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Genome-wide identification and expression analysis of the SnRK?2

gene family under drought stress in Saccharum spontaneum L.

LU Shaozhi', QIAN Zhenfeng', RAO Xibing'» WU Huaying', HE Lilian'*, LI Fusheng'*"

(1 College of Agriculture and Biotechnology, Yunnan Agricultural University, Kunming 650201, China; 2 Sugarcane Research

Institute, Yunnan Agricultural University, Kunming 650201, China)

Abstract [ Objective] This study aims to explore the regulatory mechanism of SnRK2 family members un-
der drought stress in Saccharum spontaneum L., in order to provide candidate genes for cultivating
drought resistant sugarcane varieties. [ Methods] This study identified SnRK2 genes in S. spontaneum L.
based on whole genome data, and conducted bioinformatics analysis and expression analysis under drought
stress. [Results] 11 SnRK2 members were identified and named as SsSnRK2. 1 to SsSnRK2. 11, which
were unevenly distributed on 8 chromosomes. The amino acid residues of SsSnRK2s were ranged from 227
to 580, the molecular weights were from 25 683. 53 kD to 64 695. 8 kD, the isoelectric points were from
4.62 to 8. 94, and all were hydrophilic proteins. The 11 SsSnRK2s could be divided into 3 subgroups, and
the conserved motif sequences within the same subgroup were highly similar, with the number of exons

ranging from 7 to 9. The promoters of SsSnRKZ2 members contained various hormone-related and abiotic
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stress responsive elements. SsSnRKZ2 members were expressed in a tissue-specific manner. All SsSnRK2 genes

were able to respond to drought stress to various degrees. [ Conclusion] The SsSnRK2 family plays a significant

role in response to drought stress, providing a basis for the study of stress resistance in S. spontaneum L. .
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Table 1

The information of SuRK2 genes in Arabidopsis thaliana , Oryza sativa , and Sorghum bicolor

M IF A, thaliana

KF O. sativa

S, bicolor

H A ZFR Gene name FEH ID Gene 1D FE K 4 FK Gene name

K4 1D Gene ID N4 PR Gene name HH ID Gene 1D

AtSRK2. 1 AT5G08590 OsSAPK1
AtSRK2. 2 AT3G50500 OsSAPK2
AtSRK2. 3 AT5G66880 OsSAPK3
AtSRK2. 4 AT1G10940 OsSAPK4
AtSRK2. 5 AT5G63650 OsSAPKS
AtSRK2. 6 AT4G33950 OsSAPKG6
AtSRK2.7 AT4G40010 OsSAPK7
AtSRK2. 8 AT1G78290 OsSAPKS
AtSRK2. 9 AT2G23030 OsSAPKY9
AtSRK2. 10 AT1G60940 OsSAPK10

0s03g0390200 SbSnRK2. 1 Sb001G350700
0s07g0622000 SbSnRK2. 2 Sh002G379400
0s10g0564500 SbSnRK2. 3 Sb001G294400
0s01g0869900 SbSnRK2. 4 Sh003G370100
0s04g0691100 SbSnRK2. 5 Sb006G279100
0s02g0551100 SbSnRK2. 6 Sb004G173500
05040432000 SbSnRK2.7 Sb006G083000
0s03g0764800 SbSnRK2. 8 Sb001G078800
0s12g0586100 SbSnRK2. 9 Sh008G147000
0s03g0610900 SbSnRK2. 10 Sb008G147000

1.4 EEZEH RFFINMELREELMLS W
JHTE 2 B F GSDS (http://gsds. cbi. pku. cn)
Xf B R S5 M AT 40 A, 1 T % SnRK2 2 A 1Y fR 5F
BLFy WU 43 B FAE 2 B MEME Chttp: //meme-
suite. org/) , S E<20. 05, iy e KIL PO & A
10, AR H) T %5 40 1 B gff3 U, J TBrools
BRA R G £ 4K T A AT WAL
1.5 BashFIRXIEATHESH
JH TBtools H 4 M S 16 B 038 I 2% 4 1 3
2 000 bp M FFIAE NG 37 17 51 FIAFE L AT plant-
CARE (http://bioinformatics. psb. ugent. be/ webtools/
plantcare/htmD #47  =CAE FH oG4 #1007 H TBtools
B FI0 25 R AT nT AL
1.6 EIF%E SnRK2 BERARKMREERXSH
NIRRT A LU SsSnRK2 FE H 1) 635

2, SGD % ¥E J& (http://sugarcane. zhangjisen-
lab. en/sgd/html/mRNA. htm) /A9 %% 5% 241 K 95 15
F| SsSnRK2 1E ZE MM 7 AN [\ & & B 01 1 2% 35 %k
5, R 1& 5 (http://www. r-project. org) ¥ # &
{1, 5T FPKM X i f5 SsSnRK2 3 M 3 ik i £ fi
HEAT AR I 25
1.7 SsSnRK2 E[E qRT-PCR RiE#ER 27

H Trizol W50 & CRMR L Jb 50 $HR 4 T R 38
REFRF B A RNA, J Fast Quant RT Super
Mix 5] & CRAR, L 50 #EAT RNA SRS 5%, 43 i oD-
NA. H] Primer 5.0 & iTF96 @519 (£ 2), 3 H
GAPDH HWNZHH, H 2XRealStar SYBR Mix-
ture I £ (GenStar, L 50) , 7E ABI 7500 #¢ 5% €
PCRAX Fiid7 Wi . SnRK2s R WA X ik 5
2 T MR AR R 3 B

F 2 RT-PCR S #FETASI4
Table 2 Primers used for qRT-PCR analysis

5|4 4 FX Primer name

F#514¥ Forword primers (5'—>3")

T 5149 Reverse primers (5'—>3")

SsSnRK2. 1 GCACTATCCTGCTGCTTCG
SsSnRK2. 2 CGTTTGGTCCTGTGGTGTC
SsSnRK2. 3 AATGAGCAAGCAGTATGAGGAG
SsSnRK2. 4 ATGTGATGCTGGTTGGTGC
SsSnRK2. 5 AACGGGGCAAATAGATGAGA
SsSnRK2. 6 CATACATTGCTCCAGAGGTCC
SsSnRK2. 7 GGGATGGAGATGCCGATAA
SsSnRK2. 8 TCTTGCCCGTATCTTTGTTG
SsSnRK2. 9 CTTCTTGCCCGTATCTTTGTT
SsSnRK2. 10 AAGTATGCCACCGTGATTTGA
SsSnRK2. 11 TGGTTACTCCAAGTCGTCGCT

GAPDH

CACGGCCACTGGAAGCA

AATCCTTTCAAATAGCTCACCC
AGCAACTGAAGCAAGTTGTGAT
GTCAAGATCGGCATCTGAGTC
ACTGCTTGCTCATTGTGCTG
AATAGCAAGGTGGGTCGGT
TTATCCGTTGCTCAGGGTTC
TCCTTGAAGCGGATGATGTT
ACCCTGTTATCCCTCCTGTAGT
GTGAGTTCCCGTGGTAGGTT
TGCGATGTATGCTGTAGTTCC
GGTCATCTGGGTCCTCAAAA
TCCTCAGGGTTCCTGATGCC
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Table 3 Physicochemical properties of proteins encoded by SsSnRK2 family members
- A G o 1 AREFH AR KPR
Gene 1D Gene name of amino Molecular 2 Instabdlty Ahphanc Grand average
acid mass/kD index index of hydropathicity

Sspon. 01G0011360-1A SsSnRK2. 1 580 64 695. 80 8.94 45,27 91.45 —0.138
Sspon. 01G0014770-1A SsSnRK2. 2 308 34 916. 70 5.46 34.56 87. 34 —0.427
Sspon. 01G0023360-1A SsSnRK2. 3 307 34 664.41 4. 81 36. 34 91. 82 —0. 364
Sspon. 01G0050220-1B SsSnRK2. 4 302 33 837.43 4.68 37. 86 85.56 —0.295
Sspon. 01G0061760-1P SsSnRK2. 5 302 34 248.93 4.62 42.96 90. 70 —0.288
Sspon. 02G0003200-1A SsSnRK2. 6 227 25 683.53 5.45 36.79 94. 85 —0.299
Sspon. 02G0029960-1A SsSnRK2. 7 362 40 299. 69 4.76 35.08 85. 66 —0. 260
Sspon. 03G0002080-1A SsSnRK2. 8 309 35 896. 36 6.04 56.68 72.23 —0.816
Sspon. 03G0039650-2D SsSnRK2. 9 364 42 712.43 6. 84 53.05 74.15 —0.747
Sspon. 04G0029000-1B SsSnRK2. 10 318 35 278. 34 5.31 34.02 90. 13 —0. 209
Sspon. 05G0011250-1A SsSnRK2. 11 346 39 632.07 5. 75 42.82 76.39 —0.568
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Fig. 2 Motif analysis (A) and structural features (B) within SnRK2 gene family in S. spontaneum L.
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2.6 SsSnRK2 EEEAFHREKEZEIERN
FKiIEER

FERFE BT 5 SnRK2 5% 1 A K [\] 20 4 4=
KRR A B TS [ 0 e F0 25
BESEAKEU A T BT SsSnRK2 K Y 4 4UF
SRR AR IEIME, FR (B 5 RV 11 4> SsS-
nRK2 FRAEH T2 22 A 19 & & o 18 v 3 ol 3Rk

FEM i, SsSnRK2. 1 M #1K, SsSnRK2. 5.
SsSnRK2. 2 IR ik, i o 8 A5 PR 76 Jt 2t i
Wirp s R E L R o R RS B R R
K TEZE T, SsSnRK2. 5 363K, T SsSnRK2. 10 K
TEGHIR RN EH A 6 MR BRI R KK,
XYL SsSnRK2s 3 P AE A R 9 41 2 b B A R[]
R IBR

- SR A Seedling leaf
KRB Pre-leaf roll
KRN Pre-leaf

~ ~N o~ ~ " ) N~
5 3 5 5 5 5 3
3 3 3 3 3 3 3
< v 2
= a ¢

 ——

FRHE M Mature leaf roll
- FR¥M Mature leaf
4H 2B Seedling stem
B3R BRMZE R Pre-stem 3
- BOHIR MR Pre-stem 6
9T R BB Pre-stem 9
B3 R A ZER Mature stem 3
64 BB Mature stem 6
97 R MZEE Mature stem 9

SsSnRK2.8
SsSnRK2.9
SsSnRK2.10
SsSnRK2.11

5 EIFH SnRK2 R R 01 A 24 ZURR S M R G5 AR

Fig. 5

Heat map of tissue-specific expressions of SnRK2 members in S. spontaneum L.
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Fig. 6 The relative expression of SsSnRK2 genes in S. spontaneum 1.. under drought treatment
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