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NGHIEN CUU CAU TRUC CUA GEN MA HOA NUCLEAR FACTOR-YB
O SAN LIEN QUAN DPEN TINH CHONG CHIU PIEU KIEN BAT LGI

Chu Dtic Ha', La Viét Hong?, Lé Hoang Thu Phuong'?,
Lé Thi Thao'**, Hoang Thi Thao®, Pham Thi Ly Thu!

TOM TAT

Nuclear factor-YB la mot trong ba tiéu phén co ban ctia nhén t6 phién ma Nuclear factor-Y, dong vai trd quan
trong trong cac qua trinh sinh hoc dién ra trong té bao thuc vét. Trong nghién ctiu nay, mot s6 yéu té diéu hoa cis-
dap ting hoc mon va dap ung bat lgi da dugc tim théy trén vung promoter ctia 17 gen MeNF-YB. Trong do, ving
promoter ctia gen MeNF-YBI2 va -YBI14 déu chua cac yéu t6 dép ung bat lgi. X4y dung ciy phén loai da chi ra ring
MeNF-YB12, -YB14 va -YB16 nam trén cting nhanh véi cic NF-YB & dau tuong va Arabidopsis thaliana dugc nghién
ctiu trude day, goi y 3 thanh vién nay c6 thé dap ting véi diéu kién han. Dit 1iéu microarray da chi ra cdc gen c6 biéu
hién & 7 bo phén chinh trén cdy san trong diéu kién thudng. Gen MeNF-YB2 va -YBI2 dugc xdc dinh c6 biéu hién
déc tht 1an lugt ¢ than, ct va ct, choi bén. Mt khac, MeNF-YB5 va -YBI14 clng c6 biéu hién manh & cti. Nhiing da
liéu nay goiy rang 2 gen MeNF-YBI4 va -YBI2 c6 thé dap ting v6i diéu kién han.

Tu khoa: Nuclear factor-YB, sin, diéu kién bét 1gi, promoter, mic d) biéu hién

I. DAT VAN PE

Nuclear factor-Y (NF-Y), la mot trong nhiing
nhan t6 phién ma phd bién nhit trong hé gen cta
hau hét sinh vé4t nhan chuén trong sinh gidi (Zanetti
et al., 2017). La yéu t6 bam -CCAAT-, NF-Y dugc
cdu thanh tu 3 tiéu phan, NF-YA, NF-YB va NF-YC
(Laloum et al., 2013). Nghién ctiu gan day da chiing
minh vai tro ctia NF-Y trong diéu hoa sy biéu hién
ctia gen lién quan dén mot s6 qud trinh sinh ly dién
ra trong té€ bao thuc vat (Laloum et al., 2013, Zanetti
et al.,, 2017). Hon ntia, NF-Y cang dugc xdc dinh
c6 tham gia vao co ché ddp ting diéu kién ngoai
canh bat lgi (Zanetti et al., 2017), nhu & dau tuong
(Quach et al., 2015) va Arabidopsis thaliana (Nelson
et al.,2007).

Gan day, 17 gen ma hda cho tiéu phan NF-YB
& san da dugc xdc dinh va phan tich (Chu biic Ha
va ctv., 2017). Trong d6, mot s6 gen MeNF-YB da
dugc xac dinh c6 biéu hién ting & mod phén sinh
dinh chéi, dinh ré, mo seo phdi hda va t6 chiic phét
sinh phoi cdu tao soma trong diéu kién thuong (Chu
biic Ha va ctv., 2017). Tuy nhién, cdc gen nay cd lién
quan nhu thé nao dén co ché dap ting va chéng chiu
diéu kién ngoai canh bat 1¢i & cdy sin dén nay van
chua r6. Trong nghién ctiu nay, mot s6 yéu t6 diéu
hoa cis- (cis- regulatory element, CRE) dap ting bat
lgi va dap ting tin hiéu diéu hoa héc moén da dugc
phan tich trén viung promoter ctia cic gen ma hda
tiéu phan NF-YB & san. Sau do, cay phan loai gitta ho

NF-YB & sdn va mot s6 NF-YB c6 dap ting han dugc
xdc dinh trén cay trong khac da dugc phén tich.
Cudi cung, biéu hién cta cac gen ma héa NF-YB &
san dugc phén tich trén co s& dit liéu microarray.

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

Hé gen va hé protein ctia giéng sdn md hinh
AMS560-2 trén co s& dii liéu Phytozome (Goodstein
et al., 2012). Trinh ty nucleotit va axit amin clia tiéu
phin NF-YB 6 sdn dugc thu thap trong nghién ctu
trude day (Chu Btic Ha va ctv., 2017).

2.2. Phuong phap nghién ciu

- Phuong phép tim kiém yéu t6 diéu hoa: Ving
trinh ty 1000 nucleotit (bit ddu tit ma mé dau -ATG-)
ctia mdi gen ma hda NF-YB & sdn dugc xdc dinh dya
vao ma dinh danh gen da dugc mo ta truée day (Chu
bucHava ctv,, 2017) trén cdng thong tin Phytozome
(Goodstein et al., 2012). Cac CRE dap ting héc médn
va dép dng bt lgi trén viing promoter ctia mbi gen
dugc phén tich bang PlantCARE (Lescot et al., 2002).

- Phuong phap xay dung cdy phéan loai: Trinh
ty axit amin ctia mét s6 NF-YB ddp ting v6i han
trén dau tuong (Quach et al.,, 2015) va A. thaliana
(Nelson et al., 2007) dugc st dung d€ xay dung cay
phan loai véi ti€u phan NF-YB & san (Chu Buc Ha
va ctv., 2017) v6i phuong phap Neighbor-Joining
béang cong cu MEGA (Kumar et al., 2016).
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- Phuong phdp phan tich da liéu biéu hién
microarray: Ma dinh danh cta tting gen ma hoa
NF-YB & san dugc st dung dé€ truy cép vao di liéu
microarray trong diéu kién thuong (Wilson et al.,
2017). Trong do, thong tin biéu hién cta cdc gen
dugc phan tich trén 7 b0 phan, bao gobm mo cu, ré
sgi, than, choi bén, 14, gan 1a va cuéng la (Wilson
et al., 2017). Mtc d¢ biéu hién ctia cac gen dugc
md hinh héa bang ban dé nhiét trén cong cu
Microsoft Excel.

II1. KET QUA VA THAO LUAN

3.1. Két qua phéan tich yéu t6 diéu hoa cis- trén
vung promoter ctia cic gen ma hoa ti€u phan
NF-YB & san

Tim kiém sy ¢ mat ctia CRE c6 thé cho phép
du doan chtic nang gen muc tiéu. Trong nghién ctiu

nay, mot s6 CRE dép ung héc mon, bao gom yéu
t6 dap ung axit abscisic (abscisic acid responsive
element, ABRE), trinh ty -CGTCA- va -TGACG-
dap ting axit jasmonic, yéu t6 dép ting étilen, trinh tu
dap ting gibberellin, hop P va yéu t6 -TGA- dap ting
auxin, da dugc tim thdy trén ving promoter ctia hau
hét ciac gen ma hoa NF-YB & sdn. Hai gen, MeNF-
YB2 va -YBI5 khong chtia bat ky CRE dap ting hoc
mon nao. S6 lugng CRE dap ting h6c moén phan bo
kha day ddc trén vliing promoter ctia ho gen ma hoa
NE-YB (~1,47 CRE/gen) cho thdy MeNF-YB c6 thé
tham gia vao con duong tin hiéu thong qua cac héc
mon nay. Piéu nay rat c6 y nghia vi cac gen lién quan
dén tinh chong chiu diéu kién bat 1gi & thuc vt luon
nam trong mang luéi dan truyén tin hiéu dugc diéu
hoa boi hé thong hoc mon.

Bang 1. Phan tich viing promoter ctia cdc gen ma hoa tiéu phan NF-YB 6 sdn
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Ghi chii: CRE: Yéu t6 diéu hoa cis-; ABA: Axit abscisic; JA: Axit jasmonic; Gb: Gibberellin; Et: Etilen; Au: Auxin;

[TC] : Trinh ty ldp giau -TC-; T: Nhiét do; [H,O]: Han.

Tuong tu, CRE dap ting bét lgi ciing dugc tim
kiém trén vung promoter ctia cac gen MeNF-YB &
san. Tim kiém bang cong cu PlantCARE, 4 nhém
CRE, yéu t6 dap ung nhiét do cao, yéu t6 dap tng
diéu kién lanh, trinh tu bam ctia MYB dép ting véi
han va trinh tu lap giau -TC- lién quan dén kha nidng
phong tht da dugc tién hanh khao sat (Bang 1).
Promoter ctia tit ca cac gen ma hoéa NF-YB & san

6

déu chta it nhé4t 1 CRE dap tng bt lgi, mat do ctia
nhém CRE nay dat xdp xi 1,23 CRE/gen. Dang cha
Yy, vung promoter ctia MeNF-YBI2 va -YB14 déu
chtia tat ca cac CRE déap ting han, nhiét d6 (Bang 1).
Gan day, tan suit phan b ctia CRE dép tng bat loi
trén vung promoter ciia nhém gen ma hoa protein
giau methionin & A. thaliana da dugc ghi nhan dat
khoang 0,54 CRE/gen (Chu et al., 2016). Nhiing két
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qua nay da cho thdy su quy tu mot cach day diac CRE
dap ting hoc mon va dap ung bat lgi trén promoter
chiting t6 ho gen MeNF-YB doéng vai trd quan trong
trong chéng chiu diéu kién bét lgi, tuong tu nhu
nhiing ghi nhén trudc day trén cac doi tugng cay
trong khac (Zanetti et al., 2017).

3.2. Két qua xay dung ciy phan loai cia NF-YB
lién quan dén tinh chdng chiu han

Xay dung cay phan loai c6 thé cho phép du doan
chiic nang cta tiéu phdn NF-YB & sian duya vao
nhiing protein da biét vai tro trén dau tuong (Quach
et al., 2015) va A. thaliana (Nelson et al., 2007).
Nhiing thanh vién ctia ho NF-YB & san néu dugc
xdc dinh ndm cung nhanh v6i NF-YB & dau tuong
va/hodc A. thaliana vé6i gia tri cut-oft 16n hon 50%.
Két qué phén tich cay phan loai bang cong cu MEGA
(Kumar et al., 2016) dugc thé hién ¢ hinh 1.
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Tu gia tri bootstrap trén nhdnh ctia ciy phan
loai cho théy céc tiéu phan NF-YB c6 thé dugc chia
lam 2 nhém chinh. Trong d6, nhém 1 gém 3 phan
nhom, lan lugt 1a 1,, 1, va 1, trong khi chi c6 3
thanh vién MeNF-YB & sdn thudéc nhém 2. Déang
chu ¥, 3 thanh vién ctia ho NF-YB & san dugc xac
dinh ndm cung véi mét s6 NF-YB & dau tuong va
A. thaliana (Hinh 1). Cu thé, AINF-YBOI, dugc ghi
nhén gan day co lién quan dén tinh chéng chiu & A.
thaliana (Nelson et al., 2007), cling nhanh vé&i thanh
vién MeNF-YB12. Bén canh d6, 2 thanh vién ctua ho
NEF-YB ¢ d4u tuong, GmNF-YB06 va GmNF-YB02
(Quach et al., 2015), 14n lugt ndm cung phéan 16p
v6i MeNF-YB16 va MeNF-YB14 (Hinh 1). Trudc
do, cac protein ndm trong cting mdét nhanh trén cay
phan loai thuong chia sé chiic nang tuong tu nhau
(Ha et al.,, 2014). Nhu véy, 3 gen ma hoa MeNF-
YB12, -YB14 va -YB16 c6 thé dap ting vé6i diéu kién
han, tuong tu nhu cac NF-YB tuong dong trén dau
tuong (Quach et al., 2015) va A. thaliana (Nelson et
al., 2007).

3.3. Két qua phan tich di liéu biéu hién cua gen
ma hoa NF-YB

Trong nghién ctiu nay, muc d¢ biéu hién ctia ho
gen ma héa NF-YB & san dugc phén tich dya trén
dit liéu microarray (Wilson et al., 2017). Két qua cho
théy tat cd cac gen MeNF-YB déu c6 biéu hién 67 co
quan chinh trén cay. Déc biét, 4 gen MeNF-YB dugc
x4c dinh ¢6 biéu hién manh & tit cd mau mo, dong
thoi dic thu & it nhéat 1 vi tri (Hinh 2). Trong do,
MeNF-YB2 biéu hién dic thu 6 than va ci, MeNF-
YB12 dugc tép trung manh & ct va choi bén. Trudce
do, 2 gen nay cing da dugc xac dinh c6 biéu hién
déc tht 14n lugt & mo seo phoi hda va mod phén sinh
dinh ré (Chu Dtc Ha va ctv., 2017). Bén canh d¢, hai
gen MeNF-YB5 va -YBI4 ciing c6 biéu hién manh &
cu (Hinh 2).
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Hinh 2. Mtic d¢ biéu hién ctia ho gen ma héa NF-YB & 7 mo6 trong diéu kién thuong
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Phan tich cho thdy, MeNF-YBI12 va -YBI14 dugc
du dodn c6 thé dap ting vé6i diéu kién han (Hinh 1),
2 gen nay déu bi€u hién manh ¢ 7 mo chinh trong
diéu kién thuong (Hinh 2). Ving promoter clia 2 gen
nay déu chua cdc CRE dap ting bat lgi va héc mon
(Bang 1). Hon ntia, yéu t6 ABRE dugc tim théy
trén ving promoter ctia gen MeNF-YBI4 (Bang 1).
C6 thé théy ring, 2 gen nay dong vai trd quan trong
trong co ché dap tng va chéng chiu véi diéu kién
ngoai canh & san. Trong d6, MeNF-YB14 va -YBI2
c6 thé dap ting véi diéu kién han thong qua con
duong phu thudc va khong phu thuoc ABA.

IV. KET LUAN VA PE NGHI
4.1. Két luan

Vung promoter ctia ho gen ma héa NF-YB & sin
chtia s6 lugng 16n CRE dap ting hdc mén va dap ung
bat loi. Trong do, tat ca cac CRE dédp ting bat loi déu
dugc xac dinh trén viing promoter ctia 2 gen MeNF-
YB12va-YBIi4.

Tiéu phan NF-YB 6 sin, dau tuong va A. thaliana
dugc chia lam 2 nhém chinh trén cay phén loai. Ba
thanh vién, MeNF-YB12, -YB14 va -YB16 dugc xac
dinh tuong dong va x€p cling nhanh véi cac NF-YB
dau tuong va A. thaliana lién quan dén tinh chdng
chiu han.

Céc gen MeNF-YB c¢6 biéu hién & 7 co quan
chinh trén cay trong diéu kién thudng. Gen MeNF-
YB2 biéu hién dic thu & than va ct trong khi MeNF-
YBI12 dugc x4c dinh ddc thu & ci va choi bén. Hai
gen MeNF-YB5 va -YBI4 c6 biéu hién manh & ct.
MeNF-YBI4 va -YBI2 c¢6 thé lién quan dén tinh
chong chiu véi diéu kién han thong qua co ché phu
thudc va khong phu thuoc ABA.

4.2. Dé nghi

Miic d¢ biéu hién ctia cac gen ma héa NF-YB &
sdn sé dugc dinh lugng trong nghién ctdu tiép theo
nham kiém ching khé néng dap ting ctia gen trong
diéu kién bt lgi.

TAI LIEU THAM KHAO

Chu biic Ha, Lé Thi Thao, Lé Quynh Mai, Pham Thi
Ly Thu, 2017. Xac dinh cdc gen ma hdéa Nuclear
factor-YB trén san (Manihot esculenta Crantz) bang
cdng cu tin sinh hoc. Tap chi Khoa hoc PHQGHN,
33(1S): 133-137.

Chu, H. D, Le, Q. N., Nguyen, H. Q,, Le, D. T., 2016.
Genome-wide analysis of gene encoding methionine-

rich proteins in Arabidopsis and soybean suggesting
their roles in the adaptation of plants to abiotic
stress. Int ] Genomics, 2016: 1-8.

Goodstein, D. M., Shu, S., Howson, R., Neupane,
R., Hayes, R. D., Fazo, J., Mitros, T., Dirks, W.,
Hellsten, U., Putnam, N., Rokhsar, D. S., 2012.
Phytozome: A comparative platform for green plant
genomics. Nucleic Acids Res, 40 (Database issue):
D1178-D1186.

Ha, C. V., Esfahani, M. N., Watanabe, Y., Tran, U.
T., Sulieman, S., Mochida, K., Nguyen, D. V,
Tran, L. S., 2014. Genome-wide identification and
expression analysis of the CaNAC family members
in chickpea during development, dehydration and
ABA treatments. PloS One, 9(12): €e114107.

Kumar, S., Stecher, G., Tamura, K., 2016. MEGA7:
Molecular evolutionary genetics analysis version 7.0
for bigger datasets. Mol Biol Evol, 33(7): 1870-1874.

Laloum, T., De Mita, S., Gamas, P., Niebel, A., 2013.
CCAAT-box binding transcription factors in plants:
Y so many? Trends Plant Sci, 18(3): 157-166.

Lescot, M., Déhais, P., Thijs, G., Marchal, K.,
Moreau, Y., Van de Peer, Y., Rouzé, P.,, Rombauts,
S., 2002. PlantCARE, a database of plant cis-acting
regulatory elements and a portal to tools for in silico
analysis of promoter sequences. Nucleic Acids Res,
30(1): 325-327.

Nelson, D. E., Repetti, P. P., Adams, T. R., Creelman,
R. A, Wu, J.,, Warner, D. C., Anstrom, D. C.,
Bensen, R. J., Castiglioni, P. P., Donnarummo, M.
G., Hinchey, B. S., Kumimoto, R. W., Maszle, D.
R., Canales, R. D., Krolikowski, K. A., Dotson, S.
B., Gutterson, N., Ratcliffe, O. J., Heard, J. E., 2007.
Plant nuclear factor Y (NF-Y) B subunits confer
drought tolerance and lead to improved corn yields
on water-limited acres. Proc Natl Acad Sci U S A,
104(42): 16450-16455.

Quach, T. N., Nguyen, H. T., Valliyodan, B., Joshi,
T., Xu, D., Nguyen, H. T., 2015. Genome-wide
expression analysis of soybean NF-Y genes reveals
potential function in development and drought
response. Mol Genet Genomics, 290(3): 1095-1115.

Wilson, M. C., Mutka, A. M., Hummel, A. W,, Berry,
J., Chauhan, R. D., Vijayaraghavan, A., Taylor, N.
J., Voytas, D. E,, Chitwood, D. H., Bart, R. S., 2017.
Gene expression atlas for the food security crop
cassava. New Phytol, 213(4): 1632-1641.

Zanetti, M. E., Ripodas, C.,Niebel, A.,2017. Plant NF-Y
transcription factors: Key players in plant-microbe

interactions, root development and adaptation to
stress. Biochim Biophys Acta, 1860(5): 645-654.



Tap chi Khoa hoc Céng nghé Nong nghiép Viét Nam - S6 5(90)/2018

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

Chu Duc Ha, La Viet Hong, Le Hoang Thu Phuong,
Le Thi Thao, Hoang Thi Thao, Pham Thi Ly Thu

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.

Keywords: Nuclear factor-YB, cassava, stress condition, promoter, expression profile
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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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