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Introduction

Melon (Cucumis melo L.) is a diploid plant with (2n = 2x = 24) chromosomes, dicotyledonous and annual, which
has been receiving lots of attention for its biological characteristics and economic value for a long time. Iran with
production of about 1.6 million tons per year ranks third in melon production in the world after China and Turkey.
Vascular wilt caused by the soil borne fungus Fusarium oxysporum f. sp. melonis is one of the most important
diseases causing damage to the melon plant. Due to the survival of this fungus in the form of chlamydospores in the
soil and plant debris its control has been a difficult challenge so that, the only way to deal with this disease is to use
resistant cultivars. The present study was conducted to characterize morphologically different melon cultivars with
varying levels of resistance against Fusarium vascular wilt. Furthermore, the presence pattern of two MRGH genes
belonging to the MRGH21 linkage group was tracked in the genome of the melon line, and their variations were
defined. Moreover, the potential for using these genes in gene-assisted selection was investigated.

Materials and Methods

Five different varieties of melon named Charentais T, Charentais Fom1, Charentais Fom2, BG-5384 and the
local cultivar Khatouni were grown under greenhouse conditions. Different characteristics of the plant, including
leaf shape, male flowers, female flowers and normal flowers, and after harvesting the fruits, fruit weight, fruit
diameter and length, diameter of flesh and middle cavity. The differentiation of resistant and sensitive cultivars was
investigated based on the evaluated morphological traits. Additionally, the presence patterns of resistance genes
were examined in the genomic data of the aforementioned melon cultivars. The genomic analysis of melons aimed
to locate the MRGH21 linkage group, which carries several resistance genes. The sequence of this linkage group
was tracked from two gene bank databases in NCBI and MELONOMICS database.

Results

Based on the obtained results, although it was possible to differentiate melon cultivars based on morphological
traits, but since the study of these traits in the evaluation of a large number of samples in selective studies is a very
time-consuming and costly task. Therefore, the presence pattern of resistance genes were analyzed in the genomic
data of different melon cultivars. The sequence between two genes MRGH12 and MRGH13 including MRGH21
linkage group as one of the linkage groups carrying a number of resistance genes on Ch09 chromosome was
retrieved form two gene bank databases in NCBI and MELONOMICS. Due to the presence of multiple point
mutations in the genomic data, the MRGH13 gene sequence was selected for investigation in melon cultivars.
Specific primers, PSh21-F/R, were designed to track part of this gene's sequence. The tracking results showed that a
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single specific band, corresponding to the expected size, could be detected in the cultivars Charentais Fom1 and BG-
5384. Sequence analysis using the InterPro network tool confirmed the possible role of the protein coded by the
MRGH13 gene. It was identified as a member of the protein family carrying leucine-rich repeat sequences,
including the TIR, NB-ARC, and LRR domains.

Discussion

Attaining suitable markers to distinguish melon cultivars resistant to Fusarium wilt disease can support the
development of breeding programs with higher accuracy and speed. The results of the present study showed that
based on the morphological traits such as leaf shape, the presence of full flowers, and the number of petals, some
differences can be observed between different melon cultivars, but the noteworthy point is that in selection programs
searching for these morphological traits will be a very time-consuming and expensive task due to the large number
of investigated samples. Therefore, if molecular markers related to the resistance trait are available, the efficiency of
breeding programs is expected to increase significantly. In the present study MRGH13 gene was selected to be
investigated for tracking in melon cultivars and specific primers were designed to track part of the sequence of this
gene. The tracking results showed that a single specific band could be detected in the cultivars Charentais Fom1 and
BG-5384. Biological processes related to MRGH13 protein in the QuickGO network tool showed its relevance in
the signaling pathway that regulates immune responses. In future studies, it is suggested to evaluate the ability to
distinguish resistant cultivars based on resistance genes, including the MRGH13 gene, in a larger number of
samples. Moreover, considering to the predicted functions of MRGH13 protein, more investigation on its interaction
with other resistance proteins as well as proteins of pathogenic agents can be useful for identification of its
functional role in resistance.

Keywords: Fusarium wilt disease of melon, Marker assisted selection, Nucleotide Binding Site—Leucine-Rich
Repeat (NBS-LRR) Genes, Plant disease resistance genes
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Figure 1- The leaf shape and lopes form in the five studied melon cultivars (fom left to right: ‘Khatooni’, ‘BG-5384°,
‘Charentais Fom2’, ‘Charentais Fom1’and ‘Charentais T’, respectively)
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Figure 2- The shape of male flower and perfrct flower in different studied melon cultivars
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Figure 3- Female flower (A) and six-petalled male flower (B) in melon cv. ‘Charentais Fom2’
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Figure 4- The Fruits type, longitudinal and transverse diameter of fruits, fruit surface nets, seed hole shape in standard
melon cultivars harboring resistance genes to Fusarium vascular wilt disease compared to the local ‘Khatooni’ cultivar
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Table 1- Fruit and seed characteristics of four standard melon cultivars with different resistance levels
against Fusarium wilt disease
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Melon cultivars

Fruit and seed characteristics

Charentais T Charentais F1 Charentais F2 BG-5384
o 09 288.5 +34.8 335.4 +56.1 361.5+51.2 1099.3 + 62.7
Fruit weight (g)
. DW b 17.2+1.6 184 +2.7 19.2+25 21.3+3.1
Fruit diameter (cm)
oxe ok 16.8+1.7 17.7+2.7 185+25 22.8+3.3
Fruit length (cm)
° S Colus
G _55 6.5+0.8 6.8+1.2 7+1.1 7.7+14
Flesh thickness (cm)
e 42402 48+03 5.2+03 5.6+0.4
Fruit cavity diameter (cm)
o 2e Ve Ly 1.3+0.02 16403 1.5+0.02 41+005

Weight of 10 seeds (g)

sl o &l 0ol dw o 1 SSlo 3kl (slas slaio 5 09N H ST dus & bgyye (slaodly lawgio #
*Average data of three replicates + the standard error of the average of all three data are presented.
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Figure 5- The sequence range of 1692592 to 1809952 bp on the genomic fragment with the retrieval number of

NW_007546318.1 and an approximate length of 117 kb including MRGH21 linkage group genes on the Melon reference
genome with the retrieval number of GCF_025177605.1 version number 102 released on October 13, 2022
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Figure 6- The sequence range of 686883 to 783580 bp from chromosome number Ch09 of Melon, retrieved from Melon
genomic data version V4.0

o lold 4 fale iz pB)1 )3 07l g anslde
P& ol osd ge Syl g 9B 2y (Al sl
ol oanlia 5 MELONOMICS oSl ,5 agij cslaosls
el 5 03 cpl 2bdy 2950 Sl el ol (A-Y JS)
90l398 Sy ol ply > Aliee leglis pobaw b gl
Dled SaS o)l pled 4 Wlgn 50

O9be 3 yusticl ald )l ;o MRGHI3 (5 M g3 abaa

adllas 3)50 pB8)] 1 0 gl sl GDNA (5989 Sl (555
05 by @b (AA JS2) o ol bs cuiS 5 claS
Sl il eglie zslaw s ske p) > MRGH13
sla,S5lel a5 oy ol F. oxysporum f. sp. melonis g,
2 el 350 ojlul o 1y polas] L SO 6B end sl )b
PB) Ghgrorsdl oS ke by pB)) Sl (B
Sl 9> ol 390 ;3 L S5 BG-5384 4 Charentais Foml
pByl o Wb ol S I o as ssalie VO kb 4 ) kb
wolait! Skl cas |, Charentais Fom2 4 Charentais T
(B—A JS3) 395 2b>, L6 PSh21-F/IR

MRGH13 3

2 Ggbe o585 sloodls g ()5 b 53 39250 srodld (g
ik oles b MRGHI3 (jj yogas > NCBI oL
Cusl b Cin YEOF 15 oyl Jsb S sl olis LOCL07991675
o Jlg b cas Y g 4 YOFR B YEFY odgace j> oS
DFY-) (clmodgiome )3 (S955T Al aw o] (gl g conl asuial
oy S Iy ol ok Byme TEOF-YSYY 5 YEVF-\TAY
MELONOMICS = oL 51 omel  cawday  sloodly
o5 o ol (https://www.melonomics.net/melonomics)
slaly 53,5 i 53 osn) sk cé FYFF Jsb 4 MRGH13
03900 3 (] Casdily 5 CundVl okighdan i b g ogil
Jy5 Chro9 agjees,S (s9) YAYOA: L YWAYYY  clanselsss
5 g 55551 4l lea ool ol )3 (A-Y S cunlad S
DFY-Y lrodgaome 0 5 Slosds b Sus$ 51 o] slo
sob 4 cuiga FYFF-YIAS 5 YAYV-YAYY (YFAY-\YAY
Gl 015 Gt 5 ol 0 b cés MIES g YA VL) 5
il 35S YN Job & ol 0aiSsS” g5 gsazmo 50 &S
BV Js2)


https://www.ncbi.nlm.nih.gov/data-hub/genome/GCF_025177605.1
https://www.melonomics.net/melonomics

DAL .. wlaw wlwl » Fusarium oxysporum f. sp. melonis g8 1y ;o ¢yebo polie sl 3lei oyl )So g 13 R oS

5| zemem _ammom asoncon somom _womun ____ womms s msmas momsm 2omam Zamao
A = MmO e @y vl - o e T e =8
= T =
e Pt
0 Caeata PE241112 KC) [ v [ .
© Copm erde 134 109 v '
© Raxc i ' v !
EreTe—
0 St e P75 5 [ L \
O Wigan d 2297 (109 o
© Vedeartals DY
B fShZLF Psh21-R
10007 znool 30001 40001
PP (DNA1349 cDNAS28 bp)
MRGH13 gene )
MRGH13 CDS
[___Pooocococood > - - - - > e beman >
TIR Domain NBS-ARC Domain LRR Domain

895 3uskS E/VE 31051 o YAY'00+ L YWAYEE s3gue ,3 (MELO3C000335.2.1) MRGHI3 1y} Cusdge Suilows glos (A) - JSu

O 0955 55 p950 b 0w yow ) (gl Ao (glakiy ylg 45 Chr09 o lows 95909 5
(https://www.melonomics.net/melonomics.html#/jbrowse)
o935 Cumbge otimd i MRGH13 (5 Soiless (slos (B) i slo calista dislg 13 0955 03950 53 o plwlis (glalais cla yiga odimdylis S5y ol blis
oS v 3l > ey g T L ons plulis lacpes ool 5 cyole plBl og3j (e 5l ST hlB askad wrd )b (olais] ol )55l Jlasl oSyl
A3 e sl |y (Zhttps://iwww.ebi.ac.uk/interpro) InterPro

Figure 7- (A) Schematic representation of MRGH13 gene position (MELO3C000335.2.1) in the sequence range of 779244 to
783550 and size of 4.34 kb on the chromosome number Chr09 in different varieties of melon drawn with Melon Genome
Browser (https://www. melonomics.net/melonomics.html#/jbrowse)

The blue dots represent point mutations identified in the genomic range of different melon varieties. (B) Schematic representation of
MRGH13 gene showing the position of exons, the annealing site of the designed specific primers, the amplifiable fragment of the
genomic content of melon cultivars and the location of domains identified by protein sequence analysis in the InterPro web tool.
https://www.ebi.ac.uk/interpro/).
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Figure 8- (A) DNA electrophoresis pattern extracted from melon cultivars, (B) Amplified PCR product with PSh21-F/R
specific primers. 1, 2, 3 and 4 are melon cultivars ‘Charentais T°, ‘Charentais Fom1’, ‘Charentais Fom2’ and ‘BG-5384°,
respectively. M represents 1kb DNA size marker.
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