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Cd Jipif 261 T TG i AR ZE R o ADHs ZEIRI 355 BEF1 ADH B TEPERY 8k, S5RGBT H 15
A~ ADHs FEH R4 K ViADHI % ViADHI5 515 A~ ViADHs R B 5904 B8 S 237~ 1 603 bp, Hith X ViADHIO
SEHEALE 2 NN E TR 2 SR F, HoAth ViADHs FB AT I 5 7~9 AN EFFI 7~10 M4MBF . 15 4 ViADHs /)
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it U, Hofth VeADHs ¥J8 b KB B AU ; 1L VeADHI0 & 45 ADH_N 45893, Hifth VrADHs 3% A ADH_N Fl
ADH_zinc_N Z5#438, H. ViADH1 #8845 ADH_zinc_N_2 2543k, NJ REE A FMWKE 15 4 VrADHs B KT ( Glycine
max (Linn.) Merr.)f¥) 31 4~ GmADHs F14LI 5§ I ( Arabidopsis thaliana (Linn.) Heynh.) ¥ 8 4~ AtADHs 434 3 4332,
Hrh G 5K ADHs SRS RN, s 4R BTG £ 20 A 45 SR 7R . ViADH7 \ViADHS Fil ViADHI0 FE R 7E AR |
Rt R AR IR IR A ViADHs 3R R R 2R35 , L3RR /K B A i) [E) 7 55 7R AR 2R A e rpope X 3
KRR E AR 9N ViADHI ViADH3 F1 ViADHI4 , %2 100 pmol - L' Cd WA 4038 )5 | 250 ViADHs 3£ [H i 41 Xt
Fok B R LA B3 AR s S 0 R 22 7 B3 (P<0.05) . 48 Cd B b B S 4 S AR 25N A
o ADH A e SMA B TR, LRG0T R AR ST A AR ZE RN 5 ViADHs SETR (R 2R 3K RR AR AR
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Abstract: Alcohol dehydrogenase genes (ADHs) were identified based on the genome annotation file of
Vigna radiata ( Linn.) R. Wilczek, and the genetic structures of ADHs of V. radiata and the
physicochemical properties and systematic relationships of their encoded amino acid sequences were
analyzed by using bioinformatics method ; the changes of expression levels of ADHs and activities of ADH
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enzyme in roots, stems, and leaves of V. radiata seedlings under Cd stress condition were analyzed by
using transcriptome and enzymology methods. The results show that there are 15 ADHs in V. radiata
genome, which are named as ViADHI to VrADHI5 in sequence; the sequence length of 15 VrADHs are
237-1 603 bp, in which, only ViADHI0 contains 2 introns and 2 exons, and the other VriADHs contain
7-9 introns and 7-10 exons. Among the amino acid sequences of 15 VrADHs, all VrADHs except
VrADH1 and VrADH10 contain 10 motifs. The number of amino acid residues of 15 VrADHs are 78—
444 | the relative molecular masses are 8 840-48 390, the isoelectric points are pl 4.83—pl 8.22, and the
hydrophilic coefficients are -0.259-0.090; in which, only VrADHIO belongs to
dehydrogenase, and the other VrADHs belong to medium or long-chain dehydrogenases; only VrADH10
contains ADH_N domain, the other VrADHs all contain ADH_N and ADH _zinc _N domains, and
VrADHI1 also contains ADH_zinc_N_2 domain. The 15 VrADHs, 31 GmADHs of Glycine max ( Linn.)
Merr., and 8 AtADHs of Arabidopsis thaliana ( Linn.) Heynh. are grouped into three branches by NJ
phylogenetic tree, in which, the relationships of ADHs between V.radiata and G. max are closer. The
analysis results of transcriptome and enzyme activities show that ViADH7 , VrADHS8 , and VrADHIO are not
expressed in roots, stems, and leaves, while the other VrADHs are all expressed at different degrees, and
the expression levels vary with the growth time; genes with the highest relative expression levels in roots,
stems, and leaves are ViADHI, VrADH3 , and ViADHI4, respectively. The relative expression levels of
most VrADHs are up-regulated compared with the control after treated with 100 wmol - L' Cd stress, and

short-chain

the relative expression levels of some genes are significantly ( P<0.05) different from the control. The
ADH enzyme activities of roots, stems, and leaves of V. radiata seedlings after Cd stress treatment are
generally higher than those of the control. The comprehensive analysis results show that there are evident
differences in expression characteristics of VrADHs in roots, stems, and leaves of V. radiata seedlings,
and expression of some of the ViADHs show tissue specificity ; the increase of activity of ADH enzyme of
V. radiata seedlings after Cd stress treatment is related to the up-regulation of some VrADHs, suggesting
that these VrADHs are involved in the response process of V. radiata to Cd stress.

Key words: Vigna radiata (Linn.) R. Wilczek; alcohol dehydrogenase gene; transcriptome; cadmium
stress; expression characteristics

LT U ( ADH) 2 2 Wk 9 32 8 B AR
OGN, AP T A AL A b th 2 5K K
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ANEIERRIEIL Y WA ADH R RESS G, BEES B
LA 206 ~ 340 IR IR IE | H 4540 A0 55 %
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55 B AE B N AR i A B B 4 i Hl— /)
B C ARG, & 35 ~ 164 A~ G IR 5% JE ; 1 4l il 45
A EE RN A A 454 NAD 19 Rossmann 378 o

Y ADH B R JE T — A/ N 2 5 K 50, an
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ADH2 F:R 2 5 3 50 il 7 vp 45 & M A SO o8
BRI, i e h ADH2 W] LA K SR AR | H 7R i
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L) 40 B Y 35 1 PR R 2 E 35 /R AT Komatsu
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FH ADH2 LR 2 75 R K2R v 2 35 1 ) 7K Wil 7 )
R RS, 5940 IREIHE R8T ADH JEH Y 3R
AR BE R AR A I BT E . Bk g g R
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SO M T4 A KRKERE, HIEE 25 6%
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(25.0+0.5) ClEEAFE PR FH 24 h; 7EHRVE B 8o
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SN EHM, BB T & 9.8,
7 em, BB EARIER 20 BG T AT B TR
FAATHEEFE 5 d, BRI RIREE (25.0£1.0) °C DI
BffE] 14 ho - 7' JEREGESE 100 wmol » m™ « 57,
1.2 Ak
1.2.1 Cd gt ®# Aotk E  Cd HHE SR
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HIE S BB 80 bk & 4h kbR, T eIt
W 2RI K A G , 43 0 B U R FAR 25 AT R TR
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SRS SRRSO E B I C R
ADHs 3£ 7 %1 ; )\ Ensembl Plants %% 4 E (hup: //
plants. ensembl. org/index. html ) #; & #l F It
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15 DN NCBI $50418 245 21 R 57 K8 PRI 20 18 SO AR 1
PP SCAF, o K R R I 1815 B K O ADHs B
J¥5,

FHBETF R TR ] FARAL (HMMER ) ) T H- (https : /
www.ebi.ac.uk/Tools/hmmer/search/hmmscan ) X} T %,
&k L R TE R P 9 TR R B e-value H
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i Truseq™ RNA #£ & il 25185 &5 ( 32 E Nlumina 2y
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(£ H Mlumina A &) ¥ # ¢DNA 3CF, A Hlumina
Novaseq 6000 FZE X F 8 ) cDNA SCEEFEA T T, I
P AR R b 36 A Wy B 25 R A BRA R 52

ZERRSCHR [ 21 ] /Y9 07 125 23 A D o 5090 7 22 S ik
B, X9 ANFEEFN 1AW S H#EAT qRT-PCR 43
Hr, JF#EAT qRT-PCR BiiE, Ho45 3R 5 5 S5t 4L I 4k
PEAHISC R AL () 7 0.925(P<0.01) , R 41450
P55 qRT-PCR Bdla 4 v i — 2,

FEPR A X 23k 7 LA TPM ( transcripts per kilobase
per million mapped reads) F7r; Fj 2724 3 1154 3k 7]
RYZe ki, 3 Throols T H.F&T log, TPM £ il & [H]
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™. JEFHIFIX Untranslated regions; M: #MEF Exons; —: P& T Introns. Vr: 2853 Vigna radiata (Linn.) R. Wilczek ; At: ARG Arabidopsis thaliana

(Linn.) Heynh.; Gm: K& Glycine max (Linn.) Merr.

B1 %= JUEFTMXEMN ADHs EREHHLER
Fig. 1 Comparison on genetic structure of ADHs of Vigna radiata ( Linn.) Wilczek,
Arabidopsis thaliana (Linn.) Heynh., and Glycine max (Linn.) Merr.
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AR A HE 22 78 AS[A) motif Different colored boxes indicate the different
motifs. Vr: %t & Vigna radiata ( Linn.) R. Wilezek; At: 8l 5§ IF
Arabidopsis thaliana (Linn.) Heynh.; Gm: K. Glycine max (Linn.) Merr.

B2 #E MEFTMKREH ADHs SEEF 5 HIRSF motif A ELE:
Fig. 2 Comparison on conserved motifs of amino acid sequences of
ADHs of Vigna radiata ( Linn.) Wilczek, Arabidopsis thaliana
(Linn.) Heynh., and Glycine max (Linn.) Merr.

VIADHIO F1 VrADHI2 € fii T 9 5 3 Ak I,
ViADH13 VrADH9 ViADH6 VrADHI F1 VrADHIS5 43 %
AT 1.2.3.7 F10 SRR

2.1.2 %2 VrADHs & G #2iL i 4550 (£ 1)
SR 4R 5 VeADHs 25 1 B9 BRAL M o 77 A — R Y 22
S, 7E 15 /> VrADHs ', VrADH2 B & L8 791 i K
(G5 444 DA LR 5% 5L ) , M XS 4 7 BT & B K
(48 390) ; VrADH10 AU & FE R 17 5 el (1 78 4~
FIERRIRIL) A o0+ i i/ (8 840) . MR
AR EER X ViADH10 J& T8 4% i U8, VrADHI |
VrADH2 , VrADH7 . VrADH11 , VrADH12 ! VrADH15
J& T K% i S, HAY ViADHs Y8 T B il AU
15 4~ VrADHs ) 24 & 1R J5° 41 45 3 &30 pl 4. 83 ~
pl 8.22, i Y VrADH1 M85 S KT pl 7, Rt
A VrADHs 19 55 HL S 3/NTF pl 7, Rk A
M. VrADHI1 VrADH3 VrADH4 VrADH10 VrADHI1
1 VrADHI2 #2857k P R &/ T 0, BEHT X 6
VrADHs #2855k PE 8 H 5 HoAth 9 4> VrADHs 34 Ry i
KM,

#1 %5 VrADHs EAMENLMER
Table 1 The physicochemical properties of VrADHs of Vigna radiata
(Linn.) Wilczek

AL

Protein Relative Isoelectric Nu.m ber (.)f Hydrophilic
name molecular point amuno acid coefficient
mass residues
VrADH1 45 700 pl 8.22 430 -0.015
VrADH2 48 390 pl 6.61 444 0.059
VrADH3 41 210 pl 6.57 380 -0.078
VrADH4 40 940 pl 5.91 380 -0.022
VrADHS5 40 800 pl 5.97 379 0.002
VrADH6 40 380 pl 6.32 379 0.027
VrADH7 42 040 pl 6.82 391 0.090
VrADH8 40 740 pl 6.82 379 0.046
VrADH9 40 130 pl 6.03 376 0.077
VrADHI10 8 840 pl 4.83 78 -0.259
VrADHI11 43 310 pl 6.13 400 -0.067
VrADHI12 43 380 pl 6.47 397 -0.072
VrADH13 40 460 pl 6.55 376 0.067
VrADH14 41 530 pl 5.67 384 0.026
VrADH15 41 870 pl 6.38 388 0.058

2.1.3 ADHs @ 2% KA 5 45 VrADHs
T SH R Y LR T AR BHE Y K S ADHs 2 H
BN R K EWILE 3,

mi & 3 1 W, . % GmADH28 4,54 > ADHs 434 3
AN 4332 1 438 VrADHI .GmADH21 .GmADH22 |
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B3 S5 MEFTMAE ADHs EAKN] RELXEH

Fig. 3 NJ phylogenetic tree of ADHs of Vigna radiata ( Linn.)
Wilczek, Arabidopsis thaliana ( Linn.) Heynh., and Glycine max
(Linn.) Merr.

GmADH23 ., GmADH29 Hl GmADH31; 7 3% 1 &
VrADH6 F1 GmADH1; 43 32 I £ & H 2 1y 46 4>
ADHs, 43 ATk —25 43k 3 AN WAL, R4S 4 3
5 3 MAE Y Y ADHs, Hovp, Wl M, £ &%
VrADH14 . VrADH15, AtADH4 . AtADH6, AtADH7,
AtADHS DA & 9 4~ GmADHs; W.4H I, £ VrADHI0,
VrADH11, VrADH12 | AtADH2 | AtADH3 UL &% 6 4~
GmADHs; W7 20 1, 4 %% VrADH2  VrADH3  VrADH4
VrADH5 ., VrADH7., VrADH8. VrADH9, VrADHI3,
AtADHI1 (AtADHS5 L% 10 > GmADHs, A5 , 4%
G5 RGH) ADHs Bl EAF IR R LR,
2.1.4 ADHs &G LM ob L5 MEIFMIAE
) ADHs £ FH 2538 UL IEL 4, f &l 4 AT UL, ADHs &
HEA 3 Fak gk, 4354 ADH_N ADH_zinc_N F
ADH_zinc_N_2 %% 57 R JF MK 1% ADHs & 1Y
SERYIRAEAE 25 5, 280 ADHs % H Y& ADH_N Al
ADH_zinc_N 59350, i %4 3 A~ 25#49 4 ADHs X
17 10.9%
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Fig. 4 Distribution of protein domains of ADHs in Vigna radiata
(Linn.) Wilczek, Arabidopsis thaliana (Linn.) Heynh., and Glycine
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£2 CAMMETHRESHERSD ViADHs BEAX RIZERITN (X=SE) Y B
Table 2 Changes of relative expression levels of VrADHs of roots of Vigna radiata (Linn.) Wilczek seedlings under Cd stress (X+SE) !

ARTH 1 d A RN ARTHS d ARk ALTH 9 d AN RN A

HH Relative expression level of treatment for 1 d  Relative expression level of treatment for 5 d  Relative expression level of treatment for 9 d
Gene X R4 Cd 4bFizH R4 Cd 4bFieH R4 Cd AbFuZH

The control group Cd treatment group The control group Cd treatment group The control group Cd treatment group
VrADH1 282.95+26.02a 126.09+6.84b 164.21+38.06a 196.97+15.85a 161.47+39.62a 153.84+20.69a
VrADH?2 3.30+0.88b 177.60+98.98a 2.86+0.40a 4.52+1.09a 2.63+0.75a 2.12+0.48a
VrADH3 30.77+10.28a 58.10+38.76a 7.63+1.53a 3.20+2.14a 6.99+2.43a 2.26+0.44a
VrADH4 2.87+0.64b 255.94+102.40a 0.97+0.14b 5.37+0.23a 0.73+0.50a 1.41+0.70a
VrADHS 187.63+31.57b 461.42+72.38a 119.42+33.12a 85.83+22.20a 66.20+26.09a 116.78+23.93a
VrADH6 124.11+7.76a 141.28+11.01a 106.16+4.61a 74.96+9.28b 100.96+7.42a 88.92+9.79a
VrADH9 1.60+0.13a 1.35+0.31a 1.73+0.29a 2.53+0.65a 1.08+0.19b 4.88+1.24a
VrADHI11 44.52+4.11a 44.52+4.17a 19.99+3.53a 22.14+3.99a 20.19+2.85a 24.80+6.13a
VrADHI2 34.47+6.15a 4.19+0.49b 11.56+4.38a 2.15+0.69b 12.33+£9.25a 1.26+0.41b
VrADH13 15.00+0.68b 30.71+3.81a 17.47+1.78a 16.02+4.37a 21.23+£3.29a 25.42+4.88a
VrADH 14 51.56+7.67a 78.35+13.32a 35.28+4.43b 1 596.42+144.42a 56.57+16.23b 943.91+£77.09a
VrADHI15 8.77+0.63a 13.23+1.85a 7.63+1.04b 31.82+2.38a 11.34+2.31b 30.72+3.79a

D A7 o AN ) /NG R 5 ] — 4 35S 8] %o B 28 0 Cd A 35 28 TR] A 35 DR AR R 36 3K R 2% 5 [ 3 (P<0.05) Different lowercases in the same row

indicate the significant (P<0.05) difference in relative expression levels of genes between the control and Cd treatment groups at the same treatment time.

£3 CAMMETERESEZET ViADHs EREXRIZENTH (XSE) Y B
Table 3 Changes of relative expression levels of VzADHs of stems of Vigna radiata (Linn.) Wilczek seedlings under Cd stress (X+SE)"

ARTE 1 d AAHRS Rk AbTE 5 d AER PRk ALTE 9 d YAHXS PRk i

HFH Relative expression level of treatment for 1 d  Relative expression level of treatment for 5 d  Relative expression level of treatment for 9 d
Gene o AL Cd AhFR] ot 4L Cd 4h P o 4L Cd a4l

The control group Cd treatment group The control group Cd treatment group The control group Cd treatment group
VrIADH1 30.77+3.04a 30.45+4.27a 21.03+0.68b 42.31+2.60a 22.42+1.04b 49.46+3.46a
VrADH2 0.26+0.05b 0.49+0.05a 0.07+0.02a 0.11+0.06a 0.08+0.02b 0.37+0.07a
VrADH3 4 523.37+732.90a 6 563.28+1 948.20a 229.39+19.05b 896.63+52.96a 148.28+46.46b 297.28+53.64a
VrADH4 1.52+0.37b 3.27+0.40a 0.98+0.03b 8.15+4.04a 0.44+0.03a 2.52+1.68a
VrADHS5 149.93+17.51a 256.08+34.46a 125.42+14.82a 217.98+36.33a 101.20+19.52b 297.30+33.78a
VrADH6 195.57+7.80b 256.59+12.96a 179.65+6.33a 184.36+4.73a 199.25+10.42a 170.76+4.20a
VrADH9 18.17+0.96a 21.69+4.28a 7.67+0.77a 8.28+1.23a 3.84+0.42a 6.65+0.88a
VrADHI11 70.24£9.93a 67.60+5.23a 50.51+1.47a 50.31+0.96a 33.11£2.59a 43.39+2.51a
VrADHI2 0.03+0.03a 0.09+0.05a 0.03+0.02b 0.60+0.04a 0.05+0.00b 1.20+0.22a
VrADH13 19.47+0.15a 24.44+2.50a 21.95+2.44b 30.62+1.91a 37.53+£1.91a 34.76£2.22a
VrADH14 22.06+1.27b 31.39+2.91a 16.32+2.43b 124.91+15.69a 13.89+3.45b 181.17+10.28a
ViADH15 12.57+0.86a 10.68+0.80a 7.88+0.52a 10.04+0.28a 14.33+1.13a 9.97+1.39a

D &7 iR RN G SR % ] — Ak B ) X B ZH R0 Cd &b 35 4 Ja) A% 35 R AR 6 58 B 25 5 1B 35 ( P<0.05) Different lowercases in the same row

indicate the significant (P<0.05) difference in relative expression levels of genes between the control and Cd treatment groups at the same treatment time.
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R4 CdHETHEELHEMH R ViADHs R RIXEH T (X+SE) Y B
Table 4 Changes of relative expression levels of VzADHs of leaves of Vigna radiata (Linn.) Wilczek seedlings under Cd stress (X+SE)"

AEEE T d AR Rk AEBR S d AR Rk AEER 9 d AR Rk

B Relative expression level of treatment for 1 d  Relative expression level of treatment for 5 d  Relative expression level of treatment for 9 d
Gene pagitl Cd b3 gt Cd b3 oyt Cd bFgE
The control group Cd treatment group The control group Cd treatment group The control group Cd treatment group
VrADH1 31.92+1.60a 36.57+2.77a 35.26+2.34b 76.77+£6.24a 34.40+2.74b 83.19+26.00a
VrADH?2 0.71+0.06a 0.14+0.02b 0.50+0.05a 0.09+0.05b 0.68+0.30a 0.14+0.05a
VrADH3 93.24+9.85a 190.77+46.48a 9.82+3.90b 394.35+88.93a 5.62+2.76b 432.33+£158.13a
VrADH4 0.11+0.01a 0.15+0.09a 0.04+0.09a 0.08+0.06a 0.05+0.03a 0.03+0.03a
VrADHS5 6.00+2.74a 6.80+3.74a 11.13+£3.74a 23.68+14.24a 6.12+3.42a 13.10+3.08a
VrADH6 64.08+2.19a 64.65+5.25a 87.15+8.13a 64.66+6.58a 92.66+7.26a 74.86+13.38a
VrADH9 2.09+0.25a 2.27+0.24a 1.75+£0.33a 0.82+0.13a 2.58+0.27a 1.99+0.39a
VrIADH11 12.31+0.76a 8.25+1.26a 13.74+2.23a 15.04+2.71a 6.21+0.84b 11.92+1.51a
VrADHI2 — — — 0.03+0.03a — 0.15+0.03a
VIADHI13 5.20+0.34a 7.38+0.91a 5.45+0.27b 8.16+0.49a 7.09+0.67a 7.47+0.42a
VrADH14 141.29+6.85a 97.56+11.33b 118.86+4.02a 124.07+7.37a 88.93+22.14a 86.61+16.26a
VrADH15 17.33+£1.07a 12.11+0.32b 10.50+0.66a 9.33+0.29a 10.70+0.88a 12.18+1.08a

D [l f7 o AN ] /NG b s ] — A AR 8] ok B8 26 0 Cd A B 28 JA) A 3 PRRE R 36 K R 22 5 1 3 ( P<0.05) Different lowercases in the same row
indicate the significant (P<0.05) difference in relative expression levels of genes between the control and Cd treatment groups at the same treatment time.

—: R H Undetected.

Cd Mria &4 T4 5 4% ADH B3 &M T ik
L' Cd A3 1~9 d GG 4R 22

30.12% , 25 5 ¥k & K. Cd Ab#E 5 d, ViADH2 | 2.2.3
ViADH6 \VIADH9 Tl ViADHI5 JE R B3R 7K-F- 280 28100 pumol -

FECT 9T T Al 35 PR A 2 R 7K S 244 0t B Hevp

ViADHI .ViADH3 F VrADH13 JE R B AH % 28 3% B 43 51
BN REPE R T 1.18.39.16 F10.50 1%, ViADH2 S5 K A AH
X FE IR BT HE AR T 82.00% , 22 443k W K
Cd 4b¥8 9 d, ViADH2 , ViADH4  ViADHG6 . ViADH9 il
VIADH14 F: PR 0 3R 7K 800 BT I oAt 2 PR i
Pk K 5 5 % B o ViADHIT | VrADH3 il
VIADH 1 FE R B AF AT 38 35 1 70 S B 0t B =y 17 1,42,
75.93 F10.92 %, ViADH2 JE IR i A X 23k H 5 0 B i

A ADH BTG PR AR AL UL IR 6, 45 L3RR . 78 X IE
1 Cd il 2500 R Sk AR A ZE i ) ADH il 5
P i A L s ] (1 0B B A S R R B, LA X B AR A
TR A ADH B Pt Bt A R ] A% 2E K AR
g ETE Cd WA 45, MR B ADH B
Wk sh7As 4k, BAEANTE 3~9 d Y T4 1 d,
AR TH ADH B 16 P 7E Cd AbBE 1.3.5 17 d
Py Aot FEOAS ) 782 B2 i, (HAE Cd A0 B 9 d 4223 X R
K Hodr Cd AbFE 3 F119 d ADH S M40 51488 0k 1R

18T 79.41% , 2251 iR WEIKF- THE T 27.68% 1 89.50% , 22 ¥k i E K-,
T or A T 8r B T lor C
£z a R S 2
2 —'—'56- a -z 8F
w8 4| o 3 o 3
2 £ 2 2E°fa
2t i i
g5 E5 21 £2 |
- N g~
0 0 0
LHEH [i/d Treatment time ﬁLlEH [i)/d Treatmem time LMEH [i/d Treatment time
. XJ B4 The control group; E: Cd AP Cd treatment group.
ANE/ING Fh: R [8] — b B [B) X B 4 A Cd A BEZH (8] ADH 36 1 2% 53 . 3% (P <0.05) Different lowercases indicate the significant (P<0.05)

difference in ADH enzyme activities between the control and Cd treatment groups at the same treatment time.

6 CAdiMETHEELER(A).Z(B)FF(C)+ ADH BEF T L

Fig. 6 Changes of ADH enzyme activities of roots (A), stems (B), and leaves (C) of Vigna radiata (Linn.) Wilczek seedlings under Cd stress
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