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NGHIEN CUU CO CHE NHAN RONG TRONG TIEN HOA
CUA CAC GEN MA HOA NHAN TO PHIEN MA NUCLEAR FACTOR-YB

O CAM NGOT (Citrus sinensis)
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TOM TAT

Nhan t phién ma, trong d6 c6 nhom Nuclear factor-Y (NF-Y), gdm 3 tiéu don vi NF-YA, NF-YB
va NF-YC, déng vai tro quan trong trong qua trinh diéu hoa biéu hién gen lién quan dén sinh
truong va phat trién ¢ thuc vat. Trong nghién ciru nay, ba cap gen lap, CsNF-YB11/-YB13, CsNF-
YB3/-YB7 va CsNF-YB9/-YB17, da dugc tim thiy trong s 19 gen md hoa NF-YB ¢ cam ngot
(Citrus sinensis). Cac su kién lap déu xuét phat tir hién tuong chuyen lap vung can dau tan cung
trén cac nhidm sic thé trong hé gen cam ngot. Trong qué trinh tién hoa, 4p luc ciia chon loc tw
nhién da kim ham dot bién diém xay ra trén cac gen 1ap. Trinh ty béo thu cua tiéu don vi NF-YB ¢
cam ngot dugc ciu trac tir ving bam ADN, tuong tac v6i NF-YA va NF-YC. Trong d6, mot sb
axit amin dac biét da duogc xac dinh trén trinh ty nay da chi ra réng cac thanh vién cua ho NF-YB
dong vai tro cu tric NF-Y va c6 thé lién quan dén mot sé qua trinh sinh 1y & cam ngot.

Tir khéa: Cam ngot, Citrus sinensis, gen ldp, Nuclear factor-YB, tién héa, tin sinh hoc

MO DAU

Dui ap lyc cua chon loc tu nhién, hé gen ctia
thuc vat di c6 nhiing thay ddi trong viéc phat
sinh gen méi nham dap tmg va chdng chiu
v6i su thay ddi cua diéu kién tu nhién. Trong
d6, nhém nhan t5 phién mi (transcription
factor, TF) dong vai tro diéu hoa su biéu hién
ciia gen lién quan dén trao d6i chat va dap
g diéu kién bat lgi ¢ thuc vat rt dugc chu
¥ [11]. Nghién ctru vé cac nhom TF & thuc
vat ludn thu hat duoc nhiéu su quan tam, boi
1& nhitng két qua thu duoc c6 thé gop phan
1am rd vé co ché dap ung véi didu kién bat loi
O thuc vat.

NF-Y (Nuclear factor-Y) dugc biét dén nhu
mdt trong sb cac nhom TF phd bién nhét &
thue vat [11]. Nhiéu nghién ctru da cho théy,
NF-Y déng vai trd quan trong trong doi séng
cling nhu lién quan mat thiét dén tinh chéng
chiu cac diéu kién bét loi ¢ thuc vat [7], [9],
[11]. Nhan t6 phién ma NF-Y, bao gém 3 tiéu
don vi NF-YA, NF-YB va NF-YC da duogc
ghi nhén trén cam ngot (Citrus sinensis) [10],
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mot trong nhiing loai cdy an qua quan trong
hang dau ¢ Viét Nam hién nay [1], [2]. Két
qua thu dugc di cung cép nhitng dan lidu
quan trong vé kha ning chdng chiu ¢ d6i
tuong cdy an qua nay.

Vi sy phat trién cua cac cong cu tin sinh hoc,
tiéu don vi NF-YB & C. sinensis da duogc xac
dinh v6i 19 thanh vién [1]. S6 luong gen nhur
vdy, so v6i 6 gen ma hoa tiéu don vi NF-YA
tim thiy dugc & C. sinensis gan day [2], da
dat ra cau hoi vé sy nhan rong ctia ho da gen
CsNF-YB dién ra nhu thé nao trong qua trinh
tién hoa? Trong nghién ciru nay, co ché tién
hoa ctia ho gen ma hoa tiéu don vi NF-YB &
cam ngot da dugc xem xét. Két qua cua
nghién ctru nay s& cung cip dir liu quan
trong dé phan tich chirc ning cia NF-Y lién
quan dn sinh truong, phat trién va chdng
chiu ¢ cam ngot.

VAT LIEU VA PHUONG PHAP NGHIEN CUU
Dir li€u nghién ciru

Hé gen va hé protein cta giéng cam ngot mo
hinh 'Valencia' [10] dugc cung cip trén
Phytozome (http://phytozome.jgi.doe.gov/) [5].

37


mailto:hachu_amser@yahoo.com

Chu Duc Ha va brg

Tap chi KHOA HQC & CONG NGHE

180(04): 37 - 41

Trinh ty gen va protein ctia 19 thanh vién tiéu
don vi NF-YB & cam ngot dugc thu thap tir
nghién ctru trude day [1].

Phwong phap nghién ciru

Phuong phap dy doan hién tuong ldp gen:
Trinh ty gen ma héa NF-YB (dinh dang
fasta) dugc s dung dé can trinh ty twong
ddng bang cong cu MEGA [6]. Su kién lap
gen duoc xac dinh khi do twong dong (6 cap
d6 nucleotide) gitra 2 gen 16n hon 50% [9].
Phurong phdp xdc dinh tri so thay thé dong
nghia, trdi nghia va thoi diém Idp gen: Tri sb
thay thé traii nghia Ka (nonsynonymous
substitutions per non-synonymous Site) va tri
s6 thay thé ddong nghia Ks (synonymous
substitutions per synonymous site) dugc xac
dinh bang cach phan tich trinh ty nucleotide
ciia 2 gen lip trén phin mém DNAsp [8].
Thoi diém xay ra hién tuong lp gen dugc xac
dinh twong dbi theo cong thuc: T = Ks/2A (T,
don vi mya (million years ago), 1a thoi diém
phat sinh hién tuong lap; A 14 ty 1& xuit hién
Ks) [9].

Phuwong phap phdn tich ving bdo thu: Vung
bao thii cia NF-YB duoc xac dinh bang cach
cin trinh ty twong dong trén MEGA [6].
Thong s6 duoc cai dit nhu sau, hinh phat
khoang tréng dau tién (Gap open penalty) la
10, hinh phat khoang tréng phia sau (Gap
extension penalty) 13 0,2.

KET QUA VA BAN LUAN

Két qua du doan sy kién lip gen ciia ho
gen mi héa tiéu don vi NF-YB & cam ngot
Dé xac dinh hién tugng gen lap, trinh ty
nucleotide ctia cac gen CsNF-YB duogc st
dung dé cian trinh ty tuong dong bang MEGA
[6]. Két qua cho thdy, ba cap gen lip da duoc
xac dinh v6i muc do twong dong & cap do
nucleotide 16n hon 50% (Bang 1). Cu thé,
CsNF-YB3 (XM _015525536) dugc xac dinh
lap voi CsNF-YB7 (XM_006475051), CsNF-
YB9 (XM_006480045) dugc du doan lap véi
CsNF-YB17 (XM_006489046), trong khi cap
gen lap thir 3 dugc tim thiy 1an luot 13 CsSNF-
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YB11 (XM 006480533) va CsNF-YB13
(XM _006485877) (Hinh 1).
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Hinh 1. Sw kién lap gen ciia ho gen md hoa tiéu
don vi NF-YB ¢ cam ngot

Dua trén vi tri phan bd trén hé gen cua C.
sinensis, 3 cdp gen lip déu xay ra trén cac
nhidm sic thé khiac nhau (segmental
duplication). Piéu nay chimg t6 sy kién lap ¢
ho gen ma hoa tiéu don vi NF-YB & cam ngot
1a két qua clia qué trinh chuyén ving can dau
tan cung cua cac nhidm sic thé (subtelomere)
(Hinh 1). Trudc do, hién tugng nay da duogc
ghi nhan nhu mot gia thuyét dé giai thich cho
sy phat tan va nhan rdng cua cac gen [3].
Trén laa mién (Sorghum bicolor), co ché
nhan rong ctia ho gen ma hoa TF NF-Y
(SbNF-YA, SbNF-YB, SbNF-YC) cing duogc
chtng minh xudt phat tir hién tuong lap trén
cac nhiém sic thé khac nhau [9]. Nhimg két
qua thu duge cho thdy cic gen ma hoa tiéu
don vi NF-YB & cam ngot déu duogc phat sinh
tr sy kién 1ap tai vung can dau tan cung trén
cac nhiém sic thé khac nhau. Dé xem xét r&
hon vé co ché nay, tic dong cua qué trinh
chon loc ty nhién dén ho gen CsNF-YB tiép
tuc dugc phan tich.
Két qua phan tich ap lwc cia tién héa dén
ho gen ma hoa NF-YB ¢ cam ngot
Trong nghién ciru nay, tri sd thay thé dong
nghia Ks va trai nghia Ka cua 3 cép gen lap
duoc xac dinh dé xem xét ap luc cua chon loc
tu nhién dén qué trinh nhan rong cta ho gen
CsNF-YB & cam ngot trong qua trinh tién hoa.
Két qua cho théy tat ca cac su kién lap déu co
gia tri Ka/Ks nho hon 1 (Bang 1).
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Bang 1. Két qud phan tich ddc diém tién héa cia ho gen CsNF-YB ¢ C. sinensis

Cip gen lip Mirc do twongdong (%) Ks  Ka Ka/Ks  Thoi diém Lip (mya)
CsNF-YB3/CsNF-YB7 54,8 1,14 052 046 87,95
CsNF-YB9/CsNF-YB17 50,8 053 021 040 40,97
CsNF-YB11/CsNF-YB13 72,0 1,96 024 012 150,50

Cap gen lap CsNF-YB3/-YB7, CsNF-YB7/-
YB17 c6 tri s6 Ka/Ks khoang 0,4 trong khi gia
tri nay cia CsNF-YB11/-YB13 thap, dat 0,12.
Vé mat ly thuyét, cap gen lap c6 Ka/Ks nhd
hon 1 chung t6 chon loc ty nhién da bao tdn
su toan ven céu tric cla gen [4]. Nhu vay,
tién hoa di kim hdm su phat sinh nhimg dot
bién diém trén 3 cdp gen lip clia ho gen ma
héa tiéu don vi NE-YB & cam ngot. Trudc do,
phan tich muc d6 biéu hién cua ho gen CSNF-
YB da chi ra rang, cac gen lap nay biéu hién
rat manh & mot sd bd phén cta cay cam ngot
[1]. Nhimng bang chtng nay da chi ra rang cac
gen lip déu dugc bio toan sy nguyén ven
trong cdu trac dé bao dam chirc ning trong
hoat dong sdng cua loai C. sinensis trudc su
thay ddi ctia ngoai canh.

Tuy nhién, vAn dé dat ra l1a tai sao CSNF-
YB13 ¢6 biéu hién rit manh & callus, hoa, 14
va qua trong khi gen lap CsNF-YB11 chi co
xu huéng biéu hién manh & 4 co quan trén?
Tuong tu, CsNF-YB3 biéu hién dic thu ¢
callus nhung CsNF-YB7 ciing chi c6 xu
huéng biéu hién ting & mo nay [1]. Dé tra 16
ciu hoi nay, thoi diém xay ra su kién lip cta
3 cap gen da dugc xem xét. Két qua dat dugc
cho thdy thoi diém tuong d6i xay ra su kién
13p cua 2 cap gen CsNF-YB3/-YB7 va CsNF-
YB11/-YB13 lan lugt cach day khoang 88 va
150 triéu ndam (Bang 1). Cép gen ldp CsNF-
YB9/-YB17 dwoc du doan xay ra cach day
khoang 41 tri€éu nam. Vé mat tién hoa, cam
ngot dugc cho la tach khéi bd Bong cach day
khoang 85 triéu nim [10]. Diéu nay phu hop
v6i gia thuyét rang, su kién lap CsNF-YB11/-
YB13 va CsNF-YB3/-YB7 xay ra trudc khi C.
sinensis tién hoa, 1 trong 2 gen lip s& mat
chirc nang (subfunctionalization), trong khi
CsNF-YB9/-YB17 xay ra sau khi C. sinensis
tach khoi bd Bong, 2 gen nay van gitt dugc
churc nang (neofunctionalization).

Két qua phan tich ciu tric vang bao thi
ciia tiéu don vi NF-YB & cam ngot

CAu triic viing bao thi cua tiéu don vi NF-YB
& cam ngot dugc phdn tich bang coéng cu
MEGA [6]. Két qua da chi ra rang, hau hét
céc thanh vién trong cung mot nhanh déu chia
sé trinh tu polypeptit giéng nhau, c6 chiéu dai
khoang 89 axit amin, twong ty nhu trén cac
loai thuc vat khac [7], [9], [11]. Hon nita, ciu
truc cua NF-YB ¢ cam ngot dugc cAu tao tir 3
bd phan, ving bAm ADN, vung tuong tac véi
tiéu don vi NF-YA va NF-YC (Hinh 2).
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Hinh 2. Phdn tich cau triic vimg bdo thi ciia tiéu
don vi NF-YB ¢ cam ngot
Trinh tu bao thu nay cua tiéu don vi NF-YB ¢
C. sinensis ciing dd dugc ghi nhan ¢ S.
bicolor 4 ciing nhu trén cac loai thuc vat khac
[7], [9], [11]. Phan tich trinh tu bao thu da
tach bi€t ho NF-YB ¢ cam ngot thanh 2 nhom
chinh véi sy ¢6 mat cua cac géc axit amin
quan trong. Mot s chudi axit amin, leucine -
proline (LP), asparagine (N), arginine (R),
alanine - lysine (AK), valine - glutamine
(VQ), axit glutamic (E), leucine (L), serine
(S), alanine (A), tyrosine (Y), duoc tim thiy
trong cu trac cua cac thanh vién cua tiéu don
vi NF-YB ¢ cam ngot (Hinh 2). Trudc do, cac
axit amin nay da dwoc chimg minh rang dong
vai tro quan trong trong qua trinh bam ADN
va tuong tac voi 2 tiéu don vi NF-YA va NF-
YC [7], [11]. Nhirng dan liéu nay cho thiy
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NF-YB khong chi thyc hién c6 chirc ning cau
thanh TF NF-Y ma con c6 thé dong vai tro
trong cac qua trinh sinh truéng va phat trién &
cam ngot.

KET LUAN

ba xac dinh duoc 3 cip gen lap, CsNF-
YB11/-YB13, CsNF-YB3/-YB7 va CsNF-YB9/-
YB17 trong ho gen ma héa NF-YB cua cam
ngot. Hién tuong chuyén lap ving can dau tin
cung trén cac nhiém sic thé khac nhau 1a co
ché chinh cua su kién 1dp gen.

Céc cap gen lap déu giit nguyén dugc su toan
ven trong ciu tric gen dudi ap luc cta chon
loc ty nhién. CsNF-YB3/-YB7 va CsNF-
YB11/-YB13 xay ra trudc khi C. sinensis tién
hoa nén 1 trong 2 gen lip mét chic ning,
trong khi CsNF-YB9/-YB17 van giir duoc
chuc nang do su kién nay xay ra sau khi C.
sinensis tién hoa.

Céu triic bao thu cia NF-YB & cam ngot chira
ciu triic ving bam ADN, twong tac voi tiéu
don vi NF-YA va NF-YC. Su c6 mat cia mot
sd axit amin bao thu cho thdy NF-YB dong
vai tro cdu tric TF NF-Y va co thé tham gia
vao mot s6 qua trinh sinh 1y & cam ngot.
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SUMMARY
EVOLUTIONARY EXPANSION OF NUCLEAR FACTOR-YB GENE FAMILY
IN SWEET ORANGE (Citrus sinensis)

Chu Duc Ha"*, Chu Thi Hien Luong™?, La Viet Hong?,

Than Thi Hoa? Pham Thi Ly Thu', Nguyen Thi Thu Nga*
Agricultural Genetics Institute - Vietnam Academy of Agricultural Sciences
%Bac Giang Agriculture and Forestry University

®Hanoi Pedagogical University 2, “TNU - University of Education

Transcription factors, such as Nuclear factor-Y (NF-Y), formed by 3 subunits, NF-YA, NF-YB
and NF-YC, were considered to naturally operate as regulators of biological processes in crop
plants. In this study, 3 duplicated gene pairs, including CsNF-YB11/-YB13, CsNF-YB3/-YB7 and
CsNF-YB9/-YB17, have been computationally predicted in 19 previously published members of
CsNF-YB gene family in sweet orange (Citrus sinensis). The subtelomeric regions of
chromosomes are more permissive to the expansion of all segmental CsNF-YB duplicated genes.
During the evolution process, natural selection had positively prevented the mutagenesis in the
duplicated pairs. The conserved domain of NF-YB subunit in sweet orange was characterized by 3
regions, including DNA binding, NF-YA interaction and NF-YC interaction domains. Among
them, the existences of several specific amino acids in these sequences showed that whole
members of NF-YB not only play significant role in the construction of NF-Y but also may be
involved in various biological processes in sweet orange.

Keywords: Sweet orange, Citrus sinensis, gene duplication, Nuclear factor-YB, evolution,
bioinformatics.
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