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Abstract; Taking leaves of wild Astragalus membranaceus as test materials, genetic diversity of germplasm resources of

wild A. membranaceus in Changbai Moutain was studied by using SRAP molecular markers, in order to provide a

foundation for preserving and breeding good varieties for Astragalus membranaceus. The results showed that 16 pairs of

primers , which could produce more,characteristic and reproducible bands, were screened from 300 pairs of SRAP primers;

these primes amplified 129 bands from which polymorphic bands were 95 bands. The cluster analysis disclosed that there

were abundant genetic differences among the wild resources of A. membranaceus in Changbai Moutain, which was

beneficial for cross-breeding of A. membranaceus.

Keywords : Astragalus membranaceus ; SRAP; genetic diversity; germplasm
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Table 1 Physical and chemical properties of Solanum lycopersicum SOD
HEHRAR =B 90136y SR EXINCY 1E B AR S 4 o TR AR FKHEAE
Protein Number of amino Molecular weight Isoelectric point Residue number of the Residue number of the Instability Hydrophilic
name acid /Da (PD positive charge negative charge index value
SOD 191 20 309. 4 7.75 15 14 29. 33 0. 180
Cu-Zn SOD 217 22 281.9 6.01 12 17 23.74 —0.018
Cu-Zn SOD1 152 15 284.9 5. 47 9 16 31.97 —0.199
Fe SOD 303 34 575.6 5.38 33 44 41. 41 —0. 627
Fe SOD2 249 27 910.5 6. 60 25 26 27.55 —0. 399
Fe SOD3 252 29 126. 2 6. 65 26 27 40. 39 —0. 348
Mn SOD 228 25 314.7 7.13 22 22 36. 65 —0. 318
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Fig. 1 Signal peptide analysis result of
Solanum lycopersicum SOD
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Fig. 2 Phosphorylation site prediction of

Solanum lycopersicum SOD
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Table 2

Prediction of Solanum lycopersicum SOD phosphorylation site

HARBK W AEBEER AL AL S5 3X The number of potential phosphorylation site
Protein name 228 R Serine P& Threonine &8 Tyrosine S %k Total number
SOD 8 3 2 13
Cu-Zn SOD 7 4 1 12
Cu-Zn SOD1 2 1 0 3
Fe SOD 5 4 6 15
Fe SOD2 4 1 3 8
Fe SOD3 7 2 3 12
Mn SOD 3 2 4 9

2.5 HEBRFII

B R — R G538 % 45 8 R P & IR A 4 AR
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Table 3 Prediction of Solanum Lycopersicum
SOD secondary structure %
BT TR 55 Secondary structure

Protein name o BRE BHeSA FEAfEE TC R il
achelix B-turn Extended chain ~ Randon coil

SOD 31.94 11. 52 19. 37 37.17

Cu-Zn SOD 12. 90 11. 06 36. 87 39.17

Cu-Zn SOD1 8. 55 11. 84 33. 55 46. 05

Fe SOD 43.23 6.93 18. 81 31.02

Fe SOD2 35. 34 9. 24 19. 28 36. 14

Fe SOD3 39. 29 9.92 21.03 29.76

Mn SOD 36. 40 12. 28 19. 30 32. 02

2.7 i Cu-Zn SOD [ S LM
EHR—-HEMYE S RME, RELRRSEW
ARER B AEY =T 6. HATE M Cu-Zn SOD f &
REEmE WS (B 0. 5 ERFIH SOPMA T HXf
TR R TIM 25 R AH— 2, Cu-Zn SOD B & 450
LN FEMEEF AL 2 1 . BFFE R, Cu Ml Zn T4
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Fig. 4 3D structure of Solanum lycopersicum SOD
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Fig. 3 Comparison of the sequence of Solanum lycopersicum SOD
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Fig. 5 Evolutionary tree of Solanum lycopersicum SOD
3 #rhHitie

Bt DR 4 T F 4 T S e, A SR R e L
BRI P K 28 I SR A5 A S B R B X T AR
BRI A SO R . FIA AR BT
PLHEAT 22 5 3 Lo X, £ 1 31 1) 22 5, 8 T o 2 D
P T A S ) 5 3 5 AR R 37) P LA T 2 1 B 45 4 A 2
BB AR YEA [ W ol 1) S L R 7 51 #6) 57t TR) 5 7T LA 43 Ay 4 o
FAR R HE Ak K Th RE AR , #E i S RHE LR RN, B
2 AEYE B B AR L A B B 25 55 R
AR —ER )

R E VOB A YE BT kR 7 #hF i SOD
AT R AT, 2 T R HE NG B A B TR H#HT IR
AW BGE KR . BT 7 Fp& SOD F & FERR 4 AL,
FEEFERRES ER e RBFERK
2. A EXHA T IR E A BT, B R EAT]
FABR B 1 S B R M B SR K M 455 BR %l Cu-Zn SOD1

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn



http://www.fineprint.cn

F @ & 2016021):97~101

- YRR -

S B SOD #7288 Ser. Thr Fl Tyr HIBRRILIE
M AL T RE -5 LR T R Ui 2 N RS B D REAEE EL; —
A5 LUSE R EE AN TT RN 4 il i B, HE D5 L L i
AR, HIARIRTEXT HBEAT I % B B2 FI I 5 B2 78 53
5 EEIRR SOD KV B4 i, 3 T fe KR E bR H
Tifg. UT4Fk SOD 7ER ATy T BT 52 e )iz, il i
e SOD FEN 8 s AR AE Yy AR i 088 1 BE 00 R
FHEIARIEY E R — DR MEREE £
FRENERY R, ELZARY M SOD g5 8 LU
Bt AR B R ——
S 30k

[1] HALLIWELL B. Reactive oxygen species and the central nervous system
[J]. Journal of Neurochemistry,2012,120(5) :1609-1623.

[2] NAVROT N,ROUHIER N,GELHAYE E,et al. Reactive oxygen species
generation and antioxidant systems in plant mitochondria[J]. Physiologia
Plantarum,2007,129(1) ;:185-195.

[3] CORPASF J,ANA F O,ALFONSO C,et al. The expression of different
superoxide dismutase forms is cell-type dependent in olive(Olea europaea L.)
leaves[J]. Plant and Cell Physiology,2006,47(7) :984-994,

[4] ZELKO I N,MARIANI T J,FOLZ R J. Superoxide dismutase multigene
family:a comparison of the CuZn-SOD (SODL) , Mn-SOD (SOD2) ,and EC-SOD
(SOD3) gene structures, evolution, and expression[ J]. Free Radical Biology
and Medicine,2002,33(3) :337-349.

[5] CASANO L M,MARTIN M, SABATER B. Sensitivity of superoxide
dismutase transcript levels and activities to oxidative stress is lower in mature-
senescent than in young barley leaves[J]. Plant Physiology, 1994, 106 (3)
1033-1039.

[6] BUENO P,RIO L A D. Purification and properties of glyoxysomal
cuprozine superoxide dismutase from watermelon cotyledons (Citrullus vulgaris
Schrad)[J]. Plant Physiology,1992,98(1) : 331-336.

[7] BUENO P,VARELA ] W,GIMENEZ-GALLEGO G,et al. Peroxisomal
copper - zinc superoxide disrnutase[J]. Plant Physiology,1995(108) :1151-
1160.

(8] Tffze, BFXK, B E . MEYEALE (SOD) i Rk K 4 Y BT
WA Ty T A E ST LT ). i Tk, 2013,34(9) 1 154-158.

[9] FEPIR,FEFHIE, FuL, 5. MY TH R S8 19 AE W5 B %407
(1. bR 2:,2012(8) :120-124.

[10] fRmHEE, F 30, XH. #4 VWRKY13 # 7 H 7AW E %50
#rLI]. deJr 2, 2013(13) : 117-120.

[11] BR5E. A BbH AR Sk Yy 28 2 1k R HAR I M 3R 18 5 RAE[D]. K
& FH IR, 2015.

[12] SHAFI A,GILL T,SREENIVASULU Y,et al. Improved callus induction,
shoot regeneration,and salt stress tolerance in Arabidopsis overexpressing
superoxide dismutase from Potentilla atrosanguinea[]J]. Protoplasma, 2014,
252(1) :1-11.

[13] ELSAYED M,RYUYA M,EL-KHATIB A A,et al. Characterization of
the superoxide dismutase genes of the halophyte Suaeda maritima in Japan

and Egypt[J]. Plant Cell Reports,2015,34(12) :1-12.

Bioinformatics Analysis of Solanum lycopersicum Superoxide Dismutase

GUO Xiao, YUAN Guangxin, WANG Manli,ZHAOQO Nanxi, LI Hongyu, AN Liping
(College of Pharmacy,Beihua University,Jilin,Jilin 132013)

Abstract;: Superoxide dismutase (SOD) is an important antioxidant enzyme in organisms. Physicochemical properties,
signal peptide, glycosylation sites, phosphorylated modification, primary and secondary structures and molecular
phylogenetic evolution of seven Solanum lycopersicum SOD registered in NCBI had been analyzed in this study. The
results showed that there were differences in their physicochemical properties. As there was no signal peptide on their
amino acid sequences, none of them was secreted protein. The numbers of glycosylation sites and phosphorylated sites
were different. Sequence alignment revealed that they had low homologous in different kinds of Solanum lycopersicum
SOD,as well as the secondary structures. Molecular evolution could be as an important basis for the genetic differentiation
and molecular evolution of Solanum Iycopersicun SOD. This study provided a theoretical basis for both the enzymatic
mechanism of SOD and molecular mechanism of plant resistance.

Keywords : Solanum lycopersicum ; superoxide dismutase;bioinformatics;antioxidant
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