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PHAN TiCH TINH PAC THU TRONG CAU TRUC CUA TIEU PHAN
NUCLEAR FACTOR-YA O CAY HQ PAU
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TOM TAT

Trong nghién ciru ndy, tiéu phan NF-YA da dugc phan tich & 6 loai cdy ho Pau, bao gébm dau
tuong (Glycine max), dau ga (Cicer arietinum), dau cé ve (Phaseolus vulgaris), c¢6 linh lang
(Medicago truncatula), lac (Arachis hypogaea) va dau xanh (Vigna radiata). Két qua da xac dinh
dugc 7 va 8 gen md hda NF-YA ¢ lac va dau xanh. V6i nhiing dir liéu trude day, co thé thdy rang
ho NF-YA ¢ cac cay ho Déu 1a ho da gen voi s6 luong gen thanh vién da dang. Cac gen NF-YA ¢
cdy ho Pau c6 chua tir 4 - 7 exon, da s6 cac gen déu dugc ciu trac boi 5 exon va 4 intron. Tiép
theo, cac NF-YA & cay ho Pau co kich thudc kha da dang, chu yeu > 300 axit amin va c¢o tinh
bazo. Két qua phan tich twong quan trén ciy phan loai cho thdy, vai trd cta cac gen NF-YA thudc
nhanh i ciia phan nhom 1a.1 va phan nhém 1b c6 thé lién quan dén sy phat trién nét san, trong khi
cac gen con lai ¢ nhanh ii cua phan nhom la.1, phdn nhom la.2 va phan nhom 2a c6 thé tham gia
vao qua trinh quang hop ¢ cdc co quan trén mat dat nhu than, hat, 14 va hoa. Nghién ctru nay nham
cung cap nhing dan liéu quan trong dinh huéng cho cac phén tich chire nang gen tiép theo.
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ABSTRACT

In this study, NF-YA subunits have been analyzed in 6 legumes species, including soybean
(Glycine max), chickpea (Cicer arietinum), common bean (Phaseolus vulgaris), barrel clover
(Medicago truncatula). peanut (Arachis hypogaea) and mung bean (Vigna radiata). As a result, a
total of 7 and 8 genes encoding NF-Y A has been identified in peanut and mung bean, respectively.
Based on the previous data, we confirmed that the NF-YA gene family in Legumes is a multiple
family with the various members. NF-YA genes in Legumes contained from 4 to 7 exons, with the
majority was formed by 5 exons and 4 introns. Next, the lengths of most of the NF-YAs in
legumes are more than 300 amino acids and basic. Our phylogeny analysis showed that the
function of NF-YA genes in the branch i of subgroup la.1 and 1b might be related to the nodule
development, while the remaining genes in the branch ii of subgroup 1a.1, 1a.2 and 2a could act in
the photosynthetic organs, such as stem, seed, leaf and flower. Taken together, our results could
provide an important understanding in order to orientate the further functional characterization of
NF-YA genes.
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1. Gi6i thiéu

Ho Dau (Fabaceae) la mét trong nhiing nhom
¢6 y nghia quan trong trong san xudt ndng
nghiép hién nay. Cic cdy ho Dau dugc st
dung phd bién nhu ngudn thyc pham giau
dinh dudng, nguyén liéu ché bién thuc an gia
stic, nhién liéu sinh hoc va cai tao dat [1], [2].
Vi thé, diy dwoc xem 1a nhimg ddi tuong
dugc quan tdm nghién ciru nhiéu nham hudéng
dén san xudt nong nghiép bén viing, than
thién v&i moi truong. Tuy nhién, cac qua trinh
sinh 1y dién ra trong cac cdy ho Dau dén nay
van chua duge ghi nhan mot cach déy du.

V& ban chét, sy biéu hién cua cac gen tham
gia vao phan ung sinh 1y ndi bao ludn chiu sy
diéu hoa cua cac nhom protein diéu hoa, dic
biét 14 cac ho nhan t6 phién ma (TF). Trong
d6, Nuclear factor-Y (NF-Y), dugc cAu tao tir
ba tiéu phan NF-YA, NF-YB va NF-YC, la
ho TF pho bién nhat, c6 miat & tat ca cac loai
thuc vat trong sinh gi6i [3]. Piéu dang cha y
1a tiéu phan NF-YA duoc dic trung boi hai
vung bao thu ri€ng biét véi nhiém vy tuong
tac voi NF-YB/NF-YC ('NF-YB/NF-YC
interaction' domain) va bam trén ADN ('DNA
binding' domain), goi chung la CBFB_NFYA
(Pfam, PF02045) [3]. Bén nay, tiéu phan NF-
YA d3 duoc tim hiéu trén nhiéu loai thuc vat
quan trong, c6 thé k& dén nhu lta gao (Oryza
sativa) [4], lta my (Triticum aestivum) [5],
ngd (Zea mays) [6] va mot sb cdy ho Dau
(Fabaceae), bao gdom dau tuwong (Glycine
max) [7], dau ga (Cicer arietinum) [8], dau co
ve (Phaseolus vulgaris) [9] va co linh lang
(Medicago truncatula) [3].

Trong nghién ciru nay, tiéu phan NF-YA tiép
tuc duoc xac dinh trén cdy lac (Arachis
hypogaea) va dau xanh (Vigna radiata). Dong
thoi, dit liéu vé NF-YA trén G. max, C.
arietinum, M. truncatula va P. vulgaris duogc
khai thac dé xac dinh cac dic tinh co ban, tir
d6 dua ra nhiing dic thu trong ciu tric cua
tiéu phﬁn NF-YA ¢ ho DBau néi chung.

2. Phuong phap nghién ciru

2.1. Dit li¢u nghién ciru

H¢ gen va hé protein ctia A. hypogaea va V.
radiata trén Phytozome [4].

Dt liéu cia ho NF-YA ¢ G. max [7], C.
arietinum [8], P. wvulgaris [9] va M.
truncatula [3] duogc thu thap trong nhiing
nghién ciru gan day.

2.2. Phwong phdp nghién ciru

2.2.1. Phwong phdp xdc dinh tiéu phan NF-
YA o lac va dau xanh

Ving bao tha PF02045 [3] dugc st dung dé
truy van BlastP vao hé protein cua A.
hypogaea va V. radiata trén Phytozome [10].
Céc ung vién dugc chu giai trén hé gen tuong
{mg cua hai loai dé ra soat va dinh danh day
da gen ma hoa NF-YA.

2.2.2. Phuong phap phdn tich dac tinh cua
tiéu phan NF-YA ¢ cdc cdy ho Pdu

Trinh ty amino acid (aa) cia GmNF-YA [7],
CaNF-YA [8], PvNF-YA [9] va MtNF-YA
[3], cung voi AhNF-YA va VINF-YA duoc
phan tich cac dac tinh co ban trén ExPaSY
Protparam [11].

2.2.3. Phuwong phdp xdc dinh cdu tric gen ma
hoa NF-YA o cdc cay ho Pdu

Trinh tg ving ma héa (CDS) va vung gen
(0DNA) (.fasta) ctia cac gen GmNF-YA [7],
CaNF-YA [8], PyNF-YA [9] va MtNF-YA [3],
cung voi AhNF-YA va VINF-YA dugc st
dung dé khai thac cdu triic exon/intron trén
GSDS [12].

2.2.4. Phuong phap xdy dung cdy phdn loai
cho NF-YA o cac cdy ho Ddu

Trinh tuy aa cia GmNF-YA [7], CaNF-YA
[8], PvNF-YA [9], MtNF-YA [3], AhNF-YA
va VINF-YA duoc st dung dé thiét 1ap cay
phén loai theo phuong phap Neighbor-Joining
trén MEGA [13] v6i gia tri bootstrap 1a 1000.
3. Két qua va ban luin

3.1. Xdc dinh tiéu phin NF-YA ¢ cdy lac va
ddu xanh

Pé xac dinh NF-YA & A. hypogaea va V.
radiata, toan bd cac protein ¢6 ving bao thu
PF02045 [3] duoc sang loc bf?mg thuat toan
BlastP trén hé protein cua loai twong tng. Két
qua da xac dinh dugc 7 va 8 protein rng vién
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cho ho NF-YA ¢ A. hypogaea va V. radiata
(Bang 1). Thong tin ctia 2 ho NF-YA lan luot
duogc xac dinh va mo ta trong Bang 1.

Trude d6, tiéu phan NF-YA d3 duoc xac dinh
& mot sd loai cdy trong quan trong [5-7],
trong do co cac cay ho Pau [3, 8-9] (Bang 2).
Cu thé, 11 thanh vién trong ho OSNF-YA da
dugc xac dinh ¢ O. sativa [4] (Bang 2). Ho
gen ma hoa NF-YA ciing dugc phan tich trén
T. aestivum (10 thanh vién) [5] va Z. mays (14
thanh vién) [6]. Trong khi dé, s6 luong gen
mi hoa NF-YA & céc cdy ho Pau twong ddi
gidng nhau, khoang 7-+8 thanh vién, ngoai trir
o G. max (21 gen) [7] (Bang 2).

Bén canh d6, cac gen NF-YA dugc xac dinh
khong phu thudc vao sé lugng nhidm sic thé
va kich thudc hé gen cua loai. Vi du nhu ¢ G.
max, 21 gen NF-YA duogc tim thay trong hé
gen cua loai (~984 Mb) [7], trong khi chi c6
10 thanh vién cta ho gen ma héa NF-YA
dugc xac dinh trong hé gen cua T. aestivum
(~16000 Mb) [5] (Bang 2). C6 thé thiy ring,
s6 luong gen mi hoa NF-YA & mdi loai thuc
vat khong c6 quan hé tuyén tinh véi tinh chat
cua hé gen cua loai.

3.2. Xdy dung cdy phdan logi va phan tich
ddc tinh ciua NF-YA ¢ cdc cdy ho Ddu

Dé danh gia mbi twong quan va mirc d6 gin
giii ciia cac NF-YA, ciu tric gen, ddc tinh
protein va muc do biéu hién dic tha trong cac
mé dugc phén tich dya trén sy sip xép cua
NF-YA theo cdy phan loai. Pau tién, ciy
phan loai Neighbor-Joining duoc thiét 1ap dua
trén trinh ty protein ciia ho NF-YA ¢ sau ciy
ho Pau. Két qua cho thiy 61 thanh vién thudc
sau ho NF-YA duogc chia thanh hai nhanh
chinh, nhom 1 gdm ba phan nhom la.1, 1a.2
va 1b, nhom 2 gdm hai phan nhom 2a va 2b
(Hinh 1).

Tiép theo, ciu trac cua cac ho gen NF-YA ¢
cdy ho Pau duoc tim hiéu va sip xép dua theo
thir tu trén cdy phan loai Neighbor-Joining.
Trong do, cAu trac gen cua CaNF-YA va
PVNF-YA dugc khai thac trong nghién ciu
trudc day [8, 9], trong khi CDS va gDNA cua

AhNF-YA, VINF-YA, GmNF-YA va MtNF-YA
dugc sir dung dé truy van trén GSDS nham
phan tich trat tu exon/intron. Co thé thiy
rang, cic gen nam ciing nhanh trong mot phan
nhom thuong c6 kich thudc va cau tric
exon/intron twong ty nhau (Hinh 1). Hau hét
cac gen NF-YA déu co 5 exon (44 gen), 13
gen c6 ciu tric 4 exon/3 intron va bdn gen co
7 va 6 exon (Hinh 1).

Dua trén trinh tu aa san cd, dic tinh ctia NF-
YA da duoc phan tich va phan nhom theo cay
phan loai. Phan nhém la.1 c¢6 su twong dong
vé dic tinh protein trong cac nhanh. Cu thé,
hau hét NF-YA trong phan nhém la.l (14
thanh vién) c6 kich thudc > 300 aa. Cac NF-
YA c6 gia tri diém dang dién dao dong tir
bazo (tdp trung trong nhanh i) dén axit (tap
trung trong nhéanh ii) (Hinh 1, Bang 3). Céc
thanh vién trong phin nhom 1a.2 (9 NF-YA)
¢6 kich thudc > 200 aa, ngoai trr Ahy016660
(136 aa) (Hinh 1, Bang 3). Pa sb cac thanh
vién trong nhém 1b (12 thanh vién) déu > 300
aa, tuong ty nhu NF-YA & nhom 1la.1, gia tri
diém dang dién ¢ ngudng axit (ngoai trir
PvNF-YA9) (Bang 3, Hinh 1). Phan nhom 2a
cho thiy su twong dong va bao thi cao vé
kich thuéc (> 200 aa) va diém dang dién
(bazo) giira cac NF-YA (Bang 3, Hinh 1). Két
qua nay cling dugc ghi nhan tuong ty trong
phan nhom 2b, ngoai trir bdn NF-YA ¢6 kich
thuéc < 300 aa (Bang 3, Hinh 1). Tém lai,
hau hét cac NE-YA & cac cdy ho Dau co kich
thudc khoang > 300 aa va c6 tinh bazo.

Cudi cung, muc do biéu hién cta cac gen NF-
YA duoc khai thac dé du doan chiic ning cia
cac nhéom phan loai. Trong cac gen thudc
nhanh i ciia phan nhom la.1, CaNF-YAOQ5 co
biéu hién dic thu ¢ ré [8], PYNF-YA7 duoc
tang cudong phién ma & ndt san [9], trong khi
GmNF-YA2 va GmNF-YA20 c6 dap ung ting
& ndt san [7] (Hinh 1). Tuong ty, PVNF-YA1
va PYNF-YA9 ¢6 biéu hién dic thii & ndt san
trong r& cay ddu co ve [9], trong khi biéu hién
ctia GmMNF-YAL1 c6 dap ung tang & ndt san khi

xt 1y voi vi khudn cb dinh dam
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Bradyrhizobium japonicum (Hinh 1). Mat
khac, nhanh ii ctia phidn nhom la.l1, phan
nhom la.2 va phan nhém 2a chtra cac gen
NF-YA ¢ G. max, P. vulgaris va M. truncatula
c6 dap ung phién ma & cac co quan quang
hop trén mit dat nhu than, hat, 14 va hoa
(Hinh 1). Nhu viy, cac gen nam cung mot
phan nhanh c6 clu tric twong ty nhau, san

phim cia gen (protein) co dic tinh gidng
nhau, goi ¥ rang cac gen niy c6 thé chia sé
cung chire nang. Két qua nay da dit ra nhimg
du doan vé chirc ning cia cic gen mi hoa
NF-YA ¢ céc cdy ho Pau lién quan dén qua
trinh phat trién ndt sdn hodc bd phan khac

trén cay.

Bang 1. Thong tin vé ho gen md héa tiéu phan NF-YA & cdy lac va ddu xanh

STT Loai Mi gen M3 protein M3 locus
1 Ahy001549 XP_025630903 LOC112723675
2 © Ahy002194 XP_025638053 LOC112733343
3 s Ahy009687 XP_025690366 LOC112791664
4 § Ahy010248 XP_025624296 LOC112716579
5 £ Ahy015859 XP_025613723 LOC112706567
6 < Ahy016660 XP_025694280 LOC112796164
7 Ahy022042 XP_025615360 LOC112707688
8 Vradi02g914460 XP_014493349 LOC106755674
9 Vradi03g05190 XP_014494812 LOC106756762
10 8 Vradi05921240 XP_022637188 LOC106761897
11 % Vradi06g00750 XP_014505025 LOC106765051
12 S Vradi07g19460 XP_022639449 LOC106769072
13 > Vradi08g01210 XP_014511333 LOC106770029
14 Vradi09g02290 XP_014516040 LOC106773801
15 Vradil0g03110 XP_014518788 LOC106776012

Bang 2. Ho NF-YA ¢ mét s6 lodi cdy trong

STT  Ténloai Tén khoahoc NF-YA  NST  H¢gen (Mb) Nguén
1 Lua gao O. sativa 11 12 373 [4]
2 Laa my T. aestivum 10 21 16000 [5]
3 Ng6 Z. mays 14 10 2103 [6]
4  Pautwong  G.max 21 20 984  [7]
5 Co linh lang M. truncatula 8 8 419 [3]
6 Pau co ve P. vulgaris 9 11 535 [9]
7 Pau ga C. arietinum 8 8 530 [8]
8 Lac A. hypogaea 7 20 2545
9 Pau xanh V. radiata 8 11 459
Ghi chii: NST - Nhiém sdc thé, Mb - Megabyte
Bang 3. Ddc tinh cua cac NF-YA ¢ sdau loai cay ho Pdu
Nhom NF-YA aa mw pl Nhém NF-YA aa mwW pl
Vradil0g03110 338 37,04 6,12 GmNF-YA1l 330 36,39 9,18
Ahy009687 339 36,81 6,40 MINF-YA1 332 36,39 857
PVNF-YA7 338 37,02 6,01 Ahy010248 327 3573 891
CaNF-YAO05 337 36,54 6,22 —~  CaNF-YA03 333 36,16 9,43
GmNF-YA20 338 37,08 6,43 § MtNF-Y A6 333 36,15 941
— GmNF-YA7 33 37,06 6,11 = CaNF-YA04 335 36,84 9,17
= MENF-YA5 329 3583 6,10 - Vradi03g05190 360 39,47 9,60
Vradi06g00750 23,20 PVNF-YA1 330 3611 9,23
PVvNF-Y A5 304 33,69 PEEL] GmNF-YA21 346 3791 9,16
GmNF-YA14 307 3389 684 GmNF-YA3 328 3590 8,89
GmNF-YA2 307 34,10 6,87 < MtNF-YA3 235 2597 9,56
MtNF-YAS8 32,99 ™ CaNF-YAO08 244 26,93 9,86
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Ahy022042 376 41,85 GMNF-YAL7 228 2519 9,26
CaNF-YAO07 332 37,40 GMNF-YA9 228 2522 9,59
Vradi02914460 32,58 RS Ahy001549 256 27,90 9,71
PVNF-YA6 32,90 GMNF-YAL19 213 22,99 9,40
GmNF-YA13 304 34,01 GMNF-YA12 233 2532 9,98
GmNF-YA11 303 34,06 PVNF-YA4 235 2580 9,71
Vradi07g19460 229 2550 7,79 MtNF-YA7 318 3479 870
PVNF-YA2 206 22,90 6,75 MtNF-YA4 347 38,76 849
GMNF-YA6 206 23,03 6,70 Vradi09g02290 351 38,41 9,41
GmNF-YA4 217 2427 891 Vradi05g21240 3145 9,47
o~ Ahy016660 1532 9,72 Ahy015859 30,68 9,27
S Ahy002194 206 2275 615 o  GmMNF-YAI8 319 3534 9,10
MtNF-YA2 207 2290 679 Y GmNF-YAI5 30,59 8,90
CaNF-YA02 206 22,76 6,79 GMNF-YA5 348 37,68 8,86
GMNF-YA16 205 2287 6,71 PVNF-YAS8 348 38,07 9,59
GmNF-YAS8 219 2448 573 PVNF-YA3 32,85 8,89
Vradi08g01210 3247 9,73 CaNF-YAO1 339 37,64 845
S  PVNF-YA9 315 33,99 CaNF-YA06 313 3432 870

GmNF-YA10 327 36,29 9,34

Ghi chii: aa - axit amin, mW - trong lwong phdn tit, pI - diém dang dién
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4. Két luan

ba xéac dinh duoc ho gen ma hoa tiéu phﬁn
NF-YA ¢ lac va dau xanh g@)m 7 va 8 thanh
vién. Ho gen ma hoa NF-YA & cay ho Dau la
ho da gen véi sb lugng gen thanh vién khong
phu thudc vao h€ gen cua tung loai.

Ho NF-YA 6 céac cay ho Pau co thé duoc chia
thanh hai nhém chinh gém 5 phan nhém phu.
Trong d6, cAu tric pho bién nhat ciia cic gen
NF-YA chira 5 exon/4 intron. Hau hét cac NF-
YA & cay ho Dau c6 kich thudc > 300 axit
amin va c6 tinh bazo. Dua trén dit liéu biéu
hién ciia mot sb gen NF-YA di biét, vai tro
cua cac nhom gen NF-YA dugc du doan cé
thé tham gia vao qua trinh phat trién ndt san
hodc bd phan khac trén cay ho DPau.
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