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NGHIEN CUU TUONG TAC VA KHAI THAC DU’ LIEU BIEU HIEN GIUA
CAC TIEU PHAN CUA YEU TO NHAN Y O LOAI PAU GA (Cicer arietinum)

Chu Duc Hal, Lé Thi Ngec Quynh?*
Wién Khoa hoc Néng nghiép Viét Nam, 2Dai hoc Thuy loi

TOM TAT

Nghién ciru vé tuong tac protein va mirc d6 biéu hién ciia gen ma hoa protein dich dwoc xem la
nhing cdng cu hé tro dac lyc cho viée dua ra gia thuyét vé chirc nang cuia gen. Trong nghién ciru
nay, khd ndng tuong tac gitra ba tiéu phan cua nhan t phién ma Yéu té nhan Y (NF-Y) va mirc do
biéu hién cua cac gen ma héa di duoc phan tich trén cay dau ga (Cicer arietinum). Két qua mo
hinh hoa interactome di cho thay tiéu phan CaNF-YB c6 thé két hop chit ché voi CaNF-YC thanh
dang nhi hop, sau do tuong tic voi CaNF-YA tao thanh phic hgp CaNF-Y hoan chinh, tuong tu
nhu & cac loai thyc vat khac. Trong d6, bon dang két hop cua ba tiéu phan da dugc dy doan la
[(CaNF-YB19/-YCO01)/-YAOQ6], [(CaNF-YB19/-YCO1)/-YA02], [(CaNF-YB18/-YCO1)/-YA06] va
[(CaNF-YB18/-YCO01)/-YA02]. Tiép theo, ciu trac ving bao thi cia cac tiéu phan CaNF-YA co
tuong tac déu chira hai vang riéng biét, 1a doan nhan biét, bam DNA va doan twong tic véi ciu
trac CaNF-YB/YC. Cau truc vang bao thu cua cac tiéu phan CaNF-YB va -YC c6 tuong tac dugc
ghi nhan véi hai ving tuong tac véi CaNF-YA va véi CaNF-YC hodac CaNF-YB. Khai thac dir
liéu phién ma truée day da chi ra rang cac gen ma hoa tiéu phan CaNF-Y c6 twong tic déu thé hién
murc d6 biéu hién manh & it nhat mot vi tri trong cdy. Két qua cua nghién ciu nay di goi mo
nhitng dan liéu quan trong cho viéc dinh huéng nghién ctu chic nang ciia cac gen ma hoa tiéu
phan CaNF-Y quan tam.

Tir khéa: tin sinh hoc, fong tac protein, cau triic 3D, nhan té phién ma, yéu té nhdn Y, dau ga
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ABSTRACT

Protein - protein interaction and data mining of the expression patterns of genes were considered
as the major reliable tools to construct the theory of the gene functions. Here, the interactions
between Nuclear factor - Y (NF-Y) subunits and the expression profiles of corresponding genes
found in chickpea (Cicer arietinum) were performed. Based on the interactome database, we
predicted that members of CaNF-YB subunits can slightly interact with members of CaNF-YC
subunit to construct the heterodimer, which then merges with CaNF-YA subunit to create the
CaNF-Y complex as fully reported in other plant species. Among them, four formulas of protein-
protein interaction, including [(CaNF-YB19/-YCO01)/-YAO06], [(CaNF-YB19/-YCO01)/-YAOQ2],
[(CaNF-YB18/-YCO01)/-YA06] and [(CaNF-YB18/-YCO01)/-YAO02] were predicted. Next, the
conserved domain of interacted CaNF-YA subunit consisted of two distinct sub-domains,
including the DNA binding sub-domain and the CaNF-YB/YC interaction domain. The conserved
domains of interacted CaNF-YB and -YC subunits were reported to harbor two regions, CaNF-YA
interaction sub-domain and CaNF-YC or -YB interaction sub-domain. Of our interest, data mining
of the previous transcriptome atlas revealed that genes encoding interacted CaNF-Y subunits were
highly expressed in at least one organ. Taken together, out study would provide the important
information for the further characterization of genes encoding CaNF-Y subunits.
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1. Gi6i thiéu

Yéu t6 nhan Y (Nuclear factor - Y, NF-Y) la
mot trong nhitng nhém nhan t6 phién ma
(transcription factor, TF) dac trung ¢ thyuc vat
[1]. V& mit cau trac, phirc hop TF NF-Y duoc
hinh thanh tir ba tiéu phan, bao gom NF-YA,
-YB va -YC, trong d6, NF-YA chtra ving
domain dic trung cho tuong tac voi NF-YB
va NF-YC va vung bam DNA, trong khi NF-
YB chua hai domain chic ndng riéng biét,
tuong tac voi tiéu phdn NF-YA va v6i NF-
YC, va mot domain can thiét cho qua trinh
bam ADN [2]. C4u tric cia tiéu phin NF-YC
dugc ghi nhan gdm ving dic trung gdm hai
doan tuong tac vdi NF-YA (NF-YA
interaction) va mdt vung co thé lién két nhj
trung hoa véi NF-YB [1, 2].

Pang chl y, rat nhidu nghién ciru da chi ra
rang, ba tiéu phan nay duoc ma hoa boi ho da
gen ¢ thyc vat [1], nhu & lua gao (Oryza
sativa) [3], dau tuong (Glycine max) [4] va
dau ga (Cicer arietinum) [5]. Vi vay, xac dinh
tuong tac gitta nhiing thanh vién trong ba ho
tiéu phan protein dé tao thanh TF NF-Y dugc
xem 1a rat phuc tap, dic biét 1a lién quan dén
kha niang dap tng v6i diéu kién ngoai canh
bét loi [6, 7].

Trong nghién ctu nay, dir liéu tir ho gen ma
héa TF NF-Y ¢ C. arietinum, CaNF-Y, da
dugc khai thac [5] nhim phan tich kha ning
tuong tac gilta cac thanh vién cua ho CaNF-
YA, CaNF-YB va CaNF-YC. Tur do, mac do
phién ma cua cac gen tiém ning trong diéu
kién bt loi da duoc phan tich dua trén cac co
sO dir liéu RNA-seq trudc day.

2. Dir ligu va phuong phap nghién ciru

2.1. Dé# ligu nghién ciru

Toan bo dit ligu vé 8, hai muoi mdt va 11
thanh vién cua lan lugt ba hg CaNF-YA, -YB
va -YC ¢ gidng dau ga kabuli dd duoc khai
thac va sir dung duya trén mo ta gan day [5].
2.2. Phwong phdp nghién ciru

2.2.1. Phdn tich twong tdc protein - protein
Tuong tac protein - protein (protein-protein
interaction, PPI) cua ho CaNF-Y khai thac tur
nghién ctru trude day [5] dugc xay dung dua

trén co s¢ dir liéu STRING [8] v6i hé tham
chiéu cia gibng dau ga '"kabuli" CDC
Frontier [9]. Hé s6 twong tac trong mang ludi
PIP dugc lya chon & cac gia tri 0,4 (trung
binh), 0,7 (cao) va 0,9 (cao nhét) twong tng
v&i muace do tin cay cua phép phan tich [8].
2.2.2. Can trinh tw twong dong

Trinh tu protein cta cac CaNF-Y c6 tuong tac
duogc can trinh ty tvong dong bang cong cu
Clustal X [10] dé x4c dinh ving bao thu dic
trung cho tiéu phan NF-YA, -YB va -YC ¢
thyc vat [1, 2] trén cong cu Pfam [11].

2.2.3. Xac dinh mirc do phién ma dwa vao
RNA-seq

Hai dir liéu biéu hién cua cac gen ma hoéa tiéu
phan CaNF-Y c6 tuong tac dwoc khai thac
trén  CTDB (Chickpea  Transcriptome
Database) [12]. Trong do, dir liéu phién ma &
ba co quan sinh san, bao gdom md phan sinh
dinh chdi (SAM), 1a non (YL) va cay non
dang nay mam (GS), va 8 mau md thu thap ¢
cic giai doan phat trién cua nu hoa (FB1-
FB4) va hoa (FL1-FL4) da dugc thu thap
[12]. Bong thoi, dir lieu phién ma ¢ 5 co
quan, bao gom than (S), ré (R), la truéng
thanh (ML), nu hoa (FB) va qua non (YP)
cling da dugc khai thac [12]. Dir liéu duoc
phan tich va md phong bang thuat toan R.
2.2.4. Xay dung md hinh cdu tric 3D

Cau truc 3D cua cac phan tir protein CaNF-Y
c6 tuong tic dugc xay dung bing cong cu
Phyre2 dua trén doan trinh ty protein tuong
ung. Do tin cay (confidence) va d6 bao phu
(coverage) cua thuat toan dugc chon tur gia tri
cao nhat dé taing mic d6 chinh xac. Cau tric
o helix va chudi B dugc xac dinh dé xay dung
cAu tric bac 2 cua protein. M6 hinh duoc biéu
dién trén cong cu Illustrator.

3. Két qua va ban luin

3.1. Du doan khd ning twong tdac giita cdc
tiéu phian CaNF-Y ¢ lodi ddu ga

Tuong tac PIP giita cac tiéu phin CaNF-Y
duoc phan tich dua trén cac chirc ning da biét
hay tuong tac vat ly dugc hinh thanh gitra cac
phan tir protein trén STRING [8]. Két qua cho
thiy, mang lu6i PIP dwgc hinh thanh & 13
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tiéu phan CaNF-Y (trén tong sb 40 thanh vién
ctia ho CaNF-Y di duoc bao cdo gan day [5]),
bao gém hai CaNF-YA, bén CaNF-YB, sau
CaNF-YC va mot phan tr twong dong voi
Drl (Hinh 1). Trong d6, 12 canh (edge) va 13
nut (node) & cac twong tac PIP duoc ghi nhan
v6i d6 tin cdy & mic cao nhit (16n hon 0,9),
gia tri p trong PPI nho hon 1,0e-16 (Hinh 1).
Bén protein, bao gém CaNF-YB19

(XP_004507590.1), -YC04
(XP_004494629.1), -YC05
(XP_004495741.1) va -YC06

(XP_004501704.1) di dwoc biét rd cdu tric
3D nhu mod ta trong nghién clru trudc day
[13] (Hinh 1, 4).

Dang chu ¥, cac tiéu phan CaNF-YB va -YC
c6 kha nang tuong tac qua lai (tdm trén 13
cap lién két) nhiéu hon so véi CaNF-YA va -
YB (Hinh 1). Piéu nay da ghi nhan tuong tu
& cac loai thuc vat khac, tiéu phan NF-YA va
-YB rt it hoic khong twong tac véi nhau,
trong khi NF-YB va -YC c6 thé tuong tac tao
nén nhiéu ciu trac di nhi tu (heterodimer)
khac nhau [14, 15]. Cac két qua nay cho thay
su tuong tac giita hai tiéu phan NF-YB va -
YC xay ra ph6 bién ¢ C. arietinum va trong
thue vt néi chung. Nhu vay, bdn phirc hop
CaNF-Y hoan chinh (tao nén tir cac PIP gitia
CaNF-YA, -YB va -YC) da dugc xac dinh,
bao gdm [(CaNF-YB19/-YCO1)/-YAOS],
[(CaNF-YB19/-YCO01)/-YA02], [(CaNF-
YB18/-YCO1)/-YA06] va [(CaNF-YB18/-
YCO1)/-YA02] (Hinh 1).

3.2. Phan tich cdu tric gi@a cdc tiéu phan
CaNF-Y co twong tac ¢ dau ga

Nham tim hiéu rd hon vé kha niang twong tac
gitra bon cap tiéu phan CaNF-Y & dau ga, cau
trac vang bao thu da dugc xem xét va phén
tich trén Pfam [11]. Két qua cho thay hai tiéu
phan CaNF-YA02 va -YA06 c6 ciu trac rat
bao thu (Hinh 2A), dong thuan véi cac bao
cao trudc day vé OsNF-YA & lua gao [3],
GmNF-YA ¢ dau tuong [4], cling nhu ¢ cac
loai thuc vat khac [1, 6, 7]. Cu thé, ving bao
thu cua CaNF-YAOQ2 va -YAO06 chtra trinh tu
dic hiéu nhan biét hop CCAAT trén trinh ty
DNA dich va trinh tu tuong tac véi NF-YB/C
(Hinh 2A).

Trong khi do, CaNF-YB18 va -YB19 chua
ving cudn xoan histone (Hinh 3), hinh thanh
nén lién két véi NF-YA va tiéu phan NE-YC.
Pang cha ¥, vi tri amino acid sd 1 - 63 cua
CaNF-YB19 m6 ta trong Hinh 2B ciing chinh
la ving bao thi di dugc tim thdy trong
histone cua vi khudn ¢ (archaebacteria) va
cac TF giéng histone cua sinh vét nhan thyc
[16]. Tuwong ty, vung bao thu cua CaNF-
YCO1 dugc xac dinh gém hai doan riéng biét,
tuong tac voi NF-YA va tuong tac véi NF-
YB (Hinh 2C). Bén canh d6, dé c6 cai nhin
tong quan vé ciu trac cua cac CaNF-Y co
tuong tac, mo hinh 3D cua cac phan tua nay da
dugc xay dung trén cbng cu Phyre 2 (Hinh 3).
Tom lai, két qua da chimg minh rd hon tinh
bao thu cta ving trong trinh ty ctia NF-Y va
vai tro quan trong trong thyc hi€n chic nang
tuong tic nhiam dam bao sy didu hoa biéu
hién gen.

3.3. Pdnh gid biéu hién cia tiéu phan
CaNF-Y cé twong tac ¢ cac bg phan trén cay
dau ga

Pé danh gia biéu hién cua cac gen ma hoa
tiéu phan CaNF-Y cé tuong tac, hai dit liéu hé
phién ma & cac co quan chinh trén cay dau ga
da duoc khai thac. Két qua cho thay hai gen
CaNF-YB19 va -YCO01 khong co6 thdng tin,
trong khi gen CaNF-YA06 c6 muc do biéu
hién dudi nguong phat hién (Hinh 4). Xem
xét trén dix liéu phién ma ¢ cac md sinh san
va & Cac giai doan phat trién cua hoa, hau hét
c4c gen ma hoa cac tiéu phan twong tac déu
c6 xu huéng biéu hién manh & it nhat mot bo
phan trong diéu kién thuong (Hinh 4). Nam
gen CaNF-YAOQ2, -B03, -C04, -C05 va -C06
c6 biéu hién manh & tit ca cac mau va co xu
huéng thé hién dic thu & tirng mau riéng biét
(Hinh 4). Gen CaNF-YAO02 va -YBO03 lan luot
biéu hién rat manh & mé phan sinh dinh chdi
(SAM) va hoa & giai doan phat trién thir 3
(FL3), trong khi CaNF-YC04 ting cuong biéu
hién & nu hoa giai doan 1 (FB1) va 2 (FB2)
(Hinh 4). Gen CaNF-YCO05 tang cuong phién
ma & FL1 va FL2, trong khi CaNF-YCO06 co
biéu hién dac thu & mau la non (YL) (Hinh 4).
Bén canh d6, xem xét trén hé phién ma & nam
mau mo chinh cho thay cac gen ma héa tiéu

http://jst.tnu.edu.vn; Email: jst@tnu.edu.vn

13


http://jst.tnu.edu.vn/

Chu buc Ha va brg

Tap chi KHOA HQC & CONG NGHE PHTN

225(01): 11 - 16

phan tuong tac ciing c6 muc do biéu hién da
dang. Cu thé, khai thac dir liéu cho thiy gen
CaNF-YBO03 va -YC11 c6 biéu hién manh &
mo6 FB, trong khi gen CaNF-YCO05 cé xu
huéng biéu hién manh & ca nim miu mo
(Hinh 4). Pang chii y, CaNF-YCO04 biéu hién
dic thu dong thoi & R va FB, trong khi (Hinh
4). Nhitng két qua nay di cung cap nhiing dan
liu quan trong cho viéc xay dung gia thuyét
vé sy hinh thanh TF CaNF-Y & cac co quan
trén cdy dau ga.

O laa, 34 thanh vién caa ho OsNF-Y di duoc
phan lap va mang ludi PIP giita cac tiéu phan
OsNF-Y (OsNF-YA, -YB va -YC) cling dugc
dua ra [3]. Trong khi do, 40 gen md hda

XP_004499778.1
(CaNF-YCoO7)

/' > 0,937 , >"—\

XP_004488351.1 XP_004511091.1

(CaNF-YBO03) (CaNF.-YC11)
= 0,959 I;,a—)‘ 0,612 ya 0,912

XP_004508592.1
(Protein Dr1 homolog
— Isoform X1)

CaNF-Y (8 CaNF-YA, 21 -YBva 11 -YC) da
duoc tim thiy [5]. Tuy nhién chua c6 cong bo
vé cac tuong tac co thé xay ra glua cac tiéu
phan. Nhiing két qua thu dwoc di bd sung cho
nghién ctru trudc day [5] dé chi 16 ra bo ba
tuong tac manh giita timg tiéu phan CaNF-A,
-YB va -YC dé tao nén phtrc hop TF CaNF-Y
hoan chinh trong cay dau ga. Bén canh do,
chung t6i cling da goi y tuong tac gilta cac
tiéu phan CaNF-YB va -YC la manh mé va
phd bién trong dau ga noi riéng va cé I8 &
thuc vat néi chung. Pay 1a nhitng dan ching
quan trong nham dinh hudng dugc thanh vién
dong vai tro quan trong trong ho CaNF-Y.

XP_004494629.1
(CaNF-YCo0a)

XP_004495741.1
(CaNF-YCO0S§)

XP_004507590.1
(CaNF-YB19)

XP_00448B7731

-
XP_004501704.1
(CaNF-YC06)

XP_0044952421
(CaNF-YB12)

e/
XP_004507593.1
(CaNF-YB18)

JCnNF-YCOﬂ

0927

XP_0044086451.1
(CaNF-YA02)

Hinh 1. Mang luéi tuwong tac protein - proteln duwoc hlnh thanh tw ho CaNF Y ¢ dau ga
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Hinh 2. Trinh tw amino acid nhitng ving bdo thi trong cac NF-Y duogc di dodn tuong tdc protein-protein
manh dé tai thanh phirc hop NF-Y hoan chinh. A. CaNF-YAQ2, CaNF-YAQ6; B. CaNF-YB18, CaNF-YB19;
C. CaNF-YC0! va D. M6 hinh phirc hop CaNF-Y hoan chinh bam vao trinh tu thong qua hgp CCAAT
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0 Cac Mau mo trén cdy ddu ga

4. Két luan

Cac thanh vién cua hai tiéu phan CaNF-YB
va -YC, (CaNF-YB19/-YCO01, CaNF-
YB18/-YCO01) dugc du doan cé tuong tac
v6i nhau. Phicc hop nay sau do két hop véi
tiéu phan CaNF-YA (CaNF-YAO02, -YA06)
dé tao thanh ciu trac TF NF-Y hoan chinh &
dau ga.

Cau tric cua tiéu phan CaNF-YA c6 tuong
tac chira viing nhan biét DNA va ving tuong
tac véi cau trac NF-YB/YC. Cu tric cua tiéu

phan CaNF-YB va CaNF-YC c6 tuong tac
dugc xac dinh gom hai vang riéng biét nham
tuong tac vaoi nhau va tuong tac voi NF-YA.
Khai thac dit liéu biéu hién cho thiy hiu hét
cac gen mé hoa tiéu phan CaNF-Y c6 tuong
tac déu c6 xu hudng biéu hién manh & it nhat
Mot co quan trong diéu kién thuong.
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