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Study on structure of genes encoding Nuclear factor-YB
subunit associated with drought tolerance in cassava
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Abstract

Nuclear factor-YB (NF-YB), one of three basic subunits formed Nuclear factor-Y, is considered to play important roles
in various biological processes in the plant cell. In this study, various hormone- and stress- responsive cis- regulatory
elements were found in the promoter regions of 17 identified MeNF-YB genes. Among them, promoter regions of
MeNF-YBI2 and -YBI14 genes were predicted to contain many stress- responsive regulatory elements. Construction
of phylogenetic tree showed that MeNF-YB12, -YB14 and -YB16 were clustered into the same branches with well-
known NF-YB in soybean and Arabidopsis thaliana, suggesting that these members might be linked to drought
tolerance. MeNF-YB genes were expressed in 7 major organs in plant in normal condition. Interestingly, MeNF-YB2
and -YBI2 were exclusively expressed in stem, storage root and root, lateral bud, respectively. Additionally, MeNF-
YB5 and -YBI14 were also strongly expressed in roots. Our results suggested that MeNF-YBI14 and -YBI12 might be
responsive to drought condition in cassava.
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DINH DANH VA PHAN TICH CAU TRUC CUA HQ GEN
LIEN QUAN PEN KHA NANG RA HOA O SAN

Chu btic Ha!, Tran Thi Kiéu Trang'?, Pham Phuong Thu?,
La Viét Hong? Pham Thi Ly Thu!

TOM TAT

Qua trinh ra hoa & thuc vét 1a mot co ché rat phtic tap, do anh hudng ctia yéu t6 moi trudng va lién quan dén sy
biéu hién ctia cdc gen. Trong nghién ctiu nay, nhém gen Flowering locus T (FT) dugc xac dinh, dinh danh va phan
tich trén hé gen ctia giong sin m6 hinh AM560-2. Két qué da tim thdy 10 gen ma héa FT, dugc phan bé rai réc trén
ving dau mut ctia cac nhiém sac thé. Cac gen ma hoa 4 nhém protein déng vai tré quan trong trong co ché nd hoa
ctia thuc vat dugc xac dinh 1a MeFT01, FT05 va FT09, cac gen nay ma hoéa protein tuong tu véi ‘Centroradialis’va 3
gen (MeFT03, FT04, FT07) ma héa protein ‘Terminal flower’ Tiép theo, MeFT02, FT10 va MeFT06, FT08 lan lugt
ma hoa protein tuong dong véi ‘Mother of FT and TFL va ‘Heading date. Dua trén trinh ty nucleotit da khai thac, ty
1é G=C va kich thu6c vung gen ctia ho MeFT da dang, trong khi kich thudc doan ma héa va su sap xép exon/intron
clia cac gen nay rat giéng nhau. Két qua nay da chira raing ho gen ma héa FT & san rdt bao thu.

Tui khoéa: Séan, ra hoa, tin sinh hoc, cdu truc, flowering locus T, x4c dinh

1. DAT VAN BE

Sén (Manihot esculenta Crantz), 1a mot trong bon
déi tugng cay trong cd gia tri st dung cao trong co
cdu kinh té & Viét Nam. Vi ham lugng tinh bot cao,

bang chi thi phén td. Tuy nhién, mét trong nhiing
trd ngai 16n nhat hién nay trong cong tac lai giong
la xti ly ra hoa tép trung & sin, nham ning cao san
lugng, chit lugng va ting 1gi nhuan.

san c6 thé dugc st dung lam luong thuyc cing nhu
ché bién thiic an chan nudi. Dong thoi, day cing la
mot ngudn yéu t6 diu vao quan trong cho nganh
cong nghiép nhién liéu tai tao hién nay. Cac hudng
nghién ctu chinh gan day tip trung vao nhan dang,
phan loai giéng, chon giéng bing xu ly dot bién va

Vé ban chit, qua trinh ra hoa dugc quy dinh boi
yéu t6 di truyén (kiéu gen) va anh hudng ctia yéu
t6 moi trudng, nhu nhiét do, thoi gian chi€u sang
(Cho et al.,, 2017). Trong d6, hau hét cic gen quy
dinh kha néng ra hoa dugc chiing minh ¢¢ lién quan
dén 6 chu trinh, xuén héa (vernalization), quang
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chu ky (photoperiod), dong ho sinh hoc (circadian
clock), nhiét d6 (temperature), h6c mon gibberellin,
tudi (age) va ty diéu khién (autonomous) (Fornara
et al., 2010). Trong dd, hoat dong cua 3 nhom gen
chinh, Flowering locus T (FT), Leafy va Suppressor
of overexpression of constans 1 dugc chiing minh
la tham gia truc ti€p vao co ché ra hoa & thuc vat
(Fornara et al., 2010). Chinh vi vay, tim hiéu vé ho
gen lién quan dén kha néng ra hoa khong nhiing gitp
cac nha khoa hoc cé thé diéu khién dugc qud trinh
giao phén theo y muén ma con ndm dugc nguyén ly
trong giai doan sinh trudng sinh dudng va sinh thuc
O ciy trong. Trong nghién ctiu nay, cac gen FT d4 lan
dau tién dugc tim kiém va xac dinh trén hé gen cua
giéng san mo hinh AM560-2. Mot s6 thong tin co
ban, nhu mé dinh danh, vi tri phan bg trén nhiém
sdc thé (NST) ctia ho gen FT da dugc xéc dinh. Pong
thdi, cac dic tinh co ban va ciu tric ctua ho gen FT
lién quan dén sy né hoa & san da dugc phan tich.

IL. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ctiu

Hé gen va hé protein cua giéng sin AM560-2
(Bredeson et al., 2016) dugc cung cdp ti co s& di

liéu Phytozome (Goodstein et al., 2012) va NCBI
(Bioproject: PRINA234389).
2.2. Phuong phap nghién citu

- Phuong phap tim kiém FT & sin: At1G65480,
protein FT & Arabidopsis thaliana (Fornara et al.,
2010) dugc khai thac d€ sang loc toan bd protein
tuong dong trén hé protein cta sin (Bredeson et
al., 2016) bing cong cu BlastP. Thuat todn dugc
diéu chinh véi gid tri E-value < le-20, d6 xac dinh
(identity) > 50 %, d0 bao phu (coverage) > 60 %, kich
thudc phan ti dugc tim kiém > 60 axit amin (Wang
etal., 2017).

- Phuong phap xac dinh thong tin ctia gen ma hoa
FT & sdn: Trinh ty axit amin cua protein da xac dinh
dugc stt dung dé€ doi chiéu trén co s& di liéu gen
ma hoa protein ctia san (Bredeson et al., 2016). Vi
tri phan b6 cta gen dugc khai thac trén Phytozome
(Goodstein et al., 2012).

- Phuong phap phén tich ciu tric cia gen ma hoa
FT & san: Kich thuéce va thanh phin nucleotit cua
gen ma hoa FT & san dugc tinh todn bing cong cu
BioEDIT (Hall, 1999). S6 lugng exon/intron dugc
phén tich bang GSDS (Hu et al., 2015).

- Phuong phap xay dung cay phan loai ctia FT &
san: Trinh ty axit amin ctia cac thanh vién ctia ho FT
¢ sin dugc stt dung dé€ thiét 1ap cay phan loai bing
phuong phap Neighbor-Joining trén cong cu MEGA
(Kumar et al., 2016).

2.3. Thoi gian va dia diém nghién ctu

Nghién ctiu dugc thuc hién tai B0 mon Sinh
hoc phén tt - Vién Di truyén Nong nghiép tii thang
6/2017 dén thang 1/2018.

III. KET QUA VA THAO LUAN
3.1. Két qua xac dinh ho gen ma héa FT & sian
DPautién, titca protein tuong dong véi At1G65480
dugc tim kiém trén hé protein ctia gidng sin
AM560-2. Dua trén tiéu chi sang loc, tdng s6 10
protein da dugc xac dinh véi gia tri E-value co
y nghia. Trinh ty axit amin cta protein, trinh ty
nucleotit ctia viing gen (genomic region) va viing ma
héa (coding DNA sequence, CDS) sau d6 dugc thu
thap va st dung cho phén tich tiép theo. Tiép theo,
déi chiéu trinh ty protein trén co s& di liéu NCBI,
mot s6 thong tin co ban vé€ cac ma dinh danh cua
gen ma hoa FT & san da dugc xdc dinh. Két qua dugc
trinh bay & bang 1.

Bang 1. Thong tin co ban vé ho gen ma héa FT & sdn

STT Tén gen Ma locus™? Ma dinh danh protein* | Ma dinh danh gen® Ky hiéu gen®
1 MeFT01 Manes.04G004700 XP_021611344 XM_021755652 LOC110614163
2 MeFT02 Manes.06G008200 XP_021617060 XM_021761368 LOC110618238
3 MeFT03 Manes.08G024500 XP_021620067 XM_021764375 LOC110620581
4 MeFT04 Manes.09G056300 XP_021624473 XM_021768781 LOC110623760
5 MeFT05 Manes.11G161100 XP_021628960 XM_021773268 LOC110627046
6 MeFT06 Manes.12G001600 XP_021631372 XM_021775680 LOC110628860
7 MeFT07 Manes.13G011900 XP_021633534 XM_021777842 LOC110630377
8 MeFT08 Manes.13G000800 XP_021633631 XM_021777939 LOC110630433
9 MeFT09 Manes.14G027800 XP_021592756 XM_021737064 LOC110600257
10 MeFT10 Manes.16G019600 XP_021597145 XM_021741453 LOC110603642

Ghi chui: Thong tin dugc khai thdc tii 'Phytozome va ’NCBI (Bioproject: PRINA234389).
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Géan day, it nhat 7 thanh vién ctia ho gen FT da
dugc ghi nhan trén ct cai (Raphanus sativus) (Wang
et al., 2017). Céc gen nay déu tuong dong véi gen
ma héa FT (At1G65480) & A. thaliana (Fornara et
al., 2010). Ngoai ra, it nh4t khoang 5 gen cta ho FT
cling dugc xac dinh lan lugt trén lda my (Triticum
aestivum) va lua mach (Hordeum vulgare) (Peng et
al., 2015). Xét t6ng thé, mot s6 lugng 16n cic gen,
160 gen & A. thaliana, 254 gen & R. sativus, 264 gen
& Brassica oleracea va 278 gen & B. rapa, ¢ lién quan
dén co ché no hoa (Peng et al., 2015, Wang et al,
2017). Nhu vay, 10 gen ma hoéa FT dugc tim thdy
trong nghién ctiu nay da cung cdp nhiing dan liéu
d4u tién vé co ché nd hoa & sdn & miic d phan tt.

3.2. Két qua xac dinh vi tri phan bé va chu giai
chiic ning cua gen FT & sin

Tiép theo, vi tri phan b6 va chu giai chiic nang
cua gen MeFT dugc khai thac trén NCBI (Bang 2).
Céc gen thanh vién cta ho gen FT phan b ngau
nhién hé gen, khong c6 gen nao phan bé trén ving
chua xac dinh (unplaced scaffold). Bang chu vy, tét
ca cac gen MeFT déu ndm & phan ddu mat caa NST
(subtelomere). Trudc do, ddu mut cua NST da dugc
chting minh 1a viing déng vai troé quan trong trong
qua trinh phan bao & mot s6 loai thuc vat, giup
cac NST tuong dong nhén biét va bat cdp véi nhau
(Calderén et al., 2014).

Bang 2. Két qua phan tich vi tri phan bé va chtic ning ctia gen méa hoa FT & san

STT Tén gen Vi tri phin bg'? Chu giai chiic ning gen?
1 MeFTO01 NST04:526345..527458 F CEN-like 2
2 MeFT02 NST06:1278556..1280523 F MFT isoform X1
3 MeFT03 NST08:2270218..2271154 R TFL 1
4 MeFT04 NST09:7249018..7250042 F TFL 1-like
5 MeFT05 NST11:26969704..26970969 R CEN-like 4
6 MeFTO06 NST12:268106..270092 R HD 3A-like
7 MeFT07 NST13:1124748..1126420 F TFL 1-like
8 MeFT08 NST13:260550..264266 R HD 3A-like
9 MeFT09 NST14:2306623..2307960 F CEN-like 1
10 MeFT10 NST16:1944899..1946025 R MFT-like

Ghi chii: Thong tin dugc khai thdc tir 'Phytozome (Goodstein et al., 2012) va 2NCBI (Bredeson et al., 2016).

NST: Nhiém sdc thé. F: Sgi xudi, R: Sgi nguigc.

Bén canh d6, chtic ning cta tling gen MeFT ciing
dugc xac dinh va chu giai dya ban giai ma cua sin.
Ba gen, MeFT01, FT05 va FT09 quy dinh protein
tuong dong véi ‘Centroradialis’ (CEN), trong khi
MeFT03, FT04 va FT07 ma hoa protein tuong tu véi
‘Terminal flower’ (TFL). Ngoai ra, MeFT02, FT10 va
MeFT06, FT08 1an lugt ma héa protein tuong dong
v6i ‘Mother of FT and TFL (MFT) va ‘Heading date’
(HD). Mot s6 nghién ctu trudc day da chi ra rang,
cac gen ma hoa FT nay, lién quan dén TFL, MFT,
CEN va HD, ¢4 thé lién quan tryc tiép qua trinh ra
hoa & thyc vat théng qua 6 co ché chinh nhu da dé
cap (Fornara et al., 2010, Peng et al., 2015, Wang et
al., 2017).

3.3. Két qua phan tich thanh phan va ciu tric cua
ho gen ma hoa FT & san

Trong nghién ctiu nay, 4 dic diém chinh ctia gen,
bao gom ty 1¢ gifia 2 cdp nucleotit A=T/G=C (%),
s6 lugng exon/intron, kich thudc viing gen va doan
CDS (bp) da dugc khai thac. Nhiing thong tin co
ban nay c6 thé cung cdp cdi nhin téng quat vé ho gen

FT & sdn, tti d6 so sanh v6i cac loai thyc vat khac. Ty
1¢ gitia 2 cdp nucleotit A=T/G=C va kich thudc gen
ctia 10 thanh vién ctia ho MeFT & san kha da dang.
Cu thé, ty 1é ctia G=C dao dong tu 26,5 (MeFT08)
dén 42,86 % (MeFT10), trong khi chiéu dai gen trai
dai tit 937 (MeFT03) dén 3717 bp (MeFT08) (Bang
3). V& mat ly thuyét, ty 1¢ G=C la mot trong nhiing
yéu té quyét dinh mtic d6 bén viing va kich thudc
ctia mot gen (Oliver and Marin, 1996). O day, ty 1¢
G=C c6 xu hudng tuong quan nghich véi kich thuée
ving gen ma héa FT & san (Bang 3).

Két qua khai thac chiéu dai doan CDS da cho
théy su tuong dong cua cic gen MeFT & san. Doan
CDS ctia cac gen nay co su sai léch rat nho, tip trung
tu 519 dén 528 bp (Bang 3). Khong chi c6 vay, tat
ca thanh vién cta ho gen ma héa FT & san déu co
4 exon/3 intron (Bang 3, Hinh 1). Nhiing phén tich
nay cho thdy ho gen MeFT & san rat bao thu. Tuong
ty, nhiing nghién ctu vé cic gen lién quan dén qua
trinh né hoa & A. thaliana, lta my, lia mach va ca
cai cing da kiém chiing su toan ven nay (Peng et al.,
2015, Wang et al., 2017).
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Bang 3. Dic diém co ban ctia ho gen méa hoa FT & san

Tyle | Kich | Kich |
STT Teén gen G=C th}m’c thude lugng
(%) viung CDS exon
gen (bp)  (bp)
1 MeFTO01 8,87 1114 525 4
2 MeFT02 26,88 1968 519 4
3 MeFT03 5,97 937 519 4
4 MeFT04 7,85 1025 519 4
5 MeFT05 5,78 1266 525 4
6 MeFT06 6,99 1987 528 4
7 MeFT07 31,74 1673 519 4
8 MeFT08 | 26,50 717 528 4
9 MeFT09 9,24 1338 522 4
10 | MeFT10 ,86 1127 528 4
MeFT03 — ——
MeFT07 — ——
MeFT04 — ——
MeFTO1 & — —— s Doan imtron
o —— —: Viing thuong/ha ngudn
MeFTO09 & — —— s
MeFT06 = me e
MeFT08 i — -
MeFT10 i —-—
MeFT02 _
5 ; | . t | 3
0bp 1000 bp 2000 bp 3000 bp

Hinh 1. C4u tric cta ho gen ma héa FT
6 sén dugc sdp x€p theo cay phan loai

Xay dung c4y phan loai cho thdy cac gen cung
phin nhom thudng c6 dac tinh va ciu tric gidng
nhau. Cu thé, MeFT03, FT07 va FT04 quy dinh
protein tuong dong TFL cung ndm trong 1 nhom.
Hai gen, MeFT0I va FT05, ndm cung phan nhom
va ma hoda protein tuong dong véi CEN. Tuong
tu, MeFT06, FT08 (ma hoa HD-like) va MeNF02,
FT10 (ma héa MFT-like) lan lugt ndm trén cung
phan nhém.

IV. KET LUAN VA DE NGHI

4.1. Kétluan

ba xac dinh dugc 10 gen ma hoa FT ¢ hé gen ctia
giéng san mo hinh AM560-2. Cac gen nay phan bé
rai rac trén vung dadu mat ctia nhiém sic thé.

Chu giai chitc nang cho thay cac gen MeFT c6 thé
dugc chia lam 4 nhom chinh. Gen MeFTO01, FT05 va
FT09 ma hoa protein tuong dong véi CEN. Nhéom
2 gbm 3 gen, MeFT03, FT04 va FT07, lién quan dén
protein tuong tu véi TFL. Hai gen, MeFT02 va FT10
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ma hoa protein tuong dong MFT, trong khi nhém
4 chtta MeFT06 va FT08 ma hoa protein HD. Day
déu la nhiing nhém protein déng vai tro quan trong,
diéu khién qua trinh ra hoa & thuc vét.

Phan tich cdu tric gen cho thdy ty 1¢ G=C va kich
thudc vung gen ctia cac gen MeFT rat da dang. Trong
khi d¢, kich thudc doan CDS va sé lugng exon/
intron ctia cac gen MeFT rat tuong dong cho thdy ho
gen ma héa FT & san rét bao thu va toan ven.

4.2. Dé nghi

Ngoai ra, su tuong dong va bao thu vé ciu tric
ctia cac gen ndm cung phan nhém c6 thé goi md ra
nhiing gia thuyét vé hién tugng ldp trong ho gen ma
héa FT & san. Nhiing nghién ctiu tiép theo sé giai
thich nhiing vin dé nay va xdc dinh mdc do dap tng
ctia cdc gen FT trong cdc diéu kién trén cy sin.
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Identification and structural analysis of flowering genes in cassava

Chu Duc Ha, Tran Thi Kieu Trang, Pham Phuong Thu,
La Viet Hong, Pham Thi Ly Thu

Abstract

The flowering in plants is known as a complicated mechanism that highly effected by various environmental
conditions and gene expressions. In this study, the Flowering locus T (FT) gene family has been initially identified,
annotated and structural analyzed in the AM560-2 genome. As a result, 10 genes encoding FT were found to be
located on the subtelomeric regions of the chromosomes with an uneven ratio. Interestingly, it was found that these
gene members also encoded 4 protein groups, which were well-established to play critical roles in the flowering time
in plants. Particularly, MeFT01, FT05 and FT09 were annotated to encode the Centroradialis-like proteins, while
MeFT03, FT04 and FT07 encoded Terminal flower-like. Next, MeFT02, FT10 and MeFT06, FT08 were also found to
encode Mother of FT-TFL and Heading date-like, respectively. Based on the nucleotide sequences, G=EC contents and
the length of genomic sequences of MeFT gene family varied, whereas the length of coding DNA sequences and the
exon/intron organization of these genes were completely conserved. The study data indicated that genes encoding
FT in cassava were highly preserved.

Keywords: Cassava, flowering time, bioinformatics, structure, flowering locus T, identification
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KHAO SAT KHA NANG KHANH BENH BAC LA VA RAY NAU
CUA TAP POAN LUA PHO BIEN TRONG SAN XUAT TAI VIET NAM
Nguyén Thi Minh Nguyét!, Nguyén Ba Ngoc', Nguyén Thi Nhai!,
Chu Dtic Ha!, Bui Thi Hei!, Nguyén Thanh Tuén? Lé Hung Linh!

TOM TAT

Trong nghién ctu nay, b gidng lua phé bién trong san xuit dd dugc danh gid kha ning khang bénh bac 14 va
rdy nau. Tu ngudn chung vi khuén bac 1 thu thip 6 mién Béc, da xdc dinh dugc chiing X22.2 (Ha Noéi), X12.4 (Bic
Giang), X17 (Thanh Héa) va X15-1 (Nghé An) c6 doc tinh manh. Khao sat trén cac dong, giong lta cho thiy gidng
DB6, TH6 va dong 14 c6 kha nang khang - khang vita v6i hau hét cac chiing bac 14, trong khi hau hét cac giéng lua
phd bién trong san xuét tai Dong bing song Ctiu Long man cdm véi cdc ngudn bac 1a thu ti cac tinh mién Bic. Panh
gida muic do khang rdy nau ctia tdp doan lta cho théy rang hau hét cac giong lua déu nhiém ray niu. Giéng OM6600
va OM6976 thé hién tinh khang véi rdy nadu nhung khd man cam véi bac 14. Tt nghién ctiu nay, can thiét phai c6
chién lugc cai thién gidng lia phd bién trong sin xuét bang cach quy tu cac gen khang thong qua ky thuat chon gidng
nha chi thi phan tu.

T khoa: Danh gia, bac 14, rdy nau, lua.

1. DAT VAN BE déi dién vé6i nhiéu khé khin do anh huéng cta tinh

Laa (Oryza sativa) 1a cay luong thuc quan trong
va chiém dién tich san xuét l6n nhét nudc ta. Tuy
nhién, nganh san xudt lda gao ctia Viét Nam dang

trang bién déi khi hdu. Mot trong nhiing nguyén
nhan gy dnh hudng dén sinh trudng va phét trién
cuia ciy lda, lam giam sut nang sudt va chét lugng gao
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