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Tém tit
Enzyme glutamate dehydrogenase (GDH, EC 1.4.1.2~4) xGc tac phan ung thuan nghich khir amin hoa
glutamate téi a-ketoglutarate hodic 2-oxoglutarate. Enzym ndy déng vai trd quan trong trong su trao ddi
amino acid cua thyc vat. Nam gene ma hoa GDH da dugc xac dinh trong hé gene ctia cdy Pau cove. Cac gene
nay duoc chia thanh hai nhém, nhém I (NADPH-GDH) c6 hai gene (PvGDH, va PvGDH;) va nhém I (NADH-
GDH) ¢6 ba gene (PvGDH,, PvGDH, va PvGDHS,). Cic gene nay c6 cac dic diém cau tric, hoa 1y khong giéng
nhau. Cac protein chia sé motif bao tdn gin co chét dic hiéu a-ketoglutarate va motif gin dic hiéu coenzym
NAD(P)H. Ngoai ra, cac protein nhom II con c6 motif bao ton tin hiéu khu tré ti thé & ddu N. Cac gene GDH
clia cdy D4u cove biéu hién khac nhau & cdc mo khac nhau. Bén gene PvGDH,, PvGDH,, PvGDH, va PvGDH;
biéu hién & tat ca cac mé & tit ca cac giai doan phat trién dugc nghién ctru. Cac két qua nghién ciru nay 13 nén

tang cho cac nghién ctru xa hon vé churc nang va ing dung cac GDH cua cay Pau cove.

Tir khéa: Glutamate dehydrogenase, biéu hién gen, cdy pha hé, dic trung ciia gen, Pdu cove.

1. it van dé

bau cove (Phaseolus vulgaris L.) 1a loai
cay c6 nhiéu gia tri dinh dudng, kinh té va
sinh thai. Hat Dau cove chira nhiéu protein,
giau nang lugng, khoang, vitamin va xo nén
c6 gia tri dinh dudng cao [1]. Nho vao céac
gia tri trén, cay Pau cove dugc tré)ng rong rai
trén thé gidi [2].

Glutamate dehydrogenase (GDH, EC
1.4.1.2~4) 1a enzyme xuc tac phan ung
thuan nghich khir amin hoéa glutamate
tdi a-ketoglutarate hodc 2-oxoglutarate
nho st dung NADH hoac NADPH nhu 1a
coenzyme [3]. GDH c6 ¢ khép cac sinh vat
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tir vi khuan dén céc sinh vat nhan chuan. O
thuc vat, enzyme nay rat phong phu va cd
mit & nhiéu co quan, dinh khu ¢ ti thé, luc lap
va dich bao [3]. Glutamate dehydrogenase
tham gia vao qua trinh ddng hoa NH,+ & thuc
vat ciing v6i hé thong GS/GOGAT. Enzyme
nay tham gia vao su can bang glutamate noi
mo, amino acid gilt vai tro trung tam trong
nhiéu qua trinh trao d6i chat [4-5]. Cac GDH
thudng lién quan téi tinh chong chiu cia thyc
vét thong qua can bang N/C cua thyc vit [6].
Vé ciu tric, cac GDH c6 mang hai viing bao
thu dédc trung la vung gén glutamate va ving
gin NAD(P) [7]. Nhiéu nghién ctru gan day
da chi ra rang o thuc vat c6 it nhat hai gene
ma hoéa cho GDH, mot ma hoa cho dudi don
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vi a va mot ma hoa cho dudi don vi b, hai
dué6i don vi nay két hop véi nhau theo cac ty
1¢ khac nhau c6 thé tao thanh 7 dang isozyme
khéac nhau [8]. Cac ho GDH da duogc phan
tich & Arabidopsis [9], ¢ lua [10], & ca chua
[11]. Tuy nhién, nhing nghién ciu vé sy
diéu hoa biéu hién ciia cac gene GDH con
chua nhiéu. Dén nay, su biéu hién cuia GDH
dugc biét 1a co dap ung véi cac tic nhan bat
loi v6 sinh nhu han, man, nhiét dg, kim loai
nang va su thiéu carbon [4, 12-13]. R4t gﬁn
day, su biéu hién cua céac gene GDH trong
qué trinh chin cua qua ca chua cling dugc
bao cdo [11-14]. Tuy nhién, chua c6 nghién
ctru toan dién vé ho gene GDH trén quy md
hé gene cua cay Pau cove, loai cay co kha
ning ¢ dinh N,.

Trong nghién clru nay, ching t61 huong
to1 viéc xac dinh cdc gene ma hoa cho cac
GDH trong hé gene ctia cy Pau cove. Pong
thoi chiing toi trinh bay cac két qua phan tich
vé céc dic tinh hoa - 1y va cau triic ciing nhu
su biéu hién ciia cac gene nay thong qua phan
tich két qua RNAseq (giai trinh tw ARN).

2. Phuwong phap nghién ciru

2.1. Co 56 div ligu vé cdc trinh tw hé gene va
RNAseq o cdy Dau cove

Trong nghién clru nay, trinh tu hé gene cua
cay Pau cove duoc luu trir trén LIS-Legume

3. Két qua nghién ciru va thio luin

Information System (https://legumeinfo.org/
organism/Phaseolus/vulgaris) dugc iy tir
Schmutz et al. (2014) [15]. Dt liéu RNAseq
duoc 1ay tir O’Rourke et al. [16].

2.2. Xdc dinh cac gene thudc ho GDH ¢ cdy
Ddu cove

Céc GDH cua cay Pau cove dugc tim
kiém bang cach str dung cac protein GDH
cua cay dau tuong [17] lam khudn do nho
chuong trinh TBLASTN [18].

2.3. Xdy dung cdy pha hé

Céc protein GDH cua cay Dau cove, dau
trong va Arabidopsis dugc sip diy bing
MAFFT [19]. Cay pha hé duogc xdy dung
nho phan mém MEGA X theo phuong phép
NJ, gié tri bootraps bang 1000 [20].

2.4. Phén tich cic dic diém héa - Iy

Cac dic diém vat ly, hdéa hoc cua céc
gene/protein dugc phén tich in silico bang
cac cong cu trén server ExPASy [21]. Cau
trac exon/intron dugc xay dung nho GSDS
2.0 [22].

2.5. Phdn tich in silico sw biéu hién gene

Su biéu hién cua cac gene GDH ¢ cay bau
cove dugc phan tich qua két qua RNAseq
cua cay Dau cove [23].

3.1. Xdc dinh va phan tich dic diém cic gene GDH 6 cdy Pdu cove

Bang 1. Cac gene thudc ho GDH ciia ciy Piu cove va dic diém ciia chiing

Kich thwéc  Chiéudai  Khdi lwong Nhiém )
Gene Tén locus gene protein protein pl sﬁg lwong
(bp) (aa) (kD) thé intron
PvGDHO1 Phvul.001G110500 2.783 411 44,63 6,61 01 8
PvGDHO02 Phvul.003G225100 3.136 412 45,10 6,03 03 8
PvGDHO03 Phvul.004G080200 3.788 411 44,57 6,15 04 8
PvGDHO04 Phvul.010G141900 9.127 639 71,78 7,21 10 14
PvGDHO5 Phvul.010G142000 11.136 629 70,34 6,43 10 14
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Tong s6 5 gene mi hoa GDH da dugc xac
dinh trong hé gene cta cay Pau cove (Bang
1). Protein suy dién cua cic gene ndy mang
viing bao ton Glu/Leu/Phe/Val dehydrogenase

(PF g1, va PFy005). Ho GDH cua cay Bau cove
16n hon so voi cta cay A. thaliana, cay ca chua
va cay lua (cung c6 4 gene) [10-11][24] nhung
nho hon ¢ cay dau tuong (10 gene) [17].

Hinh 1. Cau truc exon/intron ciia cac gene GDH cua cay Pau cove

Céc gene ma héa GDH ¢ cay Pau cove co
chiéu dai tir 2.783 pb dén 11.136 pb, ma hoa
khong lién tyc, trong d6 ba gene PvGDH,,
PvGDH, va PvGDHj; ¢6 8 intron trong khi
hai gene PvGDH, va PvGDH; cung c6 14
intron (Hinh 1). Cac protein suy dién co
kich thudc tir 411 dén 639 amino acid. Khoi
lugng protein suy dién dao dong tir 44,57

kD dén 71,78 kD. Cac protein GDH cua
cdy Pau cove c6 tinh axit yéu dén trung
tinh. Nhu vay, cac gene GDH cua cay Pau
cove c6 dic diém tuong dong véi cac gene
GDH ¢ mot sd loai khac nhu Bryopsis
maxima [25], Nicotiana plumbaginifolia [26],
A. thaliana [9], dac biét rat giéng v6i ¢ loai
dau tuong [17].

3.2. Phan tich cdu triic va phan logi cic GDH ciia cdy Pdu cove

Hinh 2. Cac motif bio ton
ciia cic PYGDH. Diu * dénh
dAu cac amino acid bio ton,
cac amino acid tin hiéu dinh
hwéng protein vao trong ti
thé dwoc dong khung nét dirt,
viing gin a-ketoglutarate
dwoc déng khung nét lién,
viing gin NAD(P)H
dwoc t6 nén xam
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Phan tich sau hon trinh tuy amino acid
cic GDH cua cdy Pau cove cho thay chiing
déu mang cac motif bao ton dic trung (Hinh
2). O dau amin (N-terminal), ba GDH cua
cdy Pau cove co6 motif bao ton 1a peptide
tin hiéu dinh huéng protein vao trong ti thé.
Motif gan dic hiéu co chat a-ketoglutarate
duoc phat hién ¢ ca 5 PvGDH. O PvGDH,,

PvGDH, va PvGDH, c6 motif gin NADH
(GxGx2Gx10G), hai
con lai co6 vung gén dac hiéu NADPH
(GxGx2Ax10G). Cac motif bao ton niy
turong ddng cao v6i cac GDH ciia mot sé loai
thuc vat khac nhu lua [10] thude 14 [26], ca
chua [11], dau tuong [17].

trong khi protein

Hinh 3. Cay pha hé dugc xay dung tir cac GDH ciia cay Pau cove (Gm), cay A. thaliana (At),
ciy ca chua (SI) va cay laa (Os). Ciy pha hé dwoc xay dung véi cac tham bién: thuét toan Maximum
Likelihood, moé hinh Jones-Taylor-Thornton (JTT), phwong phap Bootstrap véi 1000 1an Lp lai,
gia tri bootstrap (%) dwoc thé hién trén mdi nhanh (gia tri nhé hon 50 khong dwgc thé hién)

Cay pha h¢ duoc xay dung tir cac protein
GDH cua bau cove va cac loai Arabidopsis,
lta va dau tuong dugc trinh bay ¢ Hinh 3.
Cay pha hé gdm hai nhanh, trong d6 nhanh
16n c6 ba gene cua cay Pau cove 1a PvGDH,,
PvGDH, va PvGDH,. Hai gene con lai nam
trén nhanh tht hai. Can clr va cdu trac ciing
nhu ciy pha hé, c6 thé phan chia cac GDH
ctua cdy dau tuong thanh hai nhém, nhom I
(g6m PvGDH, va PvGDHy) va nhom II (gom
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PvGDH,, PvGDH, va PvGDH,). Nhiéu loai
thuc vat khac, cac GDH ciing dugc phan chia
thanh hai nhom tuwong Ung [10, 17, 24]. Su
phan chia cac GDH thanh hai nhom khac
nhau trén cdy pha hé phii hop voi ciu tric
ctia chung, nhém I gdm cac protein c6 motif
bao thu gin NADPH (GxGx2Ax10G) trong
khi nhém IT gdm céc protein c6 motif bao thi
gin NADH (GxGx2Gx10G) nhu da dugc chi
ra ¢ trén.
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3.3. Phan tich sw biéu hi¢n gene

Su biéu hién gene ctia cac gene GDH da dugc phan tich nho hé dir liéu RNAseq (giai trinh
tu cac ARN thong tin) thu dugc tir cac mo, co quan sinh dudng (Bang 2) va sinh san (Bang
3) cua cay DPau cove.

Bang 2. Sy biéu hién ciia cic gene GDH ciia cAy Piu cove trong cic mé sinh dudng

YL LF LE LI YS ST RT YR RF RE RI NE NI

Ghi chu: YL = M6 la cua cay o giai doan la chét thir 2 hoan chinh cua cdy da duoc bon phdn; LF = M6 la cua cdy dwoc
tuoi phdn 21 ngay, LE = M6 ld cua cdy dwoc u 21 ngay voi rhizobium hitu hiéu, LI = M6 la cua cdy dwoc u 21 ngay u voi
rhizobium vé hiéu; YS = Léng than phia trén ld mam ciia cdy ¢ giai doan la chét thir hai; ST = Chéi bao gom mé phdn
sinh dinh ciia cdy & giai doan ld chét thir hai; RT = Chép ré thu tir cdy dwoc tw6i phdn & giai doan hai ld chét; YR = Ré
hodn chinh thu tir cdy dwoc tieéi phan & giai doan hai la chét; RE = Ré hoan chinh thu tir cdy c6 nét san c6 dinh hoat
déng sau 21 ngay ii; RI = Ré hoan chinh thu tir cdy ¢6 nét san cé dinh bat hoat sau 21 ngay ii; NE = Nét san c6 dinh hitu
hiéu duoc thu sau 21 ngay u, NI = Nét san cé dinh v hiéu duoc thu sau 21 ngay u.

Bang 3. Su biéu hién cilia cac gene GDH ciia ciy DPiu cove trong cac mo sinh san

Mo
FY PY PH P, P, SH S, S,
Gene

PvGDH,,

PvGDHy,

PvGDH,,

PvGDH,,

PvGDHy,

Ghi chit: FY = Hoa non; PY = V6 qud non ¢ giai doan 1-4 ngay sau rung hoa, mau chira cdc phéi dang phat trién ¢ giai
doan hinh cau; PH = V6 ciia qud dai gan 9 cm, hat & giai doan hinh tim; P, = Vo ciia qua dai gan 10-11 cm, hat & giai
doan 1; P, = Vo ciia qua dai gan 12-13 cm, hat & giai doan 2; SH = Hat & giai doan hinh tim, dai 3-4 mm, ning gan 7
mg; S, = Hat ¢ giai doan 1, dai 6-7 mm, ning gan 50 mg; S, = Hat ¢ giai doan 2, dai 8-10 mm, ndng gan 140-150 mg
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Tat ca cac gene GDH cua ciy Pau cove
déu biéu hién & tat ca cac loai md nghién ctru
v6i mirc d6 biéu hién khac nhau tly timg gene
va thay doi tuy loai md, ngoai trr PvGDH,,
gene nay khong biéu hién ¢ 14, than mam va
v6 qua. Nhin tong thé, gene PvGDH, biéu
hién manh nhat & 12 trong tong s6 21 mo
nghién ciu. Dac biét, gene nay biéu hién
manh nhat ¢ 7 trong tong s6 8 mo cua co
quan sinh san. Trong khi do, gene PvGDH,
biéu hién manh nhat so véi cac gene khac & 7
trong téng s6 21 mo nghién ctru. Khi so sanh
su biéu hién gene giita cac mo, gene PvGDH,
va PvGDH, biéu hién manh nhat &6 YR (Ré&
hoan chinh thu tir cay dugc tudi phan ¢ giai
doan hai 14 chét). Riéng gene PvGDH, biéu
hién manh nhat & S, (hat & giai doan 1, dai
6-7 mm, ning gan 50 mg). Hai gene PvGDH,
va PvGDH; biéu hién kha on dinh ¢ trong
tat ca cac loai mo. Céc gene GDH biéu hién
khac nhau & cac mo khac nhau da duoc bao
cao O Arabidopsis [13], ca chua [11] va dau
tuong [17].

4. Két luan

ba xac dinh dugc 5 gene ma hoéa GDH
trong hé gene cua cady Pau cove, trong d6 co
hai gene thugc nhom I (nhém NADPH-GDH)
c6 2 gene va nhom II (nhom NADH-GDH) c6
3 gene. Hai gene nhdm I ¢6 14 intron trong khi
ba gene nhoém II ¢6 8 intron. Cac gene nay ma
hoéa cac protein co kich thudc kha tir 411 amino
acid dén 639 amino acid. Cac GDH ciia cay
Pau cove duge xép vao hai nhom giéng nhu &
nhiéu thuc vat khac dua trén phan tich cAu trac
va cay pha hé. Céc protein GDH déu chira motif
bao ton gén co chat dic hiéu a-ketoglutarate va
coenzyme NAD(P)H. Cac gene trong ho GDH
ctia cdy Pau cove biéu hién khac nhau & cac
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mo khéac nhau. Trong d6, ngoai trtr PvGDH,,
cac gene con lai biéu hién trong tit ca cac mo
nghién ctru. Nhiing két qua nghién ciu vé
cac gene PvGDH nay cung cp cac thong tin
vé cdu triic, phan loai, va vai tro ciia cac gene
GDH cua cay Pau cove, m¢ duong cho céc
nghién ctru ddy du chirc ning va tmg dung ctia
cac gene nay.
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IN SILICO ANALYSIS OF GLUTAMATE DEHYDROGENASE ENCODING GENES
IN COMMON BEAN (Phaseolus vulgaris L.)

Cao Phi Bang'
'Faculty of Natural Sciences, Hung Vuong University, Phu Tho

Abstract

lutamate dehydrogenases (GDH, EC 1.4.1.2~4) catalyze reversible deamination reaction of L-glutamate to

2-oxoglutarate or a-ketoglutarate (a-KG). These enzymes play an important role in amino acid metabolism
in plants. Five GDH encoded genes were found in common bean genome. These GDHs were classified into two
groups, the group I (NADPH-GDH) inclued two genes (PvGDH, and PvGDHjs) and the group II (NADH-GDH)
had three genes (PvGDH,, PvGDH, and PvGDHj,). These genes had different physico-chemical characteristics.
All five PvGDH proteins shared the specific substrate (a-ketoglutarate)-binding motif and specific coenzyme
(NAD(P)H)-binding motif. In addition, the group II proteins contained the mitochondrial target motif at
N-termnal. The expression of common bean GDH genes was divergent in different tissues. Four genes PvGDH,,
PvGDH;, PvGDH, and PvGDH; were expressed in all tissues at all studied development stages. These results
are the basis for further research on the function and application of the GDH of common bean.

Keywords: Glutamate dehydrogenase, gene expression, phylogenetic tree, geme characterization,
common bean.
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