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Identification of Superoxide Dismutase Gene Family in
Gymnocarpos przewalskii and its Response to Salt Stress
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Abstract: [ Purpose] To identify the members of the superoxide dismutase (SOD) gene family of
Gymnocarpos przewalskii, analyze the expression regulation mode of the SOD gene in leaf tissues un-
der NacCl stress, and explore the adaptive evolution mechanism of the SOD gene family of G. przewal-
skii to the environment. [ Methods ] Leaves of G. przewalskii were used as experimental materials,
the SOD gene family of G. przewalskii was identified and expression pattern was analyzed by plant

physiological method and bioinformatics. [ Results | Seven SOD genes were identified, and the
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composition pattern of its subfamily FSD, CSD and MSD was 2 : 3 : 2, which were all under purify-
ing selection. The SOD gene family of G. przewalskii contained seven protein conserved motifs, and
the proteins were hydrophilic with weak stability. SOD activity in G. przewalskii leaves increased
firstly then decreased, reaching the highest at 0.5% NaCl treatment, and SOD activity at 1.5% NaCl
treatment was also significantly higher than that under the control. Under salt stress, F'SD, CSD],
CSD3 and MSD2 genes were all significantly up-regulated, among which FSD/ and CSD! genes had
the highest expression level. The variation site of CSD! gene in G. przewalskii leaves may lead to the
increase of protein active center. [ Conclusion] The SOD gene family of G. przewalskii contains
seven members, and the high expression of FSD/ and CSD/ genes under salt stress may be one of the
reasons why G. przewalskii has strong salt tolerance. In addition, the increases of protein hydrophili-
city and active center caused by amino acid site mutation of FSD1 and CSD1 have a certain effects on
the catalytic activity of SOD.

Keywords: Gymnocarpos przewalskii; superoxide dismutase; gene family identification; expression
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Tab. 1 Identification of SOD gene family members in Centrospermae plants and Arabidopsis thaliana
WA RIER i FERLE mRNAZ 5
species and gene family genomic location mRNA accession number
Arabidopsis thaliana FSD1 +546F} Cruciferae NC_003075.7: 12886501-12884 649 NM_179109.3
Arabidopsis thaliana FSD2 NC_003076.8: 7850624-7852241 NM_122237.4

Arabidopsis thaliana FSD3
Arabidopsis thaliana FSD3A
Arabidopsis thaliana CSD1
Arabidopsis thaliana CSD2
Arabidopsis thaliana CSD3
Arabidopsis thaliana MSD1
Arabidopsis thaliana MSD2

NC_003076.8: 20775635-20773357
NC_003075.7: 271879-271487
NC_003070.9: 2827700-2828807
NC_003071.7: 12014 548-12016119
NC_003076.8: 5987221-5988706
NC_003074.8: 3418015-3419581
NC_003074.8: 20895625-20894 155

NM_001344920.1
NM_001160723.1
NM_100757.4
NM_128379.4
NM_121815.3
NM_111929.4
NM_115493.4

Gymnocarpos przewalskii FSD1
Gymnocarpos przewalskii FSD2
Gymnocarpos przewalskii CSD4
Gymnocarpos przewalskii CSD1
Gymnocarpos przewalskii CSD3
Gymnocarpos przewalskii MSD1
Gymnocarpos przewalskii MSD2
Heliosperma pusillum FSD1
Heliosperma pusillum FSD2
Heliosperma pusillum CSD4
Heliosperma pusillum CSD1
Heliosperma pusillum CSD1A
Heliosperma pusillum MSD1
Silene uniflora FSD1

Silene uniflora FSD2

Silene uniflora CSD4

Silene uniflora CSD1

Silene uniflora CSDI1A

£177F} Caryophyllaceae

*

*
*
*
*
*

*

JAIUZEO010018124.1: 11847-15799
JAIUZE010000002.1: 140516-136928
JAIUZE010067092.1: 3384-5050
JAIUZE010073259.1: 285813-288035
JAIUZE010070098.1: 178071-179 888
JAIUZE010008127.1: 79107-76112
JAGPOY010018870.1: 5491-2120
JAGPOY010002330.1: 7452-11037
JAGPOY010003172.1: 23432-25100
JAGPOY010001333.1: 40498-38310
JAGPOY010011427.1: 964-0

*

*

*

Silene uniflora MSD1 JAGPOY010014232.1: 7069-2430 *
Silene uniflora MSD2 JAGPOYO010011731.1: 4295-262 *
Beta vulgaris FSD1 %%} Chenopodiaceae NC 025816.2: 6234788-6228677 *

Beta vulgaris FSD2

Beta vulgaris CSD4

Beta vulgaris CSD1

Beta vulgaris CSD2

Beta vulgaris CSD3

Beta vulgaris MSD1

Spinacia oleracea FSD1
Spinacia oleracea FSD2
Spinacia oleracea CSD4
Spinacia oleracea CSD1
Spinacia oleracea CSD2
Spinacia oleracea CSD3
Spinacia oleracea MSD1
Chenopodium pallidicaule FSD1
Chenopodium pallidicaule FSD2
Chenopodium pallidicaule CSD1
Chenopodium pallidicaule CSD4
Chenopodium pallidicaule CSD2
Chenopodium pallidicaule CSD3
Chenopodium pallidicaule MSD1

NC_025818.2: 40177518-40172416
NC_025816.2: 4914930-4919486
NC_025815.2: 15147045-15150139
NC_025820.2: 8642105-8643 606
NW_017567370.1: 79949-75243
NC_025813.2: 38245103-38248668
NW_018931542.1: 472076-476008
NW_018931921.1: 9755-14589
NW_018931441.1: 557804-561552
NW_018933314.1: 21108-24616
NW_018931532.1: 503914-502172
NW_018931535.1: 211206-208 540
NW_018932804.1: 356909-364 539
MATRO01001300.1: 30440-27605
MATRO01000265.1: 180148-176382
MATRO01000264.1: 257344-260369
MATRO01000261.1: 320327-316450
MATRO01000024.1: 784224-782104
MATRO01001549.1: 14 852-21045
MATRO01000148.1: 624 885-628670

*

*

XM_048643263.1
XM_010690943.3
XM_048641553.1

XM_010672327.3
*

*

*

XM_021980495.1
XM_021992599.1
XM_021992686.1

XM_022007118.1
*

*

*

e BRI R

Note: “*” represents the genes identified in this study.
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Tab.2 Analysis of physical and chemical properties of Gymnocarpos przewalskii SOD protein
/2 ke BIERE R TR A5 RR2ENGE ARase R AR SO/ SO e
genes/polypetide chain number of amino acids molecular weight isoelectric point average hydrophilicity instability index K./K
CSD1 152 15109.74 5.47 —0.10 20.91 0.10
CSD3 157 15970.96 7.19 —0.13 17.39 0.12
CSD4 306 32884.70 6.06 -0.10 36.54 0.54
FSDI 269 30257.10 5.82 -0.35 37.58 0.13
FSD2 255 29251.63 8.94 -0.28 45.02 0.15
MSDI 230 25758.29 6.75 -0.40 44.83 0.08
MSD2 228 25614.22 6.75 -0.37 42.50 0.05
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Fig. 4 SOD gene expression level (a-g) and enzyme activity (h) in G. przewalskii leaves under different mass fractions of NaCl
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FSDI1 1 ATGTCTACAGTTGTTGCAACTTCTCCAGTTTCACTGTCTTCTTCCTTTCTTTCTCATGATGTTTATAAGAGATTCAAGTCTACTCCTTTC 90
i Mm s TV VAT S PV SL S S S F L S HDV Y KR RTFIZEKS TP F 30
91 TTACCTTGGGGTTCTGARAAGAGGCGAGTAGGAAGAGCTGGTGCTGCAGTTGTTGCCAAGTTCGACCTGAAGCCTCCTCCATATCCATTT 180
31]. L P W G S EKI R RV GRAGA AAV V A KT FUDILI KPP P Y P F 60
181 GATGCACTGGAGCCTCACATGAGCAAACAGACATTTGAGTTTCATTGGGGGAAGCATCATAGAGCCTATGTGGATAACTTGAACAAGCAG 270
61 D A L E P H M S K Q T F E F H W G K H H R A Y V DN L N K Q 90
271 ATAGTTGGAACAGAATTAGATGCGATGTCGCTGGAAGATGTAGTACGTGTTACATATAACARAGGCGATGTACTTCCATCCTTCAACAAT 360
91 I v G6GTELDAMS L EDV V RV T YNNI KGIDUV L P S F NN 120
361 GCAGCTCAGGCATGGAATCATGAATTCTTTTGGGAGTCCATGAAGCCTGCTGGTGGGGGAAAGCCGTCAGGGGAGCTTTTGGCTCAAATT 450
121 A A Q A WNHEVFF W E S MK PA G G G K P s G E L L A Q I 150
451 GAGAAAGATTTTGGTTCTTTTGAAGCATTTGTTAATGAATTTAAGTCTGCTGCGGCCACACAGTTTGGTTCTGGCTGGGCTTGGCTTGTG 540
151 £ K D F G S F E A F V N E F K S A A AT Q F G S G W A W L V 180
541 TACAAAGCARACGAGGTAGATGTTGGAAATGCTGAGAATCCTAAACCATCTGAGGATGACAARAAGCTTGTCATTGTTAAGAGCCCCAAT 630
181 Yy K A N E V D V G N A E N P K P S E D D K K L V I V K s P N 210
631 GCCGTGAACCCTCTTGTGTTCGATTATTACCCTCTTCTAACTATTGATGTGTGGGAGCATGCATATTACTTGGACTATCAGAATCGAAGG 720
211 AV N P L V F DY Y P L L T I DV WEUHA AY Y L D Y Q N R R 240
721 CCTGATTATATTTCCATATTCATGGACAACCTTGTTTCCTGGGATGCAGTCGGTGCAAGATACGAGACAGCTAAGGCCCTTGCTGCATAG 810
241 P DY I s I FMDNUILV S WD AV GAURYZ ETAZ KA ATLAA * 270
CSD1 1 ATGGGAAAGGCGGTCGCCGTTTTGAGCAGCAGTGAGGGTGTCAAGGGAACTGTTTTCTTTGCCCAAGAAGGAGATGGTCCAACAACTGTG 90
1 M G K A V é v L S s S E GV K G TV F F A Q E G D G P T T V 30
91 ACTGGAACTATCTCGGGCCTCAAGCCCGGGCTCCATGGATTCCATGTCCATGCCCTTGGTGACACAACAAATGGTTGCATGTCAACTGGG 180
31T T 6 T I $ G L K P G UL HGVFHV HATILTGH DTTNSGT CMS T G 60
181 CCTCACTTCAATCCTGCTGGAARAAGAGCATGGTGCTCCAGAAGATGAGGTTCGTCATGCTGGTGATCTTGGGAACATTACAGCTGGGGAT 270
61 P H F N P A G K E H G A P EDEV R HAGT DT LGNTI T A G D 90
271 GATGGTACGGCTACCTTCTCGATCATTGACAGTCAGATTCCTCTTTGTGGTGCAAACTCTATTGTGGGTAGGGCTGTTGTTGTCCATGCT 360
9t b 6 T A T F S I I DS Q I P L CGANS I V G RAV V V H A 120
361 GATCCTGATGATCTTGGAAGAGGGGGGCACGAGCTCAGCAAGACCACAGGCAATGCTGGTGGAAGAGTAGCGTGCGGTATTATTGGTCTT 450
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Fig. 5 ¢SNP mutation sites of FSDI and CSD1 genes in G. przewalskii
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Tab. 3 Physicochemical properties of FSD1 and CSD1 proteins in G. przewalskii and Silene uniflora
L/ IEIN: AILRACE TR A HE R SRR AFE T R EL
species/polypetide chain number of amino acids molecular weight isoelectric point average hydrophilicity instability index
S. uniflora FSD1 269 30047.07 6.39 -0.276 29.82
G. przewalskii FSD1 269 30257.10 5.82 —0.350 37.58
S. uniflora CSD1 152 15198.85 5.71 —0.186 18.47
G. przewalskii CSD1 152 15109.74 5.47 —0.100 2091
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