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TOM TAT

C&c NIN-like protein (NLP) thudc ho tdc
nhén diéu hoa phién ma RWP-RK va mang céc
ddc diém giong véi NIN (Nodule INception). Céc
NLP diéu hoa sw biéu hién cdc gene lién quan
dén tin hiéu nitrate & thuc vat. Trong cdng trinh
ndy, chung téi phdn tich ho gene NLP trén quy
mo hé gene cua cdy ngo (Zea mays L.) thong qua
cdch tiép cdn tin sinh hoc. Trong hé gene ciia cdy
ngé cé tong sé chin gene ma hda NLP. Cac gene
nay co ba hodc bon intron, dai tir 2855 t&i 8092
nucleotide. Cdc trinh tir protein suy dién c6 chiéu
dai tir 786 téi 945 amino acid. Gid tri pI ciia hdu
Tir khéa: NIN-like protein (NLP), biéu hién gene,
MO DAU

Tac nhan diéu hoa phién ma NIN (Nodule
INception) dugc phét hién lan dau ¢ cay dau dai
nam 1999, git vai trd quan trong trong su hinh
thanh ndt san [6]. Phan tir protein NIN ¢6 ving
bao thi gan DNA dic trung 1a ving RWP-RK
[6]. Cac protein gan giong NIN (NIN-Like
Protein, NLP) c6 vung C-terminal va vung N-
terminal twong dong vaoi NIN [7]. Tuy nhién, vai
tro cua cac NLP nay chu yéu 1a didu hoa cac gene
cam &ng boi tin hiéu nitrate [5]. Su tién héa cua
cac NLP cua cac cay A. thaliana, dau dai va lda
dugc bdo céo boi Schauser et al. (2005) [7].
Trong béo cédo nay, cac cady A. thaliana, dau dai
va lGa lan luot ¢ chin, nim va ba gene thuoc vé
ho NLP.

Cay ngo duoc biét 1a mot trong nhiing cay
lwong thuc quan trong nhit trén thé gisi. Hé gene
cua loai cdy nay dugc hoan thanh giai trinh tu

hét cac protein déu nhé hon 7. Céc protein NLP
cia cdy ngé ¢é cdc ving bdo thii cao phia dau N-
terminal va dau C-terminal trong dé c6 ving
RWP-RK va PBI ddc trung. Can cir vao cdy phd
hé cé thé nhan thdy ba sw kién nhdn gene trén
quy mé hé gene mdéi dién ra sau thoi diém phat
sinh lodi ¢ cdy ngé. Tdt ca cdc gene NLP biéu
hién ¢ tdt ca cdc mé ciia cdy ngé ¢ cdc giai doan
phat trién khéc nhau, tir giai doan hat nay mam
16i hat chin déu dwoc nghién ciru. Cac gene
ZmNLP5, ZmNLP6 va ZmNLP7 la nhiing gene
biéu hién yéu hon so véi cdc gene con lai & phan
lon cac mo.

cau truc, tien hoa, cdy ngo

nam 2009 [8], nho d6 chiing ta ciing c6 thé phan
tich ho gene NLP hay bat ki ho gene nao khac
trén quy md hé gene cua cdy ngd. Chang téi cam
on cac nha khoa hoc di giai trinh ty hé gene ciing
nhu hé ma phién cda loai cay luong thuc quan
trong ndy, mé dudng va thuc ddy nhiéu nghién
clru & mirc phan tir cling nhu viéc tng dung két
qua nghién ctu vao thuc tién san xuat. Trong
nghién ciru nay, ching t6i huéng téi viéc st dung
phuong phép nghién ctu tin sinh hoc dé phan
tich cac dac diém cua ho gene NLP ¢ cay ngo.
Nhirng phén tich trén quy mo hé gene s& b sung
nhiéu théng tin khoa hoc vé ho NLP vén con
chua biét & loai cay nay.
VAT LIEU VA PHUONG PHAP
Co s¢ dir liéu vé trinh tu h¢ gene ciia cdy hia
va cay ngo

Trong nghién ciu nay chdng toi str dung hé
gene da dugc giai trinh ty cua cay ngo [8].
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Xac dinh va phan tich cac gene thugc ho NLP
6 cay ngo

Chung t6i st dung gene NIN cua cay dau dai
(Lotus japonica) [6] 1am khuon do dé tim kiém
cac gene twong dong trong hé gene cua cay ngd.
Céc protein suy dién dugc kiém tra viing bao thu
v6i Pfam [1]. Cac dic diém cua cac protein
nghién ctru duoc khao sat nho cac cdng cu cua
EXPASy [2]. Cau tric exon/intron dugc xay dung
nho GSDS (Gene Structure Display Server) 2.0
[3].
Xay dung cay pha hé

Cay pha hé dugc xdy dung tu cac protein
NLP cua cdy ngd (Pv), cay dau dai (Lj), cay A.
thaliana (At) va cay lia (Os) nho sir dung phan
mém MEGADS [11], sau khi chung duoc sip day
bing MAFFT (Multiple Alignment using Fast
Fourier Transform) [4], voi cac tham bién: thuat
todn Maximum Likelihood, mé hinh Jones-
Taylor-Thornton (JTT), phuong phap Bootstrap
vé6i 1000 1an 13p lai.
Phin tich sy biéu hién gene

Co so dir liéu hé mé phién cua cay ngd dugc
sir dung dé phan tich sy biéu hién cua céc gene
NLP dugc lay tir dir liéu microarray cua Sekhon
et al. (2010) [9]

KET QUA VA THAO LUAN
Cac NLP & cay ngo

Trén quy md hé gene, ching tdi phat hién
cay ngd c6 tong sb chin gene ma hda NLP khi
tim kiém cac gene tuong ddng vai khuon do la
gene NIN cua cdy dau dai. Bé kiém tra sy c6 mat
cac ving bao tha trong trinh ty protein suy dién,
chimg tdi sir dung Pfam, server chira dir ligu vé
cac ho protein cé ving bao thu dugc xac dinh [1].
Céac protein suy dién c6 mang ving bao tha
RWP-RK dic trung cho cdc NLP. Khi so sanh
VvGi mot sb cay khac, kich thuéc ho gene NLP cia
cay ngd lén hon dau dai (5 gene) va bang véi
cay A. thaliana (9 gene) [7].

Céc gene ma héa NLP & cay ngd c6 chiéu dai
khac nhau, trong khoang tir 2855 nucleotide
(gene ZmNLP5) téi 8092 nucleotide (gene
ZmNLPS) (Bang 1). Cau tric exon/intron cua cac
gene ma hdéa NLP cua cidy ngdé dugc xdy dung
nhd GSDS 2.0 [3] (Hinh 1). Céc gene NLP cua
cay ngb ma hoéa khodng lién tuc, cé ba (ZmLNP3,
ZmLNP5 va ZmLNP7) hoic bén intron (ZmNLP1,
ZmMLNP2, ZmLNP4, ZmLNP6, ZmLNP8 va
ZmLNP3).

Bang 1. Cac gene thuc ho NLP cua cy ngd va dic diém caa ching

Kich thuée Chituddi K lwgng Nhiém Sé

Gene Tén locus ene (bp) protein phén tir pl sic luwgng

g P (aa) protein (kDa) thé intron
ZmLNP1 GRMZM2G109509 3681 922 102,7 5,6 1 4
ZmLNP2 GRMZM2G031398 3854 925 100,6 6,0 2 4
ZmLNP3 GRMZM2G048582 4239 851 93,3 6,5 2 3
ZmLNP4 GRMZM2G475305 4060 916 101,0 6,0 3 4
ZmLNP5 GRMZM2G042278 2855 786 82,9 5,9 3 3
ZmLNP6 GRMZM2G176655 8902 873 97,6 7,7 6 4
ZmLNP7 GRMZM2G053298 4058 851 93,4 6,3 7 3
ZmLNP8 GRMZM2G375675 5196 927 102,1 5,6 8 4
ZmLNP9 GRMZzZM2G105004 3904 945 102,8 6,1 10 4
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Hinh 1. C4u trac exon/intron ciia cac NLP ctia ciy ngd

Céc protein suy dién NLP cua cay ngd c6
chiéu dai tir 786 téi 945 amino acid, khdi lugng
phan ta cta chdng ¢ trong khoang tur 82,9 tai
102,8 kDa. Gia tri pl cua cac protein nay nho hon
7 ngoai trir ZMNLPS, protein nay c6 pl bang 7,7
(Bang 1). Cac dic diém Ii héa cua cac NLP lan
déu tién dugc md ta trong béo cao nay.

Cac vung bao thu cta cac protein NLP cua
cay ngd duoc thé hién ¢ Hinh S1. Sau ving bao
thu cua céc protein NLP cua cdy ngd tuong tu
nhu cac vung bao thu da dugc mo ta & cay dau
dai ciing nhu cdy A. thaliana [7, 10]. Céc vung
bao tha nay dugc danh diu bang nén xam. Vang
bao tha ¢ dau N-terminal cua cac NLP cua cay
ngd gidng nhau, khong bi bién ddi nhiéu trong
qué trinh tién héa. Hién twong nay gidng o cay A.
thaliana nhung khac v6i ¢ cly dau dai [7], loai
cay thudc ho Pau c6 kha nang ¢d dinh dam nho
cac vi sinh vat cong sinh trong nét san. O loai
nay, c6 mot doan trong viing bao tha phia dau N-
terminal bi bién d6i nén khong con chic ning
diéu hoa cac gene cam tng Véi nitrate nhung
tham gia cam ung su hinh thanh nét san [7, 10].
Hai vaing bao thu cubi ciing & dau C-terminal lan
luot 1a ving RWP-RK va ving PB1, vung RWP-
RK c6 chirc ning gin véi deoxyribonucleic acid
(DNA), vung PB1 gittr chic ning twong tac
protein - protein [7, 10].

Cay pha hé va tién héa cac NLP & cAy ngd

Cay pha hé tr cac protein NLP cua A.
thaliana, cdy dau dai, cay lua [7] va céy ngd
dugc xay dung trong nghién ctru nay (Hinh 2).

Trén cay pha hé c6 ba nhanh, mdi nhanh déu co it
nhat mot dai dién cua cac loai. Két qua nay xac
dinh gia thuyét c6 it nhit ba gene NLP da tdn tai
& cay to tién chung cua thyc vat mot 14 mam va
thuc vat hai 14 mam duoc néu boi Schauser et al.
(2005) [7]. Thuc vay, cay pha hé dugc xay dung
tir c&c protein NLP & céy A. thaliana cling nhu
cdy lua va ciy dau dai trong nghién cuu cua
Schauser et al. (2005) c6 ba nhanh. M&i nhanh
déu co6 cac dai dien NLP cua cay lda va cay A.
thaliana. Riéng cac dai dién NLP cua cay dau dai
chi phan bé vao hai trong ba nhanh cua cay pha
hé. Do trong nghién ctu cia minh, Schauser et
al. (2005) chi xac dinh dugc ba gene NLP tu
ngan hang DNA b6 sung (cDNA). Nho sy ¢6 sin
hé gene cay dau dai, ching t6i da xac dinh thém
duoc hai gene khac (LjNLP3 va LiNLP4), trong
d6 gene LjNLP4 phan b vao nhanh thir ba cua
cay pha hé. Trén mdi nhanh cua cay pha hé duogc
xay dung trong nghién ciru nay déu c6 cac gene
NLP cua cay ngd, lta (cdy mot 14 mam) va cac
cay A. thaliana, dau dai (cay hai 14 mam), c6 thé
thdy ring c6 it nhat ba gene NLP t6 tién chung
cua cdy mot 14 mam va hai 14 mam va ching da
tién hoa khac nhau sau thoi diém phat sinh loai &
hai 16p thuc vat nay. O nhanh c¢6 chua gene NIN
cua cac cay ho Pau, cay ngd co ba gene. Sé gene
cua cay lGa, cay Arabidopsis va cay dau dai lan
luot 14 mot gene, nim gene va hai gene. O nhanh
gitra, ngoai cay lta c6 mot gene, cac loai con lai
c6 sd lugng gene bang nhau (cling c6 hai gene).
Cudi cung, & nhanh con lai, cdy ngd cé nhiéu
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gene hon so véi cac cay khac. Vi tri cua cac gene
NLP cua cdy ngd trén cay pha hé cting cho phép
xéc dinh it nhat ba sy kién nhan gene trén quy mé
hé gene sau thoi diém biét hoa loai giira cay lta

va cay ngo (hinh thanh céac cip gene ZmNLP2 va
ZmLNP9, ZmNLP3 va ZmNLP7, ZmNLP4 va
ZmLNP8).
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Hinh 2. Cay pha hé dugc xay dung tir cac protein NLP cua ciy ngd (Pv), cdy déu dai (L)), cay A. thaliana (At) va
cdy lha (Os) v6i cac tham bién: thuat toan Maximum Likelihood, mé hinh Jones-Taylor-Thornton (JTT), phwong
phap Bootstrap v6i 1000 1an 1ap lai, gi4 tri bootstrap dugc thé hién trén mdi nhanh, ty 1 xich 1a s6 amino acid thay
thé trén mot vi tri

Sw biéu hién ciia cac gene NLP trong cic md ciia cAy ngd

Chang toi phan tich sy biéu hién cua cac
gene NLP cua cay ngd trong hé mé phién ¢ cay
ngd non, & cay giai doan ra hoa va tao hat duoc
xay dung boi Sekhnon et al (2011) [9]. Trong do
c4c tac gia da phan tich mot cach tong quan hé
mi phién, dua ra cac thong tin téng quan vé hé
méa phién ¢ cac md khac nhau ciing nhu & nhiéu
giai doan phat trién. Bén canh do, cac tac gia da
budc dau tap trung phan tich su biéu hién céc
gene lién quan dén qué trinh sinh tong hop lignin.

Sy biéu hién cua cac gene khac, trong d6 c6 cac
NLP, chua dugc céc tac gia phan tich mot céch
chi tiét. H& ma phién cua cay ngd do Sekhnon et
al. (2011) la mét tai liéu quy, cho phép kham pha
cling nhu phén tich chitc nang cta cac gene & cay
ngd. Vi muc dich bude dau tim hiéu chuc ning
cua cic gene NLP ¢ cdy ngd, chiing t6i da khai
thac hé ma phién nay dé tim hiéu sy biéu hién céc
gene duoc nghién cuu.
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Bang 2. Sy biéu hién cua cac gene NLP trong c4c m cua cdy ngd non microarrays (don vi tinh: s6 ban ma phién)
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ZmLNP1 1970 1361
ZmLNP2 2296 1800 2487
ZmLNP3
ZmLNP4

ZmLNP5 594 748 558 443 252 396 343 454 463 426 268 810 435 395
ZmMLNP6 145 534 426 121 891 658 687 718 504 450 81 126 116 114
ZmLNP7 1106 2081 1490 1992 1985

ZmLNP8
2182 1621 1361 1658

A ANZe] 20201

O hat nay mam va cdy ngd non, tat ca cic  gene biéu hién giam dan chi c6 mot gene,
NLP déu biéu hién nhung véi cudng do khac ~ ZmNLP5, nhém gene biéu hién giam tir thoi ki
nhau tly gene va theo cac mé khéc nhau (Bang  cdy mam toi cdy mot 1a sau d6 biéu hién ting 1én
2). Gene biéu hién yéu nhat ¢ hat nay mam va & cay ba l4 c6 hai gene, ZmNLP6 va ZmNLP7.
cady mam la ZmNLP5. Gene ZmNLP6 ciing biéu  Cac gene con lai biéu hién ting dan theo thoi ki
hién yéu. Trong khi d6 gene biéu hién manh nhat  phat trién. O dinh sinh truong, sy biéu hién cua
& hat nay mam la ZmNLP9 va gene biéu hién  cac gene nay phirc tap hon, tuy nhién hai gene
manh nhat & cdy mam la ZmNLP3. Gene ndy =~ ZmNLP5 va ZmNLP6 van la hai gene biéu hién
ciing 1a gene biéu hién manh nhat & ré so cdp.  yéu hon ca. Xu huéng nay con tiép dién & cac md
Cin ctr vao dong thai biéu hién cua cac gene ¢ r&  cua ciy nam l4. Gene biéu hién manh nhat & chdi
so cap theo thoi gian phat trién, c6 thé xép cac  va 16ng than 1a ZmNLP3, gene biéu hién manh
gene NLP cua cdy ngd thanh ba nhém, nhéom nhét & cac moé con lai 1a ZmNLPS.

19914 25919

Bang 3. Sy biéu hién cua cac gene NLP trong cac md cua cay ngd thanh thuc thu dugc tir microarray
(don vi tinh: s6 ban ma phién)
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ZmLNP1 | 2989 3378 [uNFier 3167 17587 8802
ZmLNP2 10413 14890 8056 9457 8878
ZmLNP3 10580 WRZZIEN 15565 3582

ZmLNP4 3648 2574 3495 3237
ZmLNP5 502 156 275 442 656 1545 146 519 262 511
ZmLNP6 966 89 50 1482 648 144 200 140 421 287
ZmLNP7 923 1267 1830 835 1309 1236 1723 1177 2876 3518
ZmLNP8 11848 9648 11482 16842 8513 11361
ZmLNP9 | 3509 3716 3229 3047 17528

Chu thich : Co 15 = Co non (cdy 15 ld), Co 18 = Co thanh thuc (cdy 18 la), Bdp 18 = Bdp ngé non (cdy 18
14), Bip 4DAF = Bdp ngé trude thu phan (4 ngay sau né hoa), Riu 4DAF = Rdu ngé (4 ngay sau né hoa), Ld 13 =
La thir 13 (chin sém ciia qua), Ld bao 1 = Lé bao trong cimg ciia bap (cdy c6 hoa né dau tién), Ld bao 2 = Ld bao
trong cimg ciia bdp (chin sém ciia qud), Lé bao ngodi = Ld bao ngodi ciia bap (chin sém cia qud)
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Bang 4. Sy biéu hién cua céc gene NLP trong hat (phoi va ndi nhil) thu dugc tir microarray (don vi tinh:
s0 ban ma phién)
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Cha thich - DAF = ngay sau né hoa

O cay ngd thanh thuc, tat ca cac gene NLP
tiép tuc biéu hién & tat ca cac bo phan nghién ciu
(Bang 3). Hai gene ZmNLP5 va ZmNLP6 biéu
hién yéu nhat trong sé cac gene NLP & hau hét
cac bo phan. Gene ZmNLP3 biéu hién manh nhét
& €O chua thanh thuc nhung & co giai doan giam
phan (cay c6 18 14) gene biéu hién manh nhit la
ZmNLP8. Gene nay ciing biéu hién manh nhét
trong s6 cac gene ¢ bao phin, bip ngd non, rau
ngd, & la bao trong cung cua bap giai doan no
hoa, 14 bao ngoai cua bap giai doan chin sém cua
qua. Khi xét sy biéu hién cua mot gene & cac loai
md, c6 nim trong tong sd chin gene biéu hign

manh nhat & 14 thir 13 cua cdy ¢ giai doan chin
s¢m cua qua. Ngoai ra ca chin gene NLP cua cay
ngd déu biéu hién ¢ trong phdi, noi nhii va hat
nguyén ven trong sudt thoi ki phét trién sau thu
phan (Bang 4 va Bang 5). Tuy nhién, cuong do
biéu hién cua cac gene nay bién déi phuc tap,
khéng cuing chiéu hodc nguoc chiéu cua sy phét
trién. Cac gene ZmNLP5, ZmNLP6 va ZmNLP7
la nhitng gene biéu hién yéu nhat ¢ cac mod
nghién ctu. Lan dau tién sy biéu hién cua cac
gene NLP & mirc co sé trong mot sé luong 16n
cac mod dwoc phéan tich mot céch chi tiét.

Bang 5. Sy biéu hién cua cac gene NLP trong hat (v6 va hat) thu dwoc tir microarray (don vi tinh: s6 ban

ma phién)
N N n N o o o o o o o o
Gene ND ND ND ND e e SN e e e e e
EN mq_ m@ moo ma mﬁ m: m:." ma mg mm mg
ZmLNP1

ZmLNP2 7872 6725 7885 6398
VANIRNIEX] 7308 7729 6529 6696 8010 8134
ZmLNP4 1394 1979 2460 1981 2354 2256

1378 382 462 415 425
202 141 190 210 332 264
ZmLNP7 1323 1342 1438 1455 1094 836 423 552 543 911 979 1450
ZmLNP8 7950 6407

ZmLNP9 2298 1361 1799 2254 2670

ZmLNP5 623 641 509 645 591 640 479
ZmLNP6 806 687 1229 933 629 457

Chu thich : DAP = ngay sau thu phdn,
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KET LUAN

Trong nghién ctu nay, ho gene NLP & cay
ngd da duoc phan tich trén quy md hé gene nho
sir dung cac phwong phép tin sinh hoc. Ho NLP
ctia cay ngd gom cé chin thanh vién. Cac protein
suy dién cua chung c6 ving bao thu twong dong
cao ¢ dau N-terminal va mang céc ving bao thu
dac trung cho cac NLP cua thuc vat RWP-RK va
PB1 & dau C-terminal. Cay pha hé xac dinh c6 ba
NLP & cay to tién chung phét sinh thuc vat mot 14
mam va hai 14 mam. [t nhit ba su kién nhan gene

NLP sau thoi diém phat sinh loai da duoc phat
hién ¢ cay ngd. Su biéu hién cua cac gene trong
ho NLP & cac co quan sinh dudng va co quan
sinh san cta cdy ngd ciing dugc bao cao trong
cong trinh nay. Nhitng két qua nay gép phan b
sung cac thong tin khoa hoc vé ho NLP & thuc vat
mot 1a mam.

Loi cam on: Cong trinh nay dwoc hoan thanh voi
sw ho tro kinh phi tw chuong trinh nghién ciu

khoa hoc co ban cua Truwong Pai hoc Hung
Vwong, tinh Phu Tho.

Genome-wide analysis of NIN-like protein
(NLP) family in maize (Zea mays L.) by
using bioinformatic methods

e Cao Phi Bang
Hung Vuong University, Phu Tho

ABSTRACT

The NIN-like proteins (NLP) belong to RWP-
RK transcription factor family and possess the
similarity characteristics of NIN (Nodules
INception). The NLPs regulate the expression of
genes which are involved in nitrate signaling in
plants. In this work, we have performed
a genome-wide analysis of the NLP gene family
in maize (Zea mays L.) through the bioinformatic
methods. We identified a total of nine NLP
encoding genes in whole genome of maize. The
genomic sequences of these genes were from
2855 to 8092 nucleotides in length and contained
three or four introns. Their predicted protein
sizes ranged in size from 786 to 945 amino acids.

The theoretical isoelectric point values of most
deduced protein were less than 7. The maize NLP
proteins possessed conserved regions of plant
NLP at N-terminal as well as at C-terminal
including the RWP-RK and PB1 domains. Based
on the phylogenic analysis, we detected three
current whole-genome gene duplication events
which occurred in maize genome apter speciation
point. All of NLP genes expressed in tissues at
different development stages, from germinating
seed to maturation seed were examined. The
ZmNLP5, ZmNLP6 and ZmNLP7 were weakly
expressed in comparison to others genes in most
examined tissues.

Keywords: NIN-like protein (NLP), gene expression, structure, evolution, maize
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Hinh S1. Két qua sip day cac protem NLP cua cay ngo Céc ving bao thu dugc td mau xam. Vung RWP-RK va
vung PB1 duoc ghi chu trén hinh
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