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Table 1. Description of the tomato landraces used in the study

aalaio 090 o)'L\_'vl ity adlaio ogu0 u)'l..\;" ity
Iran-Miandoab Soe8 IRMI7 Iran-Urmia Sy IRU1
Iran-Bokan Lwgie IRB Iran-Urmia S IRU2
Iran-Mahabad Lwgis IRMA1 Iran-Urmia S IRU3
Iran-Mahabad SHx IRMA2 Iran-Urmia S IRU4
Iran-Mahabad bwgie IRMA4 Iran-Urmia Sy IRUS
Iran-Mahabad So 8 IRMA5 Iran-Urmia Lwgie IRU6
ran-Mahabad So8 IRMA6 Iran-Urmia Sy IRU7
Iran-Mahabad See8 IRMA7 Iran-Urmia Lwgie IRU8
Iran-Mahabad SHx IRMA8 Iran-Urmia Lwgie IRU10
Iran-Mahabad SHp IRMA9 Iran-Urmia Sy IRU11
Iran-Mahabad buwgis IRMA10 Iran-Urmia Sy IRU12
Iran-Qaraziaediin SHn IRQ1 Iran-Urmia buwgis IRU13
Iran-Qaraziaediin Lwgie IRQ2 Iran-Urmia Lwgie IRU14
Iran-Qaraziaediin SHx IRQ3 Iran-Urmia Lwgie IRU15
Iran-Qaraziaediin SHx IRQ4 Iran-Urmia Lwgie IRU16
Iran-Qaraziaediin bwgie IRQ5 Iran-Urmia Sy IRU18
Iran-Qaraziaediin Sy IRQ6 Iran-Urmia bwgio IRU19
Iran-Qaraziaediin bwgie IRQ7 Iran-Urmia bwgio IRU20
Iran-Qaraziaediin Lwgie IRQ8 Iran-Urmia S IRU21
Iran-Khoy Lwgie IRKH1 Iran-Urmia S IRU22
Iran-Khoy o8 IRKH2 Iran-Urmia Sy ok IRU23
Iran-Salmas SaoS IRSA1 Iran-Urmia Sy IRU24
Iran-Salmas SHz IRSA2 Iran-Urmia bwgio IRU25
Iran-Sardasht S8 IRSR1 Iran-Urmia Lwgie IRU26
Iran-Sardasht S8 IRSR2 Iran-Oshnavieh Lwgie IRO1
Iran-Sardasht o8 IRSR3 Iran-Oshnavieh S8 IRO2
Iran-Sardasht SagS IRSR4 Iran-Oshnavieh Lawgio IRO3
Iran-Sardasht SaoS IRSR5 Iran-Oshnavieh Lawgie IRO4
Iran-Sardasht Sos8 IRSR6 Iran-Oshnavieh SHx IRO5
Iran-Sardasht Lwgie IRSR7 Iran-Oshnavieh Sy IRO6
Iran-Sardasht o8 IRSR8 Iran-Piranshahr S IRP1
Turkey-Igdir Lwgie TUIG1 Iran-Piranshahr S IRP2
Turkey-Igdir SHp TUIG2 Iran-Piranshahr bwgio IRP3
Turkey-Igdir bwgie TUIG3 Iran-Piranshahr bwgio IRP4
Turkey-Igdir bwgie TUIG4 Iran-Piranshahr bwgio IRPS
Turkey-I1gdir Lwgie TUIG5 Iran-Piranshahr Lwgie IRP6
Turkey-I1gdir SHx TUIG6 Iran-Piranshahr Lwgie IRP7
Turkey-Igdir Lwgio TUIG7 Iran-Piranshahr S8 IRP8
Turkey-Igdir SaoS TUIG8 Iran-Piranshahr SHxp IRP9
Turkey-Igdir SoS TUIGY Iran-Piranshahr S8 IRP10
Turkey-I1gdir Lwgie TUIG10 Iran-Naghadeh S8 IRN1
Turkey-I1gdir o8 TUIG11 Iran-Naghadeh S8 IRN2
Turkey-I1gdir SHx TUIG12 Iran-Miandoab Lwgie IRMI1
Turkey-Igdir SagS TUIG13 Iran-Miandoab Sy IRMI2
Turkey-Igdir SoS TUIG14 Iran-Miandoab bwgio IRMI3
Iran bwgie Peto Early CH Iran-Miandoab buwgio IRMI14
Iran Lwgie Rio Grande Iran-Miandoab Lwgie IRMI5
Turkey Lwgie H-2274 Iran-Miandoab S8 IRMI6
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Table 2. Characteristics of the primers designed for amplification of PG and PE1 genes in tomato

Dl e et Skl g (3l cn) adkab Jgbo

PE1 NM001247222.2 TTCCAGAAATGCCAGCTCGTA (F) YAQ
GCATAGCTTTAGCGGGATCAG (R)

PG X04583.1 GGAATAGTATTCTCCTTCTC (F) MW
ACATGTTCAGCATTGTTAAA (R)
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Figure 1. Amplified fragments of the PG (left) and PE1
in different tomato genotypes (Lanes, M: 1Kb DNA la

§

righte genes with the length of 385 and 1300bp, respectively,
der (Fermentas, Germany), Urm: Urmia, Tur: Turkey, Sar:
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Figure 2. Enzymatic digestion of amplified fragments of PE1 (right) and PG (left) genes using Trul enzyme in

different tomato genotypes (in PG gene, M: 1Kb DNA ladder, lane 1: no digestion, lane 2-6: Digested fragments) and
(in PE1 gene, M: 1Kb DNA ladder, lane 1: no digestion, lane 2-4: digested fragments)
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PE Tur CT A GG A A C AR AT A C ARG EEEACAT CAATTOGETTC T GTARCR
PE:Urm TR AR AR AT ORGSO CACGEECGACATCAATTCAGTTC T STARCE
FE_Sar CT A GG EAC A AR AT A C ARG EEEACAT CAATTCAGTTC T GTRARCR
FE_Moh CT A GG EAC A AR AT A C ARG EEEACAT CAATTCAGTTC T GTRARCR
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FPE_Tur TR T A AT T O GRC C TACGR A O A ETCC T EAA A R A TT OO C R AR TAT O T T EGETRAGET
FE_Uxrm TR T A AT T ORI GEA AT T AR A R A TT OO TR AR TAT O TTEGETRAGET
PE_Sar TARAT A ARG T TCGGACC TAGARACC ARG TCCTEAALARGR AT TCCCARARC AR TATC TTGETAGED
FE_Moh TR T A AT T O GRC C TACGR A O A ETCC T EAA A R A TT OO C R AR TAT O T T EGETRAGET
PE_Tur AT L AN T T T A A TG TACT AT EEAAT CATAC TTAGETGETCTCATTALRTC
FE_Uxrm AT L AN T T T A A TG TACT AT EEAAT CATAC TTAGETGETCTCATTALRTC
PE Sar AT AR GA N T A T T A G TET AT AT SEAAT CATACTTAGSTGETCTCATTALTT
PE:hch AT L AN T T T A A TG TACT AT EEAAT CATAC TTAGETGETCTCATTALRTC
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PE Tur CAGCEEE T TEEECOCEACST GG EACGEACGARTTITTIGCGTTIGAASGRCATTSTATTATGETERAT
PE:Urm RGO T TG TR T GG EACEEACGATTT TGO T TGAAGRCATT ETATTATGETERAT
FE_Sar RGO T TG TR T GG EACEEACGATTT TGO T TGAAGRCATT ETATTATGETERAT
PE_HCh CAGCGEET ITGEECTGACT GGEACGGAGATTTTGOGTTGAAGRCATTGTATTATGETEARAT
e o R e e O S R R e o o SR ek s R R e ok ok R e e e o R R e e o R W e ok ok SR R e e o R R e e o R R e o ok R R e R o R R e
PE Tur TTATGARLNCAATEEARCCTEETECTGETACTAGTAAGCE TG T CALRGTEECCTEETTATCATS
PE:Urm TTATGARLNCAATEEARCCTEETECTGETACTAGTAAGCE TG T CALRGTEECCTEETTATCATS
PE Sar TTATGARLNCAATEEARCCTEETECTGETACTAGTAAGCE TG T CALRGTEECCTEETTATCATS
PE:hch ITTATGARNC AR TEEACC TG TEC TG TACTASTAAGC S TG TCAAGTEECCTEETTATCATS
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PE Tur TCATTRCTGATCCCGOTRAARGCTATECRS
PE:Urm TCATTARCTGATCCCOG I TARASCTATSCR S
FE_Sar TCATTRCTGATCCCGOTRAAAGCTATSALD
FE_Moh TCATTRCTGATCCCGOTRAARGCTATECRS
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Figure 3. Multiple alignment of exon region of PE1 gene in four different tomato populations (Urm: Urmia, Sar:
Sardasht, Tur: Turkey, Moh: Mahabad), (SNPs are marked in bold and italic)
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Table 3. Frequency of SNPs identified in PE1 gene in different tomato populations
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PG How TTGACALGET TGAT AL AR TEEEAT TR AGTEAT TAR TATACT TAGCT I TEEAGCTRAGE
PG_Sax TTGACARGGTIGAT AR A AR TGGEGAT TARAAGTGAT TARTATACT TAGCTITGGAGCTRAAGE
P& _Urm TTGACARGETITGAT AL AR TEEEAT TAAAGTEAT TARTATACT TAGCTITESEAGCTRAGE
PG_Tuxr TTGACARGET TGAT AR A AR TGGEAT TARAGTGAT TARTGTACT TAGCTITGGAGCTRAAGE
- e S S e e v Sk oS o e ok Se S e v v S S R v ok b S e v e v SR R e v ob S o v ohe ok S e o v o e v o S o e o Y S e e o S R e
PG How STGATGGA AR LA C AT AT GAT AR TATTGCAT TTGAGCARAGOAT GEALTGAASCAT ST TCAT
PG_Sax CTGATGGAARRACATATGAT AR TATTGCAT TTGAGCARGCAT GEARATGAAGCATGTTCAT
P& UTrm STGATGGA AR LA C AT AT GAT AR TATTGCAT TTGAGCARAGOAT GEALTGAASCAT ST TCAT
PG__Tuxr STGATGGAARRACAT ATGAT AR TATTGCAT TTGAGCARGCAT GEARTGAAGCATGTTCAT
— e S S e e v Sk oS o e ohe S S e vl vk S S R v ok e S v e e v S v e v ok St v v ol ok S e v ok o S R v e e S e e v o S R v e e SR e
PG__Kow CTAGARCACCTIGITCARTITGTIGGT ICCIARAAACARAGAATTATCTTCICARGCARARTCR
PG_Saxr CTAGARCACCTGI TCART I TG TIGGT TCCTARAAACARGAATTATCTTCICARGCARRTCRA
P& UTrm T ARG ACC TG TCAn T T TG TG T TCC T AL A A CA R GARAT TATC T TC T CARGCARL T CRA
PG__Tuxr CTAGARCACC TG TCART I TG TG T TCC AR A AACARAGAATTATCTTCICARGCARATCR
- e S S e e v Sk oS o e ohe S S e vl vk S S R v ok e S v e e v S v e v ok St v v ol ok S e v ok o S R v e e S e e v o S R v e e SR e
PG__Kow CCTTTICAGGTCCATGCAGATC T TCTAT I TCAGTARAGAT I TT TGGATCCTTAGARSCAT
P& Sar COCTTTTCAGETCCAT GO AGATC I TCTAT T TCAGT AR GAT T TT TEGATCCTTAGARSCAT
P& UTrm COTTT IO AGE T CCAT GO AGATC T TCTAT T TCAGT AR GAT T T T TEGATCC T TAGARSCAT
PG__Tuxr CoTITTICAGGTCCATGCAGATC I TCTAT I TCAGTARAGAT I TT TGGATCCTTAGARSCAT
- e S S e e v Sk oS o e ohe S S e vl vk S S R v ok e S v e e v S v e v ok St v v ol ok S e v ok o S R v e e S e e v o S R v e e SR e
BE Kow CITGCAR A TR A T R A TC A TGCCATGCAGEGAT GCACCARCEGECCTTARCCTTCTGER
BE Sar CITGCAR A TR A T R A TC A TGCCATGCAGEGAT GCACCARCEGECCTTARCCTTCTGER
BE Trm CITGCAR A TR A T R A TC A TGCCATGCAGEGAT GCACCARCEGECCTTARCCTTCTGER
BE Tur CITGCAR A TR A T R A TC A TGCCATGCAGEGAT GCACCARCEGECCTTARCCTTCTGER
oW e e ke gk S SR R v dle Sk e vl ok ok e vl o ok ol e o vl ol ok e ol e dle ok e W dle ok obe e o e b ol R R ke ol ok R R v ol ob R R de ok o R R e
P& Eow AT G AL T T TG TR TAN T CTAA N A TR AL A TCECAC AR CA R R TTCATATCOA
P& Sar AT G AL T T TG TR TAN T CTAA N A TR AL A TCECAC AR CA R R TTCATATCOA
P& Urm AT G AL T T TG TR TAN T CTAA N A TR AL A TCECAC AR CA R R TTCATATCOA
P& Tur AT G AL T T TG TR TAN T CTAA N A TR AL A TCECAC AR CA R R TTCATATCOA
oW e e ke gk S SR R v dle Sk e vl ok ok e vl o ok ol e o vl ol ok e ol e dle ok e W dle ok obe e o e b ol R R ke ol ok R R v ol ob R R de ok o R R e
PGS Fow A TTTGAGTCATGCACTAATGTIGTAGCTTCAAATTTGATGATCAATGCTTCAGCARAGR
P& Sar AR TTTGAGTCATGCACTAATGTIGTAGCTTCRARATTTGATGATCRAATGCTTCAGCRARAGRE
PSS Urm A TTTGAGTCATGCACTAATGTIGTAGCTTCAAATTTGATGATCAATGCTTCAGCARAGR
PE__Tuar AR AT TT A T AT G A T A A TS T TS TAGSC T T AR T TTGCATGATCAATSCTT CAGC A LD G
- s R e ke e SR S e de b S R e ke ke S R R e dk ok R o ke e ohe S e e b o el ke ke s B i ke ok sk R R ke e b R R e o ok R R ke R ok R R ke
PG FKEow S A T AR T R T S e T O AT T AT C AR TR TR R TAT AT T C AR A TAT C T GATRC TR
PS_Sar S A T AR T R T S e T O AT T AT C AR TR TR R TAT AT T C AR A TAT C T GATRC TR
PSS _Trm A T A T AT G A T AT T AT AN T A T A T AT AT T C AN A TAT C T GATIAC TR
P& Tuax A T A T AT G A T AT T AT AN T A T A T AT AT T C AN A TAT C T GATIAC TR
— e S S o e v oA S o v ok Sk S e vl e S S R v vl o S R v o ohe S v v oh v S v vl ke v S R v v o S R v e ok S o v ok o S e v e o S e e
PE Kow I AT T SRR A I GA T GAT I S TAT T TCARAT TG TTICTIGEATCICARA AT T ECAGEC TR
FS_Sar TTAT TGEAACAGEIGATGAT TGTAT I TCAAT TGTITTCTGEATCTCARARATGETGCASSCOR
PS_Trm ITTAT T A A I GA T GAT T TAT T T CAAT TEGI T T C T GEATCTICAAA AT ETECAGETCA
PE__Tuax ITrTAT T AR A I GA T GAT T TAT T TCAAT TGI TTC T GEATCTCARA AT ETECAGET O
e s s e e e e o e e S R e e SR R e e S T e e S e e S R e e S SR e e SR SRR e S S T e o S e e e e Sk
FS_Fow A A TATTACT TG IGETCCAGETCATSGTATAAGTAT T GEAAGC T TAGGEATCTGGARATT
PE_Sar A T AT T A T TG I G T A TCATGE TAT ARG TAT T GEARGC T TAGGAT CTGEARATT
PGS _Trm A T AT TR C T TG I G T C AT AT S TAT ARG TAT T GEARGCGCTTRAGEGAT CTGGERLATT
P&S_Tuar A T AT TARC T TG T GG T CAGGSTCATGG TATALAGTATTGGRARGCTTAGGAT CTGGRALATT
- e ok e el ke ok S e ol ok ok S e o Wk Wl SR R e e ok S el ke b SR R R ok ok e Rl e o R i e e ok e Sl ke e R R R ke ok R R R e e R R R
PG FKEow AR AN I TAT IS T C T AR T T TAC T ST AR TEAR G O CRARM A AR TTI AT CEETECCEAR A TS
PE Sar AR AN I TAT IS T C T AR T T TAC T ST AR TEAR G O CRARM A AR TTI AT CEETECCEAR A TS
PSS _Trm A AL T TA TG TS T T A A T S T TaC T T AR A TEAAG T CAR AR TTATCSG TSGR TS
P& Tuax AN s T T AT G TG T e T AR T S T T AC T T AR A T ARG CCARA AT ITAT GG T ECCEARIATS
e e e e o e e e e e v e R e e S e ke e R o e e S e ke vk S R e e S R e ok e e e e e o e e e e o e e ke
PE FEow AT T A GA T A T TG ACEEACEAT C T EEACAAGCTAGCARCATCARAT T TCOT G
PE Sar AT TR AT C ARG T I G R EA AT C T EEAC A GC T RECA R CATC AL AT T T T R
PE _Trm AT TR AT C ARG T I G R EA AT C T EEAC A GC T RECA R CATC AL AT T T T R
PS_Tur GAGTTAGGATCAAGACT IGECAGEEASGATC TGEACAAGC TAGCARCATCARATTTCTGR
- o R R W R W W W O R R W Y SR W WD W OR SR R R R R R R R W W SR R R W O SR R WD W oW SR W TR R R SR R R R W SR R R W e SR R W e o
PS__FKFow AT G TG e AT S A G A S T T ARG TA TS AT A AT TATAGAC CARL AR CTATTSTGAT OGRS
PS__Sar AT G TG e AT S A G A S T T ARG TA TS AT A AT TATAGAC CARL AR CTATTSTGAT OGRS
PS_UOrm ATGIGEARATGCAAGACG T TAAGTATCCCATAAT TATAGACCAARARCTATTGTGATCGAS
PE_Tax AT GEAn A TS AN GAC T T ARG T AT CCCAT AR TC AT AGAC CARARCT AT TE T GAT CEAGE
- e S e e e v Sk S de v ok S S e e e S S e e vl o e e v e ok S e v b o W e e e S e e v o S e e e ok S S v ok v W e ke e v S e e
PSS _Fow T AL A T ST AT A A AT T T T A AT TCAAGETEAA AR AT GTEETETAT GREARA TR
FS_Sar TTGAACCATGIATACARCAGT TT ICASCAGT TCARAGTGAARAATGTEETGTAT GASAR TR
PSS Trm I AN AT ST AT AR R ARG T I T I C A C AT I CALRCGTGRALR AR AT CT S IS TAT GRAGR A TR
TPTs Tur I AN AT ST AT AR R ARG T I T I C A C AT I CALRCGTGRALR AR AT CT S IS TAT GRAGR A TR
- e S S e e ve e S e de v S Sk e de v S S e e vie ok e e de v ok S e v v ok S e v o ok S e v o e S e die ok b S e v b e S e e ok o W S e
PFGE_Kow T AAGE A s T S A MG T S AT R L AR T T T EAT T ECASCACAR L CTT T COCAT
PE_Sar T ARAGE A s T S A MG TS A L A TT T EAT T ECASCACAR L CTT T COCAT
PS_Trm T A A GGG A A LS T e A A AR A GG TGO AT AL AR T T TGAT TG CAGCRCAR L CTTTTCART
P& Tur T ARG A AT AR AR MGG T EECCATAAAATTTGAT TECASCACARACTTTCCAT
e e e e e e e ok Sk v ok ok R ok sk R R e ok ok R R ok ok o o ok ok ok o R ok ke e o o ok ok e R R ke ok e R R e ok kR R
PS_Kow T GAnG AT T AT A A T AR AT AT AR A T T TRAG TAGSGERALR MG TSGR L AT C AT CRAGRGE
P&S_Sar GTGAnNG A AT T AT A A T S GAGA AT AT AR A T T TRAG TAGSGERAL MG TSGR AT C AT CRAGRGE
P& Trm GTEAAGEAA T T AT A AT EEAGAARTATARATTTAGT ASEEEARMCETEEARA /AT CAT CRGEAGE
P& _Tuaxr G AR R AT T AT A A T A LT AT AL A T T T ARG T ASEEEAL LG TEEAR A AT AT O RERGE
- W e ok S W R e G W W TR e e W W R e e W S R e e W S R e W W SR R e W W SR R e W She SR R e W Sk SR R W dhe SR R R W v SR S R e e
P& Fow CTACGETECARAL A TETCCATTTTAACAATEGITEAACATET
P& _Sar CTACETECARM L TETCCATTTTAACAR AT GO TEAACHRTET
PFE_Trm ARG T ECAAnL A T ETCCAT T TTAACRATG T EAAC AT ET
PE_Tur ARG T ECAAnL A T ETCCAT T TTAACRATG T EAAC AT ET

&S STUN «ubd o SN cdpogyl :UIM) ()840 65 Calises Cuzer Joa ;3 PG 5 59581 (plg Il ailBnis o pen —F IS5

Figure 4. Multiple alignment of exon region of PG gene in four different tomato populations (Urm: Urmia, Sar:
Sardasht, Tur: Turkey, Koy: Khoy), (SNPs are marked in bold and italic)
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Extended Abstract

Introduction and Objective: Tomato (Solanum lycopersicum L.) is one of the most important
crops belonging to the Solanaceae family. The fruit fleshiness is one of the important traits
affecting the quality of tomato fruit which quantitatively inherited. Pectin esterase 1 (PE1) and
polygalacturonase (PG) are two important genes involved in fruit fleshiness of tomato. Given
the important role of these genes in tomato fruit quality, the identification of single nucleotide
polymorphisms (SNPs) in the coding regions of these genes may be necessary to produce
functional markers associated with fruit firmness.

Material and Methods: In this study, 96 genotypes from 12 populations collected from
different regions of West Azerbaijan Province (Iran) and Turkey were grown in the research
greenhouse of the Faculty of Agriculture, Urmia University. To identify SNPs in PE1 and PG
genes, specific primers were designed using FastPCR software to amplify fragments of coding
regions of these genes in 96 tomato genotypes. Pstl and Trul enzymes were used to digest the
amplified fragments of the two genes. Due to the lack of polymorphisms in the digested patterns
of the enzymes used, four individuals from different populations were selected and their
amplified fragments were purified and sequenced. After the retrieval of the sequenced
fragments, SNPs were identified using multiple alignments of the sequences of each gene using
Clustal Omega.

Results: Four SNPs were identified in PE1, of which 75% was transition with a frequency of
50% AJG, 25% T/C, and 25% of the mutations were transversion (C/A). In PG gene, six SNPs
were identified, 66.7% of which was transition with a frequency of 33.3% A/G and 33.3% T/C,
while 32.3% of mutations was transversion with a frequency of 16.16 16% T/A and 16.16%
G/C.

Conclusion: In general, the results of the present study showed that the mean number of SNPs
per 100 bp of exons of PE1 and PG is 1.22 and 0.41, respectively. Also, the frequency of SNPs
in PG gene was less than that of PE1. The low number of SNPs observed in the exons of both
genes indicates the conserved status of the coding regions of these genes during tomato
evolution. Also, identified SNPs in the current investigation could be used in tomato breeding
programs for production of functional markers associated with fruit firmness.

Keywords: Fruit fleshiness, Single nucleotide diversity, Pectin esterase 1 gene,
Polygalacturonase gene, Tomato



