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Abstract: Molecular markers are vastly used as tool for screening of disease resistant/tolerant plant genotypes in
early stage of growth in an environment-independent manner. In tomato (Solanum lycopersicum L.), the major biotic
stresses like tomato yellow leaf curl virus, Fusarium wilt, tomato spotted wilt virus and root knot nematode cause
severe crop loss. Recently, DNA based molecular markers for the screening of resistance alleles for the above-
mentioned diseases have been reported in tomato. In the present study, a total of eighteen tomato genotypes have
been screened for the presence of possible resistance alleles, using sequence characterized amplified region
(SCAR) molecular markers. Resistance allele-specific bands for Fusarium wilt disease, tomato spotted wilt disease
and partial resistance allele-specifc band for root knot disease have been identified in some of the genotypes used
in the present study. However, none of the genotypes was found to contain Ty3 resistance allele-specific band for
resistance to tomato yellow leaf curl disease. Thus, possible resistance sources have been identified for three out of
the four biotic stresses, mentioned earlier. Thus, the present study has screened the 18 tomato genotypes at mo-
lecular level for presence of resistance alleles for biotic stress, which might be further evaluated and explored in
future tomato breeding programmes, targeting biotic stress resistance in tomato. At the same time, the study docu-
ments the applicability of molecular markers for rapid disease screening in tomato in an environment independent
manner.
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INTRODUCTION screen a large number of genotypes in a reproaucibl

) o ) ] and rapid manner. Till date, a huge number of melec
Breeding for biotic stress resistance has remaa®d |5, markers have been developed in different végeta
one of the most important area of research focctbp crops (available at www. solgenomics.net) and pati
breeders. However, screening the genotypes for-tole larly in tomato (Foolad 2007).

ance/resistance to a particular disease is ofteiplgm- Production of TomatoSplanum lycopersicum L.), one
atic. Proper development of disease generally d¥pen o the most important vegetable crops of the wasd,
on three major factors: a. a susceptible host, W ften jeopardized due to the heavy infestationitiéd
lent pathogen and c. presence of congenial environgn; giseases. Among them, the tomato yellow legf cu
mental conditions for disease development. As presyirys (TYLCV) is a devastating one. This viral dise
ence of congenial environment for the pathogen isis transmitted through several species of white fly
necessary for the occurrence and severity of acpart (Fauquetet al., 2008). Another example is the wilt
lar disease, screening the genotypes for biotesstr isease caused by the tomato spotted wilt virus
resistance becomes extremely difficult in absenice O(TSWV). This disease is transmitted through theipd
the aforementioned environment. As it is well known 5,,ses severe stunting and necrosis of stem avelslea
that different plant pathogens require differentiem-  (Germanet al., 1992). Apart from these viral diseases,
mental conditions to reach optimum severity in @& 4ot knot disease caused by nematodes and witistise
development (Peries 1971), screening the genotypeg, sed byFusarium oxysporum f. sp. Lycopersici are
for multiple disease resistance becomes more diffic  ¢qrigus threat to tomato cultivation. Through exipig

For this reason, use of molecular markers to iélenti {he |arge collection of tomato germplasm and wild
possible disease resistance alleles has becomelcruc (qatives. several resistance gene sources fogrelift

Being free from the environmental effects, molecula yiseases have been identified (Van Ooijetnal.
markers provide a unique opportunity to accurately,0g7), and suitable molecular markers for screening
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the presence of resistance alleles of the aforéomed  of 10X PCR buffer (Bangalore Genei), 2.5 mM MgCI
diseases have been reported (El Mehrid., 2005;  (Bangalore Genei), 0.1 mM of dNTP mix (Bangalore
Arenset al., 2010; Shiet al., 2011). Hence, exploring Genei), 0.4uM each of corresponding forward and
these molecular markers for screening the presehce reverse primers and 0.4 unitsTdg DNA polymerase
disease resistance alleles becomes an importa@ttasp (Bangalore Genei). PCR amplification was performed
in tomato breeding programme. using the thermal profile consisting of an initilna-

In the present study, we have screened 18 tomatturation at 94 °C for 4 min followed by 35 cycleis4®
genotypes (including 2 hybrids, 8 lines and 8 exoti s at 94 °C, 30 s at annealing temperature, 60/ &€,
collections) through co-dominant/dominant sequenceand ended with final extension at 72 °C for 10 min
characterized amplified region (SCAR) markers for followed by hold at 4 °C. Details of the specifidm-
identifying the resistance alleles corresponding toers along with the specific annealing temperatuses
TYLCV, tomato spotted wilt virus (TSWV), root knot in this study are documented in Table 2. In eacRPC
disease and fungal wilt caused Hyusarium ox- an identical tube lacking any genomic DNA was used
ysporum f. sp. Lycopersici race 0 and race I. Through as —ve control (water control) in order to validéte
analysis, these 18 tomato genotypes have beenceharagenomic origin of the amplicon(s). Amplified PCR
terized in documenting the presence of resistanceproducts were subjected to electrophoresis in 1(\&P6
alleles for TSWV, root knot disease, afdisarium v) agarose gel using TAE buffer system and imaged
wilt disease. Thus, the present study will helgétect  through gel documentation system. The 100 bp ladder
tomato genotypes for target oriented breeding(Merck Biosciences) was used as standard DNA mo-
programme and serve as the platform for adoptingecular weight marker.

goaghgﬂii&sted selection (MAS) in segregating toma RESULTS AND DISCUSSION
Screening for the Ty3 loci: In previous studies
MATERIALS AND METHODS (Agrama and Scott 2006; & al., 2007), four loci
Plant materials: Total eighteen genotypes of tomato, leading to resistance to begomovirus have been-docu
including two hybrids, eight lines and eight exatil- mented on chromosome 6 in tomato. Among these
lections were used in the present study. Name andbci, three loci including thdy-3 have been reported
source of these genotypes are mentioned in Table 1. to be introgressed froi®lanum chilense LA2799 and
Isolation of genomic DNA and polymerase chain LA1932 (Jiet al., 2007). Keeping the difference of the
reaction: Genomic DNA from the young leaves of introgressed region in mind, two differéfy-3 alleles
tomato plants was isolated using the standard CTABhave been annotatedy3 for the LA2799 derived
(cetyl-triethyl-ammonium-bromide)-method  (Doyle allele andTy-3a for the LA1932 derived allele). At the
and Doyle 1990). Following isolation, the qualityda  same time, a co-dominant sequence characterized am-
quantity of the DNA was checked through 0.8% (wi/v) plified region (SCAR) marker has been reported (Ji
agarose gel electrophoresis using TAE (Tris-acetateet al., 2007), which can distinguish between tB®
EDTA) buffer system. Concentration of the genomic lanum lycopersicum ty-3 allele and thes. chilense Ty-3
DNA, isolated from all the genotypes was brought to allele. Recently, a new type of introgressidary-8b)
uniformity (50 ngpl) by dilution. For, polymerase has been documented and a co-dominant SCAR
chain reaction (PCR), 100 ng of genomic DNA was marker (P625-F2/ P625-R5) has been developed that
taken as template. PCR was performed inullBeac-  can differentiate betwedg-3, Ty-3a and Ty-3b alleles
tion volume, containing genomic DNA (100 ng), &2  (http://www.plantpath.wisc. edu/GeminivirusResi¢tan

Table 1.Names and sources of the tomato genotypes uskd preésent study.

Genotype Source/ Collected from Genotype Source/ Collected from
Badshah Nunherhs Pusa Ruby NBPGR
Shahanshah Nunhems EC 520075 NBPGR
CLNB BCKV?2 EC 520046 NBPGR

Sun Cherry VR EC 528372 NBPGR

Azad T-5 IIVR EC 671592 NBPGR
B-9-2 IIVR EC 529080 NBPGR
CLN-1621 L IIVR EC 625644 NBPGR

IIHR 2620 IHR' EC 620421 NBPGR
ArkaVikas IIHR EC 521080 NBPGR

INunhems = Nunhems India Pvt. Ltd., BengaIfB(EKV = Bidhan Chandra KrishiViswavidyala, Nadia, W&=ngal, In-
dia’llVR = Indian Institute of Vegetable Research, Vasinindia®llHR = Indian Institute of Horticulture Research, Ben-
galuru, India?NBPGR = National Bureau of Plant Genetic Resources; Dielhi, India
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Fig. 2. Sequence characterized amplified region (SCAR)

Fig. 1. Sequence characterized amplified region (SCAR) marker based screening of tomato genotypes for Fusarium
marker based screening of tomato genotypes. A. Screening wilt disease resistance alleles. A. Screening for the pres-
for the presence of Ty3 allele conferring resistance to ence of the | allele conferring resistance to tomato wilt
tomato yellow leaf curl disease. B. Screening for the pres- disease caused by Fusarium oxysporum f. sp. lycopersici
ence of Mi1-2 allele conferring resistance to tomato root race 0. B. Screening for the presence of the |12 allele con-
knot disease. C. Screening for the presence of Sw-5b allele ferring resistance to tomato wilt disease caused by Fusa-
conferring resistance to tomato spotted wilt disease. WC = rium oxysporum f. sp. Lycopersici race I. WC = water
water control. L = 100 bp DNA ladder. control. L = 100 bp DNA ladder.

Tomatoes/Markers/MAS-Protocols/P6-25-locus.pdf). was amplified in case of all the genotypes (Fig),1A
Very recently, this SCAR marker has been used forindicating the absence of bofly-3a and Ty-3b resis-
marker assisted introgression ©3 gene in tomato tance alleles in these genotypes.

(Prasannat al., 2014). During the present study, the Screening for the Mil1-2 allele: The Mi locus, intro-
same primer pair (annotated as TY3SF and TY3SR imgressed fromSolanum peruvianum has been docu-
this study) was explored to identify the alleliaiasts  mented to be located on tomato chromosome 6 con-
at Ty-3 locus in eighteen tomato genotypes. Following taining open reading frames (ORFs) of two gehéid (
PCR amplification, the monomorphic band of ~320 bp-1 and Mil1-2) along with a pseudogene (Milligeat

Table 2. Details of the primers used in the present study.

Locus Primer sequence (53") Annealing tem- Reference
perature (°C)*
Ty3 TY3SF: GGTAGTGGAAATGATGCTGCTC 53 http://
TY3SR:GCTCTGCCTATTGTCCCATATATAACC www.plantpath.wisc.edu
/
GeminivirusResistant-
Tomatoes/Markers/MAS
-Protocols/P6-25-
locus.pdf
Mi1-2 RKNSF: GGTATGAGCATGCTTAATCAGAGCTCTC 55 El Mehrachkt al. 2005
RKNSR: CCTACAAGAAATTATTGTGCGTGTGAATG
Sw-5b TSW5F: CGGAACCTGTAACTTGACTG 55 Shietal. 2011
TSW5R: GAGCTCTCATCCATTTTCCG
I TFOWSF:CGAATCTGTATATTACATCCGTCG T 55 Arenset al. 2010
TFOWSR:GGTGAATACCGATCATAGTCGAG
12 TF1IWSF.ATTTGAAAGCGTGGTATTGC 48 Arenset al. 2010

TFIWSR:CTTAAACTCACCATTAAATC

# indicates annealing temperatures used in theprstudy

1656



Pallavi Nehaet al. / J. Appl. & Nat. Sci. 8 (3): 1654 - 1658 (2016)

al., 1998). Among these two genddjl-2 only has  from S pimpinellifolium and mapped on the short arm
been reported to be the resistance source agai@st t of chromosome 11 (Okt al., 1997; Sela-Buurlaget

root knot nematodesMeloidogyne incognita, M.  al., 2001). On the other hand, th2 locus conferring
javanica and M. arenaria. For Mil-2, different PCR-  resistance to race 1 &% oxysporum f. splycopersici
based markers have been developed previouslhas been reported to be introduced fr&rpimpinelli-
(Goggin et al., 2004; Devran and Elekgioglu 2004; folium and mapped on the long arm of chromosome 11
Bendezu 2004; El Mehractt al., 2005). In a recent  (Ori et al., 1997). Recently, PCR-based dominant
study (El Mehraclet al., 2005), the primer pair PMiF3  markers have been established for identifyingl thed

-R3 has been reported to be the most suitable @ne f |2 resistance alleles (Aremsal., 2010). These primer
routine applications in case of tomato genotypespairs (At2-F3/At2-R3 foil and Z1063F/R fot2) were
(Arenset al., 2010). In the present study, the sameexplored (annotated as TFOWSF/TFOWSR foand
primer pair (annotated as RKNSF and RKNSR) wasTF1WSF/TF1WSR fot2) in the present study to iden-
used to find resistance sources among the selectegly these resistance alleles, where all the ggresty
genotypes. Themil-2 susceptibility allele-specific except EC 520075, Azad T 5, ArkaVikash and Pusa
~350 bp band was recorded in all these genotypis wi Ruby were found to contain the resistance allele-
two genotypes (EC 529080 and EC 620421) having arpecific ~130 bp amplicon (Fig. 2A). On the other
additional band of ~510 bp (Fig. 1B). As the expdct hand, thel2 allele-specific ~940 bp amplicon was ob-
Mi1-2 allele-specific single band should be of ~550 bptained only in case of the genotypes, EC 625644 and
in size, this ~510 bp band was predicted to bevthé Shahanshah (Fig. 2B).

allele, which is a variant of thelil allele. This result  Availability of molecular markers has greatly en-
was found to be in accordance with the previoudystu hanced the efficiency and accuracy in selectiomngur
(Arenset al., 2010), where the sanidi-J allele has  targeted breeding programmes in different cropsv-Ho
been reported to be amplified in a few tomato geno-ever, prior to application of the molecular markems
types through the same primers. Though Mie) al-  marker assisted selection (MAS), it is important to
lele has been documented to confer partial resisttm  validate them and to characterize the parentaldimge

M. incognita, it has been reported to be linked to the lines. This background selection then becomes the
Ty-1 locus responsible for resistance to TYLCV Arens platform for further MAS in the segregating matksia

et al., 2010). Thus, the amplification of théi-J allele  |n this study, we document the utility of some kuak
might be interesting to find possible TYLCV resis SCAR markers to characterize 18 tomato genotypes
tance in these two genotypes. for the presence/absence of some important disease
Screening for the Sw-5b allele: Among the several resistance alleles. Hence this work will help tptd
resistance alleles for tomato spotted wilt virusigy MAS in future breeding programmes of tomato, tar-

1953; Saidi and Warade, 2008), tBe5 allele has geted towards the development of disease resistant
been reported to be the most important one duésto i tomato lines.

durability against various tospoviruses and diffiére i
TSWV isolates collected from different locationkeli ~ Conclusion

Brazil, Texas, Hawaii, etc. (Steveesal., 1995). The  gcreening for disease resistance is problematitias
Sw5 locus has been mapped near the telomenc_ regioRighly dependent on the presence of congenial envi-
of chromosome 9 (Stevers al., 1995). Later, five  onment. Furthermore, screening for multiple diseas
differentSw5 alleles BaS-a, SWS-b, Sw5-¢, SwS-dand  registance in a simultaneous manner is more difficu

Sw5-€) and seven homologs @n-5 have been re-  pence, molecular marker-based screening for the pre
ported to be distributed in chromosome 9 and chromo gpee of possible disease resistance alleles iardift
some 12. Among these alleles, 1Be5-b allele has  genptypes has become very important. In this aticl
been reported to be the functional one (Spassoah,et e have used molecular markers to detect the presen
2001). In a recent study (Shi al., 2011), a specific 4 possible resistance alleles in different tomgeao-
PCR-based marker for the identification of 8@5-bD  types. Through the linked molecular markers, weehav
allele using the Sws-f2/Sw5-r2 primer pair has beenjgentified 2 lines carrying the allele for confeipar-
reported. The same primer pair (annotated as TSWSkq) resistance to root knot disease, 10 linesyiagr
and TSW5R) has been explored in the present studye gjiele for conferring resistance to spotted dis-

where ten genotypes (EC 529080, EC 625644, EGyase, 14 lines carrying the allele for conferriegis-
629421, Azad T-5, CLN-1621 L, EC 521080, IIHR (ance toFusarium wilt caused by race 0, and, 2 lines

2620, Shahanshah, ArkaVikas and Pusa Ruby) wergarrying the allele for conferring resistance Fusa-
found to produce the desiredivs-b resistance allele-  ij;m wilt caused by race I. Naturally, the novelty of

derived amplicon of ~540 bp (Fig..lc). this study is the identification of the possiblendo
Screening for thel and 12 alleles: Thel locus, con-  narents for developing disease resistance in tamato
ferring resistance td-usarium oxysporum f. sp. ly-  opgervations recored in this study will serve as th

copersici race 0 has been reported to be introgressegh|atform for developing precise breeding programmes
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towards development of diseases resistant tomato tomato. Il. Five genes contrqlling spotted wiltistsnce
genotypes or development of tomato genotypes with  in four tomato typesAust. J. Biol. ci. 6 : 153—-163.
pyramided genes for multiple disease resitancautiro Foolad, M.R. (2007). Genome mapping andmoleculaedre

; ing of tomato. Int. J. Plant Genomics.
marker assisted approach. doi:10.1155/2007/64358.
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