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Molecular Characteristics of Four WAKs/WAKLs Genes
in Wheat and Their Expression in Response to
Puccinia striiformis f. sp. tritici Infection

KONG Yixi, QIAO Liang, WANG Huiyutang, LIU Xingchen, YANG Baoju
(College of Agronomy and Biotechnology, Yunnan Agricultural University, Kunming 650201, China)

Abstract: [ Purpose] To identify four wheat WAKs/WAKLs genes and analyze their expression pat-
terns responding to Puccinia striiformis f.sp. tritici (Pst) infection. [ Methods ] Four WAKs/WAKLs
genes were screened from transcriptome differentially expressed genes of wheat, which inoculated

Pst in resistant variety Yun337 and susceptible variety Yun402. The gene structure, physicochemical
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property of protein, conserved domains and phylogenetic relationship were analyzed, and the expres-
sion patterns of four genes in wheat inoculated Pst were verified by RT-qPCR. [ Results ] The full
lengths of TraesCSIB02G004100, TraesCS6B02G459100, TraesCSU02G079300, and TraesCS3A0-
2G122300 were 3194, 5117, 3208, and 2934 bp, respectively; they encoded 714, 960, 737 and 652
amino acids, respectively; they all included extracellular GUB domain and intracellular Ser/Thr kin-
ase domain; and they were all located on the cell membrane. Phylogenetic analysis showed that
TraesCS6B02G459100 with Os05g04460, TraesCSU02G079300 with Os02g02120, TraesCS3A402-
G122300 with AtWAKLI1S5, TraesCS1B02G004100 with HORVU MOREX.r3.5HG0503880, had a
close relationship, respectively. The kinase site amino acid analysis showed that TraesCSIB02G00-
4100 and TraesCSU02G079300 were non-RD kinases related to plant innate immune mechanism,
while TraesCS6B02G459100 and TraesCS3402G122300 were RD kinases. Gene expression analysis
showed that four WAKs/WAKLs genes in wheat were expressed differently upon infection of Pst, and
TraesCS1B02G004100 was down-regulated in resistant variety but scarcely expressed in susceptible
variety. [ Conclusion] TraesCS3402G122300 and TraesCSU02G079300 are expressed differently
in both compatible and incompatible interactions between wheat and Pst; TraesCS6B02G459100 and
TraesCS1B02G004100 are only respectively expressed in incompatible interaction. The expression of
non-RD receptor kinase gene TraesCS1B02G004100 is inhibited, and its function and mechanism in

disease resistance deserve further investigation.

Keywords: Triticum aestivum; WAKs/WAKLs gene; expression analysis; Puccinia striiformis f.sp.
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RZ AR (receptor-like kinase, RLK) f&4H
Y32 VA i B L UG, 7 2 B D i R
FETREZEEN, ERMANERE . K. &
B RO AR IR ) . RLK 05— 5 i
HheERYI, (extracellular domain, ED)., BSHRIX (tra-
nsmembrane region, TM) F1 PN 4 45 #4358 (Ser/
Thr kinase domain, STK)™, FEAH i # HAE Y
555 E g, RLK AR BN 32K (pat-
tern-recognition receptors, PRRs) AJ DL 5155 5 2
7 F A2 (pathogen-associated molecular patterns,
PAMPs), M\ 1T 75 2t i S L nie 1 A 40 1) K 9K 9 2%
A Y (pattern-triggered immunity, PTI), #GAHEY)
BT RE I, AN FES PAMPs 43 1932 14
R ED R )E, Bt STR BE S T4 T
TR, 51k — RN RN, f4E ROS
B& . MAPK 0% . WRIREBTOINE . £5 8 F A
KGR AR AES, W3R N BRAE 5 5% 508 %
Hr, L2k BAK1 #1532 14 FLS2 St [R5 J
MIMEEEE T, BRI SZIRISE A BAK1 AHEAEM
F AL BRI 1 1 NG BRI Z IR Z 580,
TS TS 3R N R ARAEN R S AT . OB 22 (1) RL-

Ks D87 iEH]Z PRRs,

21 B BE SZ A4 18 il (wall-associated kinases, W-
AK) K HZE ] WAKLs (WAK like genes, WA-
KLs) J& T RLK ZRIERIES, SFH WAK/W-
AKL ., WAKs Fl WAKLs WZEFARR AL, &
IR MOAN R 2 A K R T S5 #4 3) (epidermal growth
factor domain, EGF). 5 I 45 ¥4 38 A1 Py STK,
{H¥85y WAKLs Bjt/>—Se2skgdl, a1 WAKL7 /b
5 RSN 25 A T AE A B AR s i,
B NN WAKs/WAKLs F& K AT LU g 240 i
SNFUFZH G, TR P B ER A 2 S5 MBS
REARY, IF HAEAERK KB FXTEEE Y 1)
i 5z PP AR o WAKs/WAKLs J% PR AR ) b5 A
s S DT T R4 G E T, . AtWAKT S
WAKs 1, SWEEEAE, TERIREGIT BI85
MR EZERY; MWEXK (Zea mays L.) HF iR
FREBCE TR BN ZmWAK ] Pt T oK 22 AR
TEMRAE (Gossypium hirsutum L.) P2 ER|H) GhW-
AK74 Z 5T A 22 0 R Y e
4% (Populus davidiana xP. bolleana) " i 32 3K 74,
3| PdPapWAK RN, AR A= Wy A A= Wby



28 Py I )y N = 22

9539 %

38 RE 2L R

T WAK/WAKL 8 15 J2 Wi o 9 Ji B 5 5 1Y
HEA G . KALIK, FERNT R Bt T
Ykl PTI 5 ETI £%8. tHY PRRs 545K
FEH (resistance gene, R) IHARAARR, (Hix—5
PRI 25 KRS APk R . WAK/WAKL KA
fEoi FRAP N EEZA, 7T LIS R 1)
PTI 8 S A2, 4G I 3809 i BT 110 280 0 2 14
AT REJR IR 2 — R AR R FEDR 59 I TG 2
P E AR R b R R W fE U, FE/NZE R
BLNETEIB RN, S5 3] WAKT 13
JETF R, BRI T /N R 2 A% TR I B AR R
Mo NEFER A HENE] 1A WAKL4/sth6 B[,
TZIE RO IR AUV ) Avr Stbe,  H Zgad i i
PE R T /INAE XA Bt A S RN
DB, Mid2eik OsWAK9I I, JKARHGS ETI
G0, 77 Hy0, IONITHEBRAIDE R FEHARIA",
SIWAKI 8 1% % i vh i FLS2/FLS3 4515 54
%7 PRRs Ay e &, B2, WAK/IWAKL
FIGTE PTUM ETI R IAENLHIRE 22, B
NG DL ANTEAE

AR5 TR ABIZE AT 3000 5 11 /0N 22 1 7 2% 4555
1R Y (R S B h e 4 AN TEDTEA L rp 22
S RIKN WAKs/WAKLs SEPR, X FLib A7 36 R 245
L EEIEATAE . SRS, Raiiik
GG BT, 456 LR it PCR (RT-
qPCR) TEHTIE AU AR 3B e 1o 4% 45 A 19
TR, N5 /NEE WAKs/WAKLs 3£ H
M o7 255 TR 1R G A FH AL S D e S %

1 MR57HZ%

1.1 s Rk
HER/ N RO PLAR S L R = 337 RS
BN = 402; /NSRS (Puccinia striiform-
is f.sp.tritici) N CYR32. H#5/NEFEFAEN T8 5%
=, REEHTEE 16~18 °C. K 12~15 C,
KGR 16 hy /N A KB - ed, K CYR-
32 S5 A HRARRLEE 10 20 IR A 5 JEAT IOk $2
Pt A RESRBHIRYG 0. 24, 48, 72, 120
168 h It AEA, F-80 C fR17-%& .
1.2 Sy 2 w3 R R IE b
S th AL R AR A R A T
SERLe SUPE RS A A% 1 DU T 4 >R F DESeq2 i

TrERIEH T, Lh2ERA5EL (fold change, FC)=
1.5 HAEIR A PR (false discovery rate, FDR)<0.01
VER 22 S L R e b o, P2 A E DR R
2RI /INZE WAKs/WAKLs 3£, I X Hoilk
1 COG 7. GO Iifigs 4 . KEGG 11 RAI KE-
GG = 4R o
1.3 /N WAK/WAKL FSE R % &

TEAREIT . KAE . ORI RN B 4 B
JESCH, R A TBtools v1.108 M H it i 22 57 4%
IR/ WAKs/WAKLs DR P[] 05 35 DR 20 2 ik
R P4, I Ui 0 ) 51 A s R 2R X s 1T NC-
BI i Batch CD-Search 7E£ 314 (https//www.ncbi.
nlm.nih.gov/Structure/cdd/wrpsb.cgi) X i £ 15 21| i)
e 16 5L PR i 2 1 A 7 2 A A5 A S0 A
1.4 /N WAK/WAKL FIRBUAEVIE B 55

FI FH GSDS 7 £k % 14 (http//gsds.cbi.pku.edu.
cn/) Sy M AZ I /INE WAKs/WAKLs SeR 2585 |
JH ExPASyProtParam Tool (http//web.expasy.org/pr-
otparam) FUN FE 5 A4 45 HEL i FIL 7 o i F A
ExPASy (http//web.expasy.org/protscale) Fil ll] £ [
BRI PERG KM s R MEME 7EZR 8K (ht-
tps://meme-suite.org/meme/tools/meme) Fiiill £ FH 3
o T W58 /NAE WAKs/WAKLSs 28 (15 HAbY)
PRI RGO R, XN L KEZ . IR
IKFE 4 AW [R) PR R ) WAKS/WAKLs £
HAaRKFIHEFT LR, R DNAMAN V6 LX)
FEARZTFH, R MEGA 7.0 (8575 8 R
Geit b, SR TBtools % il RS E LW 5 5L 7
TR
1.5 /INFE WAKs/WAKLs 3R R IR b7

R DI s 4 i 6 HH A/ NAE WAKs/WAKLs 5
HFF51, {#F Beacon Designer 8 %11 RT-qPCR 5|
YIFs) (5 1), 5190 H AR A Y R A R
A4, %M RNA Easy Fast fi#74H 4 RNA Pk
FEIUAH & (RARAALRHCA BRA 7)) 2N Z
F I RNA, PR Aid lab 23\ U5 SRR &
(TURE script Ist Stand cDNA SYNTHESIS Kit) #f
iRk . LI/NEE GAPDH 3 NS, fHiH] 2x
SYBR"® Green Fil iR ¥ (*h [E DF) i 7| & 7& Anal-
ytikjena-qTOWER2.2 I 5% ), 7 2 PCR X ({8 [%])
4T RT-qPCR 2o SRR ZR SUATR 10.0 uL,
115 ¢cDNA #ifg 1.0 uL, SYBR Green 1 Master
50uL, . FUE5I¥45 0.5 uL, ddH,0 3.0 pL,


https//www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
https//www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
http//gsds.cbi.pku.edu.cn/
http//gsds.cbi.pku.edu.cn/
http//web.expasy.org/protparam
http//web.expasy.org/protparam
http//web.expasy.org/protparam
http//web.expasy.org/protscale
https://meme-suite.org/meme/tools/meme
https://meme-suite.org/meme/tools/meme
https://meme-suite.org/meme/tools/meme
https://meme-suite.org/meme/tools/meme

FL—Wi, 4. /NE 44 WAKs/WAKLs FER ) 5348 K Hm B AR5 TR AR Y i 26 35 29

551
x1 #Hil59
Tab. 1 Primers for test
ElEZ B2 SRS (5'—3")

primer names primer sequences
GAPDH-F GCCTTGCTCCTCTTGCTA
GAPDH-R TCCACCTCTCCAGTCCTT
TraesCS1B02G004100-F CAATCAGCGGACGGTCTA
TraesCS1B02G004100-R ATGTCGCCGATGACTTGT
TraesCS6B02G459100-F TTCATCGGAATGTGGTCAAG
TraesCS6B02G459100-R GCTGAGTGGAGATAAGAAAGG
TraesCSU02G079300-F GAGATGTCGCTGAGAGGTT
TraesCSU02G079300-R CCATGCTGTCCAGTGCTA
TraesCS3402G122300-F AGCTCGACACAATGAAGG
TraesCS3402G122300-R CCCAGCCTCAATGTTGAT
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Gene structure of four wheat WAKs/WAKLs genes
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Tab. 2 Physicochemical properties of four WAKs/WAKLs genes

r——— rEa——
R BRI St ROHTREN b O RO
gene accession number of protein peptide length protein molecular weight pl index hydrophilicity

TraesCS1B02G004100 XP_044361219.1 714 78.68 8.50 89.59 —-0.119

TraesCS6B02G459100 XP_044410226.1 960 106.29 5.98 85.33 —0.120

TraesCSU02G079300 XP_044407301.1 737 81.86 5.65 81.38 -0.214

TraesCS3402G122300 XP_044339162.1 652 69.67 6.25 90.49 —0.024
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Note: In the red box are four WAKs/WAKLs genes screened from the transcriptome; the same as below.
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Fig. 2 Phylogenetic relationship (a), protein domain(b) and motifs structure (c) based on the amino acid sequences of

WAKs/WAKLs from Triticum aestivum and Arabidopsis thaliana, Oryza sativa, and Hordeum vulgare
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