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Abstract

Fusarium wilt [ Fusarium oxysporum f. sp. melonis (Fom)],
is one of the most serious diseases of muskmelon in India.
Fifty accessions of muskmelon and its relatives collected
from diverse sources were subjected to molecular screening
with Fom1 and Fom2 gene specific markers. Presence of
Fom1 (R) gene was confirmed using RG-9-2 marker where as
susceptible allele was confirmed with another set of primer
S-TAG/GCC-470. Out of 50 germplasm lines, 16 lines were
found to be positive. Among which, eight were homozygous
and eight were heterozygous in nature. The S-TAG/GCC-
470 could only able to confirm susceptible allele in exotic
lines but was failed to confirm the same in Indian accessions.
While for Fom?2 gene, a combination of R-408 (R allele) and
S-342 (S allele) were used. Six genotypes contained
homozygous resistant gene while only three lines showed
heterozygous nature for Fom2 gene. Only two genotypes
viz., SM-2012-12 and IC-267359 contained both the resistant
genes, whereas Kajri Sel. 1, IC-267375, MM-314 and MM-
4305 contained Foml gene. These results conclude the
presence of novel resistant gene in Indian melon gene pool
and there is an opportunity for developing new gene based
markers for these novel genes which will be useful to
strengthen the resistance against newly evolving pathogenic
races.
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Introduction

Muskmelon, a member of genus Cucumis and family
Cucurbitaceae is grown in temperate, sub-tropical and
tropical regions of the world (Kesh and Kaushik 2021).
Globally, it is cultivated in 1.05 million ha area with 27.3
million MT production and 26.1 t/ha productivity (FAO
2018). Indian muskmelon exhibits a wide range of
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morphological, physiological and biochemical diversity
as being a broad primary centre (Dhillon et al. 2012).
Already reported Indian resistance germplasm are PI
124111 (Thomas 1986, Kenigsbuch and Cohen 1989),
PI 124112 (Kenigsbuch and Cohen 1992), MR-1
(Choudhary et al. 2020), PI 164723, etc.

Melon is prone to attack of many diseases that affect
the yield and quality of fruits. In muskmelon, among
major limiting factors, fusarium wilt caused by Fusarium
oxysporum f. sp. melonis is the most devastating. It is
controlled by two major genes (Fom1 and Fom?2). While
two Fom1 complementary genes i.e. Fom3 (Zink 1991)
and fom4 (Oumouloud et al. 2012) was also reported.
But the evolution of pathogen is much faster than the
major resistant gene. Thus, genetic diversity of
germplasm is important as dynamic resistant gene can
withstand new strains of pathogen (Thrall and Burdon
2002). Still a wide variability is present in the melon
accessions which are treasure for many resistant gene(s).
These Indian germplasms must be dwelled for resistance
against newly evolving pathotype which can further be
used in breeding programs. Thus in the present study,
we screened germplasm with Fom gene (Foml and
Fom?2) linked marker along with differentials.

Materials and Methods

The plant materials of 50 melon accessions (including 3
Fom differentials) were collected from diverse sources
(Table 1). The morphological field screening was
performed and mentioned by Patel et al. (2016) in detail
and the final reaction score was used in this paper. In
the seeds of local collections and Fom differentials were
sown in plug tray of Scm cell size containing cocopeat:
perlite: vermiculite (2:1:1). Genomic DNA was isolated
from first two true leaf using Cetyl Trimethyl Ammonium
Bromide (CTAB) method (Murray and Thompson 1980).
The quality and quantity of extracted DNA was assayed
in 0.8% agarose gel and visualized under UV trans-
illuminator using Alpha Innotech Multi Imager gel
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Table 1: List of melon germplasm accessions

S. Designation Var group Source Country S. Designation Var group Source
No. No. Country

1 MS-1 melo India 26 Punjab Sunehri melo India

2 Hari Patti melo India 27 1C-267357 melo India

3 SM-2012-12 momordica India 28 1C-320114 melo India

4 NDM-21 melo India 29 1C-267359 melo India

5 1C-267397 melo India 30 KP-9 momordica India

6 MM-601 melo India 31 MM-4021 melo India

7 MM-2013-1 inodorus Afghanistan 32 MM-3864 melo India

8 MM-2013-2 inodorus Afghanistan 33 MM-3917 melo India

9 NDM-18 melo India 34 MM-4216 melo India
10 1C-267375 melo India 35 MM-4276 melo India
11 1C-267379 melo India 36 Kajri Sel. 1 melo India
12 MM-3968 melo India 37 KP;HM-15 melo India
13 SM-2013-1 momordica India 38 MM-321 melo India
14 Pusa Madhuras melo India 39 MM-201 melo India
15 MM-202 melo India 40 MM-314 melo India
16 MM-136 melo India 41 MM-312 melo India
17 1C-274034 momordica India 42 Canary Yellow melo Canada
18 Hara Madhu melo India 43 1C-255414 melo India
19 1C-267364 momordica India 44 WM-2014-1 callosus India
20 1C-267378 momordica India 45 EinDor reticulatus Israel
21 MM-4305 melo India 46 MM-137 melo India
22 MM-4279 melo India 47 MM-315 melo India
23 MM-28 melo India 48 MS-5 melo USA
24 Narika Col-1 melo India 49 F-65 reticulatus Israel
25 1C-320165 momordica India 50 Hemed cantalupensis Israel

documentation system software programme from Alpha
Innotech, California, USA. The Experiment was
conducted at the Molecular Laboratory, Department of
Vegetable Science, Punjab Agricultural University,
Ludhiana, India.

In order to establish the utility in Indian germplasm,
Fom linked marker (Table 2) was used for In vitro
amplification. The presence of Fom-1 resistant gene
was confirmed by CAPS marker RG9-2 (Restricted allele
of PI1 414723) and RG10-1 (Restricted allele of
Védrantais) after using restriction enzyme Ddel while
susceptible allele was confirmed by S-TAG/GCC-470
(STS) marker. Similarly, Fom2 gene was confirmed with
STS (STS411) and set of SCAR (Fom2-R, and Fom2-
S,,,) markers (Joobeur et al. 2004). Polymerase Chain
Reaction (PCR) was performed in an Eppendorf Master
Cycler. PCR analysis was carried out using linked

markers with component of 1.5ul MgCL, (25mM), Sul
PCR buffer (5§X), 0.5u] ANTP mix (25mM), 2ul forward
and reverse primer each (10mM), 0.3pl Taq polymerase
(5U/ul), 2l template DNA (100ng/ul) and 6.7l doubled
distilled water in 20pl reaction. The thermo cycler profile
had initial denatured (94°C) for 4 min followed by 35
cycles of denaturation (94°C) for 40sec, annealing (50-
55°C) for 1 min, extension (72°C) for 1 min and final
extension (72°C) for 10 min. The PCR products were
separated on 1.5% agarose gel and visualized under UV
trans-illuminator using Alpha Innotech Multi Imager gel
documentation system software programme from Alpha
Innotech, California, USA. The amplification of markers
and morphological field screening was scored as + and
R for homozygous resistant, - and S for homozygous
susceptible, +/- and He for heterozygous and NA for no
amplification.

Table 2: Molecular markers linked to Fom1 and Fom?2 allele in melon

Marker No. Marker Name Type Sequence (Forward) Sequence (Reverse)

Markers linked to Fom1 allele
M, RG9-2 CAPS TCTGTTGGAAGCGTTTGATG TTGGCTCCAAATCATTTAGCTT
M, RG10-1 CAPS CCTGTACTCTTGAAATCGAACAA TTGTGGAAGACTAAAAGAGGTTCA
M; S-TAG/GCC-470 STS GAATTCTAGACTGAGCTTATAAACC TTAAGCCTAAAAGGAATGGCCCCC

Markers linked to Fom?2 allele
M, STS411 STS TTTCTAAAATTTACCATCATTGGAG AATGGCAAATTCAACCTTCAC
M; Fom2-R 3 SCAR  GAGAAATTTGCAATGGGTGG TTACACTATTATTGCTCAACTTGC
Mg Fom2-Ss4, SCAR  ATGAAAAGAAAAGATAACGACGA ATTGCTCTAAGTTGATCATATTCTG
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Results and Discussion

Germplasm resistant to pathogenic race(s) is an
economic and sustainable way to maintain yield plateau
(Mundt 2014, Bailey-Serres et al. 2019).
DNA sequence based technology is being widely
followed to avoid hindrance while selecting genotypes
based on phenotypic characters (Nadeem et al. 2018)
and protecting important germplasm (Ismail et al. 2020).
In muskmelon, genes i.e. Fom1 and Fom?2 provide
resistance against Fusarium oxysporum f. sp. melonis
race 2 and 1, respectively. The DNA amplification
depicted presence of Fom-1 gene in 23 accessions (Table
3 and Plate 1) out of which fifteen (IC-267397, MM-
3013-2, Pusa Madhuras, Hara Madhu, MM-4305, MM-
28,1C-320165,1C-320114,1C-267359, Kajri Sel 1, MM-
314, MM-312, MM-315, MM-137 and Hemed)
accessions were homozygous and eight (SM-2012-12,
NDM-21,1C-267375, MM-3968, MM-202, MM-4021,
MM-4276 and WM-2014-1) heterozygous allele. Both
the CAPS marker performed similarly in the all the melon
germplasm except MM-4021 which was found highly
susceptible under field condition while at genomic level,
RGY-2 predicted heterozygous and RG10-1 produced
homozygous resistant fragment. These results were in
accordance with Brotman et al. (2005) as RG10-1
marker could not able to distinguish properly as like
CAPS marker NBS1 and 62 thus put MM-4021
germplasm in complex state which need further detailed
study with diverse marker type. Under this situation,
RGY-2 (lie in exon 2 of NB-LRR region) can be found
reliable (Brotman et al. 2012; Oumouloud et al. 2015).

Additionally, susceptible allele of Fom-1 gene was
confirmed by using another set of primer S-TAG/GCC-
470 (SCAR marker) as reported by Tezuka et al. (2009).
But S-TAG/GCC-470 did not discriminate any
accessions within var melo, momordica and inodorus.
Demarcation in var callosus and cantalupensis accession
was not envisaged firmly as only one accession each
was included in the study. While Tezuka et al. (2009)
reported that S-TAG/GCC-470 predicted three of five
cantalupensis lines and no genotypes in var. chinensis,
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Plate 1: RG9-2 (CAPS marker) linked to Fom-1 (R)
locus in melon germplasm

conomon and makuwa. It amplified a single fragment
of 347 bp in susceptible exotic accessions. Bakker et
al. (2006) observed that R genes in Arabidopsis have
greater nucleotide variability due to mutation and
frequent recombination in the genome. In two diverse
haplotypes of perennial rye-grass (Lolium perenne L.)
there was one SNP in every 10 bp LRR region (Xing et
al. 2007). This variability could be due to various genetic
mechanisms like frequent recombination, point mutation
and unequal crossing-over (gene duplication, deletion)
responsible for genetic variation within R genes
(Oumouloud et al. 2013).

For Fom-2 (R) gene, STS411 (STS marker) and a
combination of SCAR markers viz., Fom2-R, . (R allele)
and Fom2-S, , (S-allele) were used as reported by
Joobeur et al. (2004) and Oumouloud et al. (2012),
respectively. STS411 was found closest to Fom2 gene
at an interval of 75 kb. Joobeur et al. (2004) observed
two recombination event present in between STS411
and SSR430 (map-based cloning) at a distance of 5.5
kb. The success of target gene position marker mostly
depends on recombination frequency in the gene of
targeted trait (Durrett et al. 2002). In our germplasm,
STS411 identified seven homozygous resistant and three
heterozygous loci. Similarly, Oumouloud et al. (2012)
reported that Fom2-R . and Fom2-S, , an allele-specific
DNA marker could be used as co-dominant markers in
multiplex PCR, but did not worked in our laboratory,
therefore, individual PCR was run for each allele. Among
50 genotypes, six lines i.e. SM-2012-12 (momordica),
MM-3013-1 (inodorus), 1C-267359 (melo), KP-9
(momordica), MM-3917 (melo) and F-65 (reticulatus)
were found with homozygous dominant allele while only
three lines i.e. IC-267364, 1C-267378 and WM-2014-1
showed heterozygous fragment for Fom2 gene (Table
3 and Plate 2 (R allele); Plate 3 (S allele).

The line IC-267378 was found homozygous resistant
with STS411 whereas heterozygous with Fom2-R and
Fom2-S,  (SCAR) marker vice-versa in IC-320114 line

i.e heterozygous with STS411 and homozygous

Plate 2: Fom2-R  , (SCAR marker) linked to Fom-2 (R

allele) locus in melon germplasm

Note: M= 100bp ladder
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susceptible with Fom2-R,  and Fom2-S, . This
difference could be due to high recombination frequency
(Tezuka et al. 2009) at close distance. Thus SCAR

markers were found more reliable to identify Fom-2

139

gene especially in Indian germplasm. Under wilt sick
field condition, 9 lines were found highly resistant and
3 were moderately resistant whereas rests were in range
of moderately to highly susceptible (Table 3).

Table 3: Validation of Fom1 and Fom?2 allele specific molecular marker for 50 melon accessions

S.No. Genotypes Field score Fom]1 allele Fom?2 allele
M, M, M, M, M; Mg

1 MS-1 HS - - - - - n
2 Haripatti MS - - - - - +
3 SM-2012-12 HR +- +- B + n )
4 NDM-21 HR - . - . . +
5 1C-267397 HS + + - - - +
6 MM-601 MS - - - - - +
7 MM-3013-1 HS - - + + n i
8 MM-3013-2 HS + + - - - +
9 NDM-18 HS +- +- - . _ +
10 1C-267375 HR +- +- - . . +
11 IC-267379 HS - - - - - +
12 MM-3968 MS +/- +/- - - - +
13 SM-2013-1 MR . - - _ . +
14 Pusa Madhuras HS + + - - - +
15 MM-202 HR +- +- } B} B i
16  MM-136 MS - - - - +
17 1C-274034 MS - - - . . +
18 Hara Madhu MS + + - - - +
19 IC-267364 MS - - - +/- + +
20 IC-267378 HS - - - + + +
21 MM-4305 MR + + } B B n
22 MM-4279 HS - - - - _ +
23 MM-28 MS + + } N B} +
24 Narika Col 1 HS - - - - - +
25 IC-320165 MS + + - - - +
26 Punjab Sunehri HS - - - - - +
27 IC-267357 HS - - - - - +
28 1C-320114 HS + + - - _ +
29 IC-267359 HS + + . + + .
30 KP-9 HS - - - + + -
31 MM-4021 HS +/- + - - - +
32 MM-3864 MS - - - . . +
33 MM-3917 MS - - - + + _
34 MM-4216 MR - - - . . +
35 MM-4276 MS +- +- - . _ +
36 Kajri Sel. 1 HR + + - - - +
37 KP,HM-15 HR - - - - - +
38 MM-321 HR - - - - - +
39 MM-201 MS - - - . _ +
40  MM-314 HR + + - . . +
41 MM-312 HS + + } B B +
42 Canary Yellow HS - - + - NA NA
43 IC-255414 HS - - - - - +
44 WM-2014-1 HR +- +- - - + +
45 Ein Dor MS - - + - - +
46  MM-137 HS + + - _ . +
47  MM-315 HS + + - } B +
48 MS-5 HS - - - - - +
49 F-65 HS - - + + + R
50 Hemed HS + + - - - +

Note: + & R: Homozygous resistant, - & S: Homozygous susceptible, +/- & He: Heterozygous, NA: No amplification
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Plate 3: Fom2-S

Conclusion

From the above study, it was concluded that the
differential cultivars i.e. Hemed (Foml gene), F-65
(Fom2 gene) and EinDor were found to be susceptible
under sick plot which indicates the presence of another
race other than Race 0, 1 and 2. Whilst there is a clue
of novel resistance gene present in those lines which
showed resistance against under wilt sick plot.
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RIS

ROINTA fIee (FoiRTT Siiadvakg . a4 dofTa
(@), WA H WRgel P Fed TR FERA § A P 2
fafr= dral 9 tha f6 T ERgen iR SHe wRd
goTTferdl & 50 Ufdfiedt ol Bt Sk B S fafdrse wresi
@ A Mg Sifd fHaT AT JIRSN—9—2 HTHR T
SUART H_eb BIE, B SuRAfT T UfoREl SfiF @1 SuRerfa
@1 gic @ T | ST S1fc Haeeiiea veliar @1 gfte gL
TSNS A A —470 & T T & A1 B T T8
P 50 AT H W 16 A%< AHRIAD urs T RNFH 4 8
FHGTSH SR 8 fawagmol uafcr arefl off | v~ gsi—i.
H 1 —470 Bad maTfad oAl & sifaddeTeNe Tl &
gfic & H [ew o, dfd YR ufafteat # swal gfe
w4 H fawer <er, SEfe B, oM @ oy amR.—408
@RI Tellel) 3R Ta.—342 (FHaeTfiad Tellel) & o™
BT STANT A1 TAT| T 6 YT H FATHo TR S
SuRerd off STafeh daret 3 Feral H B, ST o forg fawergasit
gRfd Rl A | dad 2 UHNSI-TH.GH.—2012—12 Td
AMSRA267359 H T URRIEN 9 onfdel o Safds dorl
RycTae—1, MEMN267375, TH.UH.—314 3R TH.UH.—4305 H
B, ST o7 | I AU AR SiF g # iR S
B IuRARY BT FATT HRA & R SH ST & forg 73 o e
TR AR fABRid BT BT 3G TS B & S A0
faefa IToe Sifa & fauRa Uik &1 woiqg &1 &
forg Swarf 8
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