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Tém tit: Glutamate dehydrogenase (GDH, EC 1.4.1.2~4) 1a enzyme xuc tac phan ng thuan
nghich khir amin hda glutamate t&i a-ketoglutarate hodc 2-oxoglutarate. Chung t6i xac dinh dugc
mudi gen ma hdéa GDH trong hé gen cua cdy dau tuong. Cac protein GDH suy dién c6 kich thudc
637 hodc 411 amino acid, ngoai trt GmGDHO6. Phan tich cdy pha hé dugc xay dung tir cac GHD
ctia ddu twong va cic ciy khac cho thiy cac GDH cua ddu tuong duoc xép vao hai nhom, hai gen
nhom I'vatam gen nhém II. Céc protein nhoém II co motlf bao thi tin hi¢u khu tréi ti thé, motif bao
thi gin co chat dic hiéu a-ketoglutarate va ving gin dic hiéu coenzyme NADH. Cac protein
nhém I ciing ¢6 ving gin co chat dic hi¢u nhung c6 ving gan coenzyme NADPH. Sy biéu hién
cia cac gen GDH cia cdy ddu twong khac nhau & ciac md khac nhau. Bén gen GmGDHO3,
GmGDHO04, GmGDH05vA GmGDHO7 biéu hién & tit ca cac md & tit ca cac giai doan phat trién
dugc nghién ctru. Cac GmGDH biéu hién & mé sinh san manh hon & mo sinh dudng, ngoai tru
GmGDHO06, gen biéu hién dic hiéu & ndt san.

Tir khéa: Glutamate dehydrogenase, biéu hién gen, cdy pha hé, dic trung cua gen, ddu twong.

1. Mé& diu

bau tuong (Glycine max) la mot trong
nhiing cay trong quan trong nhit va dugc trong
nhidu noi trén thé giéi. Hat dau tuong chira
nhiéu protein va dau. Pau tuong 13 thyc phim
¢6 1oi cho stc khoe [1, 2]. Mot dic diém dang
chi ¥ 1a loai cdy nay con co kha ning cd dinh
nito ty do trong khi quyén nhd hé vi sinh vat
cong sinh trong bo ré cia chung. Nho gia tri
cao, hé gen cia dau tuong da duogc giai trinh ty
xong vao nim 2010 boi tap thé cac nha khoa
hoc My din dau béi Stacey (Trung tdm Qudc
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gia vé Cong nghé sinh hoc), Shoemaker
(Nhoém nghién clru con trung trén cay ngi cbe
va Di truyén cdy nong nghiép USDA-ARS),
Jackson (Khoa Nong hoc, Pai hoc Purdue),
Schmutz (Trung tdm giai trinh ty hé gen
HudsonAlpha), va Rokhsar (Vién nghién cuu
hé gen). Phién ban hé gen cua cay dau tuong
hién c6 kich thudc xdp xi 975 Mb, gdm cb 20
nhiém sic thé [3].

Glutamate dehydrogenase (GDH, EC
1.4.1.2~4) 1a enzyme xuc tic phan Ung thudn
nghich khir amin hoéa glutamate t6i o-
ketoglutarate hodc 2-oxoglutarate nho sir dung
NADH hoac NADPH nhu la coenzyme [4].
GDH c6 ¢ khép cac sinh vét tir vi khudn dén
cac smh vat nhan chuan. O thyc vat, enzyme
nay rat phong pht va c6 mit ¢ nhidu co quan,
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dinh khu & ti thé, lyc lap va dich bao [4].
Glutamate dehydrogenase tham gia vao qua
trinh dong hoa NH," & thuc vat cling voi hé
thdng GS/GOGAT. Enzyme nay tham gia vao
sy can bang glutamate ndi mo, amino acid giir
vai tro trung tAm trong nhiéu qué trinh trao doi
chit [5, 6]. Cac GDH thuong lién quan t6i tinh
chéng chiu cia thuc vat thong qua can béng
N/C cua thuc vat [7]. V& cu tric, cac GDH c6
mang hai vung bao thu dic trung 1a ving gin
Glutamate va vung gin NAD(P) [8]. Nhiéu
nghlen ctru gin ddy da chi ra ring ¢ thuc vat co
it nhat hai gen ma hoéa cho GDH, mot ma hoa
cho dudi don vi o va mdt ma hoa cho dudi don
vi B, hai dudi don vi nay két hop v&i nhau theo
cac ti 1& khac nhau c6 thé tao thanh 7 dang
isozyme khac nhau [9]. Cac ho GDH da duoc
phan tich & Arabidopsis [10], & lta [11], & ca
chua [12]. Tuy nhién, nhitng nghién ctru vé sy
didu hoa biéu hién ciia cac gen GDH con chua
nhiéu. Dén nay, sy biéu hién cia GDH dugc
biét 14 co dap ung véi cac tac nhan bat loi vo
sinh nhu han, mén, nhiét d¢, kim loai ning va
su thiéu carbon [5, 13, 14]. R4t gﬁn day, su biéu
hién cta cac gen GDH trong qua trinh chin cua
qua ca chua cling dugc bao cao [12, 15]. Tuy
nhién chua c6 nghién ciru toan dién vé ho gen
GDH trén quy mo6 hé gen cua cay dau tuong,
loi cay c6 kha nang ¢6 dinh N,.

Trong nghién ctu nay, chung t6i hudng toi
viéc xac dinh cac gen ma hoa cho cac GDH
trong hé gen cua cay ddu tuong. Dong thoi
chung t6i trinh bay cac két qua phan tich vé cac
ddc tinh hoa-li va ciu truc cling nhu sy biéu
hién ciia cac gen nay thong qua phén tich két
qua RNAseq (giai trinh ty ARN).

2. Phwong phap nghién ciru

2.1. Co s¢ dit liéu vé cdc trinh tw hé gen va
RNAseq o cdy ddu twong

Trinh ty hé gen cua ciy ddu tuong duoc 1iy
tir Schmutz et al. (2010) [3]. Dit liéu RNAseq
duogc lay tur Severin et al. (2010) [16].

2.2. Xac dinh cac gen thuéc ho GDH ¢ cdy ddu
tuong

Céc protein GDH cua cay Arabidopsis
thaliana [7, 10, 14, 17, 18] dugc dung lam
khuén do dé tim kiém cac gen twong dong trén
toan hé gen clia cdy déu tuong nhd chuong
trinh TBLASTN.

2.3. Xay dung cay pha hé

Cay pha h¢ dugc xay dung tir cac protein
GDH nghién ctru nh¢ phan mém MEGAS [19]
sau khi chung dugc sap day bang MAFFT [20].

2.4. Phén tich cdc dac diém héa - li

Cac dic diém vat li, héa hoc cua céc
gen/protein dugc phéan tich bing cac cong cu
ciia ExPASy [21]. Ciu truc exon/intron duogc
xay dung nho GSDS 2.0 [22].

2.5. Khdo sat sw biéu hién gen

Su biéu hién cua cic gen dugc phéan tich
qua két qua RNAseq (giai trinh ty tdp hop ARN
thong tin) ctia cay dau tuong [16]

3. Két qua va thao luin

3.1. Xac dinh ho gen GDH ¢ cdy dau tuong va
dac diém cua chung

Khi st dung chuong trinh TBLASTN vdi
khuon do 1a cac protein GDH cua A. thaliana,
chung t61 da xac dinh cac GDH cua cay dau
tuong 1a mot ho da gen nho vai 10 gen. Protein
suy dién cta cac gen ndy mang ving bao thu
tuong tmg véi ma sb PF02812 va PF00208
trong ngan hang gen. Pay vén 13 hai ving bao
thi dic trung cho cac GDH di biét. So vé kich
thudc ctia ho gen, cay dau tuong c6 ho GDH 16n
hon so voi cua cay 4. thaliana, cay ca chua va
cay lua. Thyc vay, sd Iwgng gen GDH duoc bao
cdo cua céc loai trén chila 4 gen [11, 12, 18].

Céc dic diém vat li cia cic gen va protein
suy dién dwoc thé hién trong bang 1. Cac gen
nay quy dinh cac protein ¢ kich thudc rit gan
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nhau, c6 d6 dai 411 va 412 amino acid, ngoai
trirt GmGDHO04, GmGDHO05 va GmGDHO06. Hai
protein dau c6 637 amino acid trong khi protein
thir ba chi c6 330 amino acid. Ngoai trur ba
protein nay, cac protein khac c6 khdi lugng dao
dong khoang 44,5 kD, gan gidng voi cac GDH
dd biét cua Bryopsis maxima [23), Nicotiana
plumbaginifolia [24], A. thaliana [10]. Céc

3

protein GDH cuia cdy dau tuong c6 tinh axit yéu
dén trung tinh.

Céc gen GDH cua cay dau tuong ma hda
khong lién tuc, trong gen c6 tur 6 t6i 14 intron
(hinh 1). Gen GmGDHO06 c6 6 intron, hai gen
GmGDHO04 va GmGDHO0S5 ¢6 14 intron, cac gen
con lai c6 8 intron. Pic diém nay giéng voi cac
gen GDH cua cay ca chua [12].

Béng 1. Cac gen thudc ho GDH cua cdy dau trong va dic diém cta ching

Kich thuéc  Chicudai Khoi lrong Nhiém So
Gen Tén locus gen/CDS protein protein pl sac luong
(bp) (aa) (kD) thé intron

GmGDHO! Glyma0l1g41310 3397/1236 411 44,86 597 01 8
GmGDH02 Glyma02g07940 3894/1236 411 44,45 6,39 02 8
GmGDHO03 Glyma05g05460 3862/1239 412 44,88 6,15 05 8
GmGDHO04 Glyma07g01510 9015/1914 637 71,35 691 07 14
GmGDHO05 Glyma08g20930 7498/1914 637 71,31 6,54 08 14
GmGDHO06 Glymallgl6320 2867/993 330 36,17 572 11 6
GmGDHO07 Glymal6g04560 4039/1236 411 44,55 6,04 16 8
GmGDHO08 Glymal6g26940 4521/1236 411 44,52 6,28 16 8
GmGDHO09 Glymal7gl15740 3698/1239 412 44,71 6,09 17 8
GmGDHI0 Glymal9g28770 3706/1236 411 44,53 597 19 8
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Hinh 1. Cu trac exon/intron cua cac gen GDH ciia cdy dau twong.

3.2. Cac motif bdo thu cua cac GDH o cdy
ddu twong

Su sip diy cac protein GDH cia cdy dau
tuong cho phép phat hién cac motif bao thu cua
chung. Cac motif bao thu duwoc danh déu trong
khung hodc dugc t6 mau nén (hinh 2). O déu
amin (N-terminal), caic GDH cua cay dau tuong
c¢6 mang motif bao thu 1a peptide tin hi¢u dinh

huéng protein vao trong ti thé (dong khung nét
dat), ngoai trtt GmGDH04 va GmGDHOS.
Motif gén dac hiéu co chét a-ketoglutarate
(dugc dong khung nét lién) co & tit ca cac
GDH. Ving gin NAD(P)H duoc t6 nén xam,
trong d6, GmGDHO04 va GmGDHO0S5 c6 vung
gin dic hiéu NADPH (GxGx2Ax10G), cic
protein con lai cua cdy ddu tuong c6 ving gin
dac hi¢u NADH (GxGx2Gx10G). Cac Motif
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bao thii ndy ciia cic GmGDH twong dong cao
v6i cac GDH clia mot s6 loai thuc vat khac nhu
laa [11] thudc 14 [24], ca chua [12]. Két qua sap
day céc protein cling cho phép phat hién vung
bi x6a & GmGDHO06. Vung nay nim giita hai

motif peptide tin hi¢u dinh hudéng protein vao
trong ti thé va motif gén dic hiéu co chét (hinh
2). Ving bi mit nay giai thich tai sao
GmGDHO06 c6 kich thuéc ngin hon va c6 sb
luong intron it hon cdc GmGDH khéc.
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GmGDHO03
GmGDHO9
GmGDHO02
GmGDHO8
GmGDHO7
GmGDH10
GmGDHO6
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Hinh 2. Két qua sip diy ving béo thii ciia cac protein GDH cia ciy déu tuong. Déu * danh déu cac amino
acid bao thu, cdc amino acid tin hi¢u dinh hudng protein vao trong ti thé duoc dong khung nét dut, ving gan
a-ketoglutarate dugce dong khung nét lién, ving gin NAD(P)H duoc t6 nén xam.
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3.3. Phan tich cdy pha hé va phan logi cac
Glutamate dehydrogenase

Cay pha hé dugc xay dung tir cac protein
GDH cua cac loai dau tuong, Arabidopsis, ca
chua va lta dugc gidi thi€u trong hinh 3. Cac
protein ndy xép & hai nhanh 16n ciia cay pha hé,
trong d6 c6 mot nhanh nho, chi gom co hai
trinh ty cia cay dau tuong, mdt cua cay lua va
mot cua cdy Arabidopsis. Nhanh con lai phan
chia thanh nhiéu nhanh nhé hon. Sy phan b
cta cac GDH trong cay pha hé cho phép phan
chia cac GDH cua cdy dau tuong thanh hai
nhom chinh, tuwong ty nhu ¢ cac loai thuc vat
khac [11, 18]. Nhém I gém c6 hai gen
GmGDH04 va GmGDHOS5, xép cung nhanh véi
AtGDH4 va OsGDH4. Tam gen con lai cta cay

dau tuong thudc vé nhém II. Trong nhom nay,
cac GDH cua cay dau tuong dugc chia thanh
hai phan nhém nho hon khi chung phan bé &
hai phan nhanh khac nhau, phan nhém Ila véi
cac gen GmGDHO02, GmGDH06, GmGDHO07,
GmGDHO08 va GmGDH10, céc gen thugc phan
nhom IId 1la GmGDHO0I, GmGDHO03 va
GmGDH09. Hién tuong tuong tu cling dugc
thiy & cac loai khac nhu Arabidopsis (Ila va
Ilc), thude 14 (Ila va Ilc) va lua (Ila va IIb). Su
phan chia caic GDH thanh hai nhom khac nhau
trén cdy pha hé phi hop vai cu triic ciia chiing,
nhém I gém cac protein co motif bao thu gin
NADPH (GxGx2Ax10G) trong khi nhéom II
gc‘“)m cac protein c6 motif bao thu ga?in NADH
(GxGx2Gx10G).
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Hinh 3. Cay pha hé duogc xay dung tir cic GDH cua cay dau twong (Gm), cdy A. thaliana (At) cdy ca chua (S1)
va céy ltia (Os). Cdy pha hé dugc xy dyng vdi cac tham bién: thuat toon Maximum Likelihood, mé hinh Jones-
Taylor-Thornton (JTT), phuong phap Bootstrap vai 1000 1an 1ap lai, gia tri bootstrap (%) duogc thé hién trén mdi

nhéanh (gia tri nhé hon 50 khong dugc thé hién), ty 1& xich 1a s amino acid thay thé trén mét vi tri.



Cay pha hé ciing cho phép phat hién nhiéu
su kién nhan gen GDH trong hé gen (Whole
Genome Duplication, WGD) cua cay dau
tuong, hinh thanh nén cac gen GmGDH04 va
GmGDHO05, GmGDH02 va GmGDHO0S,
GmGDHO07 va cap GmGDHO06 vé1 GmGDHI0,
GmGDHO01 va cap GmGDHO03 v61 GmGDH09.
Céc sy kién nhan gen ciing xdy ra ¢ cac loai
khéc, nhung chi dbi véi cac gen thude nhom 11

3.4. Phan tich s biéu hién gen

Ching toi phan tich sy biéu hién gen cua
cac gen GDH qua két qua RNAseq (giai trinh tu
cac ARN thong tin) thu dugc tr cac mo, co
quan cua cay dau tuong ¢ cac giai doan phat
trién khac nhau, gobm mo 14, mo hoa, mé qué (&
ba thoi diém), mo hat (6 7 thoi diém khac
nhau), mé r& va nét san. Ban dd nhiét gidi thiéu
sy biéu hién cua cac gen (hinh 4). Tét ca cac
gen GDH ciia cay dau twong déu biéu hién ¢ it
nhét mot loai md, mirc do biéu hién khac nhau
tiy ting gen va thay ddi tity loai mé khac nhau.
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Hai gen GmGDHO02 va GmGDHO06 1a nhiing
gen biéu hién yéu nhét, gen thir nhét chi biéu
hién & hoa trong khi gen thir hai chi biéu hién &
nbt san. Cac gen GmGDH03, GmGDHO04,
GmGDHO05 va GmGDHO07 1a nhiing gen biéu
hién & tat ca cac md & tat ca cac giai doan phat
trién dugc nghién ciru. Xét & timg mo khac
nhau, ba gen GmGDH04, GmGDHO05 va
GmGDHO7 biéu hién manh nhit & 14, gen
GmGDH07 biéu hién manh nhit & hoa, qua ré
va ndt san, gen GmGDHO! biéu hién manh nhét
& hat. Vi mdi gen, miac do biéu hién cao nhit
duoc thdy ¢ cic md sinh san (ngoai trir
GmGDHO06). Su biéu hién khac nhau cua céc
gen GDH & cac mo6 khac nhau da dugc béo céo
0 Arabidopsis [14], ca chua [12]. Ngoai ra,
nhitng nghién ctiru vé sy biéu hién gen GDH
duéi anh huéng cua cac didu kién moi trudng
da duoc thyc hién ¢ lua (trong diéu kién thiéu
hut nito va phospho) [11], ¢ thudc 14 (trong
diéu kién thiéu hut duong, nito, man va nhiém
ddc kim loai néng) [13, 24].
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Hinh 4. Sy biéu hién cia cac gen GDH cua ciy dau tuong trong cac mé nghién ciru.

4. Két luan

Trong toan hé gen cua cay dau tuong, co
muodi gen ma héa cac GDH, trong d6 c6 hai gen
thudc nhom I (nhom NADPH-GDH) va 8 gen
thugc nhém II (nhom NADH-GDH). Cac gen

nay ma hoa khong lién tuc voi 14 intron hoac 8
intron, ngoai tru gen GmGDHO06. Cac gen nay
quy dinh cac protein c6 kich thudc kha tuong
déng, 637 amino acid hodc 411 amino acid,
ngoai trt GmGDH6 do c6 modt vung bi xoa.
Phan tich cdy pha hé cho thiy cac GDH cua ciy



C.P. Bang / Tap chi Khoa hoc PHQGHN: Khoa hoc Tu nhién va Cong nghé, Tap 33, S6 2 (2017) 1-8 7

dau tuong duoc xép vao hai nhom gibng nhu &
nhidu thuc vat khac, nhom I (hai gen
GmGDHO04 va GmGDHO05) va nhém II (gom
cac gen con lai). Céac protein nhém II c6 motif
bao thu tin hiu khu tra ti thé & dau amin, motif
bao tha gén co chét dic hiéu o-ketoglutarate va
vung gén dac hiéu coenzyme NADH. So vai
cac protein nhom II, cac protein nhom I ciing co
ving gin co chat dic hiéu nhung ving gin
coenzyme khac biét nhe khi gin v6i NADPH.
Su biéu hién ctia cac gen trong ho GDH cua ciy
dau tuong khac nhau ¢ cac mo khac nhau. Gen
GmGDHO0?2 biéu hién dic hiéu ¢ hoa trong khi
GmGDHO06 biéu hién dac hidu & ndt san. Chi
bén gen GmGDHO03,GmGDH04, GmGDHO05va
GmGDHO7 biéu hién & tit ca cac md & tat ca
cac giai doan phat trién duoc nghién ctru. Ngoai
trir gen GmGDHO06, cac gen con lai déu biéu
hién & cac mo sinh san manh hon & cac mo sinh
dudng. Nhing két qua nghién ctru nay bd sung
cac thong tin khoa hoc vé chu tric, phén loai, va
vai tro cua cac gen GDH cua cady dau tuong, mo
duodng cho viée tach dong gen va phén tich day
da chue nang cua cac gen trong ho GDH & cay
dau tuong.

Loi cam on

Cong trinh nay dugc hoan thanh véi sy hd
tro kinh phi tir chuong trinh nghién ctru khoa
hoc co ban cta Truong Pai hoc Hung Vuong,
tinh Pha Tho.
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In Silico Analysis of Glutamate Dehydrogenase
Gene Family in Soybean (Glycine max L.)

Cao Phi Bang

Faculty of Natural Sciences, Hung Vuong University, Phu Tho, Vietnam

Abstract: Glutamate dehydrogenase (GDH, EC 1.4.1.2~4) are the enzymes which catalyze
reversible deamination reaction of L-glutamate to 2-oxoglutarate or a-ketoglutarate (a-KG). We
identified a total of ten GDH encoded genes in soybean genome. The full length sequence of predicted
proteins had 637 or 411 amino acids, except GmGDHO6. Analysis of phylogenetic tree constructed
from GDH proteins of soyean and other plants showed that the soybean GDH were classified into two
groups, the group I inclued two genes and the group II included eight genes. The group II proteins
possessed a mitochondrial target motif, a conserved specific a-ketoglutarate binding and a specific
NADH coenzyme binding region. The group I proteins also included a specific subtrat binding but
they contained a NADPH coenzyme binding. The expression of soybean GDH genes was dissimilar in
different tissues. Four genes GmGDHO03, GmGDHO04, GmGDH05 and GmGDH(07 expressed in all
tissues at all studied development stages. In addition, all soybean GDH genes expressed stronger in
reproductive tissues than in vegetative tissues, except GmGDH06 which specifically expressed in
nodules.

Keywords: Glutamate dehydrogenase, gene expression, phylogenetic tree, gene characterization,
soybean.



