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Abstract: [Objective]As a crucial class of receptor-like protein kinases, genes in the WAK/WAKL fami-
ly play a vital role in plant growth and development, disease resistance, and stress responses. The aim
of this study was to identify the MeWAK/WAKL family in melon, analyze their expression patterns in re-
sistant and susceptible materials under Phytophthora capsici infection, and explore the relationship be-
tween this gene family and melon's resistance to Phytophthora blight. [Methods] The melon ZQK9 and
E31 are high-resistant and high-susceptible resources to P. capsici, respectively, and they were identi-

fied through disease resistance screening in our laboratory. These materials were used to analyze gene
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expression patterns after inoculation with P. capsici. The pathogen was isolated from diseased melon
plants collected in Sanya, Hainan, China. The melon genome data were referenced from Melon
(DHL92) v4.0. Based on the conserved domain features, the melon WAK/WAKL family members were
identified through genome-wide screening. Subsequent analyses including gene structure, protein physi-
cochemical properties, chromosome distribution, subcellular localization prediction, promoter cis-act-
ing elements, and phylogenetic relationships were conducted by a serious of softwares and visualized
using TBtools software. Quantitative real-time PCR (qRT-PCR) was employed to investigate the expres-
sion patterns of family members in resistant (ZQK9) and susceptible (E31) samples at 2, 24 and 72
hours post-inoculation (hpi) with P. capsici, aiming to elucidate their correlation with disease resistance
in melon. [Results] The WAK/WAKL family in melon comprised 20 genes, including 4 WAK genes and
16 WAKL genes, which were distributed across 9 melon chromosomes. Among them, 7 genes were clus-
tered on chromosome 3, suggesting that these genes might function through coordinated expression.
The results of subcellular localization prediction indicated that the WAK/WAKL family genes in melon
were mainly localized in the extracellular or plasma membrane, consistent with reports in other crops.
The phylogenetic tree divided 113 WAK/WAKL family genes from melon and model plants such as Nico-
tiana benthamiana, Arabidopsis thaliana, and Solanum lycopersicum into 6 groups. The MeWAK/WAKL
family genes in melon were mainly distributed in group I and VI. Group I was independently composed
of 7 MeWAKL genes, indicating that the members of the MeWAK/WAKL family in melon might have un-
dergone strong natural selection (such as extreme environments) during the evolutionary process, show-
ing a phenomenon of rapid evolution. In addition, 6 of these 7 genes were clustered on chromosome 3.
This clustering might lead to functional redundancy, but it could also reduce the negative impacts
caused by structural variations such as chromosome breakage in individuals under strong external pres-
sure, thus being retained in evolution. Domain analysis showed that the WAK/WAKL family genes in
melon contained 1 to 7 exons. Among the 20 family genes, 17 genes contained the GUB- WAK bind
(wall-associated receptor kinase galacturonan-binding) domain. Seven genes contained the GUB-WAK
bind, EGF (epidermal growth factor), and serine-threonine kinase domains simultaneously. Seven genes
only contained the GUB-WAK bind domain, and 2 genes contained both EGF domain and the kinase do-
main without GUB-WAK bind domain. Analysis of promoter cis-acting elements revealed that the pro-
moters of the WAK/WAKL family genes in melon contained light-responsive elements (LTR), regulatory
element related to meristem expression (MEE), response elements for various hormones (MeJA, SA,
ABA, Auxin, and GA), as well as elements related to drought-inducibility and defense and stress respon-
siveness. This suggested that the WAK/WAKL family genes in melon might play important roles in dis-
ease resistance, stress tolerance, and growth and development of melon. Two genes, MeWAKL4 and Me-
WAKL16, which were specifically up- regulated after inoculation in resistant melon ZQK9, were
screened through qRT-PCR analysis. MeWAKL4 was a transmembrane protein containing the GUB-
WAK bind domain, WAK assoc domain, and kinase domain, might play an important role in recogniz-
ing pathogen infection signals and transmitting them into the cell. The MeWAKL16 protein had only
one GUB-WAK bind domain, was localized on the plasma membrane, and had a transmembrane struc-
ture. Based on the resistance mechanism of the maize gray leaf spot resistance gene ZmWAKL, we spec-
ulated that MeWAKL16 might play a role in recognizing pathogen infection signals and transmitting the
signals into the cell by forming a complex with other kinase(s) on the plasma membrane. The detail reg-
ulatory mechanism required further experimental research. [Conclusion] In this study, 20 MeWAK/

WAKL family genes in melon were identified. Through gene domain and promoter cis-acting element
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analyses, it could be speculated that MeWAKs/WAKLs could respond to various hormone or stress sig-

nals and regulate the plant's disease resistance, stress tolerance, and growth and development processes.
Two genes, MeWAKL4 and MeWAKL16, were screened via qRT-PCR and showed specific up-regula-

tion at 24 and 72 hpi in resistant melon ZQK9, while their expression levels exhibited no significant dif-

ferences in susceptible E31. They might be involved in the signal pathway of melon's resistance to Phy-

tophthora blight. This study laid a foundation for further research on the specific relationship between

melon MeWAK/WAKL family genes and the resistance response to Phytophthora blight.
Key words: Melon; WAK/WAKL family; Phytophthora blight; Expression analysis
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Gene name Primer name The sequence of primers (5'-3") Fragment length/bp

MeActin MeActin-F CCTGGTATCGCTGACCGTAT 133
MeActin-R TACTGAGCGATGCAAGGATG

MeWAK1 MeWAKI-F AAGTCCTGAATGAGGTCCGA 203
MeWAKI-R CGCTGTGCCTTCCGCTA

MeWAK2 MeWAK2-F CAATGTCTACCTGCTCAATCCT 270
MeWAK2-R CCGTATCGTATCCCGTAAAAC

MeWAK3 MeWAK3-F GACCTGTGGCGACAATCAA 155
MeWAK3-R AAATACTGCGGACGGAAAA

MeWAK4 MeWAK4-F TATGGGGCTACCTTTGTTCTC 177
MeWAK4-R AAATGCTCAACTCGTCGGT

MeWAKLI MeWAKLI-F AGCGGTGGGTGTTATGGG 266
MeWAKLI-R TGGGGAGGATGCCTTTGT

MeWAKL2 MeWAKL2-F GTGGTCGGCAAGGGTGGT 151
MeWAKL2-R TGCGATGGTTGATTTGAGACAGA

MeWAKL3 MeWAKL3-F CGAGCGTCCTTGCGTATCT 282
MeWAKL3-R CCGCCTTCTTTCCCGTTAT

MeWAKLA4 MeWAKL4-F TTTGCATTCTTCAGCCTCTACTC 217
MeWAKL4-R CACATCGCTCTTCTCCGTCA

MeWAKLS MeWAKLS-F CCGTTCGGGATGAGGGA 196
MeWAKL5-R CGGTAGCAGTATCTGGAGGGTG

MeWAKL6 MeWAKL6-F TAATAATTTGTCCAACGCAGAGG 121
MeWAKL6-R AATTCGAGCTTTTATGCTATCCC

MeWAKL7 MeWAKL7-F TCCCAACCGCAACCGAT 136
MeWAKL7-R CACCCACTTACATAACCACTCCC

MeWAKLS MeWAKLS-F AGGGCGAAAGAGGAGGTAAA 162
MeWAKLS-R AAATGCCAAGCATCTGAACG

MeWAKL9 MeWAKLY-F TGTTGGTAAAGGTGGGTATGGT 154
MeWAKL9-R CACATTGCGATGATTGATTTGA

MeWAKLIO MeWAKLI10-F GCTAGTCTCGCCGCTCAATT 121
MeWAKLI0-R GGTACAGCAAGGGTCAAGAACAC

MeWAKLI1 MeWAKLII-F TTGCCTTTCAATGTTTCTACGC 216
MeWAKLI11-R GCACCCTCCAATTCTGACTCTTA

MeWAKLI?2 MeWAKLI2-F GGTTGCCCCAAAATCCAA 251
MeWAKLI2-R ACCAATCTCGTCGTGCAGTTA

MeWAKLI3 MeWAKLI3-F AGCGGAAGCGGTTATCAA 161
MeWAKLI3-R CCGTGGGGACATAAGCAG

MeWAKLI4 MeWAKLI4-F CCGCTAAACGATTTCCTCTTC 256
MeWAKLI14-R CGCTCCTCCAATACACGCT

MeWAKLI5 MeWAKLI15-F CAGTTCCACCACCAACATCCA 293
MeWAKLI15-R ACGGCAACCGCCATTCC

MeWAKLI6 MeWAKLI16-F GCTCCTAAGCCAATGTTCTGC 212
MeWAKLI16-R GCCCCAATGCTCTTCCAATA

2.2 EHIK MeWAK/WAKL FRi&EE EML 5 3Gtk LA T 9 SR, ol 7N R R SRR 2

O Gl AR 8 A A BT, R B 20 AN EE R Me- A BB 12 S YL AR AT T 3N 2R 6 5 e AR A A
WAK/WAKL ZZ 5 R 93 AT AE 9 2 Je itk b 7E2R DANFER RS 1.4.5.7.8.10 S 4L a4k F &A1 A
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Table 3 The gene name of WAK/WAKL family in N. benthamiana, A. thaliana and S. lycopersicum
FER AR HEF D FER AR FEF D B SRS FEH 1D
Gene name Gene ID Gene name Gene ID Gene name Gene ID
NbWAKI Niben101Scf00149g10001 NbWAKLI7 Niben101Scf07969g00010 AtWAKL21 AT5G66790
NbWAK?2 Niben101Scf00149g10003 NbWAKLIS Niben101Scf11389g01034 AtWAKL22 AT1G79670
NbWAK3 Niben101Sc¢f00530g11020 NbWAKLI9 Niben101Scf11416g00017 SIWAKI Solyc02g068660
NbWAK4 Niben101Scf01237g11009 NbWAKL20 Niben101Scf14950g00001 SIWAK?2 Solyc07g007020
NbWAKS Niben101Sc¢f02160g02006 NbWAKL21 Niben101Scf20037g00022 SIWAK3 Solyc09g014710
NbWAK6 Niben101S¢f02608g01007 NbWAKL22 Niben101Scf21589g00004 SIWAK4 Solyc09g014720
NbWAK7 Niben101S¢f02608g01008 NbWAKL23 Niben101Ctg15342g00002 SIWAKS Solyc09g014730
NbWAKS Niben101Scf03202g03004 AtWAK1 AT1G21250 SIWAKG Solyc09g014740
NbWAKY9 Niben101Scf03202g04015 AtWAK?2 AT1G21270 SIWAK7 Solyc09g015230
NbWAKI0 Niben101Scf03202g04017 AtWAK3 AT1G21240 SIWAKS Solyc09g015240
NbWAKII Niben101Scf03472g00005 AtWAKA AT1G21210 SIWAKY Solyc10g076530
NbWAKI2 Niben101Scf06394g08019 AtWAKS AT1G21230 SIWAK10 Solyc10g076550
NbWAKI3 Niben101Scf10330202004 AtWAKLI AT1G16120 SIWAK11 Solyc11g072140
NbWAK 14 Niben101Scf13018g00012 AtWAKL?2 AT1G16130 SIWAKLI Solyc02g086270
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NbWAKLG6 Niben101S¢f02290g02006 AtWAKL9 AT1G69730 SIWAKLS Solyc05g008950
NbWAKL7 Niben101Sc¢f02381g08016 AtWAKLI0 AT1G79680 SIWAKL9 Solyc05g008960
NbWAKLS Niben101Scf03202g03002 AtWAKLI1 AT1G19390 SIWAKLI0 Solyc05g008970
NbWAKLY Niben101Sc¢f03304g01026 AtWAKLI2 AT1G22720 SIWAKLI11 Solyc05g008980
NbWAKLI0 ~ Niben101Scf03363g01019 AtWAKLI3 AT1G17910 SIWAKLI2 Solyc05g008990
NbWAKLII Niben101Scf03445g00009 AtWAKL14 AT2G23450 SIWAKLI3 Solyc05g009010
NbWAKLI2 ~ Niben101Scf03939g06023 AtWAKLI5 AT3G53840 SIWAKL14 Solyc05g010530
NbWAKLI3 Niben101Scf04445g01002 AtWAKLI6 AT3G25490 SIWAKLIS Solyc09g008640
NbWAKLI4 ~ Niben101Scf05368g07009 AtWAKLI7 AT4G31100 SIWAKLI6 Solyc09g011200
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Fig. 3 The exon-intron structures of MeWAK/WAKL family members
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