia gen gibng SUSIBA2 & cay lia.

Fig. 30. Fig nay so sanh céc trinh tu nucleotit cua intron 2 (SEQ ID NO: 100) ciua
gen SUSIBA2 & dai mach va intron 2 (SEQ ID NO: 103) cua gen gibng SUSIBA2 ¢ cay
lta.

Fig. 31. Bong laa dai mach dai lién quan dén mtrc SUSIBA2 cao va bong ngén lién
quan dén SUSIBAI cao. Fig nay minh hoa cac bdng lta dai mach loai ngan (A) va loai dai
(B) & cic cay con ctia dai mach lai thudce gidng SLU7 (155) va KVL1113 (199).

Fig. 32. Muc biéu hién tuong dbi cia SUSIBA1 va SUSIBA2 ¢ bong lua dang phat
trién ngdn (tri) va dai (phai) & thoi diém 2 ngay trude khi ra hoa. Cac khac biét thong ké
gitta bong Itia ngén va dai dugc chi ra bang ** (P <0,01).

Fig. 33. Ham lueng fructan tirng cdy & cac cdy con Fa. Céc s lugng khac nhau (dén
30 hat) ctia cac hat dong con duogc st dung cho phén tich ham Iwgng fructan. Nam hodc
sau hat d(‘)ng‘bé me tur 155,199, 224 va 235 duogc st dung lam dbi ching. Ham luong
fructan timg hat thay d6i nhiu & cac hat dong con nay. Ham luong fructan cao nhit trén
10% mdi khéi lugng kho (DW) duge ghi lai cho 9199x 235-cay 27 va gan 10% doi véi
0224x3155-cay 27, $224x3199-cdy 6, va 9224x199-cay 27. Cac tinh trang kiéu hinh
vé hat tron va hat det & céc cay con di kém theo ham lugng fructan thap va cao duoc quan
sat thdy mot cach so bo.

Fig.34. Ham lugng fructan ¢ cac cdy con Fa dong hop tir $224x3'155 khong ¢6 vo
(trAn) va 9224x3199 khong c¢6 vo (hai dong fructan cao nhat trong phong khi hau thuc
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vét). Ham luong fructan cao nhét (trén 13%) ¢6 lién quan dén dong 9224x3155 khong co
vO trong cac diéu kién phong khi hau thuc vat.

Fig.35. Céc tinh trang kiéu hinh vé d9 cao cua cdy, s6 bong lta trén mdi cay, sb hat
trén moi cdy va khdi lugng cia mot nghin hat & cac ciy bd me va cdy con Fa.

Fig.36. Ham lugng trung binh cua fructan va beta-glucan hat ¢ hat tron va hat det
clia céc cdy con Fa. A. Tinh trang kiéu hinh cta cac hat dong cha me, hat dong con tron (R)
va hat dong con det (F). B. Ham luong fructan trung binh trong hat tron va hat det ctia céc
cdy con Fa. C. Ham lugng beta-glucan trung binh trong hat tron va hat det cta cac cay con
F,. Ham lugng fructan va beta-glucan cao ¢6 lién quan dén cac tinh trang hat det va mbi
lién quan chit ché gifra ham lugng fructan va beta-glucan duoc quan sat thiy & tat ca cac

cay con.

M5 ta chi tiét sang ché'b

Céc phuong an ciia sang ché dé cép chung dén cac nguyén liéu thue vat, va cu thé
1a dén nguyén liéu thuc vat ¢ kha ning san xuét hydrat cacbon kiém soat dugc.

Nguyén liéu thuc vat theo cidc phuong an nay co thé duoc thiét ké dé co kha nang
san xuit hydrat cacbon kiém soat duoc, va cu thé 1a duoc thiét ké dé san sinh ra cac hydrat
cacbon & muc cao hodc gia tang so véi nguyén licu thuc vat kiéu dai.

DPuong 14 cdc chit mang ning lugng chinh trong qué trinh chuyén ning luong mit
troi thanh nang luong hoa hoc thiét yéu cho sw sdng trén Trai dat nho qua trinh quang hop.
O thyc vat bac cao, duong khong chi 12 nguyén liéu co chit co béan dé tdng hop sinh khéi
, ma con la cac phén tir truyén tin hiéu cho nhiéu con dudong chuyén hoa. Qué trinh tong
hop hydrat cacbon thuong dugc giy ra boi cac duong. Tuy theo mire ndng do dudng va sur
san c6 clia duong, cac thuc vat bac cao st dung cac chién luoc khac nhau dé téng hop céc
hydrat cacbon khac nhau trong viéc dy trlt nang luong dé cung cép ning luong ngay, nghia
la trong vong vai phut, trung han, nghia 1a trong vong vai gio, va dai han, nghia la, trong
vong vai ngay dén vai nam dé dap ung cac nhu cdu ning lugng cla su sinh trudng, phat
trién va sinh san.

Fructan, tinh bdt chuyén tiép va tinh bdt du trit 1a cac vi du vé cac hydrat cacbon
lién quan,dén cac dang cung cdp ning luong khac nhau. Ching dugc tao ra & mot s6 luong
Jén céc thue vét c6 hoa bao gém Gramineae on déi nhu dai mach, Iua mi, yén mach, va

nhicu loai c6 nudi gia suc.

-15-



38157

Su téng hop fructan, polyme fructoza, va tinh bot, polyme glucoza, thuong duoc
gdy ra boi dudong. Tuy nhién, cach céc thyc vt cam nhén cic mue dudong va diéu hoa su
tong hop cac hydrat cacbon khac nhau, nhu téng hop fructan va/hodc tinh bdt, van chua
duoc biét rong rai.

Nhu duoc chi ra ¢ day, su téng hop fructan va tinh bt duoc diéu hoa tdt bdi cac
mirc dudng & dai mach. Su tdng hop hydrat cacbon gdy ra boi dudng nay duoc kiém soat
chiit ch& boi hé gen phirc tap st dung hai trinh tu khéi dong luén phién dé tao ra hai yéu t6
phién ma ¢6 trinh ty tring nhau nhung d6i 1ap vé chirc ning, yéu t6 truyén tin hiéu duong
& dai mach 1 (SUSIBA1) va SUSIBA2, dé cam bién cic mtrc dudng va diéu hoa su tong
hop fructan va tinh bot. »

Sé liéu thur nghiém dugc trinh bay & day chira rﬁng SUSIBAT1 c¢6 hoat tinh am hodc
trc ché, trong khi SUSIBA?2 c¢6 tac dung duong hodc tac dung cam ung. Su biéu hién dap
mg dudng cta hai gen yéu td phién ma (TF) ndy, c6 trinh tu tuong dong nhung do dai
khéc nhau & dau 5° tir hai trinh ty khdi dong ludn phién, trinh tu khoi dong SUSIBAI
(SUSIBAI p) va trinh tu khoi dong SUSIBA2 (SUSIBA2 p), tao ra hé thong cam bién duong,
d6i 1ap, hodc am-duong ma kiém soat su tong hop khong gian thoi gian ctia fructan va tinh
bot & dai mach.

SUSIBAI p 13, nhu dugce chi ra thém ¢ déy, trinh tu khéi dong bén trong nam trong
gen SUSIBA? trong bd gen thuc vt ma gy ra sy biéu hién ctia protein, SUSIBAI, v&i cac
chtrc ndng khéc biét véi cédc chlic nang cla san phém, SUSIBA2, dugc ma hoa bdi gen neo
SUSIBA2. .

O trung tAm ctia hé théng 4m-duong, lién két canh tranh ctia SUSIBA1 va SUSIBA2
TF vé6i cac W-box trong viung ddp ting duong cia SUSIBA2 p dong vai tro la co ché lam
thich tng trong ma thé hién sy diéu hoa tw dong hoat tinh SUSIBAI va SUSIBA2. SUSIBAI
p chtra ving hoat héa dap ang dudong, ma yéu td hoat hoa trans lién két vao & mic duong
thdp, xem Fig.26A. Su lién két nay cta phte hop hoic yéu t6 hoat héa trans va cam tng
su biéu hién SUSIBAI. Su biéu hién cao ciua SUSIBAI giy ra mirc nong dd cao cla
SUSIBA1 ma lién két véi cac W-box trong SUSIBA2 p canh tranh véi SUSIBA2. Didu nay
ngén can hitu hi¢u sy biéu hién cta SUSIBA?2. Khi mtc duong gia tang, muc néng do phte
hop hoic yéu t6 hoat héa trans bi giam di. Khi khong c6 su lién két phtrc hop hogc yéu t6
hoat héa frans v6i ving hoat hoa dap tng duong ¢ SUSIBAI p, su biéu hién cta SUSIBAI
1a thdp, xem Fig.26B. Su biéu hién thip cta SUSIBA! dan dén SUSIBA2 canh tranh dé
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lién két vao cac W-box trong SUSIBA2 p va do d6 biéu hién cao SUSIBA2. SUSIBA?2 lién
két v6i cac W-box trong trinh tu khai dong ctia chinh n6 va do d6 ting cuong su biéu hién
cda chinh no. |

() dai mach, SUSIBA1 ciing lién két véi cac yéu td cis, nhu yéu t6 dap ting dudng
(SURE), W-box va/hoic yéu td SP8, trong trinh tu khéi dong gen fructan, nhu trinh tu khoi
dong sucroza:fructan-6-fructosyltransferaza (6-SFT), trinh tu khéi dong sucroza:sucroza
1-fructosyltransferaza (1-SST), va ngin can su biéu hién cta cic gen fructan, nghia 13,
SUSIBAI 14 tdc nhan tc ché su téng hop fructan ¢ dai mach. Két qua la, 6 cac mic duong
thap (Fig. 26A), su tong hop va ham lugng cia fructan va cé tinh bot 1a thép.

SUSIBA2 hoat ddng twong Gng nhu la tdc nhan hoat hda su téng hop tinh bot va
lién két voi cac yéu td cis, nhu yéu td dap ing dudong (SURE), trong trinh tu khéi dong gen
tinh bot, nhu trinh tu khai dong isoamylaza dai mach (ZSO1) va trinh tu khéi dong enzym
tao nhanh tinh bt I (SBEII). Két qua 13, & cac mirc duong cao (Fig.26B), su tong hop va
ham luwgng cta tinh bdt va ca fructan 1a cao. _

Diéu nay c¢6 nghia 1a dé cung cip nguyén liéu thuc vat dai mach c6 kha néng san
xuét tinh bot cao hodc kha ning san xuét tinh bot va fructan cao, nguyén liéu thuc vét nay
nén c6 mirc dudng cao va/hodc thiéu sy bidu hi¢n SUSIBA! hogc sy biéu hién SUSIBA! bi
cam.

Cac dang tuong Ung ctia gen SUSIBA2 ¢6 mit ¢ cac thuc vat khong phai dai mach,
vi du laa (gen gibng OsSUSIBA?2), lta mi (gen giéng TaSUSIBA?), yén mach (gen gidng
AsSUSIBA2), ngd (gen gibng ZmSUSIBA2), lia mach den (gen gidng ScSUSIBA2),
Brachypodium va cac loai cdy than cd khac. Sau day, cac dang tuong (rng nay ctia SUSIBA2
thé hién gen gibng SUSIBA2 ma hoa yéu tb phién ma gidng SUSIBA2. Trinh tu nucleotit
mﬁ,héayéu té phién ma giébng SUSIBA2, nhu gen gidng SUSIBA2, chiu su kiém soat
phién ma cta trinh ty khéi dong, thuong 1a trinh tw khoi dong giéng SUSIBA2 (p gibng
SUSIBA?2) ¢ day. Trinh ty nucleotit ma hoa protein gidng SUSIBA2 bao gdm trinh tu khoi
dong cua trinh ty nucleotit ma hoa yéu t6 phién ma gidng SUSIBA1, 1a SUSIBA1-like p &
day. SUSIBAl-like p t6t hon, c6 mit it nhit mot phan trong. intron ctia gen gidng
SUSIBA2. Trong mot phuong an cu thé, SUSIBA1-like p 12 trinh ty khéi dong intron/exon,
nghia 13, c6 mét it nhét mot phan trong intron va ¢ mat it nhét mét phan trong exon clia
gen gidng SUSIBA2. SUSIBAI-like p didu khién sy phién ma cua trinh ty nuclcotit mé
hoa yéu t6 phién ma gidng SUSIBA1, nhu gen giéng SUSIBAI.
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Trong mot phuong 4n, gen gidng SUSIBA2 tot hon 1a c6 su trong dong trinh tu véi
gen SUSIBA2 cia dai niach (Hora’eum vulgare) (HvSUSIBA?), v& trinh tu ma hoa, nghia
1a, cac exon, ciia gen nady, it nhét 1a 50%, t5t hon, néu it nhit 12 60% va tdt hon nita, it nhit
14 70%, nhu it nhét 1a 75% hodc it nhét 1a 80%.

Ngoai ra, hoic thém vao do6, gen gidng SUSIBAI t6t hon 1a ¢6 sy twong dong trinh
tw v6i gen SUSIBAI cta dai mach (HvSUSIBAI), vé trinh ty ma hoa, it nhat 1a 50%, t6t
hon, néu it nhAt 12 60% va tét hon nita, néu it nhat 12 70%, nhu it nhat 1a 75% hodc it nhét
la 80%. ,

Trinh tu mot phan bd gen SUSIBA2 cla dai mach duge luu trit trong Ngan hang
Gen vé6i s truy cap KT290559 va KT290560 va trinh tw mot phan b gen gidng SUSIBA2
cua lta dugc nhan dién trong Ngan hang Gen véi sb truy cap AP014963.1.

Su sip xép théng hang trinh tu cta exon 2 va exon 3 cta SUSIBA2 & dai mach
(HvSUSIBA?2) va gibng SUSIBA2 ¢ lua (gibng OsSUSIBA2) dugc trinh bay trong cac Fig.
28 va 29. Phin exon cua HvSUSIBAI p kéo dai tir nucleotit s6 1 dén nucleotit s6 378 &
exon 3 ctia HvSUSIBA2. Tuong tng, phan exon ctia OsSUSIBA 1-like p kéo dai tir nucleotit
s6 1 dén nucleotit s6 381 & exon 3 clia gen gidng OsSUSIBA2,

Fig.30 thé hién sy sip xép thang hang trinh tu cta intron 2 ctia HvSUSIBA2 va cac
gen gidng OsSUSIBA2. Intron 2 ctia HvSUSIBA?2 chira phén intron ctia FVSUSIBAI p v6i
ving e ché dudng dugc theo sau bdi ving hoat hoa. Intron 2 cia gen gidng OsSUSIBA2
tuong tng chita phan intron ctia OsSUSIBAI p v6i ving Gc ché duong dugc theo sau boi
ving hoat hoa. Ving e ché duong ctia OsSUSIBAI p dai hon so v6i ving (e ché duong
ctia HvSUSIBAI p hodc ving trc ché duong ctia OsS USIBAI p dugc dan trude boi trinh tur
nucleotit (nucleotit s6 1 dén 409 troﬁg Fig.30) ma ving mit va khong c6 su tuong tng bét
ky trong intron 2 cua HvSUSIBAZ.

Exon 1 ctia HvSUSIBA?2 va gen gidng OsSUSIBA2 ¢6 su tuong ddng trinh tu 12 85%
rhu dugce xdc dinh bdi phﬁn mém web Clustal Omega. Cac gid tri tuong(dc*)ng trinh tu
twong (mg déi v6i exon 2 va exon 3 ctia HuSUSIBA2 va gen giéng OsSUSIBA2 lan lugt 1a
80% va 81%. ,

Su twong dong trinh tu ctia viing hoat hoa va ving Gc Qhé duong cua HvSUSIBA! p
va OsSUSIBA1-like p 14n luot 12 52% va 50%.

Yéu to phién ma HvSUSIBA2 c¢6 trinh tu axit amin sau day (SEQ ID NO: 104):
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MEZARL l~';. SRESCLTIPACEEPEALLDE PV LLTH I EVESSPTTCES L

S0 7 LHESARFDMLE

SPRDKSVENAHEDRGSRDFE FKEPHLNG S5 08 LAPAMS

wl

1*§Lm.halh.ll QW EMNPEE 55 SHM "H

EMREPPCERESELTVNVEA PVEMYGLTDEM AR VETS R POOMMNE S DHAME LSRN WALE

SAENDGEYHWRRY GORNHVE G S EN PR EYYELC THPNOEVEELLARANV DG T TEVVY RGRHMNHEREFD

PHRELAGEAVESNOCEERY DGASAADDHES ENALSHLANPVHS PEMVEFVPASY S DDD T DAGS

T “

DY RWREY D

CREYPRGDDATEEEDLESKREEMESACT DAKTMCOKENREF WYV TWVELRY DC i
DECVEGNENPREYY KO TS TGO PV REEY GRASHL PR EY T Y EGRENHR Y PAARNATHEMEAP

PMERNVYHGINENMPSE TOGOMMEACEAREY

FELULGVE TS FRHS DA TN
SSGPDOMOY QMO TMGER Y GNMRHP S SMAAPAY CONEAARM Y GEREEXGHEGETFRAT FMIHS

SMLCYSERGNTVMG

Yéu té phién ma gidng OsSUSIBA2 c6 trinh ty axit amin sau ddy (SEQ ID NO:
105):

MALE PN PSS EDHEARY GG FEROPEVDERVAR L AAGAAGAGARY KAME AR P TSR FOLTT
PAGESESALLESEVLLINIEVEFSPTTGTLEMAR TMIES
ROPEIRPHL

RDKTEGE

»
v,
i

STARATNDFREHET SHIE

{1

EBEINTALSBSDLIM I DN I PLCE R

YT W
PR EL T,

SEAPSQLVEGHMYGLIDEE FAEVGTERE LHOME

TYNWRE

FOPE SV ARE

WKGEENPREYYRKCTHPFECIVEELLERST CHEHPHEPOPNERLEAGAVIT IO

FREYDGVATTDLESSNV LS T LENAVE TAGH TR FVE GRS DEIHNDAGGGRPYRFGLLAVEDTTL

ESKEREMESANIDANLMGEPHRE PRV VOTVEEVDILDDGY RWREY GURVY S

MEPWUPRSYTER
CTHTGCPVRRINVERABIDPREV I TTYEGE

EVEASBHNASHEMS TP PUMEZWVVIHE INSHOG

LOGMMEATHPRT PP

SUBARSDT IS LDLOYE IS PHES DA TH QLGS SV EDOMOY QM ERIG

VY ANMGLPRAMAM P THMAGHAARSH I Y EEREEEDPSEGF TFRAT M IHERMLCY S TAGE

JLWMGET

Si,r sap xép thang hang trinh tr cua yéu t6 phién ma HvSUSIBAZ2 va yéu t6 phién
ma gibng OsSUSIBA2 duoc thé hién duéi day:
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Yéu to phién ma HvSUSIBALI ¢




PRSY

P

ATE MESAGI DAALMG

i
W

MEEPREVVYO

TV S VDT LD GY RHRE Y GOV VGNP PRSY Y HC TS TGO P VRRHVERASEDFPESEVI T TYREK

HIHEVEAARNA THEM SAFPMENVVHOTNAMM PSS T GEMMERLE -::;T“?ETU WEL

DLEVS TSRS DA T

MYCNMEHESSMALPAV GRS RARMY

T TMGE

EREGEEGET P AT FM LI SAN LOY SEACHLYMGE

Yéu té phién ma gidng OsSUSIBAI ¢6 trinh ty axit amin sau day (SEQ ID NO:

SRODNDAGEGRPY PGDLAVEDDIDLESK

SAL1DAALD NEEPRVY

TVERWVLI L DD Y RNRR Y G RGH P FREY FHVERASEDFRESWITTYERI

i

B E

HNHEVEASRIDZHEMZ TF]

W HE THST

'-.. -«_"ﬁfjr‘,.“ﬂ,uf-TTFF i N i

ARENT

LOVEISEPNESDATHNOLGS SWEDQMH O Y QMO PGSV SNMELPAMAM P THY

L EMOHEANLUY S TAGH LVILGE

Su sip xép thing hang trinh tu ciia yéu t6 phién ma HvSUSIBAI va yéu t6 phién
mi gibng OsSUSIBA1 duoc thé hién dudi day:
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Nhu dugc st dung & day, thuat ngit trinh tu nucleotit hoac trinh ty axit nucleic dé
cap dén polyme hodc trinh tu nucleotit tir ddu 5° dén ddu 3° ctia phan tir axit nucleic va bao
gff)m cac phan td ADN hodc ARN, bao gf“)m cADN, doan hodc phé“m ADN, ADN b0 gen,
ADN téng hop, vi du, dugc téng hop héa hoc, ADN plasmit, mARN, va ARN déi nghia,
bat ky trong s6 chung c6 thé 12 soi don hodc soi kép.

Trinh tu khéi dong 1a trinh tu nucleotit didu khién hoic kiém soat su phién ma ctia
trinh tu nucleotit, nghta la, trinh ty ma hoa, ma dugc lién két didu khién vai trinh tu khoi
dong nay. Trinh tu ma hoa nay c6 thé ma hoa polypeptit va/hodc ARN chirc nang. Thong
thuong, trinh ty khéi dong dé cap dén trinh tu nucleotit chira vi tri lién két cho ARN
polymeraza II va diéu khién sw khoi dau phién ma. Néi chung, cac trinh tu khoi dong duge
tim théy & dau 5°, hodc nguoc dong, so voi vi tri khoi dau cta vung ma hoéa cia trinh tu
ma hoa tuong Gmg. Ving trinh tu khéi dong 6 thé chira cac yéu t6 khac ma hoat dong nhur
cac tac nhan diéu hoa su biéu hién gen. Céc trinh ty khdi dong co thé bao gém, vi du, trinh
tu khoi dong co dinh, cam Gng dugc, duge diéu hoa theo thoi gian, dugc di &u hoa theo su
phat trién, duoc diéu hoa béng hoéa hoc, duoc uu tién mo6 va/hodc ddc hiéu mo.-

Puoc lién két diéurkhién hoic két hop diéu khién nhu dugc st dung ¢ day c6 nghia
1a cac ddu hiéu da chi ra ¢6 lién quan v& mit chtc ning véi nhau, va cling co lién quan vé
mit vat Iy chung. Do d6, thudt ngtt dugc lién két diéu khién hogc két hop didu khién dé cap
dén céc trinh ty nucleotit nam trén mot phén t&r axit nucleic duy, nhét dugc két hop véi nhau
v& mit chire ndng. Do do6, trinh tu nucleotit th _nhét duoc lién két diéu khién v6i trinh tu
nucleotit tha hai, ¢6 nghia la truong hop trong do trinh ty nucleotit thir nhét_duo'c ddt trong
mbi quan hé chirc ndng véi trinh ty nucleotit thi hai. Vi du, trinh tu khéi dong duge két
hop diéu khién véi trinh tu nucleotit néu trinh tu khoi dong nay tac dong Ién sy phién ma
hodc su biéu hién cua trinh tu nucleotit nay, nghia 1a, trinh tu nucleotit nay chiu su diéu
khién phién ma cta trinh tw khéi dong. Nguoi co hiéu biét trung binh trong linh vurc nay
s& hidu rd 1a cac trinh tu didu khién, vi dy, trinh tu khéi dong, khong can phai lién ké véi
trinh tu nucleotit ma n6 duoc lién két didu khién vao, mién 1a cdc trinh tu diéu khién nay
hoat dong dé diéq khién sy biéu hién cua trinh tu nucleotit nay. Do do, vi du, céc trinh tu
xen k& chua dugc dich ma, van chua duogc sao chép cod thé ndm gitta trinh tu khoi dong va
trinh tu nucleotit, va trinh ty nucleotit nay van cod thé duoc lién két diéu khién va chiu su
diéu khién phién m3 cia trinh tu khéi dong.

Nhu duoc st dung ¢ day, thudt ngtt ndi sinh, khi dugc sir dung dbi véi trinh tu
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nucleotit, dé cap dén trinh ty nucleotit xuét hién ty nhién nhu mot phan cta b gen clia
nguyén liéu thuc vat, ma n6 c¢d mét trong do. Trinh ty nucleotit ndi sinh doi khi duoc goi
¢ day la trinh tu nucleotit tu nhién.

Trinh tu nucleotit bd gen dé cap dén trinh tu nucleotit ¢6 mit trong bd gen clia
nguyén li¢u thuc vat, 6t hon 1a trong nhiém séc thé cua nguyén liéu thuc vat.

Phién ban kiéu dai cua trinh tu nucleotit bd gen dé cap dén trinh tu nucleotit bd gen
khong duoc bién dbi xuét hién ty nhién trong nguyén liéu thuc vat. Trinh ty ndy duge so
sanh voi trinh ty nucleotit bd gen da dugc bién ddi, nhu béng cach loai bo mdt ph?m cda
phién ban kiéu dai cua trinh tu nucleotit bd gen ra khéi bd gen ctia nguyén li€u thue vat.

Nguyén liéu thuc vét, trong mot phuong an, 1a cdy. Trong mot phuong an khac,
nguyén licu thuc vat la té bao thuc vat, nghia la, té bao cua cdy, bao g&n nhiéu té bao thuc
vat nay. Nguyén liéu thuc vét, trong mot phuong an khac nita, 1a moé hodc co quan thyc
vat, bao gf?)m nhung khong gidi han &, biéu bi; mo géc; mo mach, nhu mo gS hodc libe;
mo6 phén sinh, nhu mé phén sinh ngon, mo phan sinh bén hogc m6 phan sinh 16ng; m6 vinh
vién, nhu mo vinh vién don gian, bao gém, vi du, nhu mé6, mo gitta, mo cing hodc biéu bi,
mo vinh vién phtc tap, bao gom, vi du, md gd, libe, hodc md dic biét hodc md tiét. Nguyén
lidu thue vat, trong mot phuong an khac nita, 1a hat cta cdy.

Su twong ddng trinh ty d& cdp dén su giéng nhau vé trinh tu gitta hai trinh tu
nucleotit hodc hai trinh tu peptit hodc protein. Su twong d’éng nay dé cap dén mutc d6 ma
hai trinh tu nucleotit, peptit hodc protein dugc sip xép thiang hang t6i uu 1a khong thay doi
trong toan bd ctra s6 sap xép thang hang ciia cdc nucleotit hogc axit amin. Sy twong dong
¢6 thé tinh dugc d& dang bang cac phuong phap di biét bao gdm, nhung khong gi6i han &,
cac phuong phap dugc mo ta trong: Computational Molecular Biology (Lesk, A. M., ed.)
Oxford University Press, New York (1988); Biocomputing: Informatics and Genome
Projects (Smith, D. W., ed.) Academic Press, New York (1993); Computer Analysis of
Sequence Data, Part I (Griffin, A. M., va Griffin, H. G., eds.) Humana Press, New Jersey
(1994); Sequence Analysis in Molecular Biology (von Heinje, G., ed.) Academic Press
(1987); va Sequence Andlysz’s Primer (Gribskov, M. va Devereux, J., eds.) Stockton Press,
New York (1991). Pé so sanh trinh tu, thong thudng, mot trinh ty dong vai trd 14 trinh ty
tham chiéu ma céc trinh tu kiém tra s& dugc so sanh véi né. Khi str dung thuat toan so sanh
trinh tu, c4c trinh tur kiém tra va trinh tu tham chiéu duoc nhap vao mdy tinh, cac toa do

trinh tu con dugc chi dinh néu can, va cic tham s chuong trinh thudt toan trinh tu dugc
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chi dinh. Sau do6 thuéf toan so sanh trinh tu tinh toan ti 1& phén trim tuong dé)ng trinh tu
cho (céc) trinh tu kiém tra so v6i trinh tu tham chiéu, dwa vao cac tham s6 chuong trinh da
duoc chi dinh. Su sép xép thing hang t6i wu cac trinh tu dé sap xép thing bhang ctra 6 so
sanh da duoc biét rd bdi nguoi c6 hiéu biét trung binh trong linh vuc nay va c6 thé duoc
thuc hién béng cac cong cu nhu thuat toan tuong déng cuc bd (local homology algorithm)
ctia Smith va Waterman, thuét toan sip xép thing hang tuong dong (homology alignment
algorithm) cia Needleman va Wunsch, tim kiém phwong phap twong ddng ctia Pearson va
Lipman, va tily ¥ bang cic phuong phap thuc hién béng may tinh céc thuat toan nay nhu
GAP, BESTFIT, FASTA, va TFASTA sin ¢6 nhu mot phﬁn cia GCG® Wisconsin
Package® (Accelrys Inc., San Diego, CA). T1 I¢ tuong ddng cho cic doan da dugc sap xép
thing hang ctia trinh tu kiém tra va trinh tu tham chiéu 14 s6 luong nucleotit hodc axit amin
gibng nhau ma chung cho hai trinh ty da dwoc sip xép thang hang chia cho tdng s6 nucleotit
hodc axit amin trong doan trinh ty tham chiéu, nghia 13, toan b trinh tu tham chiéu hoic
mot phan xac dinh nho hon cua trinh tu tham chiéu. Ti 1& phin trim tuong d@)ng_trinh tu
duoc thé hién bang ti 16 treng dong nhéan véi 100. 7

Mot khia canh cia phuong an nay dé cap dén nguyén li¢u thuc vat chtra trinh tu
nucleotit bé gen ma héa yéu t6 phién ma SUSIBA2 hoic gidng SUSIBA2 dudi su kiém
soat phién ma cua trinh tu khéi dong hoat dong trong nguyén li¢u thuc vat nay. Trinh tu
nucleotit b gen ma hoa yéu t& phién ma SUSIBA2 hoic giéng SUSIBA2 thiéu it nhat mot
phén cua vung hoat hda cuda trinh tu khai dong SUSIBAI hodc trinh ty khoi dong giéng
SUSIBAI ¢6 mit trong intron ctia phién ban kiéu dai ciia trinh tw nucleotit bd gen mé hoa
yéu t6 phién ma SUSIBA2 hoic giéng SUSIBA2.

Do dé, theo cac phuong éan, trinh ty nucleotit by gen ma hoa yéu t6. phién ma
SUSIBA2 hogc gidng SUSIBA2, nhu gen SUSIBA2 hoic gen gibng SUSIBA2, thiu it
nhit mot phan ctia ving hoat hoa ctia SUSIBAI p hoiic SUSIBA1-like p ma 1& ra ¢6 mat
trong intron & phién ban kiéu dai ctia gen SUSIBA2 hodc gen gibng SUSIBA2. Su véng
mat cia it nhét 1a mot phan cta ving hoat héa c6 nghia la phtrc hgp hodc yéu t6 hoat hoa
trans bat ky khong thé lién két hiéu qua voi ving hoat héa va do d6 khong thé hoat héa
hiéu qua SUSIBAI p hodc SUSIBA1-like p. Két qua 13, khong c6 hodc chi mot lugng thap
yéu & phién ma SUSIBA1 hoic gidng SUSIBAI s& duoc san sinh trong nguyén li¢u thuc
vat bt k& muc dudng trong nguyén liéu thuc vat ndy. Su ving mit hodc luong thip cua

yéu t6 phién ma SUSIBA1 hoic gidng SUSIBALI trong nguyén lidu thuc vt lai ¢ nghia
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1a yéu 6 phién ma SUSIBA2 hogc giéng SUSIBA2 s¢ thing yéu to phién ma SUSIBAL1
hogc gibng SUSIBAI1 dé lién két v6i SUSIBA2 p hodc p gidng SUSIBA2, va chi tiét hon
1a v&i it nhat mot W-box trong SUSIBA2 p hoic p gibng SUSIBA2. Piéu nay lai giy ra su
hoat hoa SUSIBA2 p hoic p giéng SUSIBA2 va san sinh thém yéu t6 phién ma SUSIBA2
hodc gidng SUSIBA2 trong nguyén liéu thuc vat nay. Cac mirc cao cua yéu t6 phién ma
SUSIBA2 hoic gibng SUSIBA2 va cac muc thdp cia yéu t& phién ma SUSIBA1 hoic
gidng SUSIBA1 & nguyén liéu thuc vat cam ung su san sinh tinh bot & nguyén lidu thuc
vat hodc cdm Ung su sdn sinh tinh bot va fructan ¢ nguyén liu thuc vat.

Do d6 nguyén lidu thuc vt theo nhiéu phwong 4n s& thudc truong hop nhu duge
minh hoa trong Fig.26B bat ké mc dudng trong nguyén liéu thuc vat ndy, nghia 13, ca &
mirc dudng thip. ‘

Su biéu hién gen SUSIBAI hoic gidng SUSIBAI bi tic ché va do do cac mirc yéu 16
phién ma SUSIBA1 hoic gidng SUSIBA1 thip, do thiéu hogic khong c6 it nhat 1a mot phan
cua viung hoat héa cia SUSIBAI p hodc SUSIBA1-like p, gy ra su biéu hién ting cla gen
SUSIBA?2 hoic giéng SUSIBA2 va do d6 tao ra cac mic yéu td phién ma SUSIBA2 hoic
gibng SUSIBA2 cao. Yéu t6 phién ma SUSIBA2 hoic giéng SUSIBA2 sé& lai hoat hoa céc
gen tham gia vao qua trinh tong hop tinh bot trong nguyén lidu thue vat. Do do, néu nguyén
liéu thue vét cling ¢6 kha niang tdng hop fructan, cic muc yéu to phién ma SUSIBA1 hoic
gibng SUSIBA1 thip c6 nghia 1a yéu t6 phién ma SUSIBAI hoidc gidng SUSIBAI s&
khong te ché cac gen tham gia vao qua trinh tdng hop fructan & nguyén lidu thuc vat.

Nguyén li¢u thuc vat theo cac phuong 4n nay do do6 s¢ 1a nguyén li¢u thue vt tinh

bdt cao hodc nguyén liéu thuc vt tinh bot cao va fructan cao.

it nhdt mot phin cta ving hoat hoa ctia SUSIBAI p hodc SUSIBA1-like p, trong
mdt phuong an, bi x6a khoi phién ban kiéu dai ctia trinh tu nucleotit bd gen ma hoa yéu t6
phién ma SUSIBA2 hodc gibng SUSIBA2. Két qua cia sw x6a nay va do d6 su ving mit
cla it nhat mot phén_cﬁa_vﬁng hoat hoa ctia SUSIBAI p hodc SUSIBA1-like p, nguyén liCu
thyce vat chta trinh ty nucleotit by gen ma hoa yéu t& phién ma SUSIBA2 hoic ging
SUSIBA2 thiéu it nhat mot phan ctia viing hoat héa ctia SUSIBAI p hodc SUSIBA1-like p.
Do d6, trong mot phuong an duge uu tién, nguyén li¢u thuc vat nay khong chira phén bét
ky nhu vay ctia viing hoat hoa ctia SUSIBA! p hodgc SUSIBA1-like p.

Trong mot phuong an cu thé, it nhat mot phan cta ving hoat héa ciia SUSIBAI p
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hodc SUSIBA1-like p bi x6a béi dot bién mit doan gay ra bdi cum doan Igp xudi nguge
ngin phan- cach déu (clustered regularly interspaced short palindromic repeat:
CRISPR)/protein két hgp CRISPR 9 (CRISPR/Cas9) ra khéi phién ban kidu dai cua trinh
tu bd gen ma héa yéu t6 phién ma SUSIBA2 hoic giéng SUSIBA2.

CRISPR/Cas9 1a phuong phép cit ADN ma bao gém budc biéu hi¢n Cas9
endonucleaza dugce dan dudong béi ARN cing véi ARN dan dudng din nd dén trinh tu cu
thé can duoc stra ddi. Khi Cas9 cit trinh tu dich, té bao thuc vat stra lai tdn thuong nay
bing cach thay thé trinh ty ban diu bang ADN tuong dong. Bang cach dua vao khuon bd
sung vdi cac tuong ddng thich hop, Cas9 ¢6 thé dugc st dung dé x06a, bd sung, hoic bién
d6i gen theo cach don gian chua timg c6. Do d6 CRISPR/Cas9 1a c6ng nghé hiru hiéu dé
x0a it nhit 1 mot phan cta ving hoat hoa cia S USIBAI p hodc SUSIBA1-like p khoi phi¢n
ban kiéu dai cua trinh tu by gen ma hoa yéu 16 phién ma SUSIBA2 hoic gidng SUSIBA2
& nguyén li¢u thuc vat.

Mic di dot bién mét doan gay ra boi CRISPR/Cas9 & it nhAt mot phin cta ving
hoat hoa cia SUSIBA! p hodc SUSIBAI-like p l1a cdng nghé tét hon dé san xuét nguyén
li€u thuc vat khdng ¢6 hodc c6 su biéu hién gen SUSIBAI hodc gen giéng SUSIBAI bi Gc¢
ché, cac phuong an nay khong bi gidi han vao d6. Cac cong nghé va cac ky thuét khac da
biét trong linh vuc nay va co thé duoc st dung dé loai bd hodc x6a bo cac trinh tu nucleotit
bd gen & nguyén licu thuc vat co thé duoc str dung thay thé. Vi duy, dot bién mét doan trinh
tu khaéi dong cé thé duoc st dung dé tao ra hoic sinh ra trinh tu nucleotit ma héa yéu td
phién ma SUSIBA2 hoic gidng SUSIBA2 nhung thiéu it nhit 12 mot phan ciia ving hoat
hoéa ctia SUSIBAI p hodic SUSIBA1-like p ma I& ra ¢6 mét trong intron cta trinh tu nucleotit
nay (gen SUSIBA2 hodc gen gibng SUSIBA2). Sau do chu trac tao thanh co6 thé dugc cho
biéu hién tam thoi nhd Agrobacterium tumefaciens (agroinfiltrated) vao nguyén liéu thuc
vat. ,

Agroinfiltration 1a phuong phip dugc st dung trong sinh hoc thuc vat dé cam ting
su biéu hién ctia cac gen trong nguyén liéu thuc vat. Trong phuong phap nay, huyén phu
chtta Agrobacterium tumefaciens dugc dua vao nguyén li¢u thue vat bing céach tiém truc
tiép hoic bang cach thiAm nhap chin khong, hodc cho két hop v6inguyén li€u thuc vat trén
gid d, sau d6 vi khudn nay chuyén trinh tu nucleotit d tao ra theo mong mubn vao nguyén
lidu thuc vt nhd su van chuyén ciia T-ADN.

Budc thi nhit 1a dua trinh tu nucleotit vao ching Agrobacterium tumefaciens. Sau

-26-



38157

do, chﬁng néy dwoc nudi trong mdi trudng nudi cdy 1ong va vi khudn thu duoc duoc rira
va ducjc tad huy‘én phu vao dung dich dém thich hgp. Pé tiém, sau do dung dich nay dugc
dua vao xylanh. Pau ctia xylanh nay duoc 4n vao mat dudi cia nguyén liu thuc vat, nhu
14, trong khi tdc dung déng thoi mét luc ép nhe theo hudng ngugc lai vao mat con lai cua
14. Sau d6 huyén phu Agrobacterium duoc bom vao cac khoang chira khong khi bén trong
14 nay qua khi khdng, hodc d6i khi qua vét cit nhé duge tao ra & mit dudi cta l4.

Tham nhap chén khong 1a cach khac dé dwa Agrobacterium vao sau trong mo thuc
vat. Trong quy trinh nay, dia 14, 14, hodc toan bg cdy duoc nhing chim vao cbe 6 moé chua
dung dich nay, va cb¢ ¢6 mé duoc dit trong budng chan khong. Sau d6 chan khong duoc
tac dung, ép khong khi ra khoi cac khoang gitra cic té bao bén trong 14 qua khi khong. Khi
chan khong da duoc giai phong, su chénh léch ap sudt ép huyén phit Agrobacterium vao
trong 14 qua khi khdng vao trong mé diép nhuc. Diéu nay c6 thé 1am cho gan nhu toan bd
cac té bao trong 14 da st dung bat ky duoc tiép xac v6i vi khudn nay.

Khi vao trong nguyén li€u thuc vat, Agrobacterium Vﬁ_n nim trong khoang gifta cac
té bao va van chuyén trinh tu nucleotit nhu mot phén ctia T-ADN thu duogc tir Ti plasmit
v6i sb lugng ban sao cao vao té bao thuc vat.

Trong mot phuong 4n, trinh ty nucleotit bd gen ma hoa yéu t6 phién ma SUSIBA2
hodc gidng SUSIBA?2 14 trinh tu nucleotit ndi sinh cta by gen. Trong mot phuong an cu
thé, trinh tu nucleotit noi sinh cta bd gen ¢6 mit trong nhiém sdc thé cua nguyén li¢u thuc
vat. Do d6, it nhat mdt phan ctia ving hoat ha ctia SUSIBAI p hodc SUSIBA1-like p, theo
cac phuong 4n ndy, da bi xo6a bo, nhu bang dot bién méit doan gay ra béi CRISPR/Cas9, ra
khoi trinh tu nucleotit ndi sinh ctia bd gen, t5t hon 14 c6 mit trong nhiém sic thé cua nguyén
liéu thuc vat.

Trong mot phuong an, mot phén ctia vung hoat héa cia SUSIBAI p hodc SUSIBA1-
like p bi x6a bd khoéi trinh tu nucleotit ma héa yéu té phién ma SUSIBA2 hoic gidng
SUSIBA2. Trong trudng hop nay, phan bi x6a bo nay tét hon, néu duge chon dé tuong g
v6i trinh tu hodc ving con cta ving hoat héa ma phirc hgp hodc yéu t6 hoat hoa trans lién
két vao d6. Do d6, dot bién mét doan cta trinh tu hodc ving con nay ngan can hodc it nhét
1a 1am giam dang ké su lién két ctia phire hop hodc yéu td hoat hoa trans v6i ving hoat hoa
ctia SUSIBAI p hoac SUSIBA1-like p .

Trong mdt phuong an khac, vung hoat hoa nay dugc x6a bo khoi trinh tu nucleotit.

Trong phuong an nay, trinh ty nucleotit bd gen ma hoa yéu t6 phién ma SUSIBA2 hoic
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gibng SUSIBA? thiéu ving hoat héa ctia SUSIBAI p hodc SUSIBA1-like p. Viéc loai bo
hoan toan ving hoat héa nay do dé ngan can hitu hi¢u phuc hop hoic yéu 6 hoat hoa trans
lién két voi SUSIBAI p hodc SUSIBAI-like p.

Vung hoat hoa cda SUSIBAI p ¢ dai mach dugc chi ra dudi day (SEQ ID NO: 92):

AUATA T ITAT IO GATA T T AT

GUTGCCTCTC TG AAR T AT AT GAST]

“:n IIL i T‘ :"1"i PORRLY

ATAGGAAGCGTAACGO AT TCCAGATGUATGGECARATCTCAATATARAACTC STRART

ATTCATGT CAGCATTAC T T T T TCACATETTGTGGEAGARGT TTC T TTATARRTGG T AGRET

TTEAAGGANGTAT TTTGAAT GECAGT TTEEGEAANMCCTATCETACATATCTASTTAGATCT

ATCTGTEC TGO TATAT TAC TCACATCO TT T T TART TCGTTGRC T TG TTT TTRCATATTTA

e
¥ RN |

( l” 'J,' n[; r"!t,(r \.: 41.1‘;!“":.1" (,:.l“‘:'._l.”.}.yl‘{,;'r‘:«j.«;:.’l‘ 'L‘ dhllal':m‘l‘( nL 1 11‘ o

&,

Vung hoat hoa tuong tng cia SUSIBA1-like p & lta dugc chi ra dudi day (SEQ ID NO:
93):

1rry \'ﬂr*irx £ ETT T R, Y r'«rr-lr e [T P O ST D T T L I
AT T T TG T ARG T AR T T A TCE TR TAGT O T RGO ARA T T TATAGARGTATGTE

ARARTT TEAGGTCAGAATACARGTART TGART GEACCARTC TARTGRGT TCTGTAGL TTTAG

COTTTTETTGTTS

ALTAATTAATGTTAACATARSALTATET TCATGAAAT CAGET T T T

ACCGRATTOCACAT T TTOT TTAG T TC TOAC ARG TAC AGACRAC TATCT TOTART GO TGGAT

L T

T TG CAASACAA N AT ACA AT U S T CA T CA O AT G T AT AT

e L L) H FicTig™ 4 iRy i f o ll! i
TrETASTTAGTT T T GCAT TETATAACT T

GITACCTTTTT TTCCCTACACCT TG DT oI
TGECIGTACTOGIGICT TG TAL TG TAS

Vung hoat hoa tuwong trng cia SUSIBA1-like p ¢ lta mi dugc chi ra dudi day (SEQ
ID NO: 112): | |

CTTGECCTATCATTTETARAT GCATG TROCTATTTTATTCTEATITTCTT TGRG

CGTAGGARGGTARCAC TATCCCAGATGCATGECARMTCTCAG TATAGAAC TCAT TRAC TCRA
TATCCATATGLARCAT TACTTCT T CRCATGLAGUGEAGARG IT 1T T TATAAATAG TAGAG
LT AA RS AR GO AT T T RAR T GACAG T T GEEEARARAC T AT GO TALAT AT TAGT I AGATC

TRTOTGTEC TTGCTATGTTAS TTCTTTCTTARTTOCTGT TEAS T TG T TT T TR
TTTGTTTTGOATCGTGTAACAT TTETARATGCTOATATTTTGTACTGIAG

SUSIBAI p hodc SUSIBA1-like p ki¢u dai thudng chira viing tic ché dudng ngoai
ving hoat héa duong. Trong mdt phuwong an, trinh tu nucleotit by gen ma hoa yéu t6 phién
ma SUSIBA2 hoiic giéng SUSIBA2 con thiéu it nhit mot phin ctia viing e ché duong ciia
SUSIBAI p hodc SUSIBAI-like p ¢6 mét trong intron cda phién ban kiéu dai ctia trinh tur
nucleotit b gen m3 hoa yéu 16 phién ma SUSIBA2 hoéc gidng SUSIBA2.

Do do, SUS]BAIv p hodc SUSIBAI-like p chtra, trong mot phwong én, hai yéu tb
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diéu khién: ving hoat héa va ving tc ché d’u‘b‘ﬁg Heﬁ yéu td diéu khién nay c6 mit trong
phan trinh tu nucleotlt ma hoa yéu to ph1cn ma SUSIBA2 hodc g1ong SUSIBAZ2 tuong Gng
v6i intron. Cac yéu to didu khién nay do do6 12 mot phan ctia phan mtron ctia SUSIBAI p
hoiic SUSIBA1-like p. Nhu da dé cap trén day, SUSIBAI p hoic SUSIBA1-like p con chira
phin exon nim trong exon cia trinh tu nucleotit ma héa yéu t6 phién ma SUSIBA2 hoic
gidng SUSIBA2.

Trong mdt phuong 4n, mot phan ciia ving e ché dudong cia SUSIBAI p hodc
SUSIBA1-like p bi x6a bé khoi trinh tu nucleotit ma hoa yéu td phién ma SUSIBA2 hogc
gidng SUSIBA2. Trong mét phuong an khéc, vung e ché duong nay duoc x6a bo khoi
trinh tu nucleotit.

Su x6a bo vung trc ché duong hodc it nhét 14 mét phﬁn‘cﬁa noé cd ‘Lhé duoc thuc hi¢n
bﬁng cach st dung, vi du, dot bién mét doan gy ra boi CRISPR/Cas9 hodc cong nghé
khac, nhu dugc mé ta trong phin trén ddy vé ving hoat hoa.

Su x6a bo mot phan hodc toan bd ving trc ché duong cua SUSIBAI p hodc
SUSIBA1-like p la bd sung thém cho su x6a bdé maot phén hodc toan by vung hoat hda cua
SUSIBAI p hodc SUSIBA1-like p.

Trong mot phuong é&n, trinh ty nucleotit bd gen ma hoa yéu té phién ma SUSIBA2
hoic gidng SUSIBA?2 thiéu i) it nhat 1a mot phin cua vung hoat hoa, ii) toan by vung hoat
hoa, iii) it nhit 12 mot phan cia ving hoat hoa va it nhét 14 mot phén clia ving tc ché
dudng, 1v) it nhét [a mot ph?ln ctia vung hoat hda va toan b vung trc ché duong, v) toan bd
ving hoat hoa va it nhit 1a mot phan ctia ving e ché duong, hodc vi) toan bo ving hoat
hoa va toan bd ving e ché duong ctia SUSIBAI p hoiic SUSIBA1-like p. 7

Ving tre ché duong ctia SUSIBAI p & dai mach duoc chi ra dudi day (SEQ ID NO:

GTACACARCCTTTAATTTTCTTT TCTGTGTCCTATAGAGATTARTGOAC TTTATCT TGLAGA
ACATTARGRTGAMAT TTARGCATTT TET TTCTAGATER COTECARCTTTTT TTGGCCTTTA
TTﬁTuQﬁTﬂfThTM‘M&TTTSGCCﬁSﬂTTCTTfﬁ GTTGCATARTTCATART

Ving e ché duong twong Gmg cia SUSIBA1-like p & Ita dugc chi ra dudi day
(SEQ ID NO: 95):
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Ej: 11 ) r[) ho 11 I r[s

CTATGHATOCTTT L TATIGTETRAT T TIATT TG

ATEATTALL

e o - - - o T TR e s e oy
AT TTGRGRGT TTERARARNA T TTCATAGARLATARTARCATTTET TG AARTLGETOC

GTTCTAATIZTGIT

u"(!

OCARARCAGTGEAAT TTATATTGEGEATET A

TATSCTARCTTCCTTTCCATGATCTARAGCT TC T TACC T TACCOTATGCTATTTATTGEATCT

l-. e ',J(.,:‘Lll” ”_I."‘f-ﬂ, |[ T ~( llq%.,_‘;luul‘;{ .,‘;; 'J.‘ l H] ,w ”J.. l“ ’J:’.\’l ’:lill l“ AT

TETTTAATTCAARARTATTC CETGEARATIG TALATTOGTT
TTAT AT TAT TETACGC TG TG T TAT T T TAGTOCATEGET TOGETET U TTGARAAT TTIAG T

AT T e TGN T TGET TR AT T TOAAG T O T AN T AL TGN T CACACDGAITTTAT TG

TGTGEATTTGAT TATAGCAG EAATACRAGC TATTART TETGARAGGAGAR

ATEAGATCTTTGETEAGATCATGASAATAGGETAT AN CASAC AT AT

Ving e ché duong twong tng ctia SUSIBA1-like p & lta mi duoc chi ra dudi day
(SEQ ID NO: 113): |
Gla A ANC AR I T S G U AT ACACK T AR TG TAC T T TA T I NET A

GARCATCARAAGAREATT TAMGTATTTTGT TTCTATACGACCOCACARATATATOT RGIOTT
TATTGTGCATATTATAACCATARTTCGECTAGGTTC T TEAAT TET TGLATARATTCATAAT

Vung e ché dudng & 1ta chira phan theo sau, thit hai ¢6 su twong dong trinh tur cao
v6i ving e ché dudng twong tng & dai mach va phan dung trude, thir nhat khong c6 mit
¢ dai mach.

Ving hoat héa va ving e ché dudong cia SUSIBAI p hoic SUSIBA1-like p déu c6
mit & intron cta gen SUSIBA2 hoic gen gidng SUSIBA2. Trong mdt phuong 4n, intron
nay bi x6a bé khoi gen SUSIBA2 hodc gen giéng SUSIBA2. Do d6, trong phuong 4n nay,
trinh tu nucleotit bd gen ma hoa yéu té phién ma SUSIBA2 hoic gidng SUSIBA2 thiéu
intron chira viing hoat hoa va ving tc ché duong ctia SUSIBAI p hodc SUSIBAT-like p.
Trong mdt phuong 4n cu thé, trinh tu nucleotit by gen ma hoda yéu t6 phién ma SUSIBA2
hoic gidng SUSIBA2 thiéu intron 2.

Trong mot phuong é4n, trinh tu nucleotit bo gen ma hoa yéu t6 phién ma SUSIBA2
hoac giéng SUSIBA2 thiéu phﬁn intron cua SUSIBA1 p hodc SUSIBAI1-like p. O dai mach,
intron 2 bao gdm ving hoat héa va ving tc ché duong, nghia 1a, phan intron ctia
HvSUSIBAI p chiém intron 2. Intron 2 twong tng &, vi du, la chira vung hoat hoa va ving
trc ché duong 6 ty 1& tuong déng trinh tu cao vGi vung twong tng & dai mach. Tuy nhién
intron 2 ¢ lGa, con chta trinh tu nucleotit ding truéc ving hoat hoa ¢6 ty 1€ tuong déng
trinh tu cao‘ v6i ving hoat hoa ¢ dai mach. Trinh tu nucleotit ding trudc nay co thé 12 mot

phin cta ving hoat héa 16n hon ¢ lda, tao thanh mot vung khac nim trong SUSIBA1-like
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p & laa hoéc khéng tao thanh mot phan ctia SUSIBA1-like p. Do dé, trong mot phuong an,
intron nay ¢6 thé chira (céc) trinh tu nucleotit khic véi phén intron ctia SUSIBA1-like p.
Trong phuong é4n 'néy, intron nay bao g(‘ﬁmb phén intron cia SUSIBA 1-like p, t6t hon néu 1a
ving hoat héa va ving Ge ché dudng, va it nhit 1a mot trinh tu nucleotit khac. Trong
phuong 4n nay, phan intron ctia SUSIBAI p hoic SUSIBAI-like p bi x6a bd khoi phién
ban kidu dai cta trinh tu nucleotit bd gen ma hoa yéu t6 phién ma SUSIBA2 hoic gidng
SUSIBA2. Diéu nay c6 nghia 12 sau khi x6a bd phan intron nay, trinh ty nucleotit bd gen
ma hoa yéu t& phién ma SUSIBA2 hoic giéng SUSIBA2 cé thé thiéu intron 2, néu phan
intron néy chiém toan b trinh tu cta intron 2, hoidc ¢6 thé thidu mot ph?m cta intron 2, néu
phén intron nay chiém mat phan cia toan bo trinh tu cta intron 2.
Trinh ty nucleotit cia SUSIBA! p & dai mach dugc trinh bay dudi day (SEQID NO:

96). Phin duoc gach chén cia trinh tu nucleotit nay tuong Gmg vi phan SUSIBA! p ¢6 miit
trong intron 2 ctia gen SUSIBA?2. Phan duoc gach chin va in nghiéng ctia trinh tu nucleotit
nay tuong tng v4i ving hoat hoa, trong khi phan duoc gach chan va in dam cua trinh tu
nucleotit ndy twong Gng v6i ving Ge ché dudng. Phan con lai cia trinh tw nucleotit nay
tuong ung voi phan SUSIBAI p ¢6 mit trong exon 3 cia gen SUSIBA2.

gtacacaacctttaattttottttctgtgtoctatagagattaatgecactttatettgeaga

agattaagatgaaatttaaggattttgtttataqatgaccctgcaactttttttggccttta

ttgtgcatattatataatttggccagqttcttgaattgtLgcataattuataatLaagcﬂzg

. fu . PO T g oy o P F g e gl P oy oy g , Jr—
okt Rt gtdaa togtatctatgagttacatatnn rrhtgoatgatagsanyg
U . . 4 - i R S e - e
gtaacgotaticnagaly Caactoastaitoatgt
- 3 - A e e my s - g m s
soageattactiotitaas atgotagagttigaagye
o T P P e gy B ey e g oy A o o o - N e A e e
agtartttigaatggeagitoggauagaacotatgotacatal grtagitagatotalobotgs

e o ooy b 1 .
Clgblititacatalbfay

Y 5y o

cgcagragalogaatagetiotlgacaalgeoalgeaagagecgeagtoigaaaalgllgotgac

aagtoggoagatgatogetacaactggeogeasatacgggeagaagcatgtcaagggaagtga

ttachaczagrgoacacatactaattgngaa

Trinh'tu nucleotit cia SUSIBA1-like p ¢ ltia dugc trinh bay dudi day (SEQ ID NO:

97). Phan dugc gach chan cua trinh tur nucleotit nay twong tng véi phan SUSIBA1-like p

¢6 mit trong intron 2 cua gen gidng SUSIBA2. Phan dugc gach chéan va in nghiéng cla
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trinh tu nucleotit nay tuong Gng v&i ving hoat hoa, trong khi phan duoc gach chan va in
dam cula trinh ty nucleotit nay tuong tng véi ving e ché duong. Trinh tu nucleotit ding
trude duge chi ra trong phin duge gach chan, in ddm va in nghiéng. Phén con lai cda trinh
tu nuclebtit nay tuong ung véi phan SUSIBA1-like p c6 mit trong exon 3 cua gen giéng
SUSIBA2.

gtatggatcctttcttigagtgattacctggtatcgtgtaattcttcatttgtgtatactgt

atttgagagtttgaaaaaatttccatagaaaataataacatttgttgtttacaaatggtcec

gocaaaacagtggaatttatattggggatgtacataaaaggagtgtaaagttectaatgtgct

tatgetaacttcottteccatgatetaaagttgttacettacggtatgetatttattggatot

atattgeattt tacttggtaaa tetatoctgaggttcecagetttigatatttaagtiticcta

tgtt taa ttcaaaatattctcacgtgaatcgcaa -acctc:'ac:cc:gczagtauaa ragattogtit

ttattattattgtaggctgtgttatttctagtccatggttecggtgtettgaaatttcagtge

caaaattgggatggatetggttacatcttecaagtetaataaatgatcacaccgactttattyg

tgtqatttqattataqcaqqqtcttgcaacataaatadaagctattaattqtqaaaggaqaa

gagatctttggtgagatcatgdgaatagqgtataacagacacaat,r,;v;,“taiqxr“

IV SR S DS UUR NN S TS
chogotgoaaalt!

e e N s o ah ol ol s v B
rograatyggtogartot DTt

Tgagtoasctotogoagteaatatitoaay
Tazctyacagoboacobgotgaagtitgotas
salyctalyragyagicacageclyganaygtglogelgasanglelgoagagga’

ety jcaazagealgllaagyguaagt cgzagolatlacaagt
gracacatoctaactglgat

Trong mdt phuong an, nguyén liu thuc vat 1a nguyén licu thuc vat tir laa (Oryza

sativa hodc Oryza glaberrima). Céc vi du khong gidi han v& nguyén lidu thuc vat tir lda

nay bao g6m cay lua, té bao cdy lua, mo lua va hat gao. Sau do trinh tu nucleotit by gen tbt

hon, néu mé hoa yéu t phién ma giéng SUSIBA2 (OsSUSIBA2-like TF) thiéu it nhat mot

phén cua ving hoat hoa clia SUSIBA1-like p (OsSUSIBA1-like p) c6 mit trong intron ctia

phién ban kiéu dai cta trinh tu nucleotit bo gen ma hoa yéu t6 phién ma giéng SUSIBA2
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(OsSUSIBAZ2-like TF).

Trong mot phuwong an khéac, nguyén li¢u thuc vat la nguyén li¢u thuc vat Graminaea.
Vi du khéng gi6ihan vé nguyén liéu thuc vit Graminaea nay bao gbm cay Graminaea, t&
bao Graminaea, md Graminaea va hat Graminaea. Vi du dugc uu tién vé céc nguyén liéu
thuc vat Graminaea nay bao gém nguyén liéu thuc vat cia dai mach (Hordeum vulgare),
nguyén li€u thuc vat laa mi (7riticum spp.), nguyén licu thuc vat yén mach (Avena sativa),
nguyén liéu thuc vat tir lda mach den (Secale cereal) va nguyén liéu thuc vit ngd (Zea
mays).

it nhat mot sé nguyén liéu thuc vat theo cic phwong an nay khong chi c6 qua trinh
téng hop hydrat cacbon kiém soat duoc, nhu tdng hop tinh bot ting hodc tong hop tinh bot
va fructan ting. Nguyén lidu thuc vat nay ¢6 thé c6 thém cac dic diém c6 loi khac bao gdm
thai metan thdp. Su biéu hién cta yéu t6 phién ma HvSUSIBA2 & lia dd duogc chi ra la
khong chi din dén su téng hop tinh bot cao ma con din dén su thai metan thip va lam giam
cac muc vi khudn sinh metan ving r& [3]. Tuy nhién giéng la dugc mo ta trong [3] la
gibng Ita chuyén gen chua trinh ty ma hoa ciia yéu t6 phién ma SUSIBA2 dai mach lién
két diu khién v6i trinh tu khoi dong SBEIID dai mach. Gibng laa chuyén gen thu dugc do
d6 chira dang chuyén gen ciia trinh tu nucleotit khong phai ctia bd gen ma hoa yéu t6 phién
ma SUSIBA2 dai mach (HvSUSIBA2 TF) va trinh tu nucleotit ndi sinh ctia b gen ma hoa
yéu t& phién ma gidng SUSIBA2 cua ltia (OsSUSIBA2-like TF). Trinh tu nucleotit ndi
sinh ctia bd gen ma hoa yéu té phién ma giéng SUSIBA2 lia (OsSUSIBA2-like TT) chia
toan bd trinh tu cta trinh tu khai dong giéng SUSIBAI cia lia (OsSUSIBA1-like p) bao
gdm ving hoat hoa va ving tc ché dudong ciia no. _

Trai nguoc rd rang voi gidng laa chuyén gen da dé cap trén day, nguyén li¢u thuc
vat theo cac phuong an nay t6t hon, néu khong chtra nguyén lidu chuyén gen bat ky. Trdi
nguoc rd rang 13, trinh tu nucleotit ndi sinh cia bd gen clia nd ma hoa yéu t6 phién ma
SUSIBA2 hoic gibng SUSIBA2 duoc bién dbi bang cach xoéa bd it nhét 1a mot phan cia
vung hoat hoa ctiia SUSIBAI p hoic SUSIBA1-like p. Diéu nay c¢6 nghia 14, trai nguoc 1o
rang voi gidng lta chuyén gen trong [3], nguyén lidu thuc vat theo céc phuong 4n nay t6t
hon, néu khong thé san sinh ra yéu t5 phién ma SUSIBAI hodc giéng SUSIBA1 bat ky,
hodc chi ¢6 khéa nédng san sinh cdc lugng khong dang ké cta yéu té phién ma nay. Gidng
lta chuyénrgen [3] chra trinh tu khoi dong ndi sinh va trinh ty méa héa cho yéu té phién

ma giong SUSIBA1 & gao té va do d6 c6 the san sinh ra lugng dang ké yéu t6 phién ma
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nay.

Nguyén lidu thue vt theo céac phuong 4n nay co thé san sinh ra luong tinh bot hodc
tinh bdt va fructan théﬁn éhi con cao hO'n so v6i lia chuyén gcn- thudc giai phap da biét do
thiéu sy san sinh dang ké bit ky cta yéu t phién ma SUSIBAI hoic gidng SUSIBAI.
Thém vao do, nguyén li¢u thuc vat theo cac phuong an nay c6 thé ¢6 cac dic diém co loi
14 thai metan thdp nhu dugce d& cép cho gidng gao té chuyén gen trong [3]. Uu diém khéc
clia cac phuong an nay, cu thé 12 viée st dung dot bién mat doan do CRISPR/Cas9 ctia it
nhit mot phin ctia ving hoat hoa ctia SUSIBAI p hodc SUSIBA1-like p, 1a nguyén liéu
thue vat khong duge xem la sinh vat bién dbi di truyén (GMO). Do d6, trong mot phuong

an, nguyén licu thuc vat nay la nguyén li¢u thuc vat khong GMO.

Vi du thwe hién sang ché
Qué trinh tdng hop hydrat cacbon lién tuc 12 quan trong di véi su séng con cia
thuc vét nho dam bdo viée cung ¢Ap nang luong cho sy sinh trudng va phat trién trong qua
trinh phat sinh ca ‘thé hoac sinh san cda thuc vat. Tinh bt va fructan 1a hai hydrat cacbon
quan trong &.nhiéu cdy c6 hoa va dé st dung cho ngudi. Viée hidu vé qua trinh tong hop
tinh bot va fructan phéi hop khéng chi giap lam sang to cach ma cac thuc vat phan bd
photosynthate (phéan tir dugc tao ra do quang hop trong 14) va wu tién qua trinh tong hop
cdc hydrat cacbon khac nhau cho su sdng con ma con ¢6 loi cho viée cai thién cc cdy ngil
cbe trong ndng nghi¢p vi an ninh Ivong thuc va chét luong san xudt. Hé théng dugc béo
céo & day tir mot gen duy nhét & dai mach, st dung hai trinh tu khéi dong luan phién, mot
intron/exon, dé tao ra hai yéu to phién ma trung nhau vé trinh tu nhung trai nguoc vé chire
nédng, trong viéc nhan biét duong, thdong qua viéc truyén tin hi€u sucroza/glucoza/fructoza.
H¢ théng nay st dung co ché tu diéu hoa dé nhan biét hoat tinh trans dugc kiém soét béng
dudng trén mot trinh tu khoi dong va didu hoa, toan bo trong hé thdng nay, su téng hop
tinh bot va fructan phéi hop nho yéu t6 phién ma canh tranh lién két véi trinh tu khoi dong
con lai. Hé théng da chirc ning nay c6 thé dugc ap dung dé gay gidng céc tinh trang & cay
than cb voi luong tinh bot va fructan dugc diéu chinh cho nhiéu ting dung da dang. Sy phat
hi¢n trinh tu khoi dong kéo dai qua intron/exon trong gen chu, tao ra cac protein c¢6 chuc
nang khac biét, gop phén vao su phurc tap cua bo gen thuc vat.
O thue vit, duong la quan trong trong viée gay ra su sinh truéng va phat trién ctia

thuc vat. Su phat trién ctia thyce vat do duong bao gom mot qud trinh quan trong, tong hop
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hydrat cacbon lién tuc nho dudng cho cac chién lugce cung cdp ning lu’ong Va nguyen licu
tuc thoi, ngin han va da1 han. Tuy nh1cn lam thé nao dé duong dleu hoa duoc qué trinh
téng hO’p hydrat cacbon lién tuc dé su dung hiéu qua cac photosynthate vAn chwa 3. Tinh
bot va fructan 14n luot 1a cac polyme glucoza va fructoza, va 13 hai hydrat cacbon quan
trong & mot sb lugng 16n thuc vat ¢6 hoa. Tinh bot 1a phé bién trong gidi thuc vat va cac
fructan c6 thé duoc tim théy & hon 36 000 loai thue vat hodc hon 12% thuc vat hat kin bao
gém cad cay mot 14 mam va hai 14 mam. O cdy hai 14 mam, ndm ho chinh san sinh fructan
nhu Astemcéae, vi dy, bd cong anh, atiso va rau diép xodn; Campanulaceae, vi du, cay hoa
chudng 14 tron; va Boraginaceae, vi du , Luu ly sém (Early Forget-me-not), va ¢ cdy mot
14 madm ciing ¢6 nim ho chinh tong hop fructan nhu Liliaceae, vi dy, loa kén tring;
Amaryllidaceae, vi du, hanh tay; va Gramineae 6n déi quan trong bao gdm nhiéu loai cay
trf”mg, vi du, dai mach, Iia mi, yén mach, va nhiéu loai ¢6 lam thtc #n cho gia stc. Trong
qua frinh phat trién cta thuc vat, tinh byt dong vai tro 1a dang cung cAp nang luong tuong
d6i dai han va fructan 12 ngudn nang luong sén c6 nhanh chong. Quan trong 1, ca hai
hydrat cacbon déu c¢6 nhu ciu cao dé st dung cho ngudi. Tinh bot 14 nhan t6 chinh dé dam
b4o an ninh lwong thuc hién tai va tuong lai va, vi sy san xuat toan cdu hang nam gan 3
t{ tAn, hdu hét dén tir ngii cbc, 1a cuc ky quan trong vé kinh té. Cac fructan dugce san sinh &
nhidu céy than cé trong qud trinh phat trién ctia thuc vét va cac giai doan sém ctia su phat
trién hé sinh san 12 thiét yéu dé lam ddy hat va quan trong déi véi nang suit va véi kha
ndng chiu han va chiu lanh. Mot sb cdy trong than cé tich iy ham luong cao fructan lam
hydrat cacbon duy trit & hat thanh thuc. Cac fructan hat nay cé thé dugc str dung trong nhiéu
loai thuc phim va céc tmg dung khong phai thuc pham, vi dy, 1am thanh phén thyc phim
chire ning ¢6 ham lugng calo thip c6 tic dung tich cuc trén h¢ vi sinh vat (microbiome)
trong rudt nguoi. Tuy nhién, hiéu biét hién nay vé cach ma thuc vat diéu hoa va uu tién su
téng hop hydrat cacbon, nhu téng hop tinh bdt va fructan, dé 181 vu hoa viée du trix va st
dung céc photosynthate cho su sinh truong va phat trién 1a rét it. O day, viéc s dung qué
trinh téng hop tinh bot va fructan & dai mach lam hé mau, trong mang ludi truyén tin hiéu
duodng ¢ thyc vit, co ché tu diéu hoa tir mét gen duy nhit nho d6 su biéu hién dap tUng
dudng cta hai bién thé yéu té phién ma (TF), c6 cac trinh tu gidng nhau nhung do dai khac
nhau & cac ddu 5’ tlr hai trinh tu khoi dong luén phién, tao ra hé théng nhan biét duong déi
1ap. Hé thdng nay phét hién dudng bang cach nhin biét hoat tinh trans trén trinh tu khoi

dong bén trong va kiém soat, toan bd trong hé théng nay, qué trinh 'tcx)n g hop fructan va tinh
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bot phéi 'hqp nho sy lién két coa yéu td phién ma canh trdnh trén trinh tu khoi d’éng con
li. o - |

Théng tin lién qlian dén trinh ty ma giai thich céc co ché dang sau cac tinh trang
quan trong clia cdy trong nhu nang sut, cac thanh phan hydrat cacbon, 1am ddy hat va kha
ning chiu stress do yéu t6 khong phai sinh hoc giy ra & cac cdy than co on déi 1a quan
trong d6i v6i cac nd luc dé lam ting ning suét cy trong bang cach chon loc nho chi thi
phan tir va sinh hoc tong hop.

Nhu d4 béo cédo & ddy, & nhiém séc thé dai mach 2, trinh tu ban sao don ma hoa hai
bién thé ¢& cua cac TF truyén tin hiéu duong & dai mach (sugar signaling in barley:
SUSIBA), SUSIBAI 1a 30 kD va SUSIBA2 la 62 kD (Fig. 1A, 1B, 2, 3A-3C). Céc trinh
tu khéi dong ctia SUSIBA 1 va SUSIBA2 (SUSIBAI p va SUSIBAZ2 p) déap tmg véi cac ndng
d6 khac nhau ctia sucroza (Fig. SA, 5B). SUSIBA1 déng vai tro 14 tac nhan e ché ma tc
ché truc tiép su tbng hop fructan, trong khi d6 SUSIBA?2 la tic nhan hoat hoa tdng cudng
su téng hop tinh bot. B'?it ngo 13, su biéu hién SUSIBA2 duoc kiém soat boi su lién két canh
tranh SUSIBA1/SUSIBA2 trén trinh tu khoi dong SUSIBA2 , ma tao ra hé théng tu didu
hoa dbi v6i qua trinh tong hop tinh bot va fructan phdi hop.

Két qua

- Qud trinh tong hop tinh bt va fructan dép iimg véi si cung cdp sucroza sai vi tri &
nhiéu diém dgt khoi dau khdc nhau

Qua trinh tdng hop tinh bot va fructan trong 14 tich trit dugc cam tng khi sucroza
(Suc) 14 sin ¢6 & ndng dd cao in vivo hodc bing cach cung cap dudng sai vi tri (Fig. 4A,
4B). Sw cam tng tinh bot va fructan ¢ 14 dai mach dwoc xir Iy bing sucroza bat dau & cac
diém dit khac nhau, 50 mM Suc ddi vé6i fructan va 85 mM Suc dbi vai tinh bot (Fig. 4A,
4B). Ngoai ra, ham lugng cta tinh bot va fructan cé tuong quan rd rang véi cdc mac sucroza
da cung cip (Fig. 4A, 4B). Cac quan sat nay dit ra cac cdu hoi vé ban chat cia cic con
dudng truyén tin hidu dudong ma gdy ra sy cam tng lién tuc qua trinh téng hop tinh bot va
fructan. ,

SUSIBAI va SUSIBA2 ¢6 khd ndng cam bién dwong nho sw truyén tin hiéu
sucroza/glucoza/fructoza | 7
' Treng nhiéu con dudng truyén tin hiéu Suc, di phat hién ra 1a Gle, Fru, va/hodc
trehaloza 6-P (T6P), ma khong phai 1a chinh Suc, dong vai tro la chét truyén tin chinh. Gén

day da duoc chi ra la hexoza c6 thé didu hoa su tong hop oligofructan trong hat dai mach
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va sy biét hoa té bao & cdy bong, twong tng. Cung cic ndng dd mol ctia Suc, Fru va Gle
duoc st dung cho 14 tich trir ciia dai mach va su tac dong 1én sy tich lity fructan va tinh bot
duoc kiém tra (Fig.6A va 6B). Nhu dugc chi ra, tac dung cam tng su tich Ifly fructan va
tinh bot duoc quan sat thdy déi voi cac ndng dd Suc lan luot 13 >50 va 85mM (ciing xem
Fig.4A, 4B). O 85 mM khong chi Fru ma ca Glc cam tng su tich Ifiy tinh bot. Ca Glc va
Fru déu khéng cam tng su tich lity fructan & S0 mM nhung cam tmg & 85 mM. Viéc kiém
tra mtrc ndng do san phim phién ma va protein ching minh ring cic miu duge xir 1y bang
Fru va Glc thé hién ciing mot xu hudng véi cac mau dugc xtr Iy bing Suc, nghia 13, v6i su
giam déi véi SUSIBA1/SUSIBA1 va ting d6i v6i SUSIBA2/SUSIBA2 va cic san pham
phién méd/enzym dbi voi su tong hop fructan (6-SFT/6-SFT) va tinh bot (SBEIIH/SBEIID)
(Fig.6C and 6D). Cac murc n@)ng dd cua Fru va Gle ndi sinh ¢ cdc mau duge xt 1y béng
Suc 1a cao hon so v6i & cdc mau duge xir ly biang Fru va Gle (Fig.7A va 7B). Cac mirc
néng d Fru va Gle noi sinh ¢6 tuong quan véi sy tich 1fiy fructan va tinh bot ¢ céc mau
duogc xtr ly béng duong (Fig.6A va 6B va Fig.7A va 7B). Cac murc ndng do T6P thuong la
thdp va khong thé duoc phat hién duong tinh & tit ca cac mau, trong khi d6 tidu chuén T6P
la 5 ng.(119 pmol) tao ra tin hi¢u rd rang trong phan tich sdc ky 1ong - phép do phod khéi
luong (LC/MS). Phét hién nay duoc ching minh bang viéc khong c6 su gia ting vé mic
ndng do san phdm phién ma giéng 7PS (Fig.7C) hodc mirc hoat tinh trehaloza 6-phosphat
toan phéan (TPS) (Fig.7D) trong viéc xi 1y bing Suc, Fru hozc Gle.
SUSIBA2 neo trinh tw khoi dong intron/exon cho SUSIBA 1

Pé mo ta chie nang va su téc dong 14n nhau cta cac SUSIBA1 va SUSIBA2 TF
trong qua trinh tdng hop tinh bot va fructan, trude hét ngudn gbe ctia SUSIBAI va su tuong
déng,vz‘i trinh tu ctia SUSIBAI p duoc kiém tra. Viéc sang loc thu vién cADN noi nhil dai
mach ¢ thoi diém 10 ngay sau khi ra hoa (daf) v6i SUSIBA2 cADN lam doan do tao ra mot
sé dong tuong ddng v6i ddu 3° ctia SUSIBA2 ¢ADN mic du sy biéu hién ctia SUSIBAI 1a
thip & giai doan nay (Fig.1C va 1D). Vé1 5’-RACE (khuéch dai nhanh céc ddu cADN:
rapid amplification of cDNA ends) st dung 14 dai mach, thu duoc tdng s6 ba amplicon
ARN (Fig.lA). Phén tich trinh tu chi ra la cdc amplicon la twong ddng v6i mot phan cla
SUSIBA2 ¢ADN. cADN dai nhat (amplicon 3) gdm 1448 nt trong g v&i peptit 281 axit
amin tuong déng v6i 281 axit amin dau cing C ciia SUSIBA2 va c¢6 khéi luong phén tu
dugc suy luan xAp xi 30 kD (Fig.1B). Phan tich thim tach Northern va Western cua 14 va

cac md ndi nhit dai mach xac nhan sy ¢6 mét ctia san pham phién ma SUSIBAT 1,5 kb va
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san vphém protein 30-kD (Fig.1C va 1D). D¢ phan lap SUSIBAI p, intron 2 va mot phin
du 5°clia exon 3 cia SUSIBA?2 dugc khuéch dai PCR tir bd gen dai ma_ch. Yl‘mg c6 do dai
déy da da dugc khuéceh dai, intron 2, hodc mot phén dau 5° éﬁa exon 3 sau d6 dugc dung
hop véi gen chi thi GFP. Vi khudn Agrobacterium chtra cac cAu trac khac nhau dugc st
dung dé tham nhdp 14 dai mach. Vung c6 do dai déy du nay tao ra hoat tinh manh, tuong
tu vdi hoat tinh cua trinh tu khoi dong 35S (Fig.3C), trong khi dé dau 5> cta exon 3 thé
hién hoat tinh yéu (Fig.3C). Intron 2, ddi ching am (GUS:GFP), va vi khuin
agrobacterium khong ¢ cac cdu tric khong gy ra hoat tinh gen chi thi bét ky (Fig.3C).
Két luan 1a ving c6 do dai diy di da phan 1ap 1a trinh tw khoi dong chirc ndng déi voi
SUSIBAI. . _

Pé minh hoa céc dap tng khac nhau ciia SUSIBAI p va SUSIBA2 p v4i cac mic
sucroza, ia dai mach duoc thdm nhép béng vi khudn agrobacterium chtra cic cAu tric
SUSIBAI p:GFP va SUSIBA2 p:BFP va céc la nay dugc xtr ly voi cac ndéng d6 sucroza
khéc nhau. Méi tuong quan 4m va duong truc tiép gitta hoat tinh trinh tw khoi dong va céc
ndng do sucroza lan luot ddi vai SUSIBAI va SUSIBA2, 1a 1d rang (Fig.5B). Khong phat
hién théy huynh quang tir d6i chimg 4m GUS: GEFP. -

Vai tro ciia SUSIBAI trong viéc diéu hoa su tong hop fructan

Khi da nhéin dién dugc SUSIBAI p, kha nang tham gia cia SUSIBA1 vao qua trinh
téng hop fructan duoc kiém tra. Sy dinh vi nhan ctia SUSIBA1 duogc xac nhan béng sur
tham nhép cta ciu tric dung hop SUSIBAI:GFP nhd vi k_huén agrobacterium, didu nay
chitng minh 1a SUSIBA1 ¢6 thé gén dich thanh cong GFP vio nhan (Fig.8A dén 8D). Thir
nghiém dién di dich chuyén di dong (Electrophoretic mobility shift assay: EMSA) dugc st
dung dé nghién ctru tuong tac in vitro gitta SUSIBA1 va trinh tu khdi dong cua 6-SFT ma
ma héa enzym chinh trong qué trinh tdng hop fructan & dai mach. EMSA dugc thuc hién
nhu dugc mo ta trude day [1] béng cach st dung SUSIBA1 dugc biéu hién qua muc va
dugc tinh ché tur E. coli (Fig.8E dén 8J). Theo dAu hiéu cta cac protein WRKY, da duoc
chi ra 1a SUSIBA2 TF lién két voi yéu t6 cis W-box ADN. Phén tich thém v& hoat tinh
SUSIBA?2 cho thdy 14 né ciing lién két v6i SUREa nhung khong lién két voi yéu td cis
SP8a. Vigc kiém tra trinh ty khoi dong 6-SFT dan dén viéc nhén dién hai yéu td SUREa,
bé yéu t6 W-box va mot yéu t& SP8a (Fig.8E). Bang cich st dung céc td hop khac nhau
cua cac enzym giGi han BstXI, Pvull va Spel, trinh tu khoi dong co do dai dady du (doan 1)
duoc phan tich thanh bbn doan (cac doan 2-5, Fig.8E). EMSA chira rang SUSIBAL ¢6 thé
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lién két v6i cac doan 1-4 chira mot hodc nhiéu yéu td cis, nhung khong lién két voi doan 5
thiu bét ky trong sb cac yéu té nay (Iig.8F). Pidu nay chi ra raing SUSIBAIL c6 thé lién
két véi SUREa va W-box vi/hoic SP8a. EMSA véi cac doan do oligon’u’clebtit duoc cu
tric cho ting yéu t§ (Fig.8G) chirng minh 1 SUSIBA thuc su c6 thé lién két véi mdi yéu
t (Fig.8H). D& x4c nhén tinh dic hiéu cta hoat tinh lién két, cac trinh tw clia cac yéu té
(Fig.8I) duogc thao tac di truyén va su lién két cia SUSIBAI duoc kiém tra. EMSA chi ra
1a khi c4c trinh tu cta yéu té duge thay thé bing doan A, hoat tinh lién két SUSIBAL bi
mét (Fig.87), cho thiy 1a SUSIBA1 ¢6 thé tuong tac véi trinh tw khéi dong 6-SFT in vitro
bﬁng cach lién két véi cac yéu tb SUREa, W-box va SP8a, véi su lién két manh voi W-
box. Khong ¢6 hoat tinh lién két ciia SUSIBA1 v6i céc trinh tu cta yéu t6 dugc thao tac di
truyén, nghia la SP8a M, W-box M va SUREa M4 ciing chi ra d¢ tin cdy cua EMSA trong
hé théng thir nghiém (Fig.87).

Dé thu duoc bang ching v& su tuong tac in vivo gitta SUSIBAL va trinh tu khoi
dong 6-SFT, 6-SFT p: GI'P dugc ddng tham nhap ciing vi p35S:SUSIBAI va anh huéng
cta SUSIBAI trén hoat tinh trinh tu khéi déng 6-SFT duoc theo dai (Fig.8K dén 80). Cau
triic 6-SFT p:GFP m6t minh, hodc dugc dé)ng thdm nhép cung voi yéu b phién ma thyc
vat khong lién quan (WRI1) trong mdi truong 100 mM Suc, khong cé tac dong d6i voi
hoat tinh trinh tu khoi dong 6-SFT (Fig.8K va 8L). Nguoc lai, 6-SFT p:GFP dugc déng
tham nhép cling v6i p35S:SUSIBAI khtr hoat tinh trinh ty khéi dong 6-SI'T (Fig.8M). pé
x4c nhan su san sinh de novo cua protein SUSIBAI trong ving thdm nhap, céc té bio vi
khudn agrobacterium séng va chét chira p3 58:SUSIBAI dugc sir dung va cac muc ndng do
protein va san phim phién ma SUSIBAI dugc so sanh trong ving thAm nhép nay bing cach
st dung p35S: WRII lam d6i chimg (Fig.8N va 80). Nhu duroc mong doi, su thAm nhap véi
céc té bao vi khudn agrobacterium séng tao ra cic mirc ndng do protein va san pham phién
ma SUSIBAI cao hon nhiéu so véi nén té bao chét da dugc thdm nhép va tuong tu dbi voi
muc san phim phién ma WRII d6i chimg (Fig.8N va 80).

- Cho dén nay céc két qua nay goiy rang SUSIBAI ¢6 kha nang didu hoa su tong
hop fructan bémg céch tc ché hoat tinh 6-SFT. Dé thu duogc béng ching két luan ve truong
hop nay, thtr nghiém lam giam sy biéu hién SUSIBAI duoc thuc hién béng cach uc ché
oligodeoxynucleotit dbi nghia (asODN). Chién lugc e ché asODN duoc lua chon dua vao
dd tin cdy cao cua no6 lam cOng cu ‘ch?m doan vé chirc ning gen, va kha nang phan biét gitta

cac gen o tinh twong dong trinh tu cao ctia n6. Tuy theo trinh tu dich, co ché hoat dong
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dién hinh dé e ché asODN dién ra qua sy cit san phim phién ma duoc dinh hudéng boi
RNaza H, Vé/hoac su t'ao'théhh bo ba chudi ADN & vi tri trinh tu khoi dong ho'e,tf don g; Vi
trinh tw SUSIBAI chdng I4p v6i phin 3’ ctia SUSIBA2, viée Gc ché SUSIBAI ma khong téc
dong 1én SUSIBA2 dit ra mot thach thirc. Do d6, nim asODN (Fig.9A) duoc thiét ké va
hiéu qué @e ché cua chang dbi voi SUSIBAI va SUSIBA2 duge thir nghiém, theo quy trinh
dugec mo ta trude day [2]. Hai trong s6 céc asODN, asODN 1 va 5, thé hién tac dung tGc
ché tbt SUSIBAI ma khong te ché hoat tinh SUSIBA2 nhu duge danh gia bang sur san sinh
cdc protein SUSIBA1 va SUSIBA2 (Fig.9B, cic panen trén). Céc hi€u qua Gc ché khac
nhau ctta ODN da cho ¢ cung cac vung trinh tu cia SUSIBAI va SUSIBAZ2 ¢6 thé 1a do cac
ciu tric bac hai ARN khéc nhau, vi du, céc than, ¢ cac ving ngén can sy lién két asODN.
So sdnh thém gitta asODN 1 va asODN 5.dya vao tac dong ctia ching trén cac muc protein
6-SFT xéc dinh dugc asODN 1, ma thé hi¢n trén ban d6 viing ma héa ctia SUSIBA2 va
trinh ty khoi dong ctia SUSIBAI, 14 g vién t6t nhit cho thir nghiém e ché asODN (Fig.
9B, céc panen dudi). Dé xac nhan 1a asODN 1 géy can tré hoat tinh SUSIBAI p, céc 14 dai
mach duge xit 1y bang sucroza dugc dong tham nhép bing SUSIBAI p:GFP va asODN 1,
hogc ODN c6 nghia (sODN). Két qua chimg minh rang hoat tinh SUSIBA! p bi trc ché hi¢u
qud bsi asODN 1 (Fig.9C). ODN dugc danh d4u huynh quang dugc st dung dé chi ra su
hép thu hiéu qua asODN boi té bao 14 dai mach (Fig.9D). Bz‘mg cach sur dung asODN 1
khang SUSIBA! va asODN da mo ta trudc day khang SUSIBA2 [2] (dugc goi la
Su2Antisense 1 trong Bang 1) & cac ngudng cam ng sucroza dbi véi su tong hop fructan
va tinh bot (xem Fig.4A, 4B cho cdc ngudng), vai tro ctia SUSIBAT lam tac nhén Gc ché
d6i v6i fructan, va SUSIBA2 la tac nhan hoat héa ddi v6i tinh bot duge chimg minh (Fig.
10A, 10B, 11A, 11B, 12A, 12B).
SUSIBAI va SUSIBA2 tao thanh hé thong doi khdng phan tir -

~ Quan diém SUSIBAL la tac nhan tc ché su téng hop fructan va SUSIBA?2 1a tac
nhén hoat hoa su tng hop tinh bot duoc ching minh thém'bellng cach danh gia mbi twong
quan gitra muc do biéu hién SUSIBAI va SUSIBAZ2 va ham 1uqng fructan va tinh b0t trong
cac dicu kién tu nhién hon, nghia 1a, trong cac giéng dai mach khac nhau véi ham lugng
fructan hat cao va thap. (Fig. 13A, 13B), trong cac thir nghiém cdm tGng sucroza (Fig. 14A,
14B), va trong qué trinh bién thién hang ngay cua sy tich iy tinh bot va fructan (Fig. 15A,
15B). Cac két qua thu thip duoc chig minh mbi tuong quan am gitta hoat tinh SUSIBAI

va ham legng fructan, va moi twong quan duong gifra hoat tinh SUSIBA2 va ham lugng

-40-



38157

tinh bot. Do d6 SUSIBAI va SUSIBA? tao thanh hé théng déi khaﬁg_phan ti. |

Pé kidm tra xem hé théng phtc tap diéu khién s'u téﬁg hop tinh bot Va vfructan nay
tu"ong quan nhu thé nao 'ivé'i sur tich Ity tinh bot va ffﬁctan, céc miic ﬁnh b(f')'t va fructén
duoc theo ddi trong 14 dai mach trong chu ky ngay-dém 16 gi¢ -8 gio (Fig. 15A, 15B). Sau
khi bit dau chiéu sang, su biéu hién cta SUSIBA?2 tang, kich thich su biéu hién cta céac gen
tong hop tinh bot (vi du, SBEIIb) va gay ra su tich lfiy tinh bot cao vao cubi ngay (Fig.15B).
Pang cht ¥, mic di su biéu hién SUSIBAI bj giam dé giai phong va 1am ting sw biéu hién
6-SET (Fig.15A), khong phat hién thdy sy tich lity fructan trong pha chiéu sang (Fig.15B).
Nguyén nhan hop 1y 12 su cam ng tong hop fructan twong (g véi sy thodi bién duoc gia
tang. Dé chimg minh gia thuyét nay, cdc murc biéu hién clia gen ma héa enzym thoai bién
fructan d6i voi 1-FEH va 6-FEI duoc kiém tra. Nhu dugc thé hién trong Fig.15A, hoat
tinh cua /-FEH va 6-FEH theo sau hoat tinh cta 6-SFT. Diéu nay goi y 1a dong hoc ctia su
chuyén hoa fructan 1a thanh phan quan trong ctia su phat trién 14 tich trit & dai mach.

- Swlién két canh tranh béi SUSIBA2 va S USIBA1 véi W-box trong trinh tw khoi dong

SUSIBA2 diéu khién hé théng doi khdng nay va sw biéu hién SUSIBA2

Viéc nhan dién hé théng d6i khang nay dit ra cdu héi 1a hoat tinh khéc nhau cua hai
trinh ty khéi dong ludn phién nay va hé théng d6i khang nay duge thuc hién nhu thé no.
Céu héi nay duogc giai quyét bang bd cac phuong phap, bao 26m dot bién mét doan trinh
tu khoi dong, e ché asODN, bay oligo TF mdi chudi kép, biéu hién qua muc bang cach
tham nhdp, giai trinh tu ADN, va EMSA. Khi cac chiéu dai khac nhau cuta trinh tu khai
dong SUSIBA2 dugc dung hop v6i gen chi thi GFP, va dugc cho biéu hién tam thoi nho
Ging v6i céc ndng dd sucroza nhur mong doi, trong khi khong ¢6 hodc rit it dap Gmg duoc
phat hién thdy ddi véi trinh ty khoi dong bi c&t thidu mét 25% cua déu 5° (Fig. 16A-16C).
Quan sat nay cho thdy 1a trinh tu dap tng dudong duge dit & ddu 5°xa clia trinh tu khoi dong
SUSIBA2. Sy thAm nhép ddng thoi ctia dang c6 chidu dai day du ctia SUSIBA2 p: GFP clung
v6i 35p.SUSIBA 1 thyc su cling Jam mét hoat tinh trinh tu khdi dong SUSIBA2 (Fig.16B va
16C), goi y rang SUSIBAI tic ché hoat tinh SUSIBA2 bing cach lién két véi ving 5° xa
cda trinh tu khoi dong SUSIBA2. Quan diém nay c6 vé khong phu hop voi cac két qua
dugc trinh bay trong céac Fig. 11 A, 11B, trong do tac dung tc ché asODN ctia SUSIBAI
khong 1am thay déi sy bidu hién SUSIBA2 & 40 mM Suc. Dugc gia thiét 13, & 40 mM Suc,
su bidu hién SUSIBAI da duge lam giam va tac dung khir e ché bit ky hoat tinh SUSIBA2
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do lam giam ‘thém hiéu gia SUSIBA1 la khong dang cha y. Tuy nhién téc. dung hoat hoa
sy biéu hién SUS]BAZ, béﬁg céch te ché SUSIBAT béi asODN ¢ 25 mM Suc, dAu thip cia
ngudng cam tng sucroza ddi V('rvi su biéu hién SUSIBA2 (25 mM/40 mM) (Fig.]7A) ‘Vfl o
cac néng do Suc khac nhau khi Véng mit hodac ¢dé mat SUSIBA1 duoc biéu hién qua muc
(Fig.17B) goi ¥ 13 rang 1a SUSIBA1 déng vai trd 13 tic nhan e ché dbi véi su biéu hién
SUSIBA?2. Bit ngd 13, khi SUSIBAI bi tc ché, sy cung cip/biéu hién qua mic SUSIBA2
¢6 thé tang cudng su biéu hién SUSIBA2, goi 'y 1a SUSIBA2/SUSIBA?2 c¢6 hoat tinh ty ting
cuong khi SUSIBAI 1a thép hodc goiy réng hoat tinh tu tang cuong bi can trd bdi hoat tinh
trc ché ctia SUSIBA1 (Fig. 17C, 19A, 19B). Tur thtt nghiém EMSA trude day (IFig.8E dén
87), da duoc chi ra 1a SUSIBALI c6 thé lién két hiéu qua véi cac motif W-box. Viée tim
kiém cac W-box trong ddu 5° xa dap tng dudng cua trinh tu khéi dong SUSIBA2 cho thiy
W-box. Nho viée chip thuén cng nghé by oligo TF mdi, oligo mdi bao gdm W-box va
oligo mdi ddi ching khong c6 W-box bit ky dwgc chon ngau nhién tir trinh ty khéi dong
SUSIBA2 da dugc thiét ké (Fig.18A). Khi cac oligo mdi duoc cho thdm nhap dong thoi
clng voi p35S:SUSIBA1, oligo mdi W-box loai bé tac dung e ché sy biéu hién SUSIBA2
dap tmg duong ctia SUSIBAIL (Fig. 18B, 20A, 20B), ngu y la W-box trong trinh ty khai
dong SUSIBA2 1a vi tri lién két cing gdc dbi véi tac nhan Ge ché SUSIBAL. Céc W-box
ciing 1a dich dé hoat héa cac gen xudi dong boi SUSIBA2. Gia thuyét 1a SUSIBAI va
SUSIBA2 canh tranh ddi véi W-box trong trinh tw khéi dong SUSIBA2. Co s& cho gid
thuyét nay 1a sy bidu hién qua mutc ciia SUSIBA2 & 40 mM Suc ¢6 thé lam ting su biéu
hién SUSIBA2 khi e ché SUSIBAI (Fig. 17C, 19A, 19B), va bay oligo mdi W-box gin
dich SUSIBA2 & nén biéu hién SUSIBAI thip lam giam manh hoat dong dwong clia
SUSIBAZ2 trén su biéu hién SUSIBA2 (Fig. 18C, 18D, 21A, 21B). Su biéu hién SUSIBAI
thdp dat dwoc nho ndng do Suc cao (100 mM, Fig.18D), hodc biang céach tc ché asODN
(Fig. 17C, 18C, 19A, 19B, 21 A, 21B). Quan sat théy 1a, & 100 mM Suc, su tham nhap cua
clu tric p35S:SUSIBA2 khong 1am ting dang ké su biéu hién SUSIBA2 ndi sinh, dugc phan
tich bing cac doan mdi dic hiéu diu cing 5° mMARN SUSIBA2 chi bao gdm SUSIBA2 noi
sinh ma khong bao gdm trinh tu cdu triic nay, ¢6 thé 1a do su du thira tac dung hoat héa bsi
ndéng d6 Suc cao va viéc dua vao ndi sinh SUSIBA2 (Fig.18D).

- Bing ching khac vé& y tuéng canh tranh W-box dugc cung cAp boi cac thir nghiém
EMSA chtng minh 12 v6i oligo mdi W-box SUSIBA2 lam doan do, SUSIBAI c6 thé ngin
chiin hidu qué hoat tinh lién két ctia SUSIBA2 véi W-box (Fig.18E).
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Trinh tw cis va hoat tinh trans twong vng trong trinh tu khoi dong SUSIBAI tao
thanh tdc nhan cam bién duong trong hé t'hé’ng doi khing

Do vai trd da phat hién ra cia SUSIBAT1 trong viée kiém soat su biéu hién SUSIBA2
theo cach phu thudc dudng, co ché ma theo d6 SUSIBAI cam bién dudng trd nén cuc ky
quan trong. Dé giai quyét cau hoi nay, cac chién lugc gidng nhu vay duoc st dung nhu da
md ta trén ddy cho SUSIBA2 dé khao sat trinh tw khéi dong SUSIBAI. Cac thit nghiém lam
mat doan trinh ty khoi dong chi ra 1a trinh ty ddp tng dudng nén duoc dit & ving dau clng
5> dai 177 bp cua trinh tu khéi dong SUSIBAI va sy x6a bo viung nay lam mét hoan toan
hoat tinh d4p ing duong cua trinh tu khoi dong SUSIBAI (Fig. 22A-22C). Thém vao do,
sy x6a bo toan b trinh ty khdi dong intron lam giam déng ké hoat tinh trinh tu khoi dong
n6i chung cua SUSIBA 1, ma twong duong voi két qua dugc trinh bay trong Fig. 3A-3C. pé
thu hep yéu t§ dap tng dudng trong ving dai 177 bp, chién lugc bdy mdi duogc st dung va
ving ndy dugc chia thanh 6 oligo mdi (Fig. 23A va 23B). Sau khi thdm nhép vao 14 dai
mach, cac mdi 2va3co thé 1am giam dang ké su biéu hién SUSIBAI 6 muc duong thép
va vira, ma 6 thé cho phép nén bicu hi¢n SUSIBAI dé phén tich (Fig. 23C, 24A, 24B). D¢
phan tich yéu t6 trans twong tng tham gia vao hoat tinh dap Gng duong cta SUSIBAI, cac
dich chiét protein nhan tir 14 dai mach dugce xtt ly ¢ céac néng dd Suc khéc nhau cung voi
doan ADN bao gdm cdc mdi 2 va 3, doan dbi chiing nim ngoai ving dai 177 bp (Fig.23A),
vamdi 2 va 3, duge st dung trong cac thir nghiém EMSA (Fig.23D). EMSA hinh 4nh hoa
hoat tinh yéu t& trans ma c6 thé lién két véi doan 1 va modi 2, nhung khong lién két voi
doan 2 va mdi 3.. Yéu t6 trans c6 thé 12 yéu t6 diéu hoa dwong vi hoat tinh ctia n6 tuong
quan v6i su bidu hién SUSIBAI. Viéc kidm tra chi tiét trinh tw mdi 2 cho thay 1a né chira
motif TTATC ma gibng v6i yéu t6 e ché duong di dugc.nhan dién (sugar-repressive
element: SRE). 7 :

TAm quan trong cua trinh ty khoi dong 5° dai 177 bp SUSIBAIva yéu t6 trans cing
gbc da phat hién duge trong qua trinh tong hop fructan dugc chirng minh bing cac thir
nghiém EMSA st dung hai kiéu gen dai mach khac nhau, cdy fructan cao 155, va cay
fructan thdp 181 (Fig. 25A-25C). Dit lidu giai trinh tu va céc két qua EMSA chiig minh
vai tro cua hoat tinh yéu té trans la yéu tb quyét dinh ddi v6i ham luong fructan & dai mach
(Fig. 25A-25C). _ _ .

Bo may phan tir didu khién su diéu hoa téng hop tinh bot va fructan phéi hop & dai

mach da dugc chirng minh. Mach diéu hoa nay bao g0m hai chirc ning déi lap (hé théng
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db6i khang) dugc thuc hién béng cach khoa lién ddng cac gen SUSIBAI va SUSIBA2 TF
(Fig. 26A, 26B). O trung tdm cta hé théng nay, su lién két canh tranh cta hai TF VO’l W-
box trong vung ttc ché duong cua trinh tu khoi dc}ﬁg SUSIBA2 d‘c’)ng vai tro 1a 60' ché thich
tng bén trong d¢ tu di¢u hoa hé théng ddi khang nay. Cac két qua nay goi ¥ 1a su lién két
canh tranh SUSIBA1/SUSIBA2 néi chung trong hé thdng nay dong vai trdo quan trong
trong viéc 1am chdm qué trinh tong hop tinh bot dén muc dudng cao hon so véi mire duong
can thiét dé tdng hop fructan (Fig. 4A, 4B). Mitc duodng cao hon tao ra didu kién khong c6
hoic c6 it SUSIBAT hon ma cho phép biéu hién ting dan va lién két SUSIBA2 véi W-box
trong viée ting cudng su biéu hién SUSIBA2 dé diéu hoa tang sy tong hop tinh bot. Yéutd
trans dugc huy dong lam tdc nhan hoat hoa dbi véi yéu td trinh tu khoi dong intron clia
trinh tu khoi dong SUSIBAI va dong vai tro 1a tac nhén cam bién dudng cubi cling trong
céc con duong truyén tin hidu dudng phirc tap ctia hé théng nay. Két qua nay cling goi v 1a
su cam Gng bd may didu hoa dé tdng hop tinh bot va fructan dugc khéi dong bdi sy nhép
bao cua photosynthate (Suc) va dugc gy ra boi su‘truyén tin hi¢u Glc/Fru, trong khi T6P
duong nhu khong tham gia vao trong cac diu kién thir nghiém (Fig. 6A-6D, 7A-7D). Vai
trd tiém tang ciia T6P trong viée didu hoa trong cac diéu kién ndng do dudng cao hon
(nghia 13, > 85 mM) va dudi anh sang khong thé bi loai trr. Su tich lily tinh bot cao trong
cac mau dugc xit 1y bing Gle (85 mM) (Fig.6A va 6B) ¢6 thé 1a do Glc 1a chét chuyén hoa
trung tdm trong con dudng téng hop tinh bot. Dong hoc cua su chuyén hoa fructan trong
cic co quan tich trit ctia dai mach da suy ludn ¢ day (Fig. 15A, 15B) c6 thé chi ra nhu ciu
v& su cn bing kich thude bé ctia Suc va hexoza trong cic co quan sdn xuét (source) va
tich trir (sink) hodc dé diéu chinh ap suét thém thiu dé didu khién su chuyén Suc ra khoi
cac mo tich trit. » |

Mo hinh lién két yéu t& phién ma canh tranh cam bién dudng (Fig. 26A, 26B) dé
didu khién sy tong hop tinh bdt va fructan trong cac cay than ¢ 6n d6i duge dé xuét ¢ day
¢6 thé duge stt dung trong cac chuong trinh nhén gidng bang cach chon loc nho chi thi
phén t0 hodc cac phuong phap chuyén gen dé thay d6i mac tinh bot va fructan trong, vi
du, cac cdy dai mach va lta mi dé dap ung nhu cu vé thue phim, thire An gia stc cu thé
va cdc ung dung cdng nghiép. Su e ché hoat tinh f7ans hodc sy x6a bo trinh ty khéi dong
intron SUSIBAI bang cac cong nghé chuyén gen hogc cong ngh¢ bién tap bd gen ¢6 thé
lam tang hi¢u qua ham lwgng fructan va tinh bot mot cach ddng thoi. Phan tich b lidu phat

sinh loai chi ra la cdc trinh tu intron thar hai ctia SUSIBA2 hoac cac ph?_m chinh cta trinh tu
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khoi dong SUSIBAI dugc bao tdn trong ba loai cay trf“mg quan trong, dai mach, lta mi va
lua va ddc biét 1a gitta dai mach va lta mi (Fig.27). H¢ théng @i khang
SUSIBA1/SUSIBA?2 duoc kiém soét bang duong c6 thé ton tai & cac loai cdy trong dé diéu
hoa su téng hop tinh bt va cac hydrat cacbon khac. Vi laa khong tich 1y fructan, con su
téng hop hydrat cacbon nao khac ngoai tinh bt duge didu hoa boi hé thdng nay & loai nay
can dugc minh hoa.

Viéc trng dung phuong phép agroinfiltration lam cong cu nghién ctru & cdy mot 1a
mam, dugc gidi thigu ¢ day, co nhiéu htra hen dé phat trién su hiéu biét vé chtc ndng gen
& cay ngii cdc va cdy than cd. Ngoai ra, nhu duge minh hoa & day, su két hop ctia phuong
phép agroinfiltration, by oligo mdi va phuong phap tiép can asODN lam tang dang ké tinh
hitu ich ctia cac cdng ngh¢ dugc st dung 6 sinh hoc thyc vat cho phén tich chitrc nang gen
va trinh tu khot dong. v

Trinh tu khoi dong bén trong (SUSIBAI p) trong bd gen thuc vat ma giy ra su biéu
hién ctia protein c6 cac chirc néng khéc vi cac chire ndng cia san pham dugc mi hoa boi
gen neo (SUSIBA2) c6 thé ¢6 cac tac dong dang ké dbi vai cac bo gen thuc vat, ¢ chd no
tac dong dén cha giai cia cac gen, du doan chitc ning gen va cic san pham, va giai thich
cac kiéu hinh bi loai bo gen.

 Bong lua dai mach dai lién quan dén mirc SUSIBA2 cao va béng ngdn lién quan
dén SUSIBAI cao

Cac cay ngli cbe 12 ngudn thue phdm quan trong nhét dbi v6i loai ngudi va ning
suét ngii cde 1a van dé dugce quan tim nhat d6i v6i an ninh lwong thuc toan cdu. Nang sut
ngii coe phu thudc vao mot s6 yéu t8, nhu s6 lugng bong la, kich thudc bong lta va khi
lugng mot nghin hat. Kich thuéc bong lua la mot trong cac yéu & chinh quyét dinh ndng
suét ngil cde. Pa duge béo cdo trude day 1 dot bién trong gen ma hoa yéu té phién ma kiéu
tac nhan e ché & dai mach tao ra dai mach sau hang tir dai mach hai hang. Pai mach sau
hang nay c6 sy ting ning suét theo 1y thuyét 12 ba lan so v6i dai mach hai hang. Tuy nhién,
didu gi quyét dinh do dai bong lta ngii cbe theo chidu doc van 14 thach thirc cdn 1am sang
to.

Vi SUSIBAZ2 ¢6 thé lam tang st tich trit trong cac mo du trit, SUSIBA2 ¢6 thé lam
ting do dai-bong lta voi sb lugng hat nhidu hon bang cach hudng sucroza dén cic bong
lta dang phétrtrién_nhiéu hon trong qué trinh diy hat. Nhiéu dudng sin c6 hon dén céac

bong lta dang phat trién, nghia 1a, hop tu dang phat trién,.cé thé ctru cac hat di duoc tao
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tharh va ngan ngira sy phat trién khong day du cta chung trong cac bong lta dang phét
trién trong qua trinh ddy hat. Trong cic dong con ciia cic gidng dai mach dugc lai 155
(hodic SLU7) va 199 (hodc KVIL.1113), hai loai bong lta dai mach dugc tao ra, ngén (8-10
cm) va dai (13-15 em), xem Fig. 31. Viéc kiém tra can than su biéu hién gen & cac bong
lta dang phat trién quanh giai doan thu phin, nghia 13, thoi gian thy tinh cho tring, chi ra
1a sy biéu hién cao ctia SUSIBA2 ludn ¢6 lién quan dén bong lua dai, panen dudi trong
Fig. 32. Hién tuong nay ngay lap tic dat ra cau hoi quan trong va hép dan, SUSIBA2 ¢6
phai 12 yéu t6 qu_yét dinh di truyén vé do dai bong lia hay khong.

Trong nhifu nam nghién clru vé cac con duong truyén tin hiéu duong & dai mach,
gen SUSIBA2 dai mach duoc phat hién ra la nim trén nhiém vséc thé 2. Locut SUSIBA2
str dung hai trinh tu khoi dong luan phién dé tao ra hai yéu t6 phién ma SUSIBA1 va
SUSIBA2, xem Fig. 26A, 26B. Trinh tu khoi dong SUSIBAIL duoc ddt trong intron thtr hai
va du 5 ctia exon thir ba cia SUSIBA2. Do d6, SUSIBAL la khoang mét nira dau cing C
clia SUSIBA2. SUSIBA1 la tic nhan trc ché ctia SUSIBA2 va ngin can SU SIBA2 tu hoaf
hoa biéu hién. Céc trinh tu khoi &(f)ng SUSIBA1 va SUSIBA2 dép ung khac nhau voi cac
duong. Khi mte duong la thp, phirc hop protein kiéu hoat héa duoc kiém soét bai duong
chua dugc xdc dinh ting cuong su biéu hién SUSIBAL. SUSIBAI lién két v6i trinh tu khoi
dong SUSIBA2. Sy biéu hién cao ctia SUSIBA1 ngin can sy biéu hién SUSIBA2. Khi
duong 1a cao, hoat tinh hoat hoa dugc kiém soat boi duong bi giam va su biéu hién
SUSIBAL1 bj giam. Sy giam biéu hién SUSIBA1 gidi phong su biéu hién SUSIBA2 theo
kiéu liy tién. Khi duong cao lién tuc, SUSIBAL it hon gay ra su biéu hién cao cua
SUSIBA2. SUSIBA2 v6i mitc ngay cang ting lién két v6i trinh tu khoi dong gen cia chinh
no béng cach lién két canh tranh véi SUSIBAl va tu tang cudng su biéu hién cta riéng néd

dé didu hoa ting céc gen xudi dong nhu gen tinh bot.

Nguyén li¢u va phwong phap

Nguyén liéu thyc vdt va cdc diéu kién sinh truong

Céc hat dai mach cua céac gidng Hordeum vulgare Golden Promise, SLU 7 (gidng
155), va KVL 301 (gidng 181) thu duoc lan luot tir Ngan hang Gen Bic Au, trudng dai
hoc Khoa hoc néng nghiép Thuy Dién (SLU) va trudong dai hoc Nong nghi¢p va tha y
Hoang gia (KVL). Golden Promise dugc trong trong 16 gio chiéu sang & 22°C, 8 gio trong

bong t6i & 18°C, do 4m twong dbi 70% vaéi cuong do chiéu séang 1a 400 pmol m™ s7!, SLU
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7 vaKVL 301 lan lugt & 24/16°C va 18/10°C. Cac didu kién sinh truong khéc 12 trong tu
voi Céé diéu‘kién da mo ta trude day [6]. Céc giai doan phét trién cua dai mach dugc theo
dsi theo thang Zadoks [18], hodc s6 ngay sau khi ra hoa (daf) d6i voi cac hat dang phat
trién. Céc 14 thi hai tir cac cdy gibng dai mach bdn tuan tudi dugc sir dung cho thit nghiém

cam tng duong, ¢ ché asODN va cac thitr nghiém khéc.

Oligonucleotit
Céc oligonucleotit duge sir dung trong sang ché duoc liét ké trong Bang 1. Chiing

dugc mua tr Sigma-Aldrich (St. Louis, MO, USA).

Tdch dong phdn ﬁ?’ va sang loc thu vién cADN

Céc plasmit chta GFP, BFP va GUS thu dugc nhu da mo ta [1, 7], Arabidopsis
WRII dugc khuéeh dai tir s6 truy cap Ngan hang Gen NM_ 202701. T4t ca cac quy trinh dé
tach dong phén tr 1a nhu dd mo ta [1, 2, 4, 8], 5-RACE dugc thuc hién theo kit Gene
Race®core (Invitrogen, Carlsbad, CA, USA) theo huéng dan st dung ctia nha san Xuat.

Viéc sang loc thu vién cADN duogce thyc hién nhu duge mo ta [1, 8].

Cdm tbng sucroza va ikc ché asODN

Céc thur nghiém c6 sy cdm trng sucroza va e ché asODN 1a nhu dwoc béo cdo trude
day [1, 2,4, 5, 9]. Noti ngén gon, cac cay dai mach duogc giit trong bong tdi trong 24 gio dé
tiéu thu hét dudng va sau d6 dugc st dung cho céc thit nghiém nay. L4 thir hai tir ngon clia
cac cay gidng 4 tuan tudi duoc hai va dugc u trong nhiéu ndéng do khac nhau ctia sucroza
c6 hodc khong c¢o6 cac ODN. Dé cam rng sucroza, nudc va sorbitol dugce st dung lam dbi

ching. Dé tc ché asODN, cac ODN c¢6 nghia dugce st dung lam d6i ching.

Agroinfiltration 4

Qua trinh agroinfiltration dugc thuc hién theo quy trinh da cong bd cho céc ciy hai
14 mam [10] ¢6 cac cai bién nhé. Céc cay giéng con cua cac cay 4 tudn tudi duoc gift trong
béng ftéi trong 24 gidr dé tiéu thu hét dudng. L4 tht hai tir ngon duoc thim nhdp cing vai
vi khudn agrobacterium chta cdu tric AGL1 dugc tao huyén phti trong cic dung dich khéc
nhau dén cac ndng d6 OD gidng nhau dé t6i wu hoa diéu kién agroinfiltration cho hi¢u qua

bién nap twong dwong nhu da md ta [10]. Sau khi thdm nhdp, 14 hodc cic cdy dugc u trong
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bong ti ¢6 hodc khong ¢ cac dung dich khic nhau trong 48 gid nita trude khi phan tich
qPCR hoic 72 gid trude khi quan sat dudi dén UV va kinh hién vi & bude séng 460-500
nm d6i voi GEP va 340-380 nm ddi voi BFFP. Céc trinh tu khac nhau dugc dung hop véi
cac gen chi thi va dugc bién nap voi vi khuén agrobacterium va dugc thdm nhap vao 14 dai

mach.

Thir nghiém bdy oligo moi

Mobi oligodeoxynucleotit dugc tao ra bang cach gin mdi oligonucleotit trong Tris-
HCI 14 mM, d6 pH=8,0, va MgCl, 7 mM, sau do6 pha loang dén né)ng dd lam viée 1a 25
1M dé tham nhédp vao 14 dai mach. Dbi v6i phén tich san phdm phién ma qPCR, céc ving
da duoc tham nhap duoc sir dung dé phan lap ARN 48 gidr sau khi thAm nhép. Pbi véi phan
tich bang kinh hién vi huynh quang, cic ving da thAm nhap duoc st dung 72 gid sau khi

thdm nhép.

Phadn tich tham tdch Northern va Western

Phan tich thém tach Northern va Western dugc thuc hién nhu da mo ta [1]. cADN
cia SUSIBA2 dugc st dung lam doan do cho phan tich Northern va khang thé khang 6-
SET dai mach, moén qua tor T ién s§ Martinez-Carrasco, dugc st dung cho phéan tich thadm
tach Western. Profin ddy du dién hinh ctia cc protein dugc nhudm bing Coomassie va cac
dai phan trng mién dich trén vét tir cing mdt lugng nap dugc chi ra trong Fig.6D. Phan tich
thdm tach Western cho SUSIBA1 va SUSIBA2 dugc chay trén cic vét khac nhau thay vi
trén cac vét gidng nhau do phdn mg chéo cua khang thé khang lai chiéu dai dy du cta

peptit SUSIBA2 vé1 SUSIBAL la yéu hon so véi v6i SUSIBA2.

Phan tich gPCR 7

PCR thoi gian thuc dinh lugng (qQPCR) dugc thuc hi¢n nhu dd mo ta truge day
[2,11], mtc do bidu hién twong dbi ctia SUSIBAI dugc tinh bang cach 14y gié tri delta Ct
ctua SUSIBAI+2 trir di gia tri d6 cia SUSIBA2, nghia la, gia tri delta Ct-ctia SUSIBAI =
gia tri delta Ct cia SUSIBAI+2 - gia tri delta Ct clia SUSIBA2 st dung cung mot gen gitr

nha (house-keeping gene) (hodc gen tham chiéu).

Kinh hién vi
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Kinh hién vi huynh quang va kinh hién vi dong tiéu 1a nhu da md ta [2], cuong do

huynh quang twong ddi dugc do bang phan mém Image] [19].

Phan [dp protein nhdn
Céc 14 dai mach duoc xtr Iy bang 0 mM, 50 mM va 100 mM Suc trong hai ngay, va
c4c protein nhan dugc phan 1ap nhu da mo ta trude day [12], cac protein nhan tir cdc hat 9

daf ctia céc gidng 155 va 181 duge phan lap theo cing mot quy trinh.

EMSA

Th& nghiém dién di dich chuyén di dong (EMSA) dugc thuc hién theo nhu dd md
ta trén day [1, 12]. N6i ngdn gon, cac protein SUSIBA1 va SUSIBA2 dugc biéu hién qua
mite dugc tinh ché hodc céc protein nhan dai mach dugc phan lap va dugc s dung cho
EMSA. Céc doan do doan ADN duoc danh ddu ddu cing bing [y**P]-ATP véi PNK (T4
polynucleotit kinaza). D6i v6i cac doan do oligo, mot chudi duoc danh ddu ddu ciing bang
[y 32P]-ATP vé6i PNK va duoc gin mdi voi chudi bd sung clia oligo & 14 mM Tris (do
pH=8,0) va 7 mM MgCl. Cac gel agaroza dugc sit dung cho cac doan ADN 16n va gel
polyacrylamit cho cac doan oligonucleotit. P&i voi cac thir nghiém canh tranh, 0,2 pg
SUSIBA2 duoc biéu hién qua mic dugc G kém theo b sung ting dan SUSIBA1 dugc biéu
hién qua mirc véi 0,0125, 0,025, 0,05, 0,1 va 0,2 pg vao cac phan Umg lién két. Gel
polyacrylamit 6% dugc st dung va dién thé hang dinh 160 V duoc st dung.

Thiét ké thir nghiém, phdn tich théng ké va tin sinh hoc
. Céc bd ba sinh hoc (biological triplicate) va bd ba ky thuat (technical triplicate)
dugc st dung ngoai trir phén tich tinh bt va fructan, trong d6 cac b doi k¥ thuat (technical
duplicate) dugc st dung theo quy trinh cta nha san xut (Megazyme, Bray, Co. Wicklow,
Ireland). Cac phuong phap ANOVA mot chiéu [13] va tin sinh hoc [11] dugc st dung dé
phan tich. Cay phat sinh loai dugc tao ra bang chuong trinh DNASTAR lasergene phién
ban 12.

Xdc dinh fructan, tinh bot, Gle, Fru, va T6P

Fructan, tinh bot va fructoza va glucoza ndi sinh dugc chiét va duoc phan tich nhu

duge mo ta [2,11] va theo cac quy trinh dugc cung clp trong kit tir Megazyme (Bray, Co.
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Wicklow, Ireland). Trehaloza 6-phosphat ndi sinh dugc phéan 14p theo quy trinh da mo ta
mdt cach chinh xédc [14] va dugc phén tich bang k¥ thuat sdc ky long-phép do phd khéi
lwong (LC/MS) nhu da mb 4 trén day [15]. Cac phan tich LC/MS duge thyc hién trén
Agilent 1100 HPLC két hop v6i may do khéi phd biy ion Amazon Speed ETD (Bruker
Daltonics, Bremen, Duc). Cac budce tach dugce thir trén c¢dt Accucore-150-HILIC-Amide
(2,1 x 150 mm) véi cac hat ¢ 2,6 pm tir Thermo Scientific (USA) & 25°C. Téc d6 dong
duoc duy tri & 200 ul phat! va thé tich tiém 1a 20 pl duoc st dung cho ca chuén va cac
phén chiét. Pha dong 1a nhu d& duge md ta [15]. M4y do khdi phd bay ion dugc van hanh
bang cach st dung phwrong phédp ion héa tia dién (Electro Spray Ionization: ESI) & ché do

am va khéi phd thu duge trén khoang quét 1a m/z 50-500.

Thir nghiém trehaloza 6-phosphat synthaza

Tht nghiém trehaloza 6-phosphat synthaza duoc thuc hién nhu da mo ta trén day
[16] ngoai trir 1 thoi gian va nhiét do phan tng dau tién duoc dit 1an luot & 120 phut va
25°C. Hoat tinh enzym du'qcithé hién béng su giam do hép thu NADH ¢ 340 nm mdi phut
trong phan ng thu hai.

Bang | - cac oligonucleotit
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Tén doan mdi  Tén gen SENOOED Trinh ty doan mdi (5 »3)
ExtF - 1 AAGCTTGCTCCTGCTATGAGTGATCT |
Cem o U GTCGACTTCACKATTAGGATGTGTGCAC
©IEdF HvSUSIBA2Z |3 AAGCTTGTACACAACCTTTAATTTTCTT
-GFPFT GTCGACATGGTGAGCAAGGGCGAGGA
- GFPR1 GAGCTCTTACTTGTACAGCTCGTCCATG
~ RandemF  AAGCTTAACTGCATCAGCCGATTATCAT
ous GTCGACGTGGTGGCTAGCTTGTTTGC
 GAGCTCCATGGAGTCAAAGATTCAARTAG

Cad

Lo

GFP

RandomR
w0 P GTCBACAGTCCCCCRTGTICTCICE
R, 0 CTSCIOTIMTGIGNR
VIRIR N CACGTGGGCARAGACATTGATTATTC
6-SFTF HVGSFTp 12 " GGGAGCTCTCCGTAGTAAAAGAAACAGG |
PB-SFTR K CGGAATTCTTTGTAGGCGTACGGTAGCGG
COGFPF2 14 CGGAATTCATGGTGAGCAAGGGCGAGGA
GFPR2 15 GGCACGTGTTACTTGTACAGCTCGTCCATG
SUtFT 16 GGGTCGACATGGTTGAGCCTGTTCCAGC
SUIRT  HvSUSIBA2 17 AACACGTGTCATGGACCCATGCCCAAGT
S SUIR2 18 CGGAATTCTGGACCCATGACCAAGTTC
CUpSUSIBA2F 119 GGGAGCTCGAGGTARAACCCTACATCCT

.. HvSUSIBA2p
pSUSIBAZR , 20 TTAAGCTTTCTCATGTAGTAATCATACGGTGGG

@ oo ~ o
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 GCAAGCTTCCCGCGACK

CTTAAGCTTATGGTGAGCAAGGGCGAGGA
E AACACCTGCsATTTGTACAGC*LG’CPHTGC

GCAAGCTTTGTTGCCTCTCTTTTGTAAA

 GCAAGCTTGGTAGAGITTGAAGGAAGTA

GCAAGCTTGAGGTAAAACCCTACATCCT
CCGAGGACCTCT
GCAAGCTTTGGCTATCTCTCTTTGTTGA

 AMMCTAGTTCTCATGTAGTAATCATACG
 AAACTAGTATGGTGAGCAAGGGCGAGGA

AACTCGAGATGTCCCCCGCGCGGCTGCC

AACTCPAGTCAT “ACCCATCFCCAHGT ;

~ GCTATTCAIC IGCIGCGG
CCOCAGCAGATGAATAGC
TCCTATIGGGCTGGGGET
GCTCAACCATACCAGGCG
 GTCTTCCACCTCCAGCAT
ACCAGCAGACTCCATTTT
CGCGGOGGACATGRECTT
AAGGCCATGACCCCOGCG
* TCAACCTCACTTACAGTTTIG
G”\TGVTCTCTK/ AMCATGC
TGATCTTGGTGTTGGAATC
CCCATGGTT?GCAIfTGATA
TGAATGAAMACAGACCTCCE
ATGTACCAACTTCAGCAGGC
 GACGAACGGCACGACTACTA
GAGGTGGACGCAT
ST AGAGAGAGC
TGTTGATGAAGCAGAGTCAGTAGA
”AGALGASCLGG.-ILAGIIG
TCCCCGCCGOGGAAMACTGE
’ GCGCTGGHGAGC*TﬂGGTU”“'"
) G”GCTGﬁ CTGT Acc"“”'”
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54 » TGTACCCTGAGCACGCCG T

55 | GCCAGCCTCCATGCTTCG
T 56 | AACGGACGGGTCAGTCATCG

I
S
“A
r\-q
X

HVTPSHike S
57 CCACCAGGCCCTTGCTCACG
| 58 GCCAAGAAGCGCAAGAAGAAGA
HvUbiquitin

5 | GGICGAAGTGGTTGGCCATGA
60 | GCGGGCGCGAGGTACAAGGE
61 | AGTTGGTGAGGAGCACGGGG
62 | CTGTACTGTGTTTTTAGCCT

HvSUSIBAZ

83 | GACATGACACARARATCGGA
64 CACACATGGCACGCCAAAAC

HV6-SFTp

86 TTATTTTGACCATATATACG
87 AATAAAACTIGGTATATATGC

88 CTGTAAAAAAAATTTAGCCT
|60 GACATTTTTTTTAAATCGGA ,
TR T TIATTAMAAMTATATACE
L 71 AATAATTTTITTATATATGC

72 CAAARATGGCACGCCAARAC

a3 GTITITICEGIGEESTITIG

~ SUREaMZR
SURE?WF

e
 SUREaM4R ‘
pSUT Decoy1S
| pSUT Decoy1AS
pSU1 Decoy2S |
"pSUT Decoy2AS |
pSU1 Decoy3S
' pSU1 Decoy3hS
' pSU1 DecoydS

o CACACAAAAAACGCCARAAC
75 1 GIGIGTTITITGCGGITTIG
Lo CACACATGGCAAAAAAAC
'”'?YVVf‘ ~ GTGTGTACCGTITTITIIIG
78 " CAMAAARAAAAARAAAALAC

79 é*”' GITTTITTITTTITITING

| 80 | GTACACAACCTTTAATTTTCTTTTCTG
|81 | CATGTGITGGAAATTAAAAGAAAAGAC
|82 | TGTCCTATAGAGATTAATGCACTTTATCTT

HUSUSIBA2 | B3 | ACAGGATATCTCTAATTACGTGAAATAGAA

B4 | GCAGRACATTAAGATGAAATTTAAGCATTT

85 | CGTCTTGTAATTCTACTTTAAATTCGTARA

86 TGTTICTAGATGACCCTGCAACTTTITITG
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" pSUT Decoyss 8

' pSUT Decoy5AS 89

' pSUT Decoyds %

' pSU1 DecoyBAS - g
j‘";js‘uéxh“tba& e

' pSU2WboxAS | 109
- HVSUSIBA2p F

~ pSU2 DecoylS 110

" pSU2 Decoyl1AS ERTE

ACAAAGATCTACTCGGACGTTGAAAAALAC

- GCCTTTATTGTGCATATTATATAATTTGGC
 COGAAATAACACGTATAATATATTARACCG

CAGGTTCTTGAATTGTTGCATAATTCATAA
GTCCAAGAACTTAACAACGTATTAAGTATT

CTAGGTCGTCAATTTGACTTATATAAAATAT

ATATTTTATATAAGTCAAATTGACGACCTA
GCTTCATCAACGTATCCGCACGTTACACGG

i CCGTG"MCCTGV\;GAT&\CGTTGhTGAAGC

Nguyén liéu va phwong phap

Cdc giong dai mach

253 gidng dai mach duoc thu hoach. Trong s6 chung, 12 gibng duoc phéan tich chi

tiét trong c4c phén tich khac nhau [22]. Tl 12 gidng nay, bon gidng (155, 199, 224 va 235)

duoc chon dé lai giéng trong nghién ctru nay cho dai mach fructan hat cao. _

Trong cay -

Céac phong khi biu thuc vat hién dai & SLU dugc str dung dé tréng cay nhu da mo

ta trén day va trong [22]. -

Sinh hoc phan fur

Céc trinh tu ctia SUSIBA1 va SUSIBA2 dugc st dung lam doan do ADN va céc
khang thé khang SUSIBA1 va SUSIBA 2, SBEIIb va 6-SFT [1] duoc sir dung lam doan

do protein dé sang loc cac dong con sau khi lai. C4c thir nghiém khéac nhu qPCR, thAm tach

Western, kinh hién vi va v.v. dugc thuc hién nhu dd md ta trén day.

Phadn tich hydrat cacbon

Phan tich fructan va B-glucan dugc thuc hi¢n theo céc quy trinh da cong bd [11, 20,

21, 22].

Lai giong dai mach

Viéc sang loc cac bién dbi di truycn v& mre biu hién SUSIBAI trong s6 cac gidng

dai mach tao ra nhiéu dong c6 nhiéu mtc biéu hién khac nhau cia SUSIBAIL. Trong sb
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chiing, cac giéng 155 va 199 1a c4c gidng c6 su biéu hién thap ctia SUSIBA1 va duoc chon
dé lai vai cac gidng 224 va 235, trong d6 su biéu hién SUSIBA1 la cao va hoat tinh thiy
phéan fructan 1a thip. Viéc lai cac gidng nay duoc thuc hién dé kiém tra xem sy biéu hién
SUSIBA 1 thip va hoat tinh thiy phan fructan thdp c6 thé duge ké thira cho cac dong con
hay khéng. Céc gidng duogc tréng trong nha khi hau thuc vét va dugc sir dung dé lai gibng
theo k¥ thuét lai gidng nhu da mo ta trén day [23]. Céc dong con sau khi lai duoc st dung

cho nhiéu phan tich khac nhau trong qua trinh sang loc.

Két qua

He théng am duong duoc sit dung lam chét chi thi phan tir dé theo ddi hoat tinh tong
hop fructan, va hai gen enzym thay phén, 1-FEH va 6-FEH, dugc st dung 1am gen chi thi
dé theo dai hoat tinh thiy phan fructan trong qué trinh phat trién hat dai mach. Trong tdm
1a vao hoat tinh tong hop cao & giai doan sém (9 ngay sau khi ra hoa) va hoat tinh thiy
phan thp ¢ giai doan mudn (22 ngay sau khi ra hoa). Tur 12 gidng dai mach, hai gidng
(gidng 155 va 199) ma c6 hoat tinh tong hop cao & giai doan sém va hai gibng (gidng 224
va 235) ma thé hién hoat tinh thuy phan thép & giai doan mudn duogc xac dinh. Bén giéng
nay duoc st dung dé lai gibng dé lam ting ham lugng fructan hat. Y tuéng nay 1a két hop
hoat tinh téng hop cao véi hoat tinh thiy phan thip dé ting cudng su tich Ifly fructan trong
qua trinh phat trién hat. O cac dong con Fy sau khi lai, nim dong con ¢6 ham luong fructan
tuong déi cao dugc chon dé theo ddi sy phan ly cia céc tinh trang ham luong fructan. Nam
dong con nay la 2199x3'155, 9155x4199, 9224xJ155, 9224x3199 va @ 199x9235.
Trong qua trinh phat trién hat, cac dong con da chon tich liiy ngay cang nhidu fructan qua
céc giai doan phat trién, déc biét 1a & cac giai doan mudn 22 ngay sau khi ra hoa va ¢ cac
hat thanh thuc (Fig.33) chi ra ring hoat tinh thity phan thdp & cac gibng 224 va 235 da dugce
dua vao cac dong con ndy, ma dan dén sy tich Iy cao hon so v6i cha me 155 va 199. ba
quan sat thay rang khi cdc dong con nay la ddng hop tir, cac dong $224x4'155 khong co
VO (trin), ©224x3199 khong c6 vo (trdn) séan sinh ham lugng fructan hat cao nhét véi ham
lugng fructan timg cdy 1én dén hon 13% mdi khéi luong kho (DW) ma khéng anh hudng
dén khéi lvong mot nghin hat (TKW) (Fig. 34 va 35). Trong qué trinh sang loc, hai loai
hat dugc quan sat thay, hat tron va hat det ¢ cdc dong con (Fig.36A). Khi ham luong fructan
hat trung binh dugc do, ham lugng fructan cao di kém theo kiéu hinh hat det (Fig. 368,

36C). Bat ngd 13, ham lugng fructan cao ¢ cac hat det ¢6 lién quan mat thiét vO1 ham lugng
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B-glucan cao, ngu y la hé théng am duong nay co thé kidm sodt su tong hop p-glucan
(Fig 36). | | |

Ngoéi ra cac tinh tfang khac lién quan dén ning suét cling duoc nghién ctru. Quan
trong 13, ham luong fructan hat cao va B-glucan cao trong cac hat det nay khong anh hudng
dén cac tinh trang: d§ cao cdy, sb lrong bong 1aa, sb luong hat va TKW, tham chi c6 su
tang nhe TKW so véi gidng 155 (Fig. 35).

Trong cac dong con cua cac gidng dai mach da lai 155 va 199, hai loai bong dai
mach duoc quan sat thy, ngin (8-10 cm) va dai (13-15 cm) (Fig. 31). Viée kiém tra cin
than su biéu hién gen & cic bong lta dang phat trién quanh giai doan thu phén (thoi gian
thu tinh cho trimg) chi ra la su biéu hién cao ctia SUSIBA2 va su biu hién thép cua
SUSIBA1 ludn Iudn di kém theo bong lua dai (Fig. 32). Duoc gia thuyét 12 SUSIBA2 ¢6
thé 1a nhan t6 quyét dinh di truyén vé chidu dai bong lta va hé thong am duong nay co thé
didu hoa do dai cua bong dai mach. Gia thuyét nay dua trén chitc ning ctia SUSIBA2 va
rang SUSIBA?2 ¢6 thé 1am ting stc tich trit trong cdc mo dur trit va co thé lam tang do dai
bong lua v6i sb lwong hat nhiéu hon bing cach huéng sucroza dén cac bong lua dang phat
trién nhiéu hon trong qua trinh diy hat. Ciing dugc goi y & [24], nhiéu dudng sin c6 hon
dén cac bong laa dang phat trién chtra cac hop tir dang phét trién c6 thé ctru cac hat da dugc
tao thanh va ngan nglra sy phat trién khong diy du ctia ching trong cdc bong lta dang phat
trién trong qud trinh day hat.

Céac phuong an dugc mo ta trén day can duge hiéu 1a cac vi du minh hoa theo séng
ché. S& dugc hidu bai nguoi ¢6 hiéu biét trung binh trong linh vuc nay la nhidu cai bién, t6
hop va thay dbi co thé dugc tao ra cho cac phwong dn nay ma khong vuot ra khoi pham vi
cta sang ché. Cuy thé 13, cac giai phap b phan khac nhau trong cac phuwong an khac nhau
¢6 thé duoc két hop theo céac cAu hinh khac, ma kha thi v& mit k¥ thuét. Tuy nhién pham

vi cua sang ché dugc xac dinh boi bd yéu cau bao ho kém theo day.
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<213> Arabidopsis thaliana
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té W-box trong 6-SFT p

Z

to SUREa trong 6-3FT p

t& SUREa trong 6-SFT p

trong 6-SFT p
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<213>
<220>
<223>
<400>

Trinh ty nhédn tao

Dang nhan tao cua
75

gtgtgttttt tgcggttttyg

20

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

76

20

ADN

Trinh ty nhédn tao

Dang nhdn tao cua
76

cacacatggc aaaaaaaaac

20

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

77

20

ADN

Trinh ty nhén tao

Dang nha&n tao cua
77

gtgtgtacecg tttttttttg

20

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

78

20

ADN

Trinh ty nhé&n tao

Dang-nhan tao cua
78

Caaacaaaaa aaaaaaaaac

20

<210>

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

79

20

ADN

Trinh ty nhédn tao

Dang nhan tac cua
79

gttttttttt tttttttttg

20

<210>

80

38157

yéu td SUREa trong 6-SFT p

yéu t& SUREa trong 6-SFT p

véu tb SUREa trong 6-SET p

y&u td SUREa trong 6-SET p

y&u t6 SUREa trong 6-SFT p
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38157

<211> 27

<212> ADN

<213> Hordeum vulgare
<400> 80

gtacacaacc tttaattttc ttttctg
27

<210> 81

<211> 27

<212> ADN

<213> Hordeum vulgare
<400> 81

catgtgttgg aaattaaaag aaaagac
27

<210> 82

<211> 30

<212> ADN

<213> Hordeum vulgare
<400> 82

tgtcctatag agattaatgce actttatctt
30

<210> 83

<211> 30

<212> ADN

<213> Hordeum vulgare
<400> 83

acaggatatc tctaattacg tgaaatagaa
30 :

<210> 84

<211> 30

<212> ADN

<213> Hordeum vulgare

<400> G4

gcagaacatt aagatgaaat ttaagcattt
30

<210> 85

<211> 30

<212> ADN

<213> Hordeum wvulgare
<400> 85

cgtcttgtaa ttctacttta aattcgtaaa
30

<210> 86

-72-



38157

<211> 30

<212> ADN

<213> Hordeum vulgare
<400> 86

tgtttctaga tgaccctgca actttttttg
30

<210> 87

<211> 30

<212> ADN

<213> Hordeum vulgare
<400> 87

acaaagatct actgggacgt tgaaaaaaac
30

<210> 88

<211> 30

<212> ADN

<213> Hordeum vulgare
<400> 88

gcctttattg tgcatattat ataatttggce
30

<210> 89

<211> 30

<212> ADN

<213> Hordeum vulgare

<400> 89

cggaaataac acgtataata tattaaaccg
30

<210> 90

<211> .30

<212> ADN

<213> Hordeum vulgare

<400> 90

caggttcttg aattgttgca taattcataa
30 :

<210> 91

<211> 30

<212> ADN

<213> Hordeum vulgare

<400> 91

gtccaagaac ttaacaacgt attaagtatt
30 -

<210> 92

-73-



<211> 355
<212> ADN
<213>
<400> 92
gttgcctctc
60
tgataggaag
120
caatattcat
180
tagagtttga
240
ttagatctat
300
tacatattta
355

<210> 93
<211> 398
<212> ADN
<213>
<400> 93
atttccttgce
60 '
tgaaaatttg
120
ttagaataat
180
ttgttaaccyg
240
tggtggattc
300
ttgtgcccett
360
tgtataacct
398

<210> 94
<211> 178
<212> ADN
<213>
<400> 94

Hordeum vulgare

ttttgtaaat
gtaacgctat
gtgcagcatt
aggaagtatt
ctgtgcttgce

gttttgcatt

Oryza sativa

taggtgagac
aggtcagaat
taatgttaac
aattccacat
ttttttggaa
gttacctttt

tttgctgtac

{ordeum vulgare

38157

gtatctatga
tccagatgca
acttctttca
ttgaatggca
tatattagtc

gtgtaacatt

ttgagtggtg
acaagtaatt
ataaaaatat
tcttctttag
aacaaacttc
tttccctaca

tcgtgtcttyg

gtacacaacc tttaattttc ttttctgtgt

60

gaacattaag atgaaattta agcattttgt

120

tttattgtgc atattatata atttggccag

178

-74-

gttacatatt
tggcaaatct
catgttgtgg
gtttggggaa
acatcctttc

tgtgatgtca

ctagtctggce
gaatggacca
gttcatgaaa
ttctcacaag
attacatatt
ccttgtttte

tactgtag

ttattctgat
caatataaaa
agaagtttct
aacctatggt
ttaattcgtt

tattttgtac

tgcaaattta
atctaatgag
tcaggtcctt
tacagacaag
ttgtgtgatc

tcttgtactt

attttttgga
ctcattaact
ttataaatygg
acatatgtag
gacttgtttt

tgcag

tagaagtatg
ttctgtaget
ctgcattttyg
tatcttgtaa
catctatgcc

agttttgcat

cctatagaga ttaatgcact ttatcttgca

ttctagatga ccctgcaact ttttttggcce

gttcttgaat tgttgcataa ttcataat



<210> 95
<211> 605
<212> ADN
<213>
<400> 95
gtatggatcc
60
gtatttgaga
120
tccecgcecaaa
180
tgtgcttatyg
240
ttggatctat
300 - '
agttttccta
360
aataaattcg
420
tgaaatttca
480
cacaccgact
540
ttaattgtga
600

acaat

605

<210> 96
<211> 0911
<212> ADN
<213>
<400> 96

gtacacaacc
60
gaacattaag
120
tttattgtgc
180
tgecctetett
240
ataggaaggt
300
atattcatgt
360
gagtttgaag
420

Oryza sativa

tttctttgag
gtttgaaaaa
acagtggaat
ctaacttcct
attgcatttt
tgtttaattc
ttttattatt
gtgccaaaat
ttattgtgtg

aaggagaaat

Hordeum vulgare

tttaattttc
atgaaattta
atattatata
ttgtaaatgt
aacgctattc
gcagcattac

gaagtatttt

38157

tgattacctg
atttccatag
ttatattggg
ttccatgatc
acttggtaaa
2aaatattct
attgtaggct
tgggatggat
atttgattat

gagatctttg

ttttctgtgt
agcattttgt
atttggccag
atctatgagt
cagatgcatyg
ttctttcaca

gaatggcagt

-75-

gtatcgtgta
aaaataataa
gatgtacata
taaagttgtt
tctatctgag
cacgtgaatc
gtgttatttc
ctggttacat
agcagggtct

gtgagatcat

cctatagaga
ttctagatga
gttcttgaat
tacatatttt
gcaaatctca
tgttgtggag

ttggggaaaa

attcttcatt
catttgttgt
aaaggagtgt
accttacggt
gttccagcett
gcaaacctca
tagtccatgg
cttcaagtct
tgcaacataa

gagaataggg

ttaatgcact
ccctgcaact
tgttgcataa
attctgatat
atataaaact
aagtttcttt

cctatggtac

tgtgtatact
ttacaaatgg
aaagttctaa
atgctattta
ttgatattta
ccaggagtac
ttcggtgtcet
aataaatgat
atacaagcta

tataacagac

ttatcttgca
ttttttggce
ttcataatgt
tttttggatyg
cattaactca
ataaatggta

atatgtagtt



agatctatct
480

gtgcttgcta
tttgcattgt
tctaaaaaaa
caatatggtyg
aagtgctcag
tggtacatct
tgaaaatgtt
gcatgtcaag

a

Oryza - sativa

tttctttgag
gtttgaaaaa
acagtggaszat

ctaacttcct

~attgcatttt

catatttagt
540
ctatgagtga
600
catcatctag
660
cagtgaatgt
720
ctgctgaagt
780
agcecgcagtce
840
acgggcagaa
900
ctaattgtga
911

<210> 97
<211>-. 1384
<212> ADN
<213>
<400> 97
gtatggatce
60.
gtatttgaga
120 |
tccegecaaa
180
tgtgcttatg
2490
ttggatctat
300 :

agttttccta:

360
aataaattcyg
420
tgaaatttca
480
cacaccgact
540
ttaattgtoa
600
acaatattte
660
gtatgtgaaa
720

tgtttaattc
ttttattatt
gtgccaaaat
ttattgtgtg
aaggagaaat
cttgctaggt

atttgaggtc

38157

tattagtcac
gtaacatttyg
catgagcatt
aatgaaaaca
aaccaacctg
gagccgcagce
gctgacaagt

ggaagtgaaa

tgattacctg
atttccatag
ttatattggg
ttccatgatc
acttggtaaa
aaaatattct
attgtaggct
tgggatggat
atttgattat
gagatctttyg
gagacttgag

agaatacaag

-76-

atcetttett
tgatgtcata
ctatgcaaaa
gacctccctg
ttggaatggt
agatgaatag
cggcagatga

accctagaag

gtatcgtgta
aaaataataa
gatgtacata
taaagttgtt
tctatctgag
cacgtgaatc
gtgttatttc
ctggttacat
agcagggtct
gtgagatcat
tggtgctagt

taattgaatg

aattcgttga
ttttgtactg
tcagagtatg
ttcacgtgag
tggtttgact
ctctgacaat
tggctacaac

ttactacaag

attcttcatt
catttgttgt
aaaggagtgt
accttacggt
gttccagcett
gcaaacctca
tagtccatgyg
cttcaagtct
tgcaacataa
gagaataggg
ctggctgcaa

gacecaatcta

cttgttttta
caggctccty
aatcccagcet
tcgagtctta
gacagcatgc
gccatgcaag
tgacggaaat

tgcacacatc

tgtgtatact
ttacaaatgg
aaagttctaa
atgctattta
ttgatattta
ccaggagtac
ttcggtgtct
aataaatgat
atacaagcta
tataacagac
atttatagaa

atgagttctg



tagctttaga
780
ttttgttgtt
840
tgtaatggtg
900
atgccttgtyg
960
tgcattgtat
1020
tcccaaaaag
1080
cgatatgatg
1140
ttcaagtgcc
12060
agttggtaca
1260
gcctgaaagt
1320
aaagcatgtt
1380

ataattaatg
aaccgaattc
gattcttttt
cccttgttac
aaccttttgce
catgaaactt
atcgacaata
ccgagccaac
tctgagttgce
gtggctgaaa

aagggaagtg

Hordeum wvulgare

38157

ttaacataaa
cacattcttce
tggaaaacaa
ctttttttce
tgtactcgtyg
ctatgaaaaa
tacctctatg
tggttggaat
atcagatgaa
agtctgcaga

agaacccgag

aatatgttca
tttagttctc
acttcattac
ctacaccttyg
tcttgtactyg
tgaaagcctg
ttctcgtgag
ggttggttta
tagctctgga
ggatggttat

aagctattac

tgaaatcagg
acaagtacag
atattttgtg
ttttctecttg
taggcttctg
aatactgccc
tcaactctcyg
actgacagct
aatgctatgce
aactggcgca

aagtgcacac

tcecttetgea
acaagtatct
tgatccatct
tacttagttt
ctatcaatga
tgtcatctga
cagtcaatat
cacctgctga
aggagtcaca
aatatgggca

atcctaactyg

cttccaggtt gaaccttcac caacaactgg tagtctgggce atggcectgcga ttctgcacaa

gagcgctcat ccagacatge tgccttcgcc acgggataaa tctgttcecgta atgcccatga

agataggggt tctagggatt ttgaattcaa gcctcatctg aattcgtett ctcaatcact

tgat

1384

<210> 98
211> 181
<212> ADN
<213>
<400> 98
60

120

180

g

181

<210> 99
<211> 541
<212> ADN
<213>
<400> 99

Hordeum vulgare

gctcctgeta tgagtgatct aaaaaaacat gagcattcta tgcaaaatca gagtatgaat

60

cccagctcat catctagcaa tatggtgaat gaaaacagac ctccctgttce acgtgagtcg

120

-77-



agtcttacag tgaatgtaag
180

agcatgcctg ctgaagttgg
240

atgcaagagc cgcagtctga
300

cggaaatacg ggcagaagca
360

acacatccta attgtgaagt
420

gaagttgtct ataagggacg
480

ggtggtgcag ttccttcaaa
540 '

g

541

<210> 100

<211>. 533

<212> ADN

<213> Hordeum vulgare
<400> 100

gtacacaacc tttaattttc
60

gaacattaag atgaaattta
120

tttattgtgc atattatata
180

tgcctctett ttgtaaatgt
240

ataggaaggt aacgctattc
300

‘atattcatgt gcagcattac
360 ' '
gagtttgaag gaagtatttt
420

agatctatct gtgcttgcta
480

catatttagt tttgcattgt
533

<210> 101

<211> .181

<212> ADN

<213> Oryza sativa
<400> 101

tgtttaggtt gaaccctctc
60

38157

tgctcagaac
tacatctgag
aaatgttgct
tgtcaaggga
aaaaaagcta
ccacaatcat

ccagggtgaa

ttttctgtgt
agcattttgt
atttggccag
atctatgagt
cagatgcatg
ttctttcaca
gaatggcagt
tattagtcac

gtaacatttg

cgacaactgg

-78-

caacctgttg
ccgcagcaga
gacaagtcgg
agtgaaaacc
ttggagcgtyg
cctaagcccce

gaacgatatg

cctatagaga
ttctagatga
gttcttgaat
tacatatttt
gcaaatctca
tgttgtggag
ttggggaaaa
atcctttectt

tgatgtcata

tactctgagc

gaatggttgg
tgaatagctc
cagatgatgg
ctagaagtta
cagttgatgg
agcccaatag

acggcgcttce

ttaatgcact
ccctgcaact
tgttgcataa
attctgatat
atataaaact
aagtttcttt
cctatggtac
aattcgttga

ttttgtactyg

atggcltgcaa

tttgactgac
tgacaatgcc
ctacaactgg
ctacaagtygce
tctgatcacg
gaggttagct

agctgctgat

ttatcttgca
ttttttggce
ttcataatgt
tttttggatyg
cattaactca
ataaatggta
atatgtagtt
cttgttttta

cag

ttatgaacaa



gagtgcaaat
120
agatggtggc
180

g

181

<210> 102
<211> 544
<212> ADN
<213>
<400> 102
gcttctgcta
60
actgccctgt
120
actctcgcag
180
gacagctcac
240
gctatgcagg
300
tggcgcaaat
360
tgcacacatc
420
actgaagtygg
480
tctgcecggtyg
540

gatg .

544

<210> 103
<211> 1003
<212> ADN
<213>
<400> 103
gtatggatcc
60
gtatttgaga
120
tccecgcecaaa
180
tgtgcttatg
240
ttggatctat
300

38157

ccagacatac ttccttcgcecce tagggataaa acatctggta gcacccatga

tctcgagatt ttgaattcaa gcctcatctg aattcatcct ctcaatcgac

Oryza sativa

tcaatgatcc
catctgacga
tcaatatttc
ctgctgaagt
agtcacagcc
atgggcaaaa
ctaactgtga
tttataaagg

cagttcctcc

Oryza sativa

tttctttgag
gtttgaaaaa
acagtggaat
ctaacttcct

attgcatttt

caaaaagcat
tatgatgate
aagtgccccg
tggtacatct
tgaaagtgtg
gcatgttaag
tgtaaaaaag
gcgtcacaat

aatccagggt

tgattacctg
atttccatag
ttatattggg
ttccatgatc

acttggtaaa

-79-

gaaacttcta
gacaatatac
agccaactgg
gagttgcatc
gctgaaaagt
ggaagtgaga
ctattggagc
caccctaagc

gaagaaagat

gtatcgtgta
cdaaataataa
gatgtacata
taaagttgtt

tctatctgag

tgaaaaatga
ctctatgttc
ttggaatggt
agatgaatag
ctgcagagga
acccgagaag
gttcgcttga
cccaacccaa

atgatggtgt

attcttcatt
catttgttgt
aaaggagtgt
accttacggt

gttccagctt

aagcctgaat
tcgtgagtca
tggtttaact
ctctggaaat
tggttataac
ctattacaag
tggtcagatt
taggaggctyg

ggcaactact

tgtgtatact
ttacaaatgg
aaagttctaa
atgctattta

ttgatattta



38157

cacgtgaatc
gtgttatttc
ctggttacat
agcagggtct
gtgagatcat
tggtgctagt
taattgaatg
aatatgttca
tttagttctc
acttcattac
ctacaccttg

tcttgtactyg

Ser Arg Glu

10

Leu Leu

agttttccta tgtttaattc aaaatattct
360
aataaattcg ttttattatt attgtaggct
420
tgaaatttca gtgccaaaat tgggatggat
480
cacaccgact ttattgtgtg atttgattat
540
ttaattgtga aaggagaaat gagatctttg
600
acaatatttc cttgctaggt gagacttgag
660
gtatgtgaaa atttgaggtc agaatacaag
720
tagctttaga ataattaatg ttaacataaa
780
ttttgttgtt aaccgaattc cacattcttc
840
tgtaatggtg gattcttttt tggaaaacaa
900
atgccttgtg ccettgttac ctttttttcce
960
tgcattgtat aaccttttgc tgtactcgtg
1003
<210> 104
<211> 573
<212> PRT
<213> Hordeum vulgare
<400> 104
Met Ser Pro Ala Arg Leu Pro Ile
1 5
Pro Ala Gly Phe Ser Pro Ser Ala
20
Thr Asn Phe Lys Val Glu Pro Ser
35 40
Ala Ala Ile Leu His Lys Ser Ala
50 55
Arg Asp Lys Ser Val Arg Asn Ala
65 70
Phe Glu Phe Lys Pro His Leu Asn
85

Pro Thr

His Pro Asp

His Glu Asp

75

Ser

-80-

gcaaacctca
tagtccatgg
cttcaagtct
tgcaacataa
gagaataggg
ctggctgcaa
gaccaatcta
tgaaatcagg
acaagtacag
atattttgtg
ttttctcttg

tag

Ser Cys -Leu

Val
30

Ser Pro

Ser Leu

45

Gly

Met
60

Pro

Arg Gly

Gln Ser Leu

ccaggagtac
ttcggtgtct
aataaatgat
atacaagcta
tataacagac
atttatagaa
atgagttctyg
tccttcetgea
acaagtatct
tgatccatct

tacttagttt

Ile
Leu
Gly Met
Ser Pro

Arg

Ala



Ala

Met

Pro

Gln

145

Gly

Glu

Asn

Arg

Leu

225

Arg

Ala

Ala

His

Met
Asn
Cys
130
Pro

Thr

Pro

Ser
210
Glu
His
Val
Asp
Ser
290
Ile

Glu

Asp

Ser
Pro
115
Val
Ser
Gln
Arg
195
Tyr
Arg
Asn
Pro
Asp
275
Pro
Asp

Glu

Ala

Asp
100

Ser

Gly

Glu

Ser

180

Lys

Tyr

Ala

His

Ser

260

Lys

Gly

Ala

Asp

A_la
340

Leu |

Glu

Pro
165

Glu

£
G
w

Val

Pro
245

Asn

Gly

Leu
325

Leu

Ser

Ser

- Val

150

Gln

Gly

5 Cys

Asp
230
Lys

Gln

Ser

- Val

Gly
310

Glu

Met

Lys

Ser

Ser

135

Gly

Gln

Val

Gln

Thr

215

Gly

Pro

Gly

Asn

Glu

295

Gly

Ser

Gly

38157

Ser

120

Leu

Leu

Met

Ala

Lys

200

His

Leu

Gln

Glu

Ala

280

Pro

Arg

Lys

Lys

Glu

105

Asn

Thr

Asn

Asp

185

His

’ro

Ile

Pro

Glu

265

Leu

Val

Pro

Pro
345

-81-

His

Met

Val 2

Asp
sSer
170

Lys

Val

Thr

Asn

250

Arg

Ser

Pro

Tyr

Arg

330

Asn

Ser

Ser

155

Ser

Ser

Lys

Cys

Glu

235

Arg

Tyr

Asn

Ala

Pro

315

Lys

Arg

Met

Asn

Val

140

Met

Ala

Gly

Glu

220

Val

Arg

Asp

Leu

Ser

300

Gly

Met

Glu

Gln

Glu

125

Ser

Pro

Asn

Asp

Ser

205

Val

Val

Leu

Gly

Ala

285

Val

Asp

Glu

Pro

Asn

110

Asn

Ala

Ala

Ala

Asp

190

Glu

Tyr

Ala G1

Ala
270

Asn

Ser

Arg
350

Glu
Met
175

Gly

ASp

Ala

Ala

335

Val

Ser

Pro

Asn

Val

160

Gln

Tyr

Pro

Leu

Gly

240

Gly

Ala

Val

Asp

Thr

320

Gly



Val

Arg

Tyr
385

Ala

Ser

Ser

Met

Asn
545

Leu

(]
'I.A
o}

Lys
370

Tyr

Ala

5 Asn

Val

Cys

<210>.
<211>
<212>

<213>

<400>
Met Ala Asp Ser Pro

Thr
355
Tyr
Lys
Ser
His
Pro
435
Ile

Tyr

Gly

Tyr ¢

105
618
PRT

105

Val

His
Glu
420

Met

Ile

Pro
500

Asn

Ser !

Phe

Gln

Thr

Asp
405

Gly

Gln

Ser

485

Asp

Met ]

Oryza sativa

Glu

Lys

Ser
390

. Pro

Asn

Met

Ala

470

Pro

Ala

Phe
550

Asn

Val

Val

375

Thr

Lys

Ala

Met

455

Ala

Asn

Met

His

Arg

535

Arg

Gly

Pro

38157

Ser
Ala
Val
440
Arg
Glu
His
Gln
Pro
520
Met

Ala

Asn

w2
o
e

Ile

Lys

Val
Arg
425
His
Ala
Thr
Ser
Tyr

505

Ser

Leu

-82-

ILeu

Gly

Pro

Ile

410

Asn

Gln

Cys

Asp

Asp

490

Gln

Ser

Gly

Pro

Val
570

Asp
Asn
Val
395
Thr
Ala
Ile
Glu
Thr

475

Ala

Met

Met
555

Met

Asp

Asp
Pro
380
Arg

Thr

T h_r

Ala
460
Val
Thr
Gln
Ala
Arg
540

Asp

Gly |

His

Gly
365
Asn

Lys

Tyr

Ser

Asn

Thr

His

Pro

Pro

His

Glu

Glu

430

Asn

( Asn

Leu

Gln

Met

510

Pro

- Glu

Ala

Arg

Arg

Val

Gly

415

Met

Asp

Met

495

Gly

Ala

Lys

Ala

Gly

Pro

Thr

Leu

480

Gln

Ser

Val

val



Pro

Gly

65

Phe

Ile

Lys

Phe

Asn

145

Thr

Leu

Thr

Ser

225

Trp

Ser

Gly

Ala

Ala

50

Phe

Lys

Met

Thr

Lys

130

Asp

Ala

Val
Ser
210
Gln

Arg

Tyr

Ser
Ala
35

Arg

Ser

Asn

Ser

115

Pro

Pro

Leu

 Glu

Gly
195
Glu

Pro

Lys

Leu

Pro

Glu

Lys

100

Gly

His

Lys

Ser

Ser

180

Met

Leu

Glu

w

Glu
Ala
Pro
Ser
Pro
85

Ser
Ser
Leu
Lys
sSer
165
Thr
Val
His
Ser
Gly

245

Cys

Lys

Ala

Ile

Ala

70

Ser

Ala

Thr

Asn

His

150

Asp

Leu

Gly

Gln

Val

230

Gln

Thr

Gln

Gly

Ser

55

Leu

Pro

Asn

His

Ser

135

Glu

Asp

Ala

Leu

Met

215

Ala

Lys

His

38157

Pro

Ala

40

Arg

Leu

Thr

Pro

Glu

120

Ser

Thr

Met

Val

Thr

200

Asn

Glu

His

Pro

Pro

25

Gly

Glu

Glu

Thr

Asp

105

Ser

Ser

Met

Asn

185

Asp

Ser

Lys

Val

Asn

-83-

10

Val

Ala

Pro

Gly
90
Ile

Gly

Gln

Tle
170

Ile

Ser

Ser

Lys

250

Cys

Pro

75

Thr

Leu

Gly

Ser

Lys

155

Asp

Ser

Ser

Gly

Ala

235

Gly

Asp

Arg

Tyr

Leu

60

Val

Leu

Pro

Thr

140

Asn

Asn

Ser

Pro

Asn

220

Glu

Ser

Val

Arg
Lys
45

Thr
Leu
Ser
Ser
Arg
125
Ala
Glu
Ile
Ala
Ala

205

Ala

Glu

Lys

Val
30

Ala

Leu

Met

Pro

110

Asp

Ser

Pro

Pro

190

Glu

Gly

Asn

Lys

15

Ala
Met
Pro
Thr
Ala
95

Arg
Phe
Ala
Leu
Leu
175

Ser

Val

|11yr

Pro
255

Leu

Ala

Ser

Ala

Asp

Glu

Ile

Asn

160

Cys

Gln

Gly

Asn
240

Arg

Leu



Glu

His

Val
305

Asp I

Thr
Asn
Asp
Asp

385

Gln

Tyr
Ala
Asn
465
Pro

Leu

Tyr

Arg
Asn
290

Pro

Ala

Asp

Asp

370

Ala

Thr

5 Tyr

Lys
sSer
450

His

Gly

Ser

Ser
275
His
Pro
Lys

Gly

Ala
355

Asp
Ala

Val

Cys

435

His
Glu

Met

260

Leu

Pro

Ile

Met
340
Gly

Leu

Ser

Gln

420

Thr

Asp

Val

Lys

Met

500

Ala

Asp

Lys

Gln

Ser

325

Ile

Gly

Glu

Glu

405

Lys

Asn

Pro

Pro

Pro
485

Gly
Pro
Gly
310
Asn
Glu
Gly
Ser
Gly
390
Val
Val
Thr
Lys
Ala

470

Val

Glu

Gln
Gln
295
Val

Pro

Lys
375
Lys
Asp
Val
Gly
Ser
455
Val

Ala

Ser

38157

Ile
280

Leu

Val

Pro

360

Arg

Pro

Ile

Lys

Cys

440

Val

His

Cys

Asp

265

Thr

Asn

Arg

Ser

Pro

345

Tyr

Arg

Asn

Leu

Gly

425

Pro

Ile

Asn

Glu
505

Thr

Glu

Arg

Tyr

Ile

330

Gly

Pro

Lys

Arg

Asp

410

Asn

Val

Thr

Ala

ITle

490

Pro

Ile

Val

Arg I

Asp
315
Leu
Ser
Gly
Met
Glu
395
Asp
Pro
Arg
Thr
Ser
475
Asn

Arg

Ser

Val

Gly
Ala
Asp
Glu
380
Pro
Gly
Asn
Lys
Tyr
460
Ser
Thr

Leu

Tyr
285
Ser
Val
Asn
Ser
Asp
365
Ser

Arg

Tyr

Glu
Asn
Phe

Asp

Ala
Ala
Ala
Asp
350
Ala
Ala
Val
Arg
Arg

430

Val

Met
Met
Pro
510

Leu

Gly

Gly

Thr

Val

Trp
415

Gln
495

Asn

Gly

Arg
Ala
Thr
320

His

Glu
Ile
Val
400
Arg
Tyr
Arg
His
Thr
480

Gln

Val



Gly
Val
545
Ala
Phe

Ser

Ile
530

Ser

Ala

Thr

Thr
610

<210>
<211>
<212>
<213>
<400>

Met
1.

Gly

Leu

Ser

65

Gln

Thr

Val

Gly

Glu

Met

50

Glu
Lys
Ser

Pro

Ser

Asp

Met

Phe
595

Ala
106

281
PRT

Pro

Gly

Asn
580

Lys

Asn

Met

Leu

565

Ile

Ala

His
Gln
550

Pro

Tyr

Hordeum wvulgare

106
Glu

Gly

Ser

35

Val

Val

Thr

Lys
115

Pro
Arg
20

Lys
Lys
Asp
Val
Gly
100

Ser

Val
5
Pro
Arg
Pro
Ile
Lys
85

Cys

Val

Pro

Tyr

Arg .

Asn
Leu
70

Gly

Pro

Ile

Ser

535

Tyr

Ala

Gly

Pro

Val
615

Ala

Pro

Arg
55

Asp

Val

Thr

38157

520

Asp

Gln

Met

Met
600

Met

Ser

Gly

Met

40

Glu

Asp

Pro

Arg

Thr
120

Ala
Met
Ala
Arg
585

Asp

Gly

val
Asp
25

Glu

Asn

Lys
105

Tyr

-85-

Thr

Gln

Met

570

Glu

His

Pro

Ser
10
Asp

Ser

Tyr
Pro
90

His

Glu

Asn

Pro

555

Pro

Glu

Ser

Asp

Ala

Ala

Arg

Val

Gly

Gln

540

Met

Thr

Lys

Ala

Asp

Thr

Gly

Val

60

Ser

Glu

Lys

Gly
Met
Pro

Asn
605

Asp
Glu
Ile
45

Val
Arg
Tyr

Arg

His
125

Gln

Ser

Ala

Ser

590

Leu

Ile

Lys

Tyr

Ala

110

Asn

Ser

Val

Gly

575

Glu

Cys

Asp

15

Glu

Ala

Thr

Tyr

95

Ser

His

Ser

Tyr

560

Asn

Gly

Tyr

Ala

Asp

Ala

Val

Gly

80

Cys

His

Glu



Val

Lys

145

Gly

Gln

Ser

Met
225
Ala

Thr

Ser

Pro

130

Asn

Met

Ala

Pro

Gln

210

Arg

Ala

Phe

Ala

<210>
<211>
<212>

<213>

<400>

1

Gly

Leu

Gly

Glu

Ala

Val

Met

Ala

His

Arg

Gly

275
107
279

PRT

107

Ala

Arg

Glu

180

His

Gln

Pro

Ala
260

Asn

Arqg

His

Ala

165

Thr

Ser

Tyr

Ser

Tyr

245

Thr

Leu

-Oryza sativa

Met Ile Glu Pro Val

5

Gly Atg Pro

20

Ser Lys Arg

Leu.Met Gly

50

Pro

Gln
150
Cys
Asp
Asp
Gln
Ser
230

Gly

PrQ

Arg

Asn

Ala
135
Ile
Glu
Thr
Ala
Met
215
Met
Ser

Met

Met

Gly
Pro

Lys

38157

Thr

Asn

Ala

Val

Thr

200

Gln

Ala

Asp

Gly
280

Ser

Gly

Met

40

Glu

His

Ser

Arg

Ser

185

Asn

Thr

Ala

Glu

His

265

Pro

Ala

N
e}

U1

Glu

-86-

Asn

Asn
170

Leu
Gln
Met
Pro
Glu

250

Ser

Seﬁ
10

Asp

Met

Met

155

Tyr

Asp

Met

Gly

Ala

235

Lys

Ala

Asp

Ala

Ala

Val

Ser

140

Pro

Thr

Leu

Gln

Ser

220

Val

Gly

Asn

Asp

Val

Ala

Ala

Ser

Asn

Gly

Gln

Leu

Pro

Ser

Gln

Val
190

r Ser

Gly

Glu

Cys
270

Pro
Ile
Tvr
175
Gly

Gly

Asp
15-

Ala

Thr

Met

Gly
160

Pro

Asn

Ser

240

Phe

Ser

Ala

Asp

Ala

Val



38157

Ser Glu Val Asp Ile Leu Asp Asp Gly
65 70

Gln Lys Val Val Lys Gly Asn Pro Asn
85

Thr Asn Thr Gly Cys Pro Val Arg Lys
100 105

Asp Pro Lys Ser Val Ile Thr Thr Tyr

P4

115 120

Val Pro Ala Ser Arg Asn Ala Ser His
130 135

Lys Pro Val Val His Pro Ile Asn Ser
145 150

Met Met Arg Ala Cys Glu Pro Arg Thr
165

Ala Ala Glu Ser Asp Thr Ile Ser Leu
180 185

Pro Asn His Ser Asp Ala Thr Asn Gln
195 200

Gln Met Gln Tyr Gln Met GIln Pro Met
210 215

Gly Leu Pro Ala Met Ala Met Pro Thr
225 230

Asn Ile Tyr Gly Ser Arg Glu Glu Lys
245

Lys Ala Thr Pro Met Asp His Ser Ala
260 - 265

Gly Asn Leu Val Met Gly Pro

275
<210> 108
<211> 30
<212> ADN
<213> Hordeum vulgare
<400> 108

taggtcgtca atttgactta tataaaatat

-87-

Tyr

Pro

90

His

Glu

Glu

Asn

Phe

170

Asp

Leu

Gly

Met

Pro

250

Asn

Arg
75
Arg

Val

Met

Met

155

Pro

Leu

Gln

Ala
235

Ser

Leu

Trp

Ser

Glu

Lys

Ser

140

Gln

Asn

Gly

Ser

Val

220

Gly

Glu

Cys

Arg

Tyr

Arg

His

125

Thr

Gly

Gln

Val

Ser

205

Tyr

Asn

Gly

Tyr 5

Lys

Tyr

Ala !

110

Asn
Pro
Leu
Tyr
Gly

190

Val

Ala

Phe

His
Pro
Gly
Ser

175

Il

()

Ser

Ala

Thr
255

Thr

Gly

80

Cys

His

Glu

Met

Gly

160

Gln

Ser

Met
Ser
240

Phe

Ala



38157

30

<210> 109

<211> 30

<212> ADN

<213> Hordeum vulgare
<400> 10¢

atattttata taagtcaaat tgacgaccta
30

<210>

110
<211> 30
<212> ADN
<213> Hordeum vulgare
<400> 110

gcttcatcaa cgtatccygca cgttacacgg
30 ‘

111

<210>

<211> 30. - .

<212> ADN '

<213> Hordeum vulgare
<400> 111

ccgtgtaacyg tgcggatacg ttgatgaagce
30 '

<210>

<211>. 358

<212> ADN

<213> Triticum aestivum

<400> 112

cttgcctatc atttgtaaat gcatgtacga
60 _

agggtaggaa ‘ggtaacacta ftcccagatge
120 )

tcaatatcca tatgtaacat tacttctttc
180

gtagagttty aaaaaagcac tttgaatgac
240 :

gttagatcta tctgtgcttg ctatgttagt
300

ttttgcatat ttigttttge. atcgtgtaac
359

<210> 113

<z11> 184

<212> ADN

<213> Triticum aestivum

-88-

acttacctat
atggcaaatc
acatgtagcyg
agtttgggga
cacattcttt

atttgtaatg

tttattctga
tcagtataga
gagaagtttc
aaaactatgg
cttaattcct

ctcatatttt

tcttetttgg
actcattaac
tttataaata
tacatatgta
gttgacttgt

gtactgcag



<400> 113
gtacacaacc
60
cagaacatca
120
cctttattgt
180

taat

184

<210> 114
<211> 2354
<212> ADN
<213>
<400> 114
agatcatgca
60
cacgcgggcet
120 '
gtcgggtcca
180
gagaagccct
240
aaggccatgt
300
ggcttcagcce
360.
ccttcaccaa
420
gacatgctgc
480
agggattttg
540
agtgatctaa
600
tctagcaata
660
aatgtaagtg
720
gaagttggta
780
cagtctgaaa
840
cagaagcatg
900
tgtgaagtaa
960
aagggacgcce

38157

tttaattttc ttttctctgt gtcccataga gattaatgta ctttatcttg

aaagaaaatt taagcatttt gtttctatac gaccccacaa atatatctgg

gcatattata accataattc ggctaggttc ttgaattgtt gcataattca

Hordeum vulgare

tcgttgagece
cgatgaagta
agccgaaacc
accccgcgga
cccccgcegceg
cctcageget
caactggtag
cttegccacg
aattcaagcc
aaaaacatga
tggtgaatga
ctcagaacca
catctgagcc
atgttgctga
tcaagggaag
aaaagctatt

acaatcatcc

gcttggtggg

ctcccegtge
tagctccggg
tcgacgcgtce
gctgccgatc
cctcgactcce
tctgggcatg
ggataaatct
tcatctgaat
gcattctatyg
aaacagacct
acctgttgga
gcagcagatg
caagtcggca
tgaaaaccct
ggagcgtgca

taagccccag

-89-

cgagacggct
ttcacttctg
gacctccceccet
gcggcgeteg
tcgcgcgagt
cccecgtgetec
gctgcgatte
gttcgtaatg
tcgtettetce
caaaatcaga
ccctgttcecac
atggttggtt
aatagctctg
gatgatggct
agaagttact
gttgatggtc

cccaatagga

cgatgggctc
cgccacggtg
cgcccgcecgg
ccggcgceggyg
cctgceccectcecac
tcaccaactt
tgcacaagag
cccatgaaga
aatcactggc
gtatgaatcc
gtgagtcgag
tgactgacag
acaatgccat
acaactggcg
acaagtgcac
tgatcacgga

ggttagctgg

ccecgageggg
atctccttgg
gagctcgccce
cgcgaggtac
catccccgcece
caaggttgaa
cgctcatcca
taggggttct
tcctgctatyg
cagctcatca
tcttacagtyg
catgcctgcet
gcaagagccg
gaaatacggg
acatcctaat
agttgtctat

tggtgcagtt



1020
ccttcaaacc
1080
aatgctctta
1140
gcttcagtta
1200
gctactgagg
1260
gctgetcectga
1320
gttgacatct
1380
aaccccaatc
1440
gttgagagag
1500
catgaagtcc
1560
gtcgtgcatc
1620
gaagccagga
1680
gatcttggtyg
1740
ggtcctgacc
1800
catccatcat
1860
tcgagagaag
1820
gctaacctat
1980
gtgtctgcaa
2040
aatctecttca
2100 '
cggadgcaag
2160
ctttttaagt
2220
cagcgaacct
2280
atcttctgta
2340
aaaaaaaaaa
2354

agggtgaaga
gcaaccttgce
gtgatgatga
aggaggattt
tgggtaaacc
tggatgatgg
cacggagtta
catcacacga
ctgctgcgag
agattaacag
actacaccaa
ttggaatcag
agatgcagta
caatggcagc
agaaaggtaa
gctatagcag
atgctcatag
gcaagattct
tatgctagta
gcggaaaagg
aatatgatta
ctggaatatt

aaaa

38157

acgatatgac
taatccggta
catcgatgct
agagtcgaaa
taaccgtgag
ctatcgttgg
ctacaaatgc
tcctaaatca
gaatgcaacc
caatatgccc
ccaatattct
cccaaaccac
tcaaatgcaa
gccagcggta
cgaagggttt
tgctgggaac
ctccatgaat
caattgtctc
taagctatac
cccttgetgt
attaattaga

gatagaaata

-90-

ggcgcttcag
cattcgcctg
ggaggtggaa
cgcaggaaaa
cccegtgteg
cggaaatatg
acaagcacag
gtgataacaa
catgagatgt
agcagcattg
caggcggcetyg
agcgacgcga
accatgggtt
caaggaaact
actttcagag
ttggtcatgg
catatattac
aattgtgtat
gtgggggcac
atgtagcatc
ttatgagaat

tagattatgg

ctgctgatga
gtatggttga
gaccctaccc
tggagtctge
tcgttcaaac
gacagaaagt
gatgccctgt
cgtatgaagg
ccgcegcectece
gtggcatgat
aaaccgacac
cgaaccaaat
cgatgtacgg
ctgctgcccg
ccacaccgat
gtccatgaga
caacaatgct
cggttacaaqg
tgcagcaaat
gcagccctac
ttggtttcegt

taattttctt

taaatcttcc
gcctgttcca
tggggatgat
tggtattgac
tgtaagtgag
tgtcaaagga
gaggaagcat
aaaacataac
catgaagaac
gagggcatgt
tgtcagtctt
gcagtcttea
caacatgaga
catgtatggt
ggaccattca
gggaatgaga
ttgtaatgac
tcagttcage
acgcatgtgt
attcgttgta
gaactgtcta

tazaaaaaaa



<210> 115
<211> 1074
<212> ADN
<213>
<400> 115
gtacacaacc
60
gaacattaag
120
tttattgtgce
180
tgcctctett
240

ataggaaggt
300 ‘
atattcatgt
360
gagtttgaag
420
agatctatct
480
catatttagt
540
ctatgagtga
600
catcatctag
660

cagtgaatgt
720
ctgctgaagt
780
agccgcagtce
840
acgggcagaa
900
ctaattgtga
960
tctataaggg
1020
cagttccttce
1074

<210> 116
<211> 18
<212> ADN
<213> -
<400> 116
agccececagee

Hordeum vulgare

tttaattttc
atgaaattta
atattatata
ttgtaaatgt
aacgctattc
gcagcattac
gaagtatttt
gtgcttgcta
tttgcattgt
tctaaaaaaa
caatatggtg
aagtgctcag
tggtacatct
tgaaaatgtt
gcatgtcaag
agtaaaaaag
acgccacaat

aaaccagggt

Hordeum vulgare

caatagga |

38157

ttttctgtgt
agcattttgt
atttggccag
atctatgagt
cagatgcatg
ttctttcaca
gaatggcagt
tattagtcac
gtaacatttyg
catgagcatt
aatgaaaaca
aaccaacctg
gagccgcagce
gctgacaagt
ggaagtgaaa
ctattggagc
catcctaagce

gaagaacgat

-91-

cctatagaga
ttctagatga
gttcttgaat
tacatatttt
gcaaatctca
tgttgtggag
ttggggaaaa
atcctttcett
tgatgtcata
ctatgcaaaa
gacctccctg
ttggaatggt
agatgaatag
cggcagatga
accctagaag
gtgcagttga
cccagcccaa

atgacggcgce

ttaatgcact
ccctgcaact
tgttgcataa
attctgatat
atataaaact
aagtttcttt
cctatggtac
aattecgttga
ttttgtactg
tcagagtatg
ttcacgtgag
tggtttgact
ctctgacaat
tggctacaac
ttactacaaqg
tggtctgatc
taggaggtta

ttcagctgcet

ttatcttgceca
ttttttggcece
ttcataatgt
tttttggatyg
cattaactca
ataaatggta
atatgtagtt
cttgttttta
caggctcctg
aatcccagcet
tcgagtctta
gacagcatgc
gccatgcaag
tggcggaaat
tgcacacatc
acggaagttyg
gctggtggtyg

gatg



18

<210>
<211>
<212>
<213>
<400>

38157

117

18

ADN

Hordeum vulgare
117

cgcctggtat ggttgagce

18

<210>
<211>
<212>
<213>
<400>

18

<210>
<211>
<212>
<213>
<400>

118

18

ADN

Hordeum vulgare
118

atgctggagg tggaagac

119

18

ADN

Hordeum vulgare
119

aaaatggagt ctgctggt

18

-02-
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Yéu ciu bao ho
1. Nguyén liéu thuc vat chira trinh ty nucleotit bo gen ma hoa yéu t6 phién mi truyén
tin hiéu dudng & dai mach 2 (SUSIBA?2), trong d6 nguyén li¢u thuc vét nay la nguyén liéu
thye vat tir dai mach, hodic ma hoa yéu t6 phién ma giéng SUSIBA2, trong d6 nguyén liéu
thue vat nay 1a nguyén li€u thue vat tir lda hodc nguyén li¢u thuc vat tir [da mi,
trong d6 yéu t6 phién ma SUSIBA2 hoic gidng SUSIBA2 nay chiu su kiém so4t phién
ma cta trinh ty khdi dong hoat dong & nguyén licu thuc vat nay,
trong d6 trinh tu nucleotit bd gen ma hoa yéu t6 phién ma SUSIBA2 hoic gidng
SUSIBA2 nay & nguyén liéu thyc vat tir dai mach, nguyén liéu thyc vat tir lua, hodc nguyén
lidu thue vat tir 1da mi 1an lwot thiéu it nhat mot ph?m cua _ N ,
(i) vung hoat héa dap tng duong nhu dugce thé hién trong trinh tuy SEQ ID NO: 92 cua
triﬁh tu khoi dong SUSIBAT (SUSUBIAL1 p) ¢6 mit trong intron cua phién ban kiéu dai cta
trinh ty nucleotit by gen & nguyén licu thuc vat tir dai mach, o
(i1) vfing hoat héa dap tng duong hhu duoc thé hién trong trinh tu SEQ ID NO: 93 ctia
trinh ty khét dong giéng SUSIBA1(SUSIBA1-like p), c6 mit trong intron cua phién ban
kiéu dai cta trinh tu nucleotit bd gen ¢ nguyén liéu thuc vat tr lta, hodc
(iii) vimg hoat héa dap tmg duong nhu dugce thé hién trong trinh tw SEQ ID NO: 112
cua SUSIBAT1-like p ¢c6 mit trong intron cua phién ban kiéu dai cua trinh tu nucleotit bo gen
6 nguyén licu thuc vat tir [ua mi, va i |
“trong d6 lién két ctia yéu t6 hoat hoa trdns vdi vung hoat héa dap timg dudng cam ung
sur bidu hién ciia SUSIBALnia héa yéu t6 phién ma SUSIBAI ¢ phién ban ki¢u dai cua nguyén
licu thl_xc vat tir dai mach-hoéc su biéu hiéﬁ cua giéng SUSIBAT ma hoa yéu td phién ma
gibng SUSIBA1 & phién ban kidu dai cta nguyén liéu thuc vat tir lGa hodc nguyén licu thuc

vat tir [da mi.

2. Nguyén liéu thuc vat theo didm 1, trong do it nhat mot phan ctia ving hoat héa dép
trng duong cia SUSIBAI p hodc SUSIBA1-like p cua phién ban kiéu dai bi x6a bd khoi phién
ban kiéu dai cua trinh tu nucleotit bd gen ma hoa yéu t6 phién ma SUSIBA2 hodc gidng

SUSIBA2 nay dé tao ra trinh tu nucleotit bo gen nay.
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3. Nguyén liéu thuc vat theo diém 2, trong d6 it nhét mot phan cua ving hoat héa déap
tmg duong cua SUSIBAI p hodc SUSIBAI-like p cta phién ban kiéu dai bi x6a bo béi dot
bién mét doan dugc giy ra boi cum doan lip xudi nguoc ngén phéan cach ddu, (CRISPR) /

protein két hop CRISPR 9 (Cas9).

4. Nguyén li¢u thuc vat theo diém 1, trong do trinh tu nucleotit by gen ma hoa yéu 16
phién ma SUSIBA2 hoic gidng SUSIBA2 niy 1a trinh ty nucleotit ndi sinh cua by gen ma
héa yéu té phién ma SUSIBA2 hoic giéng SUSIBA2.

5. Nguyén li¢u thuc vat theo diém 1, t1ong do trmh tu nucleotit bo gen ma hoa yeu tb
phién ma SUSIBA2 thleu it nhat mdt phén cta ving e ché dudng nhu duge thé hlen trong
trinh tu SEQ ID NO: 94 ctia SUSIBAL1 p ¢6 mit trong intron cta phién ban kiéu dai ctia trinh
tu nucleotit bg gen m3 hoéa yéu t6 phién ma SUSIBA2 nay, hodc trong do t1 inh tg nucletotit
b6 gen ma hoa yéu to phlen ma gibng SUSIBA2 thiéu it nhat mot phin ciia vung trc ché duong
nhu duoc the hién 14n lugt trong trinh tu SEQ ID NO: 95 hodc SEQ ID NO: 113 cua
SUSIBAI-Iike P 06 mat 'trong intron cta trinh tu nucleotit bd gen ma hoa yéu t& phién ma
giéng SUSIBA2 ¢ nguyén liéu thyre vat tlr lua hodc nguyen li€u thuc vat tu Ita mi.

6. Nguyén li€u thyc vat theo diém 1, trong do trinh tli nucleotit b gén ma hoa yéu 16
phlen ma SUSIBA2 hoac 01ong SUSIBA° thiéu phan mtron cua SUSIBAI p hode § USZBA] -

like p cua phién ban kleu dai cua trinh ty nucleotit b gen.

7. Nguyén liéu thuc vat theo diém 1, trong do trinh tu nucleotit bd gen inﬁ hoa yéu t6
phién ma SUSIBA2 hoic giéng SUSIBA2 thiéu intron 2 ctia phién ban kiéu dai ctia ctia trinh
tir nucleotit bd gen ma héa yéu té phién ma SUSIBA?2 hodc gidng SUSIBA2 nay.

8. Nguyen licu thuc vat theo dlcm 1 trong dé

nguyen liéu thyc v dt nay duoc chon twr nhom bao gbm cdy lua, té bao cay lGa va hat

lGa.

-94-



38157

9. Nguyén lidu thuc vat theo diém 8, trong d6 yéu t6 phién ma giéng SUSIBA2 nay c6
trinh tu axit amin theo SEQ ID NO: 105.

10. Nguyén li¢u thuc vat theo diém 1, trong d6 nguyén ligu thuc vat duge chon tr

nhoém gém c6 thue vat, t& bao thuc vét hodc hat.
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