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Abstract: Somatic embryogenesis receptor-like kinases (SERK) can sense and transmit extracellular
signals which located on the cell membrane, play an important role in plant growth, development,
and stress response. We identified SERKs in barley in order to explore the expression pattern of
HvSERKs under drought and salt stress. We used bioinformatics methods to identify and analyze the
HvSERKs from whole genome of barley with SERKSs sequence of Arabidopsis as reference sequence,
and analyzed their expression under drought and salt stress by qRT-PCR. The results in this article
showed that eight HvSERKs locate in the barley genome, three of which were on 7H chromosome.
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The phylogenetic tree constructed with SERKs in Arabidopsis, wheat, rice, maize, rape, potato and
barley showed that HvSERK1, HvSERK3, HvSERK6 and HvSERKS of barley formed a separate
branch. Gene structure and conserved protein motif analysis showed that HYSERKs were highly simi-
lar and conserved. The HvSERKSs were located in the plasma membrane except for HYSERK?7 which
in the chloroplast, and secondary structures were mainly random coils. Under drought and salt condi-
tion, the expression level of HvSERKSs except for HvSERK4 which is down-regulated in leaves with
salt treatment is up-regulated. Additionally, HvSERKs genes are highly expressed in mature embryos
compared to immature embryos. This study identified and analyzed the HvSERKs gene family in bar-
ley, and found that they respond to drought and salt stress, with the development regulation of em-
bryos and spikes.

Keywords: Hordeum wulgare; Somatic embryo genesis receptor-like kinases; Drought stress; Salt

stress;Bioinformatics analysis.
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Table 1 Primer sequence of HvSERKSs used for qRT-PCR

HE R 44 B LR BT 514
Gene name Forward primer(5'—>3") Reverse primer(5'—>3")
HvSERK1 TGGCAGTGCATAGGAACCTG CAAGCAGCATGACATCGTCG
HvSERK?2 AGGACTTCGAGGCAGTTGTG sCGCGGAGGTTATATGTGGA
HvSERK3 GATGGTCTCGCGGAGAGATG CTCAACTGCGTGGAGGCTAT
HvSERK4 GGAGTTTGGAAAGGCATCAAATC CCCTTGTCAACCAGCATATCA
HvSERK5 GGACCGCAACCTGAACAA CCGCTCGTAATCCTCCCT
HvSERK6 GCACTTGTGGACCTTTCG GGCTTGTTGTGGCTGAAT
HvSERK7 CAGGTGAATCATCGGAGAAGAC CTCCTCCGTTCTCAAACTCATC
HvSERKS AGGATGTCAGAGGTGGTTCG GGTCAGGTCGGAGTAGCAG
HvActinl TCGAGCACGGTATCGTAAGC CTCAGTGAGCAACACAGGGT

HvActin2

GGTCCATCCTAGCCTCACTC

GATAACAGCAGTGGAGCGCT
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Fig. 1 Chromosome localization of HvSERKs in barley
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Table 2 Physicochemical properties of HYSERKSs in barley
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Protein Gene locus ID Amino acids : . . Aliphatic index
weight/Da point index
HvSERK1 HORVU. MOREX. r3. 1HG0026870 622 67 958. 87 6.19 39.97 99. 26
HvSERK2 HORVU. MOREX. r3. 2HG0172990 627 69 076.99 5.70 39.77 95. 17
HvSERK3 HORVU. MOREX. r3. 3HG0233610 632 69 331.53 5.95 34. 25 99. 32
HvSERK4 HORVU. MOREX. r3. 3HG0291050 605 66 928. 20 5.31 28. 35 96. 81
HvSERK5 HORVU. MOREX. r3. 6HG0587440 622 68 483. 06 5. 64 40.12 93.59
HvSERK6 HORVU. MOREX. r3. THG0671520 625 68 502.72 7.21 38. 86 94. 40
HvSERK7 HORVU. MOREX. r3. THG0697320 622 68 582. 20 5.72 40. 39 93.59
HvSERKS HORVU. MOREX. r3. THG0728290 644 69 139. 89 6. 60 39.03 94. 67

2.3 7Y% E SERKs XER R B FEHL O
FIFH &K % HvSERKs f1 H fih 6 F 4 %)
SERKs 2 H 18 5 51, R e KSR i e R 40 &k
B, TERGIE H L AT LK 7 R B9 SERKs
R AL AN 4 A4S 5332, Horp 43 32V Y SERKs
Wit 2,4 XM &P (- 2), 0 XThk#E
HvSERKI, HvSERK3, HvSERK6 FI HvSERKS it
SEA G, Heh HYSERK6 F1 HYvSERKS 3% % % &
. KZF M HvSERK2 5 TaSERK 2 } HvSERKS5
5 TaSERK 1 3£ %4 X & ficilt , K & HvSERK7 5
OsSERK1, iX & W] A [ 46 ¥ () SERKs % [H 1

HEAL A AR AR BT A AL A A AR T g
R
2.4 HvSERKs EEZH RFEF M LRR F 7
5T

FEN G5 ¥ 3 M 2 W1 . HvSERK s ¥4 i 2441 i
THINE T4, B HvSERKI MHvSERKG 4 10
AN F AN, A HYSERKs ¥ 68 11 4 8+
(A 3), HvSERKs f %5 10 AMESF L7, 4 3l 6 44
b motif 1 ~ motif 10, HvSERKZ2. HvSERK5 Hi
HvSERK7 ¥ i 2% . H motif 1~motif 6 Fl
motif 9 7 HvSERKs W3 1 ¥, ¢ ] HvSERKs



< 1310 % X W

EE

%45 &

R A E EARSF (B 4), 433 LRR search
s JE 0 M, HVSERKs #1 AtSERK s 28 3 1% 17 51
FAN X #REA 4 4 LRR 254930, Hob AtSERK1~
AtSERKS5 I HySERK2, HvSERKS5, HvSERK?7
HA 4 580 LRR R R 3 31F 91 (LXXLX-
LXXNXL); HvSERK1, HvSERK3, HvSERK4
HvSERK6 . HvSERKS f£7E 1~2 AR 58 & 3R
J7 3] AR BB A AR 5 A Bl (1 5)

BnSERK2

SERKE

2.5 HvSERKs & H R Z R 45+ & 0240 B 7E L 93 #7

FH SOPMA %} HvSERKS )25 [ 5t — 4% 25 4 1k
35307 A28 W, Jo M) 5 il (52. 2390 ~57. 1420)
o MR JiE (33, 44 % ~37. 02%) = FE 4% (9. 47 % ~
12.10%) . I/ Euk-mPLoc 2. 0 iilll HYSERKs
WA M RE A . & B A HvSERKY 5 7 T 444 .
A 5 57 T 200 L o R 4 0 HG A M L AMME S
R ESAENIGR 3,

Tl IRV a3 s 4 ARG K. Ta:/hNE 5 Os: KHE s At IR IF s Zm: 2K ;B IS8 St B2 H,
I ..l and IV represent four different subfamilies, respectively. Ta: Wheat; Os: Rice; At: Arabidopsis; Zm: Maize; Bn:

Rape; St: Potato.

2 KRES5HM¥H SERKs 2 4t i# L it
Fig. 2 Phylogenetic tree of SERKs
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Fig.3  Gene structure map of HvSERKSs
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Motif /i & Motif locations

Motif Symbol Motif consensus

I YLHEHCDPKITHRDVKAANTLLDEDFEAVVGDFGLAKLLDYKDTHVTTAV

I RGTTGHTAPEYLSTGKSSEKTDVFGYGTLLLELTTGQRALDLGRLANDDD
YDEVEVEEMIQVALLCTQGSPSHRPRMSEVVRMLEGDG

. 1 PGGELQFQTEVEMISLAVHRNLLRLTGFCMTPT

. [ ] GQLKRFSLRELQVATDNFSNKNITLGRGGFGKVYKGRLPDGTLVAVKRLKD

. I [PDSLGHLLKLRYLRLNNNSLSGTIPDSLTNISSLQVLDLSYNNLSGPVP

. I NTEGDALYAJKQSLKDPNNVLQNWDPTLVBPCTWFHVTCNSDNSVIRVDL

. I SGVLSPQJGNLTNLQYLELYNNNISGPIPAELGNLTNLVSLDLYLNKETG

N | ERLLVYPYMANGSVASRLRER

. [ 1 STGSFSLFTPISFGNNPALCGPGTTKPCPGAPPEFSPPPPYNPPTP

4 HvSERKs EARTEF
Fig. 4 Conserved motif of HVSERKSs
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Fig. 5 LRR sequence analysis of SERKs between barley and Arabidopsis thaliana
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Table 3 Protein secondary structure and subcellular localization of HvSERKSs in barley

EE| oK B o BRI Te R iih i A 5 V. 240 it 5 A
Protein Sequence length/aa a-helix/aa Random coil/aa Extended strand/aa Subcellular localization
HvSERK1 622 216(34.73%) 334(53.70%) 72(11.58%) Ji i Plasma membrane
HvSERK?2 627 219(34.93%) 338(53.91%) 70(11.16%) Jif Plasma membrane
HvSERK3 632 228(36.08%) 341(53. 96 %) 63(9.97%) Ji 5 Plasma membrane
HvSERK4 605 224(37.02%) 316(52.23%) 65(10. 74 %) JE R Plasma membrane
HvSERK5 628 210(33. 44 %) 342(54. 46 %) 76(12.10%) J B Plasma membrane
HvSERK6 625 212(33.92%) 339(54. 24 %) 74(11. 84 %) Jii 5 Plasma membrane

HvSERK7 622 211(33.92%) 344(55.31%) 67(10.77%) it 2434 Chloroplast
HvSERKS 644 215(33.39%) 368(57.14%) 61(9.47%) Ji 5 Plasma membrane

55 R RE g — G A I 2 o e 1 B K BE Y LL A9

Values in parentheses are the proportions of secondary structure length to the total length of the sequence.
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3duk7dJE5S CK 25%& K, LHHvSERKS Fl
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d 55 CK 2% & K, L HHvSERKS 3% ik it 15 i
B 7dJE=CK 8. 1% fEetkd . HvSERK4 ~
HvSERK7 Rk ¥{Ea 14 d J5 5 CK 2 5%
K, HMHvSERK7 Fik & /& CK 19 9. 4 %, H4&
FERAEME 7 d fi110 d 55 CK 255k, Hif
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Table 4 Expression of HvSERKSs in barley tissues under drought stress

T 538 1 (8] Duration of drought stress

HH HY
Gene Tissues 3d 7d 10d 14 d
HvSERKI #2 Root 1.813+0.107 " 2.48440.285"* 1.968+0. 141"~ 1.793+0. 067" "
2% Stem 2. 85640, 085" 1.45840.081** 1.30540.058* * 1.2800. 074 *
" Leaf 1.61140.017* " 1.82140.051** 2.00140.061* " 1.2560. 051
# Atk Plant 1.286+0. 006" * 1.71140. 045~ 2.34040.057 " 1.346+0.079" "
HvSERK?2 ¥ Root 2.00840. 054 * * 4.00840. 051" * 3.30840.106"* 2.30240.369*
2% Stem 3.17340.023 " 1. 81040, 043" * 1. 49440, 050" 1.455+0. 086"
M Leaf 2.15740.092" 3.89440.031" " 3.12840.486" 1. 5660, 007 * *
A Plant 4.01240, 055 * 5.57040. 181" * 2.23440.091"* 1.589+0.412* ¢
HvSERK3 # Root 2.13740.045 " * 3.52740.081"* 1.97640.016* * 1.77240.167*
2% Stem 3.1134+0.097 % 2.58340.167* 2.06840.051* 1.774+0.013"
M Leaf 4.11240. 086 * 5.77840.804"* 3.22640.019" * 2.72640.197* %
Atk Plant 2.37540.276* " 8.43540. 842" % 4,78440.532* % 3.62040. 456 % *
HvSERK1 R Root 1.6084+0.016" 3.04340. 131" * 2.19740.009" * 1.5540.092* ¢
2% Stem 1.81140.015** 3.86340.017"* 1.56140.054 " * 1. 6520, 042 ¢
" Leaf 1.51740.134% " 1.83140.143% % 3.73540.247% % 4.40840.287% %
Atk Plant 1.83340.134" " 2.03440.326"* 2.18440.298" * 2.35940.407* %
HvSERKS5 2 Root 1.693+0.089" " 5.49940.529" % 3.15240.078* * 1.8980.199* ¢
2% Stem 1.542+0. 065" 7.41940.153* ¢ 2.12840.003" % 1. 6400, 145*
M Leaf 1.815+0. 108" * 7.95740.183* 1.74040.072" * 1. 7500, 043 ¢
4k Plant 1.79940.099 " * 1.99040. 066 * 2.875+0.040" * 4,533+0.753"
HvSERKG6 R Root 6.11540. 119~ 8.06940.552" % 3.06540.001" % 2.16240.488*
2% Stem 1.573+0.014" 1.728+0.025" " 2.91640. 024" 3.83240.071% %
M Leaf 1.49140.025" 1.77540.059* * 2.37840.071"* 3.16140.119* %
R Plant 3.3284+0.032° " 4.27140.033** 5.28540.027 % 6.08140.083" "
HvSERK7 R Root 6.39741.067"" 9.09640. 174" 7.16741.076" " 4.31240.577" "
2% Stem 3.54040, 104" 8.39540. 687" * 3.61140.071"* 2.19540.121°*
i Leaf 2.36640.033" 2.42540.153" % 3.59640.333" % 6.10340.021*
Atk Plant 5.02340.189" " 5.70040. 278" 7.35540. 451" 9.53640. 057" "
HvSERKS 2 Root 1.853+0.102" 2.95040. 411" 3.94440, 498" 5.49840.735% %
2% Stem 2.20640.036" 3.97340.055* * 1.88840.008* * 1.801£0.011**
M Leaf 1.684+0.032" 2.01640.035" " 3.82840.095" 1.5340. 028"
Ak Plant 1.74140.061" " 2.23440.188" 3.70140.099 " * 1. 6780, 025" ¢

* L x o« FRORME AL CK |22 575 0,05 A1 0. 01 KT RE. TH.

* and * * mean significant differences between stress treatment and CK at 0. 05 and 0. 01 levels, respectively. The same below.
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Table 5 Expression of HVSERKs in barley tissues under salt stress

HE | Th W30 BFA] Duration of salt stress
Gene Tissues 6 h 12 h 24 h 48 h

HvSERK1 # Root 1.865-£0. 025" * 2.20840. 086" * 2.64340. 121" * 2.909-£0. 002" *
2 Stem 121340, 027" 1.370-£0. 013" * 1.635-£0. 027" * 2.099-40. 024" *
M Leaf 1.759-0. 068" * 1.419+0. 081" * 1.166--0. 062" * 1.133-0.025" *

4k Plant 0.86140. 053" * 1.781-40. 015" * 1.157-40. 013" * 0.88040. 014"
HvSERK? # Root 0.834-50.026 " * 1.777+0.014" * 0.86440. 055" * 0.61540.007"
% Stem 0.74040. 006" * 1.485-£0. 014" * 2.65440. 041" * 1.725-0. 056" *
I Leal 1.067+0.012" 1.29140. 048" * 2.00140. 037" * 2.0080. 011" *
Bk Plant 1.561£0. 007 " * 2.28740.014" * 2.86840.012" * 1.120-£0. 013" *
HvSERK3 2 Root 1.089-£0. 026" 1.268-£0. 017" * 2.13040. 091" * 1.697-£0. 002" *
2 Stem 1.0830. 004" 1.165+0. 005" * 115740, 034" 1.42540. 039" *

M Leaf 1.113-+0. 006" * 2.358+0.081" " 1.133+0. 043" * 0.91040. 002"
Ak Plant 122940, 024" 1.581+0.011" * 1.678+0.019" * 2.37040. 011" *
HvSERKA4 B Root 0. 89540, 005 " * 1.212-£0. 009" 3.058=0. 055" * 3.36740.027" *
2 Stem 1.10840.013" 1.523-£0. 058" * 1. 60820, 007" * 2.893-£0. 054" *
M Leaf 0. 65640, 049" * 0.3610. 008" * 0.1180. 004" * 1.131-£0. 001" *
A Plant 0.90740. 022" 1.467£0. 004" * 2.15640. 021" * 2.74740.110" *
HvSERKS5 # Root 1.393-£0. 007 * * 3. 98440, 002" * 5.72740.185" * 1.957-£0. 011" *
2 Stem 1.248-+0.028" * 1.470-0. 007" * 2.56140.030" * 2.120-0. 053" *
M Leaf 1.239-+0.079 " 1.377-40. 004" * 1.47540. 018" * 1.989--0. 003" *
A Plant 1.301-0. 001" 2.24940. 015" * 2.936-0. 087 * 1.82240.130"
HvSERK6 # Root 1.38240.121" * 2.04540.019" * 1.549+0.051" * 1.263-£0. 047 " *
% Stem 1.412+0.021 " 1.613+0.051" * 1.641+0.087 " * 2.367-40. 058" *
M Leaf 1.11940. 007" 1. 44020, 046" * 1.880£0.011" * 2.309-40.013"
Ak Plant 1.138-£0. 009 * * 1.410-£0. 008" * 2.65540.110" * 1.588-£0. 037" *
HvSERK7 2 Root 0.984-0. 044~ 2.41740. 012" * 3.069-0.103" 1.22140. 001" *
2 Stem 1.05840. 058" 1.603-20. 023" * 3.260+£0. 042" 3.93740. 063" *
M Leaf 1.16240. 034" 1.204-0. 061" * 1.5560. 065" * 3.817-40.158" *
# bk Plant 1.20340. 041" 2.77540. 054" * 2.94740. 082" * 3.725-40.165" "
HvSERKS # Root 1.18040. 073" 1.986+0. 033" * 1.697-0. 058" * 1.119-0. 005" *
% Stem 2.02540. 063" * 2.36240. 051" * 1.265+0.011" * 1.095--0. 051" *
M Leaf 1.277-40.019" * 1.769-£0. 051" * 1.427+0.001" * 0.89340.001" *

4k Plant 1.1230.013" * 1.994£0. 001" * 1.786-£0. 002" * 1.088-£0. 058
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