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Abstract: Succinate dehydrogenase (SDH) genes were identified based on the genome annotation file of
Vigna radiata (Linn.) R. Wilczek, and the structures of SDHs of V. radiata and the characteristics of
their encoded protein sequences were analyzed by using bioinformatics method ; the changes of expression
levels of SDHs and SDH activities in roots, stems, and leaves of V. radiata seedlings under cadmium
(Cd) stress were analyzed by using transcriptomics and enzymology methods. The results show that there
are 12 SDHs in V. radiata genome, which contain 0—15 introns and 1-16 exons. The analysis result of
protein sequence reveals that VrSDH1.1 and VrSDHI1.2 each contain seven motifs, VrSDH2 contains
three motifs, VrSDH7.1 and VrSDH7.2 each contain one motif, and the other VrfSDHs lack motifs. The
relative molecular masses of ViSDHs are 10 789-69 452, the theoretical isoelectric points are pl 4.89 to
pl 10.96, the number of amino acid residues are 94 —631, the hydrophilic coefficients are —1.094 -
0.035, and VrSDHs contain multiple domains. The analysis results of transcriptome and enzyme activities
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show that among the 12 VrSDHs, VriSDHAF4.2 and VrSDH7.2 are not expressed in the roots, stems, or
leaves of V. radiata seedlings, while the expression levels of the other 10 VrSDHs show a decreasing trend
from roots to stems and finally to leaves. Under Cd stress, the expression levels of most of the 10 VrSDHs

are higher than those in the control group, and the SDH activities are also generally higher than those of

the control group. In summary, VrSDHs are involved in the response process of V. radiata seeldings to Cd

stress.

Key words: Vigna radiata (Linn.) R. Wilczek; succinate dehydrogenase (SDH) gene; transcriptome;

cadmium (Cd) stress; expression characteristics
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Fig. 1 Conserved motifs of SDHs (A) and genetic structure of SDHs (B) of Vigna radiata (Linn.) R. Wilczek
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Table 1  Physicochemical properties of SDHs of Vigna radiata

(Linn.) R. Wilczek
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Fig. 2 Domains of SDHs of Vigna radiata ( Linn.) R. Wilczek

@: %4t 5 Vigna radiata (Linn.) R. Wilczek; B: 7 FF Arabidopsis
thaliana (Linn.) Heynh.; ©: K& Glycine max (Linn.) Merr. 4337 /)
BdE M H 7R The data on the branches are the bootstrap values.
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Fig. 3 NJ phylogenetic tree of SDHs of Vigna radiata ( Linn.) R.
Wilczek, Arabidopsis thaliana ( Linn.) Heynh., and Glycine max
(Linn.) Merr.
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Fig. 4 Heat map of tissue-specific expression of VrSDHs in Vigna
radiata (Linn.) R. Wilczek seedlings
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x2 FEHEAREMAL T viSDH EE KT TPM & ( XSE) Y
Table 2 Mean TPM values of VrSDHs in different organs of Vigna
radiata (Linn.) R. Wilczek seedlings (X+SE) Y

B S| P TPM {H Mean TPM value

Gene R Root Z£ Stem I Leaf
VrSDHI.1 5.51+1.05a 5.13+£1.04a 1.04+0.17b
VrSDHI.2 166.85+6.57a 126.77+7.08b 86.67+4.44¢
VrSDH2 236.51+2.25a 160.55+8.03b 82.88+3.01¢
VrSDHAF 1 17.34+0.71a 17.00+0.39a 8.28+0.57b
VrSDHAF?2 143.39+4.46a 125.80+6.72a 82.66+7.57b
VrSDHAF4.1 38.52+2.85a 31.66+3.09a 14.55+1.43b
VrSDH4 106.87+6.02a 84.72+3.69a 47.15+1.84b
VrSDH5 121.87+4.54a 93.18+5.82b 57.62+2.42¢
VrSDH6 135.08+4.71a 91.60+3.08b 39.15£1.02¢
VrSDH7.1 128.34+5.12a 106.01+2.48b 45.05£2.78¢

D IRIAT R [l /NG B R R B OF- Y TPM (B A2 A Rl 4141 R) 22 5% 2
% (P <0.05) Different lowercases in the same row indicate the
significant differences ( P < 0.05) in mean TPM values of genes
between different tissues.
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P R 2 FE A ViSDH A3 1.4 1A, B E
NV VrSDH,, FT UL Cd 3B & F T ViSDH 1) ik
TR 25 i rh R il s e PR 3 R
VAW VeSDH %5 2, i 25 M b S 3 EE B ViSDH

TEARF Cd 4P 1,59 d, VrSDHI. 1 1) TPM {43
X FRLH T T 9.16.17.97 9.76 £%5;Cd 4bF 1 d,
VrSDH4 1 VrSDH6 1) TPM {843 1) Hb X} B 2 T+ 1T
16.39% 1 56.94% | lii VrSDHAF2 1] TPM {8 [ % & 20
FEAK T 15.72%; Cd AL B 5 d, ViSDHI. 2 VrSDH2 |
VrSDHS5 F1 VeSDH7.1 B TPM {543 51 He X BB 40 A% T
49.20% . 43.64% . 31.22% .29.05%; Cd 4 ¥ 9 d,
VrSDH1.2 F1 VrSDH2 1) TPM {43 51 He X BB 4H A% T
35.75% .57.10% , H. 25 57 343Kk 3] g & K, 3R
5T AR 280 ViSDH 7E Cd B30 1 d I TPM
(ETHR 78 Cd Wi 5 d B TPM A%, 76 Cd it
9 dif Jo P i AR b H

2 Cd 4b3 1.5.9 d, VrSDHI. 1 VriSDHI.2 |
VrSDHAF2 ViSDHAF4.1 VrSDH4  VrSDH5 VrSDH6 1)
TPM {53 5] b XF B4 T+ &5 T 257.92% . 40. 17% |
11.15% 32.71% 35.02% 35.75% 51.13% ,775.29% .
24.00% 11.84% 39.77% .23.21% .10.93% .59.42%,
K1 501.18% . 21.75% . 17.37% . 44.24% . 44.56%
26.44% 56.22% ;Cd 4bBR 1 d, VrSDH2 1 ViSDH7.1 )
TPM {B 53 51| L X BRAH T 1 42.47% F1 14.83% 5 Cd

Table 3 Changes of TPM values of VrSDHs in roots of Vigna radiata (Linn.) R. Wilczek seedlings under Cd stress ( X+SE)"

AbEE 1 d B TPM {E

AbFE 5 d B TPM {H

bR 9 d (1) TPM {H

R TPM value of treatment for 1 d TPM value of treatment for 5 d TPM value of treatment for 9 d
Gene gt Cd 4bE pagitl Cd 4bmzg Xt IR LA Cd 4bigg
The control group Cd treatment group The control group Cd treatment group The control group Cd treatment group
VrSDHI.1 3.37+1.15b 34.25+4.25a 5.22+1.01b 99.02+9.22a 7.93+£3.28b 85.35+7.55a
VrSDHI.2 179.75£6.34a 192.13+12.19a 162.60+3.42a 82.61+13.52b 158.18+12.79a 101.63+12.52b
VrSDH2 240.84+11.57a 254.99+7.53a 233.28+3.95a 131.48+15.40b 235.41+12.28a 101.01+13.58b
VrSDHAF 1 18.76£1.56a 23.04+2.97a 16.77£1.13a 18.11£1.92a 16.48+1.03a 17.44£0.52a
VrSDHAF2 151.29+3.00a 127.51+4.06b 135.82+1.86a 115.82+13.98a 143.05+1.04a 111.44£12.41a
VrSDHAF4.1 44.21+0.71a 47.73+£1.42a 35.39+1.40a 45.85+5.70a 35.95+0.70a 41.80+3.35a
VrSDH4 123.49+5.32h 143.73+2.17a 106.96+9.72a 91.17+10.48a 90.17+11.47a 99.55+9.05a
VrSDHS5 130.70+5.81a 146.16+1.78a 119.32+3.78a 82.07+7.97b 115.59+8.70a 91.80+8.27a
VrSDH6 153.84£11.13b 241.44+19.11a 126.89+2.06a 128.99+13.86a 124.51+7.97a 138.39+6.79a
VrSDH7.1 139.63+5.80a 133.94+7.02a 120.91+3.62a 85.79+7.35b 124.48+14.43a 92.62+6.77a

D[ f7 R A/ ING b R TRl — e X B4 5 Cd Ab B2 1] 19 J& K TPM {22 53 &2 2 ( P<0.05) Different lowercases in the same row indicate the

significant differences (P<0.05) in TPM values of genes between the control group and Cd treatment group at the same time.
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Table 4 Changes of TPM values of VrSDHs in stems of Vigna radiata (Linn.) R. Wilczek seedlings under Cd stress (X+SE) !

ALBE 1 d B TPM {H

Qb S d B TPM i

AEFE 9 d 1Y TPM {E

HH TPM value of treatment for 1 d TPM value of treatment for 5 d TPM value of treatment for 9 d
Gene X HRZH Cd bz gt Cd b3 X IR 2H Cd b3
The control group Cd treatment group The control group Cd treatment group The control group Cd treatment group

VrSDH1.1 4.99+0.53b 17.86+5.88a 7.00+0.80b 61.27+7.02a 3.39+0.13b 54.28+2.59a
VrSDHI.2 112.57+2.68b 157.79+7.06a 144.67+2.08b 179.37+2.70a 123.07+2.60b 149.84+5.52a
VrSDH?2 128.87+3.90b 183.60+10.42a 189.31+10.98a 200.42+3.13a 163.48+3.45a 131.95+5.26b
VriSDHAF1 16.31+1.62a 18.12+1.47a 17.69+0.93a 20.28+1.55a 17.01+0.76a 15.58+1.05a
VrSDHAF2 138.17+3.42b 153.58+3.23a 124.20+1.11b 138.90+7.35a 115.03+9.41b 135.01+5.23a
ViSDHAF4.1 36.92+0.80b 48.99+2.56a 31.83+0.37h 44.49+1.14a 26.22+0.49h 37.82+1.27a
VrSDH4 78.23+4.17h 105.63+7.63a 96.91+2.81b 119.40+5.50a 79.02+4.48h 114.23+1.05a
VrSDHS5 86.20+2.60b 117.02+5.96a 104.75+2.04b 116.20+2.37a 88.59+2.78b 112.01+3.16a
VrSDH6 82.23+2.71b 124.27+15.90a 97.19+1.24b 154.94+8.56a 95.39+2.33b 149.02+3.55a
VrSDH7.1 103.11+3.09b 118.40+6.85a 110.96+4.69a 111.49+4.61a 103.96+2.22a 114.30+4.17a

D AT R R ING Tk R Rl —Bffa % B4 5 Cd AL FR4H 18] 1 5 TPM {22 5%+ @ % ( P<0.05) Different lowercases in the same row indicate the

significant differences (P<0.05) in TPM values of genes between the control group and Cd treatment group at the same time.

£5 CdETEESEMN R VviSDH EE TPM BRI (X+SE)

Table 5 Changes of TPM values of VrSDHs in leaves of Vigna radiata (Linn.) R. Wilczek seedlings under Cd stress (X+SE) "

AhEE 1 d 5 TPM B

AbEE 5 d §) TPM {E

ALFE9 d 19 TPM {H

A TPM value of treatment for 1 d TPM value of treatment for 5 d TPM value of treatment for 9 d
Gene T 2H Cd 4b 3 oyt Cd abpig Xt B2 Cd 4bme
The control group Cd treatment group The control group Cd treatment group The control group Cd treatment group

VrSDHI.1 0.72+0.10b 1.52+0.26a 1.34+0.11b 5.80+0.67a 1.06+0.15b 4.05+1.40a
VrSDH1.2 65.63+1.03a 67.31+3.77a 99.24+7.12a 109.23+8.91a 95.14+6.31a 79.85+7.24a
VrSDH?2 67.02+3.69a 61.21+4.34a 92.76+6.31a 113.06+8.14a 88.85+4.72a 79.95+8.83a
VrSDHAF1 7.14x1.17a 5.71+0.88a 8.69+1.86a 8.87+1.43a 9.00+1.29a 11.73+1.79a
VrSDHAF2 62.29+3.35a 71.61+4.81a 97.74+5.56b 156.90+10.55a 87.96+6.59a 111.40£15.85a
VrSDHAF4.1 7.87£0.37a 10.69+1.02a 16.44+2.24b 29.17£2.67a 19.32+3.09a 29.39+3.37a
VrSDH4 43.87+1.82a 41.46£2.22a 47.35+3.03a 57.51£5.32a 50.25+1.96a 50.25+4.11a
VrSDHS5 48.92+3.46a 53.28+2.39a 60.58+6.73a 70.57+4.37a 63.36+3.45a 67.65+2.46a
VrSDH6 33.53+0.42a 38.28+0.59a 39.73+3.79b 51.84+1.86a 44.19+0.89a 49.67+3.03a
VrSDH7.1 37.64+1.91a 36.98+2.87a 47.40+4.72a 45.99+3.14a 50.11+4.19a 46.01+2.63a

D Ef RN EVNG bR R [ — I A IR 5 Cd 4b B4 (6] B9 3 TPM HERTE (P<0.05) Different lowercases in the same row indicate the

significant differences (P<0.05) in TPM values of genes between the control group and Cd treatment group at the same time.
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stems (B), and leaves (C) of Vigna radiata (Linn.) R. Wilczek seedlings under Cd stress
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