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Tmm | B E OVIF/IGT ERAREERIESH
ETal
EHp? kEFY, B2t I, HEE,
I, AR meE

(1. F il KRR WICE =TS S R RO E K E G S50 %, 5 il 05T 810016; 2. il K22/ E T TR 220, F il 19T
8100165 3. 75 IV K 2 AE iy b2 2 Bt / 75 96l vy J 22 400 22 R P WL 15 2% 5 R P A8 0 0 S0 26, 351 14 77 810008
4. o [k 2 B 4 b e 2R M T T/ 9 e A S KR R AR A T R SR S, 5 T T 810008)

WE: FHARAZIHMED T —LARGRERR T4, AFERSHUS THIERLFTRRHAEWERAE
Lk, AFRAZERR LA E L 8 3 (Onobrychis viciifolia) 7 BF AL, WABHFTHN B4 IE, Ao g Feb i
¥R K AF — A JF % B 7-O-48 K& 4 4% B (Tsoflavone 7-O-glucosyltransferase, OvIF7GT) A B, Fxtiz A B #4147 4A %12 &
P RMBPEAAATIEMATRERFOIN, EREF: )AFREEFH G OUF/GT X H 1512bp, %
SO3AAAER, BEORMN ST REHS677436Da; LB a R —FFKEEE, BARASBELEME, 62 M5
BRSO B, BF R ENSS, DRFLEMBES N, OVIFIGT R G & THARMBAESBRE, L 29
o-¥E 7% (41.75%) A= AL B W (35.79%) Mk ; RAAL FHALX R oM AN L EG S5 E LB % Medicago truncatula) =
JE = 2 (Cicer arietinum) ¥ 4 IFIGT 4% % A% ; I, B2 2= OVIFIGT 2245 Twm iy, £
MAZ b AL A, 3) F B % K EF PCR (QRT-PCR) R AW, EFFMia2h)E, L a2¥E 4% ¥ OIF/GT %% % 3
FEMiaeyiEFREk, BETPRBRPHERAXATES, ZAALEREW, OUF/IGTHA S TU 2 ¥ F FWa ki,
ThELLZFZWRFFTEABENRE,

X waF; FEMTOEARLE; ARLE; T cl; AL EPCR; TFME,; K&XL5H
XHAFRIREE: A XEHS: 1001-0629(2024)12-2917-11

Gene cloning and expression analysis of OvIF7GT in Onobrychis viciifolia

LI Zhenzhen" 2, ZHANG Zhengfangl’ 2, MA Xiaolan" 2, WANG Wenying3, QIU Qinghuiz,
WANG Xiaomei’, ZHOU Huakun®, YIN Hengxia'
(1. State Key Laboratory of Plateau Ecology and Agriculture Qinghai University, Xining 810016, Qinghai, China;
2. College of Eco-Environmental Engineering, Qinghai University, Xining 810016, Qinghai, China;
3. College of Life Sciences, Qinghai Normal University, Key Laboratory of Biodiversity Formation Mechanism
and Comprehensive Utilization of Qinghai-Tibet Plateau, Xining 810008, Qinghai, China;
4. Northwest Plateau Institute of Biology, Chinese Academy of Sciences, Key Laboratory of Restoring
Ecology in Cold Region, Xining 810008, Qinghai, China)
Abstract: Isoflavones are a class of typical secondary metabolites in legumes. The diversity of their chemical structure aids
plant growth and development and resistance to environmental stress. In the present study, a gene encoding isoflavone 7-O-

glucosyltransferase (OvIF7GT) was cloned from the leaf of Onobrychis viciifolia with specific primers designed from the
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transcriptome data, and the gene was subjected to bioinformatics analysis, subcellular localization, and relative expression
analysis under drought stress. The results revealed that the gene OvIF7GT had the sequence size of 1 512 bp and encodes a
protein with 503 amino acids and molecular weight of 56 774.36 Da. The protein was proposed to be hydrophilic and had
two transmembrane domains, 62 phosphorylation binding sites, and a theoretical isoelectric point of 5.51. Its conserved
domain analysis showed that the protein OVIF7GT contained a-helix (41.75%) and random coils (35.79%); hence, it is
proposed to be belonged to the isoflavone glucosyltransferase family. Its phylogenetic analysis showed that the protein
OVIF7GT has the closest relationship with the Medicago truncatula and Cicer arietinum homologues. Subcellular
localization analysis showed that OvIF7GT was mainly present in the cytoplasm and also distributed in the nucleus. The real-
time fluorescence quantification (qQRT-PCR) result revealed that the relative expression level of OvIF7GT gene was
significantly induced by drought stress, the highest level was at 72 h under drought stress, and the expression level in the
leaves was higher than that in roots. Therefore, the gene OvIF7GT probably plays a role in drought stress response and

resistance of O. viciifolia.

Keywords: Onobrychis viciifolia; Isoflavone 7-O-glucosyltransferase; gene cloning; subcellular localization; real-time

fluorescence quantitative PCR; drought stress; expression analysis
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YEN— R 2 7= IR B AR 7=, 2R3
B AN B A BB 2 M e, T HEEYAEKKE
Te SR i i s vh B mEE L fEAREY
g B Eia T, Mg N aEE s Al 2 0
PR, TSR ERY B h A E 2 I e R 4k, RA T
B 20 E 2R R 1, R DA B AR A A AR O 1 R KT
DL I R 2 M 4 32 B B B Y R R R A
JR % B M 2L F2 2 8 (UDP-glycosyltransferase,
UGT) MHEAAE T, R A0 b 0 0E SR 5 42 21 /N 43
FAEY b, TS, B MR ECE OB R R
(22 5, S BRI T e 8 B2 RS, B
R, REHMER S ES S THEY X ]H
8 P A0 F 72, DA 2K TR S A B 0 e i
Pl H K UFGT2 18 £ oK (Zea mays) HiL K15, 1 it
TR AR R, M R 7 ROKRX T B A ER IR
B e, sbah, SR Y P H B (Medicago
truncatula) ¥EFE B UGT71G1 X 7 34 B A1 55 P i
Wi e 2 B A IR A R, B T A A
FEED I S Bk E KRS SR
WA BCR) BEERL AN UGT AE B2 A0 HE A8 HE 490 24 55 )
B R IEE DI RE

S A EE AT SRME Y 2
P, GO Ak 3 2 C-7 A7 ) O-% bl 24k, JF H 3
B S IR 7-O-% E L R B (IF7GT) 45 5 M i 1k
TR, AN A A 0 (8 SRR IR T R 7 24 O
50T, M HIEZ 5 #PUE IR R K 5L 5 B 18 HL

E-mail: hengxiayin@ghu.edu.cn

w1 H BT, ATE B A (Pueraria lobata) '\ H
(Glycyrrhiza echinata) ""'. K 5. (Glycine max) %)) 4 1)
R RO AT g B3RS, T A BR
Yirh i B 1) IF7GT 38+ A IR .

2. 5. %L (Onobrychis viciifolia), 7 5.8t 5. )@ &
AHEY, CAEHR. 5. 7GRS R X 5] ok 5
Z AT R 6 X P ) R P 4T S 4 43
R, 2T AR I8 B 1E 4 G R B M
HEE, BRI, S 5RERRHBHNOTE
S SR 7-O-7 BE 5L e A g B2 ) (OvIF7GT) H3RIE
2 FR, 208 OvIF7GT 3[R 78 40 5 55 T 5 i 3a i
Z Al e R EEAEH . AW UL G R ORI
BE, F] H RT-PCR £ K 50 [ 41 & 52 OvIF7GT 3 A,
I 12 56 R AT A 5 U2 2 ST 40 i 5 7 43 AT s
&b, B FH 92} 94 5% %€ & PCR (qRT-PCR) i A 4 #r %
B DRAE 21 5 B 4 e v oof - 5 A AR e 8 3R 5k 1 L
PLIA N 5 SR NER T OVIF7GT fE 4L S 5 Fi B h 1
Thie e L E IR R

1 MR %

1.1 R

G R R 2022 4E 8 AR H T H A M
K Ff 255 1% (100°39' E, 35°09' N), K FkL 14 3% 11
T £ 725 70 W 75% BTG K SBERT 1% (1) IR R
BN HOIAT R TE EE, AR5 B TEA X2 T IR 4R
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FR 3% 3 5% 7% LA I 0N 3 mL K B /K, (E R 6 IR
BRI AR R, BRSO LI/ AR 16 h/8 h, iR
F£ 23 °C, W 40%, & REHF L E K. FfFhh+
WA S T R, K — B4 € T 1/2 Hoagland
BRI, B3dER—IREFRE. 2
B K E 5 28 K, PL 1/2 Hoagland & 77 ¥R B i1l 79 15%
PEG6000 7 MR A5 40+ 5 i, [ I BUAS I PEG6000
) % W8 77 E 6t R (CK), it B8 A a8 41 4% i B
3AEE; 4 EL 0. 64 12, 24, 48 F1 72 h TS ia
Ji PR 41 55 &0 i T R 4 447 T80 °C vk AR,
T J5 82 OvIF7GT W) 5a [ F Rk 3 7

1.2 R FI R EENSE

Y RNA $2EURAF & (TaKaRa, Ki%, Cat#9769).
cDNA J% # 3t i 7] £ (Takara, K %, Cat#6210A).
pMD19-T # f& (Takara, K%, Cat#3271). SZ i % )6
& B R & (Takara, K%, Cat#RR820A). DNA F Bt
HE R B R A (B518141-0100, & i) K g #T B
E.coli DHSa(& R & EMH ARG IR A A, b5 "R
B K & I Prime STAR HS (Premix) (Takara, K i,
Cat#R040Q). % )t 5€ & PCR {57 & TB Green Premix
Ex Taq II (Takara, Ki%, Cat#RR820A),

ER A% R B I 521X (NanoPhotometer® NPSO0,
IMPLEN). %t 4% X (Universal Hood II, BIO-RAD).
S 9% 9% %€ f PCR X (LightCycler®4801, Roche).
BOGH R A B (NIKON AIR +, HAJE BEA ).

1.3 REFHE
1.3.1 RNA $#2HU K cDNA 5 /)& 1%
T HAEY) 5 RNA £ BGR ) &, 1 887 & e B

TP HL CK AT 52 i Ab 3 J5 21 & AR 20 2117
& RNA, 2R J5 #] Fl Nanodrop # Jlll RNA ¥ & il 4fi
B #4 FFH 1.0% B8 5 B 5% I 4G I RNA 58 %2 1%
(1 x TAE 20, 120 V, 25 min), FFE& 3 uL (RNA
2 uL + Loading buffer 1 pL); & 5 F & % s ol 57 &
# RNA Jx # 5% & B cDNA 85 . & B HI cDNA Ji%
BT 20 CUKFERAEH T 5 2il5 .
1.3.2 HMERE 7R

g5 & A A 4T © R S A R OvIF7GT 5
17 %45 S, 8 78 28 T. & NCBI ORF finder
(https://www.ncbi.nlm.nih.gov/orffinder/) & i £ 5¢ ¥
H T I8 Be 52 HE , K| B Primer Premier 5.0 % it H ) &t
RIS IESI Y (3 1); BL72h TR AL & s 4
I RNA J= #% 5% & () cDNA % A it , #E47 PCR ¥~
1, § 14K R (50 uL) A, cDNA 0.5 pL, b R 514
% 1 pL, PrimeSTAR HS (Premix) 25 pL, K % ddH,0
22.5uLo RNFEFF g, FAEME: 94 °C 5 min; A8 1%E: 94 °C
30s, IBK:50 'C 45s, %EfH: 72 °C 90 s, L 30 MEIF;
FEAH: 72 °C 10 min, 4 C TRAF . F = WEA 1.0% I
It R % e FL KR I O, ¥ H R TR R B [
P 3% $2 2 pMD19-T # 44 3 %% 46 K 7 #F B DHSa J&
SN, B R T R 2 4 M R A ] R AT
1.3.3 OvIF7GT & HEME B %0

FIFHAEL S B B F (36 2) 73 H OVIF7GT
BAKS LS. BN, BEX. EAFIES
WK G 25 ) Jo = 9% 25 1 55 3 AL 1 i . e Ak, fE
NCBI # 4% & w46 2% OVIF7GT (1) [H V5 & (A /51, Al
F DNAMAN 5 4 %t [F] 5 85 3 & B R 7 91 AT 2
HELXE, SR 5 DAL I AR Aok B, T B KAULAR

®1 AEE OvIF76T ERAREREEE PCR A5
Table 1 Primers used for cloning and quantitative PCR of OvIF7GT in O. viciifolia

CIE A S5 —3") Fi&
Primer name Primer sequence (5'—3") Application
OVIF7GT-F  GAAAGGATTAATGGTAGAGGCATTGTG S
OVIF7GT-R ~ CAAGACCGGCAACAGGATTCAATC Gene cloning
yOVIF7GT-F  AACACGGGGGACTTTGCAACATGGCTTCTTCCTCTTCTCGTTCG G o
yOVIF7GT-R  CCTGAAGCGGCCGCTGTACAAGGATAAATCTCAATAAGGGACAACAATCCTGTC — Subcellular localization
gOVIF7GT-F ~ ATCATTACCACCTCCAACTT 5652 BPCR
gOvVIF7GT-R  GGATACCAGGCACAACAA qRT- PCR
ACTINI-F~ TCCTATCTCACCTCTTATCCA N %5
ACTINI-R ~ CCATCCATTGTCCACGAA Reference gene

http://cykx.lzu.edu.cn
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Table 2 Websites used for bioinformatics analysis

i

Function

Wk
Website

TR EE IR 4T Conservative domain analysis

B AL Physicochemical properties of protein

B A B B2 10 47 55 Phosphorylation sites of proteins
ARG K 24T Protein hydrophilicity analysis

B A G Z 1T Analysis of protein signal peptide

2 A% 45 1) Protein transmembrane structure

AT A5 TN Protein secondary structure prediction

AR = FAERITIN Protein tertiary structure prediction

https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
https://web.expasy.org/protparam
https://services.healthtech.dtu.dk/service.php?NetPhos-3.1
https://web.expasy.org/protscale/

www.cbs.dtu.dk/services/SignalP-4.1

www.cbs.dtu.dk/servicess TMHMM
https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa%20_sopma.html

https://swissmodel.expasy.org

% (maximum likelihood, ML), 1§ F| MEGA X7 # 4 #J
AR YR IF7GT & A FVE T 5 R EGK 8§ i
¥, Bootstrap ¥ & N 1 000,
1.3.4 OVIF7GT V.48 Jifd 5& 17

AW AL SR A8 28 1T A CELLO v.2.5 (http:/cello.
life.nctu.edu.tw/) ¥l OVIF7GT 25 A I 3.4 s 72 17 15
s H VOB B R IA R RAIEZE ORI E
B, BART 0T HUL& A B 2 E % pMD19-T
B, F yOvIF7GT-F 1 yOvIF7GT-R 5| ¥ #3473~
B (GR 1), 38 =R H Gibson assembly [F] Y5 H 2
) 5 ¥ % OvIF7GT W. 7% B & pCAMBIA1300-GFP
AR IEM R, W IE 8 1 #4& pCAMBIA1300-
IF7GT-GFP % N & #F B GV3101, $kHU ¥ 50 & &5 LB
Wk BRI (F S0 mg L RIRER) P B 5, B
B & W A5, B 10 mmol'L MgCl, (4 120
mmol- L™ AS) & ¥ ¥ H & I & Jf T ODgp &
0.6 /i A7, SR JE ¥ RS st i TR B, =R
B4 3% 48 h 5 O E L R BB s a7 a5 5
1.3.5 AT RWER [T OvIF7GT R4 G 5 (1)
FIB K53 b

R #& OvIF7GT Iy %1 , & il OvIF7GT ] qRT-
PCR #¢ 519 (% 1), LA CK F1F B2 &b 2 6. 12,
24, 48 F1 72 h J5 41 & B AR 2H 21 cDNA AR,
BE4T qQRT-PCR 543 #7, I Lh ACTINT " E Jy g 2
B, FOHEEE3INEL . KNAAR 20 uL) HN:
cDNA #i #) 2 uL, TB Green Premix Ex Taq II 10 L,
1E 2 751414 0.8 L, ddH,0 6.4 pL; SN FEF N 95 °C
30,9 °C55s,55°C30s, 72 °C 30s, 40 NMEIF . K
I 27T 53U 1 8 OvIF7GT A 3 ik &, F)

F Graphpad Prism 6 B X &5 R gt it i 54 K.
2 R0

2.1 OVIF7GT ERE R =pE

SEG AT A E T R 0 s s, R
23— RN R IR -7-O-8E X R R g
(OVIF7GT) 1) ¥% 5% A, K] H ORF %¢ 7 £ 5] ¥ I
OVIF7GT B R 34T ¥ 16, 2 1.0% B AR #l E Ji L 9k
XF PCR = H A , 3RA5 — 5% Fe e R 5 7 51 KD
1500 bp /e A (R R B (] 1) WP &5 R BoR, %
FERFF) K /NN 1512 bp, 5T H 9K A BOK
ANFRAF, 2B AT FU R ) ve BEAS 2] H 1 3E R OvIF7GT

M OvIF7GT

«— 1512bp

B 1 L2 OvIF7GT Z[E ) PCR ¥ 1%

PCR amplification of OvIF7GT gene in
Onobrychis viciaefolia

M X% 6 000 bp Marker, OvIF7GT A H A .

M and OvIF7GT indicate the 6 000 bp Marker and interested gene,
respectively.

Figure 1

http://cykx.lzu.edu.cn
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(Genbank 5% 54 0Q914858).
2.2 OVIFIGT ZEBMEYMEERESH

4 T NCBI CD search 7£ £ T. B X OvIF7GT %
DK 9 B4 1 2 13 J50 2R AT 23 M, K B OVIF7GT 2 H H
GTB ! UDP il 5 % #% g 25 16 3. i it 0% g — 1ol I
Ji 5 (TDP) 45 & 07 /0 IR ) &5 & 380 B0 1541 %
(i 2). #]H Expasy-ProtParam tool I. £ %} OvIF7GT
A 5T AT 4 B, 45 R B R - OVIF7GT 3 4 14
503 PNEIEIR, 70T A Cysp7H3991Ng750749S 300 AT

4y F N 56 774.36 Da, FEALZ5HL 50N 5.51, AN Fa
EREN 5159, & —FIRMEATRE & A TR
N 92.23, & [ Py 1E 7L fuf R R ECH 2 5 47 A
62, - ZEHIH 30 he

FI| F NetPhos 7E 26344 T | OvIF7GT % [X 9w
T8 A 5 R BR A A 55, 45 3R SR OVIFTGT & #4
M2 (Serine, Ser) fi &% %, H K275 %’ (Threonine,
Thr) fi7 /5 F1 4% 2 1R (Tyrosine, Tyr) fi7 55 (B 3A), %
% 8 A 7R R AR T R Ak B = B DL 22 SRR B R AL
F o I % & B R SR /e K Y AT (B 3B), BoRcE

Z LR B Amino acid site

1 50 100 150 200

e e

IR Active site '\ i Al

J¥5 K Sequence length
T Query seq.

250 300 350 400 450 503

A A 7Y

JEEPIE5 A5k Substrate-binding pocket A&
TDP%% 45 {i7 4 TDP-binding site A

Y

W% Superfamilies

i
AL HEGTB AL X )k Glycosyltransferase_ GTB-type superfamily

2 OVIFIGT EBRRTEHUE D

Figure 2
A — 225l Serine (Ser)
— & Threonine (Thr)
= — 24 %% Tyrosine (Tyr)
E 1} —— 5 Threshold
Q
2 g
R 8
2%
¥
&
3]
=
=
0 1 1 1
0 100 200 300 400 500
ZIER 7 FIAL 5 Amino sequence position
1.2
1.0 F
_ 08t
= . = %5 545 K435 Transmembrane
2 § 06 T . M/ inside
=T [} — JBEA) outside
04
0 100 200 300 400 500

AR T H147 £ Amino sequence position

Conservative domain analysis of protein OVIF7GT

B 3

—— 3KIK{% Hydropath

m &
-3 |
74 1 1 1 1 1
0 100 200 300 400 500
ZIER 7 FI L 55 Amino sequence position
D
1.0 C-score
S-score
0.8 Y-score
0.6 +
o g /
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Figure 3 Phosphorylation analysis (Panel A), hydrophilicity analysis (Panel B), transmembrane structure

(Panel C), and signal peptide analysis (Panel D) of protein OVIF7GT
C-score: JBUIABIYINL M 4318 ; S-score: £ KBE S IETRIRIL (S S IR0 Y-score: LR ABIYIM R MH. KD MK KT BRI REIE

R .

C-score: the score representing the likelihood of the original cleavage site. S-score: the signal peptide score based on the amino acid residues of the

polypeptide chain. Y-score: the highest integrated score for the cleavage site, combining multiple predictive parameters. The letters under the lines represent

amino acid sequences in Figure D.
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Figure 7 Subcellular localization of OVIF7GT
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A: pCAMBIA1300-IF7GT-GFP with the cloned gene; B: empty vector pPCAMBIA1300-GFP without the cloned gene.
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Figure 8 Relative expression levels of OvIF7GT in different tissues of O. viciifolia under different drought stress time
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*and *** indicate that the statistically significant differences between CK and drought stress treatment at 0.05 and 0.001 levels, respectively.
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