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

PY12593 gm0 031051 K ko a0 031051 KLy
Origin Fruit size Code Origin Fruit size Code
Iran-Miandoab S IRMI7 Iran-Urmia Sox IRU1
Small Large
Iran-Bokan JM":‘_ IRB Iran-Urmia S IRU2
Intermediate Large
Lo ; Sz
Iran-Mahabad . IRMA1 Iran-Urmia IRU3
Intermediate Large
Iran-Mahabad S IRMA2 Iran-Urmia S IRU4
Large Large
Iran-Mahabad JM’:‘_ IRMA4 Iran-Urmia Sk IRU5
Intermediate Large
Iran-Mahabad S2s8 IRMAS5 Iran-Urmia JM?:“, IRU6
Small Intermediate
Iran-Mahabad i IRMAG Iran-Urmia ok IRU7
Small Large
Iran-Mahabad S IRMA7 Iran-Urmia JMW IRU8
Small Intermediate
Sy i S
Iran-Mahabad IRMAS8 Iran-Urmia . IRU10
Large Intermediate
Iran-Mahabad <3 IRMAQ Iran-Urmia <3 IRUL1
Large Large
bgie ; Sz
Iran-Mahabad . IRMA10 Iran-Urmia IRU12
Intermediate Large
L Sy . Luwgio
Iran-Qaraziaediin IRQ1 Iran-Urmia . IRU13
Large Intermediate
Iran-Qaraziaediin JM’;‘_ IRQ2 Iran-Urmia JM’:‘_ IRU14
Intermediate Intermediate
ioadii S)x ; bwgie
Iran-Qaraziaediin IRQ3 Iran-Urmia . IRU15
Large Intermediate
iadii S)x ; bwgie
Iran-Qaraziaediin IRQ4 Iran-Urmia . IRU16
Large Intermediate
inndii bwgie ; Sz
Iran-Qaraziaediin . IRQ5 Iran-Urmia IRU18
Intermediate Large
oadi )3 ; bwgie
Iran-Qaraziaediin IRQ6 Iran-Urmia . IRU19
Large Intermediate
Iran-Qaraziaediin JM""_ IRQ7 Iran-Urmia JM?:A_ IRU20
Intermediate Intermediate
inndii bwgie ; Sz
Iran-Qaraziaediin . IRQ8 Iran-Urmia IRU21
Intermediate Large
Iran-Khoy bogia IRKH1 Iran-Urmia S IRU22
Intermediate Large
Iran-Khoy S5 IRKH2 Iran-Urmia S5 b IRU23
Small Very small
Iran-Salmas S IRSAL Iran-Urmia o3 IRU24
Small Large
Iran-Salmas S5 IRSA2 Iran-Urmia bogie IRU25

Large Intermediate



Iran-Sardasht
Iran-Sardasht
Iran-Sardasht
Iran-Sardasht
Iran-Sardasht
Iran-Sardasht
Iran-Sardasht
Iran-Sardasht
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-1gdir
Iran
Iran

Turkey

SeS
Very small
S W
Very small
28
Small
S b3
Very small
Sess
Small
28
Small
bauogze
Intermediate
28
Small
bgie
Intermediate
SHi
Large
bge
Intermediate
bgie
Intermediate
bogie
Intermediate
SHi
Large
bge
Intermediate
28
Small
28
Small
bgie
Intermediate
S
Small
SHi
Large
Sos S
Very small
S8
Small
baogie
Intermediate
bagie
Intermediate
Loge
Intermediate

IRSR1
IRSR2
IRSR3
IRSR4
IRSR5
IRSR6
IRSR7
IRSR8
TUIG1
TUIG2
TUIG3
TUIG4
TUIGS
TUIG6
TUIG7
TUIGS8
TUIGY
TUIG10
TUIG11
TUIG12
TUIG13
TUIG14
CH Peto Early
Rio Grande

H-2274

Iran-Urmia
Iran-Oshnavieh
Iran-Oshnavieh
Iran-Oshnavieh
Iran-Oshnavieh
Iran-Oshnavieh
Iran-Oshnavieh
Iran-Piranshahr
Iran-Piranshahr
Iran-Piranshahr
Iran-Piranshahr
Iran-Piranshahr
Iran-Piranshahr
Iran-Piranshahr
Iran-Piranshahr
Iran-Piranshahr
Iran-Piranshahr
Iran-Naghadeh
Iran-Naghadeh
Iran-Miandoab
Iran-Miandoab
Iran-Miandoab
Iran-Miandoab
Iran-Miandoab

Iran-Miandoab

buwgio
Intermediate
buwgio
Intermediate
S
Small
bogie
Intermediate
buwgio
Intermediate
Syp
Large
S8 b
Very small
Syi
Large
Syi
Large
bz
Intermediate
bz
Intermediate
bagie
Intermediate
bogie
Intermediate
bagie
Intermediate
Sas
Small
Syp
Large
SesS
Small
SesS
Small
25
Small
Loge
Intermediate
Syp
Large
bagie
Intermediate
bage
Intermediate
bogie
Intermediate
SesS
Small

IRU26

IRO1

IRO2

IRO3

IRO4

IRO5

IRO6

IRP1

IRP2

IRP3

IRP4

IRP5

IRP6

IRP7

IRP8

IRP9

IRP10

IRN1

IRN2

IRMI1

IRMI2

IRMI3

IRMI14

IRMI5

IRMI6
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Table 2- Characteristics of the primers designed for amplification of SUN and OVATE genes in tomato

o3 pU oo 53 8 o (537 ;551 JIgs (5l i) 4B Job

Gene name Accession number Primer sequence (5'—3") Fragment length (bp)
SUN TGAGGCGAAAGGAACACC
EU491503.1 TCCAAGTGCTAAGGCTCT 443
AGCTTCGGTTCTCCAGAGT
OVATE 001247292.2 CAGTAGGTGGGTGTGGGAT 1039
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Figure 1- Amplified fragments of the SUN (left) and OVATE (right) gene fragments with the length of 1000 and 1039 bp,

respectively in different tomato genotypes (Lanes, M: 1Kb DNA ladder (Fermentas, Germany), 1: Turkey, 2: Urmia, 3:Bukan
(for the SUN gene) and Qaraziaddin (for the OVATE gene), 4: Sardasht)
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Figure 2- Digestion of the amplified fragments of the SUN (left) and OVATE (right) genes by using Trul enzyme in different

tomato genotypes (M: 1Kb DNA ladder (Fermentas, Germany), Lanes 1 to 4 digested samples, 1: Turkey, 2: Urmia, 3: Bukan
(for SUN gene) and Qaraziaddin (for OVATE gene), 4: Sardasht)
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CGGGGGCTTTTTGGCGTTTTGCTATAGCACGGCAGCAGCTGCTGAGGCTGCTGTAGCTGCTGCTAATGC
TGCTGCTGATGTTATCGGCTAACAGATGCTCCAAGTGAATTCAAAAGGAAACGCACACAAGCGGCTATTA
GAATCCAAAGTGCTTATCGCGCTCACCTGGTAAAACATCCTCTCTGGGAGCTCTGGTACTTTCACTCATAA
AATTTCACTGTGACCTTGTGGCAGGATCGTTATTAAGGCTCCTTCCTTCCTCCGCTGGAGCCTTTGAACGT
CTACTTTAACGAGGTGGGTACCTCAAAATTTCAGCATCTATGAAAACGCTTTGCAACTCCTGACCGCTTCT
CCCGGCCAGCGGAAACAATTATGTCCCTCGTGCCGTCCTCGTTTAACTTGAGCCTGGTACCATTGACGCCT
TCCCTTCGGTTCTTTCTGTCAGCTCTTCCGGTTTTAGAACTTCGATTTTCAGGCCACAGAAGACCCAGCA
CAAACGGCATCCATGGTACCAGACTCAAGATCAAAGAGGAGGGCACGAGGGACATAATTGTTTCCG
CTGGCCGGGAGAAGCGGTCAGGAGTTCCAAAGCGTTTTCATAGATGCTGAAATTTTGAGGTACCCA
CCTCGCTAAAGTAAACGTTCATACGCCCCAGCTGGAAATCGGAGACGCCATAGTAACCATCCTGCC
TTCAGATCCACTCCAACTTCTAATGCCATATGTCCTCATCCTTCGAGGTGTATACAGGCTGTACCTA
CAACCCCGAGCCCTCTAAGGCCGTCTTCCCCAATATGTAATCAAGTTTCCAAACATTAGTTCAACTA
TACTAAATCTATAAAAAAGACCTAAAACACATCTTATTAGACTTTTATGGTTTGGAACTGTAATATGGTT
TTGTTCCAAGCAT

SUN (45 6 5wS5 axkad 13 ouwd  glwlidd (55U s YA (K 51 giomnd) (g piig] dua b - S
Figure 3- Detected intron region (Bold letters) in the amplified fragment of the SUN gene with a length of 369 bp
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Table 3- Frequency of the identified SNPs in SUN gene in tomato genotypes

SNP g4 09551 35 SNP dlaxs 095552 33 SNP s SNP S slaws SNP ae
SNP type Number of SNPs in exon Number of SNPs in intron Total SNPs SNP percentage
G/IA 1 2 3 30

T/C 1 4 5 50

T/G 2 - 2 20

o5 50 ot Lapins oy 29 T/G g9l uizmanl g
2 292 (AG 5 CIT) Luizman 55 jl Goyal (A9 2 02 (5955
3 e dopd Ar 4S5 ok 3 slolis SNP gy OVATE -3
2o Ve g CIT xop ¥ GIA wopn e Jlgld b uizen g4

ol 3 SNP g 01 5Ll SNP o3 I SUN 55
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SL.s_buk AGCAGCTGCTGAGGCTGCTGTAGCTGCTGCTAATGCTGCTGCTGATGTTATCGGCTAACA
SL.s_sar AGCAGCTGCTGAGGCTGCTGTAGCTGCTGCTAATGCTGCTGCTGATGTTATCGGCTAACA
SL.s_urm AGCAGCTGCTGAGGCTGCTGTAGCTGCTGCTAATGCTGCTGCTGATGTTATCGGCTAACA
SL.s_tur AGCAGCTGCTGAGGCTGCTGTAGCTGCTGCTAATGCTGCTGCTGATGTTATCGGCTAACA
KK A AR AR A AR AR A AR A AR AR A AR A AR AR A AR AR A AR AR AR AR A AR A AR A AR AR A AR R KK

SL.s_buk GATGCTCCAAGTGAATCCAAAAGGAAACGCACACAAGCGGCTATTAGAATCCAAAGTGCT
SL.s_sar GATGCTCCAAGTGAAT TCAAAAGGAAACGCACACAAGCGGCTATTAGAATCCARAGTGCT
SL.s_urm GATGCTCCAAGTGAAT TCAAAAGGAAACGCACACAAGCGGCTATTAGAATCCAAAGTGCT
SL.s_tur GATGCTCCAAGTGAAT TCAAAAGGAAACGCACACAAGCGGCTATTAGAATCCARAGTGCT
- KKAXKAKARKAAKRAKNKAIAAA AA KA A KAA A A AR A A A A A A AR AR AR A A A A AR A AR A A A AR AR R KK
SL.s_buk TATCGCGCTCACCTGGTARAACATCCTCTCTGGGAGCTCTGGTACTTTCACTCATARAAT
SL.s_sar TATCGCGCTCACCTGGTARAACATCCTCTCTGGGAGCTCTGGTACTTTCACTCATARAAT
SL.s_urm TATCGCGCTCACCTGGTAAAACATCCTCTCTGGGAGCTCTGGTACTTTCACTCATARAAT
SL.s_tur TATCGCGCTCACCTGGTARAACATCCTCTCTGGAAGCTCTGGTACTTTCACTCATARAAT
R R S R i I S S S I S R S S R I e S SR S I S S R I S S S e S S R i

SL.s buk TTCACTGTGACCTTGTGGCAGGATCGTTATTAAGGCTCCTTCCTTCCTCCGCTGGAGCCT
SL.s_sar TTCACTGTGACCTTGTGGCAGGATCGTTATTAAGGCTCCTTCCTTCCTCCGCTGGAGCCT
SL.s urm TTCACTGTGACCTTGTGGCAGGATCGTTATTAAGGCTCCTTCCTTCCTCCGCTGGAGCCT
SL.s_tur TTCACTGTGACCTTGTGGCAGGATCGTTATTAAGGCTCCTTCCTTCCTCCGCTGGAGCCT
KA A KA KR K A AR A KK A R A AR AR I A AR AR I AR A AR AR I A A kA Ak Ak Ak hk Ak kA kkhk kX

SL.s buk TTGAACGTCTACTTTAACGAGGTGGGTACCTCAAAATTTCAGCATCTATGAAAACGCTTT
SL.s_sar TTGAACGTCTACTTTAACGAGGTGGGTACCTCAAAATTTCAGCATCTATGAAAACGCTTT
SL.s_urm TTGAACGTCTACTTTAACGAGGTGGGTACCTCAAAATTTCAGCATCTATGARAACGCTTT
SL.s_tur TTGAACGTCTACTTTAACGAGGTGGGTACCTCAAAATTTCAGCATCTATGAAAACGCTTT
KA A KA AR K A A K AR KA A AR AR I A AR AR I AR A AR AR I A A kA A kA Xk Ak dk Ak kA hkkkhk kX

SL.s buk GCAACTCCTGACCGCTTCTCCCGGCCAGCGGAAACAATTATGTCCCTCGTGCCGTCCTCG
SL.s_sar GCAACTCCTGACCGCTTCTCCCGGCCAGCGGARACAATTATGTCCCTCGTGCCGTCCTCG
SL.s urm GCAACTCCTGACCGCTTCTCCCGGCCAGCGGAAACAATTATGTCCCTCGTGCCGTCCTCG
SL.s_tur GCAACTCCTGACCGCTTCTCCCGGCCAGCGGAAACAATTATGTCCCTCGTGCCGTCCTCG
KAA KA KR KA A KA KNI A R AA KA KA AR AR KA KA AR I A KA AR AR d AR A A XA AR A AR Ak hA*k kK

SL.s buk TTTAACTTGAGCCTGGTACCATTGACGCCTTCCCTTCGGTTCTTTCTGTCAGCTCTTCCG
SL.s sar TTTAACTTGAGCCTGGTACCATTGACGCCTTCCCTTCGGTTCTTTCTGTCAGCTCTTCCG
SL.s urm TTTAACTTGAGCCTGGTACCATTGACGCCTTCCCTTCGGTTCTTTCTGTCAGCTCTTCCG
SL.s_tur TTTAACTTGAGCCTGGTACCATTGACGCCTTCCCTTCGGTTCTTTCTGTCAGCTCTTCCG

KA KR KA AR A AR AR A AR A A A AR A AR AR A A A A A A AR A AR A AR AR AR Ak A A Ak Ak kA Ak Ak Ak hk k%

SL.s buk TTTTTAGAACTTCGA
SL.s_sar GTTTTATAACTTCGA
SL.s urm GTTTTAGAACTTCGA
SL. s_tur GTTTTAGAACTTCGA

kkkhkk KAk kkk kK
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Figure 4- Multiple alignment of the exonic region of the SUN gene in four tomato genotypes (Urm: Urmia, Buk: Bukan, Tur:
Turkey, Sar: Sardasht), (SNPs are highlighted as bold and italic)
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SL.s sar
SL.s tur
SL.s urm
SL.s buk

SL.s sar
SL.s tur
SL.s urm
SL.s buk

SL.s sar
SL.s tur
SL.s urm
SL.s buk

SL.s sar
SL.s tur
SL.s urm
SL.s buk

SL.s sar
SL.s tur
SL.s urm
SL.s buk

SL.s_ sar
SL.s tur
SL.s urm
SL.s buk

TTTTCAGGCCACAGAAGACCCAGCACAAACGGCATCCATGGTACCAGACTCAAGATCAAA
TTTTCAGGCCACAGAAGACCCAGCACAAACGGCATCCATGGTACCAGACTCAAGATCAAA
TTTTCAGGCCACAGAAGACCCAGCACAAACGGCATCCATGGTACCAGACTCAAGATCAAA
TTTTCAGGCCACAGAAGACCCAGCACAAACGGCATCCATGGTACCAGACCCAAGATCAAA

Ak Ak khkhhkhhhkhkhhkhhkrhkhhhkrhkhkhkhhkhhkrhhkrhkhkrhkhhkhhkhkhkhhkkhkrkh *rhkkhkkhkxkxx*

GAGGAGGGCACGAGGGACATAATTGTTTCCGCTGGCCGGGAGAAGCGGTCAGGAGTTCCA
GAGGAGGGCACGAGGGACATAATTGTTTCCGCTGACCGGGAGAAGCGGTCAGGAGTTCCA
GAGGAGGGCACGAGGGACATAATTGTTTCCGCTGGCCGGGAGAAGCGGTCAGGAGTTCCA
GAGGAGGGCACGAGGGACATAATTGTTTCCGCTGGCCGGGAGAAGCGGTCAGGAGTTCCA

KAk Ak hkhkhhkhkhhkhkhhkhhhhhkhkhhkkhhdhhkrkhhhhhdhkh hrxkdhhkhhhkhkrkhhhkhhkdhkrkhhkkhxkx

AAGCGTTTTCATAGATGCTGAAATTTTGAGGTACCCACCTCGCTAAAGTAAACGTTCATA
AAGCGTTTTCATAGATGCTGAAATTTTGAGGTACCCACCTCGCTAAAGTAAACGTTCATA
AAGCGTTTTCATAGATGCTGAAATTTTGAGGTACCCACCTCGCTAAAGTAAACGTTCATA
AAGCGTTTTCATAGATGCTGAAATTTTGAGGTACCCACCTCGCTAAAGTAAACGTTCATA

KK A AR AR A AR AR A AR A AR AR A AR A AR AR A AR AR A AR AR A A A AR A AR A AR A AR AR A AR R KK

CGCCCCAGCTGGAAATCGGAGACGCCATAGTAACCATCCTGCCTTCAGATCCACTCCAAC
CGCCCCAGCTGGAAATCGGAGACGCCATAGTAACCATCCTGCCTTCAGATCCACTCCAAC
CGCCCCAGCTGGAAATCGGAGACGCCATAGTAACCATCCTGCCTTCAGATCCACTCCAAC
CGCCCCAGCTGGAAATCGGAGACGCCATAGTAACCATCCTGCCTTCAGATCCACTCCAAC

KK AR KR AR A AR AR A AR A AR AR A AR A AR AR A AR AR A AR AR A IR AR A AN A AR A A A AR A AR Rk K

TTCTAATGCCATATGTCCCCATCCTTCGAGGTGTATACAGGCTGTACCTACAACCCCGAG
TTCTAATGCCATATGTCCTCATCCTTCGAGGTGTATACAGGCTGTACCTACAACCTCGAG
TTCTAATGCCATATGTCCTCATCCTTCGAGGTGTATACAGGCTGTACCTACAACCCCGAG
TTCTAATGCCATATATCCTCATCCTTCGAGGTGTATACAGGCTGTACCTACAACCCCGAG

KAKXKAKRAXAKAAAAKRKX *hkk* KAAKRAAAIAAAXAAAKRAXAAA XN A AR A XA A A A XA A A A XAk AKX Xk k%

CCCTTTAAGGCCGTCTTCCCCAATATGTAATCAAGTTTCCAAACATTAGTTCAACTATAC
CCCTCTAAGGCCGTCTTCCCCAATATGTAATCAAGTTTCCAAACATTAGTTCAACTATAC
CCCTCTAAGGCCGTCTTCCCCAATATGTAATCAAGTTTCCAAACATTAGTTCAACTATAC
CCCTCTAAGGCCGTCTTCCCCAATATGTAATCAAGTTTCCAAACATTAGTTCAACTATAC

hhkhhk hhhkhhkhkhhhkhkhkrhhkhhhkrhkhkhhhkhhkrhhkrhhkrhkhkhhhkhhkrhkkhkrhkhkrkkhkhkxkxx

SL.s_ sar TAAATCTAT
SL.s_tur TAAATCTAT
SL.s_urm TAAATCTAT
SL.S_buk TAAATCTAT

kAKX KR KKk kK
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Figure 5- Multiple alignment of the intron region of the SUN gene in four different tomato genotypes (Urm: Urmia, Buk:
Bukan, Tur: Turkey, Sar: Sardasht), (SNPs are highlighted as bold and italic)
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Table 4- Frequency of the identified SNPs in OVATE gene in different tomato genotypes

SNP g4 SNP dlasi SNP s,
SNP type Number of SNPs SNP percentage
AIG 2 40
GIT 1 20
CIT 2 40
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TCTCTGGGGAGCCGGCCCTGAAGGCTCCGGTGTGTAAGTAAAGCACGTATAACCCTIGAA
TCTCTGGGGAGCCGGCCCTGAAGGCTCCGGTGTGTAAGTAAAGCACGTATAACCCTCGAA
TCTCTGGGGAGCCGGCCCTGAAGGCTCCGGTGTGTAAGTAAAGCACGTATAACCCTIGAA
TCTCTGGGGAGCCGGCCCTGAAGGCTCCGGTGTGTAAGTAAAGCACGTATAACCCTITGAA

Ak Ak khkhhkhkhkhkhkhhkhh A hhkhhhkrhkhkhkhhkhhkrhkhhkhkrhkhkhkhhkhkhkrhkkhkrhkkhkrhkkrkhkx *xx*

ACAACGACGAACATATGGCATTAGAAGTTGGAAAGGATCTGACGGCCAGGATAGTTACAA
ACAACGACGAACATATGGCATTAGAAGTTGGAAAGGATCTGACGGCCAGGATAGTTACAA
ACAACGACGAACATATGGCATTAGAAGTTGGAAAGGATCTGACGGCCAGGATAGTTACAA
ACAACGACGAACATATGGCATTAGAAGTTGGAAAGGATCTGACGGCCAGGATAGTTACAA

Ak Ak kA hhkh kA hkhhkhhk A hhkhhhkrhhkhkhhkhhrhkhhhkrhkhkhkhhkhkhkrhkkrhkhkrhkkhkhkxkxx

TGGCTCCTCCCATCTCCAGCTGGAGCGTAAGAACGTCTACTTTAACGAGGTGCGTACCTC
TGGCTCCTCCCATCTCCAGCTGGAGCGTAAGAACGTCTACTTTAACGAGGTGCGTACCTC
TGGCTCCTCCCATCTCCAGCTGGAGCGTAAGAACGTCTACTTTAACGAGGTGCGTACCTC
TGGCTCCTCCCATCTCCAGCTGGAGCGTAAGAACGTCTACTTTAACGAGGTGCGTACCTC

KK A AR AR A AR AR A AR A AR AR A AR A AR AR A AR AR A AR AR A AR A A A AR A AR A A A AR A AR R KK

AAAATTTCAGCATCTATGAAAACGCTTTGCAACTCCTGACCGCTTCTCCCGGCCAGCGGA
AAAATTTCAGCATCTATGAAAACGCTTTGCAACTCCTGACCGCTTCTCCCGGCCAGCGGA
AAAATTTCAGCATCTATGAAAACGCTTTGCAACTCCTGACCGCTTCTCCCGGCCAGCGGA
AAAATTTCAGCATCTATGAAAACGCTTTGCAACTCCTGACCGCTTCTCCCGGCCAGCGGA

KK AR KR AR A AR AR A AR A AR AR A AR A AR AR A AR AR A AR AR A IR AR A AN A AR A A A AR A AR Rk K

AACAAGTATGTCCCTCGTGCCGTCCTCGTTGATCTTGAGCCCGGTACCATGGACGCCCTC
AACAAGTATGTCCCTCGTGCCGTCCTCGTTGATCTTGAGCCCGGTACCATGGACGCCCTC
AACAAGTATGTCCCTCGTGCCGTCCTCGTTGATCTTGAGCCCGGTACCATGGACGCCCTC
AACAAGTATGTCCCTCGTGCCGTCCTCGTTGATCTTGAGCCCGGTACCATGGACGCCCTC

KA AR R AR A AR AR A AR A AR A AR AR AR A AR A AR AR A AR AR A AR A AR AR A AR A AR AR Ak Rk kK

CGTGCCGGTCCCTTCGGTCAACTCTTCCGTCCCGACAACTTCGTTTTCGGCCAGTCCCGG
CGTGCCGGTCCCTTCAGTCAACTCTTCCGTCCCGACAACTTCGTTTTCGGCCAGTCCCGG
CGTGCCGGTCCCTTCGGTCAACTCTTCCGTCCCGACAACTTCGTTTTCGGCCAGTCCCGG
CGTGCCGGTCCCTTCGGTCAACTCTTCCGTCCCGACAACTTCGTTTTCGGCCAGTCCCGG

KAKXKAKRAXAKAAKNEAAKA A, A AKAAAKAA AR A AR A A A AR A AR AR A AR AR A A A A AR AR A AR ARk Rk kK

TGCTGGTAAAACTGGGTAGGGTTCTTTATTCTTTTTGGTTTAAATTGGACGAAAAAACGA
TGCTGGTAAAACTGGGTAGGGTTCTTTATTCTTTTTGGTTTAAATTGGACGAAAAAACGA
TGCTGGTAAAACTGGGTAGGGTTCTTTATTCTTTTTGGTTTAAATTGGACGAAAAAACGA
TGCTGGTAAAACTGGGTAGGGTTCTTTATTCTTTTTGGTTTAAATTGGACGAAAAAACGA

kA hhkhkhhkhhkhkhhhkhhkrhhkhkhhkrhkhkhhhkhhkrhhkhhhkrhkhkhhhkhhkrhkhkrhkhkrkkhkhkrxkxx

GACTCAAGAGACAGAAGAAATGACCGAAGGAACCGGCACGGACGGCGCCCATGGTCCCGG
GACTCAAGAGACAGAAGAAATGACCGAAGGAACCGGCACGGACGGCGCCCATGGTCCCGG
GACTCAAGAGACAGAAGAAATGACCGAAGGAACCGGCACGGACGGCGCCCATGGTCCCGG
GACTCAAGAGACAGAAGAAATGACCGAAGGAACCGGCACGGACGACGCCCATGGTCCCGG

KA KR KA KR A A KA A A AR A AR AR A AR AR A AR A A A AR A A A A AR A A hA A hk hAhkkhhkkh kA krkhhk%

GCTCAAAATCAACGAGGACGGCACGAGGGACATCCTTGTTTCCGTTGGCCGGGGAAGCGG
GCTCAAAATCAACGAGGACGGCACGAGGGACATCCTTGTTTCCGTTGGCCGGGGAAGCGG
GCTCAAAATCAACGAGGACGGCACGAGGGACATCCTTGTTTCCGTTGGCCGGGGAAGCGG
GCTCAAAATCAACGAGGACGGCACGAGGGACATCCTTGTTTCCGTTGGCCGGGGAAGCGG

KA R KA AR A AR AR A AR A A A AR A AR AR A A A A A A AR A AR A AR AR AR Ak Ak Ak A Ak Ak Ak Ak h k)%

TCAGGAGTTCCAAAGCGTTTTCACAGATGCTGAAATTTTGAGGTACGCACCTCGTTAAAG
TCAGGAGTTCCAAAGCGTTTTCACAGATGCTGAAATTTTGAGGTACGCACCTCGTTAAAG
TCAGGAGTTCCAAAGCGTTTTCACAGATGCTGAAATTTTGAGGTACGCACCTCGTTAAAG
TCAGGAGTTCCAAAGCGTTTTCACAGATGCTGAAATTTTGAGGTACGCACCTCGTTAAAG

kA Ak hkkhkhhkhhkhkhkhhkhhk A hhhhhkrhkhkhkhhkhkhkrhhkhhkdkrhkdkhkhhkhkhkrhkhkrhkdrhkkhkhkxkxx

TAGACTTTCATACGCCCCAGCGGGAGATGGGGGGGGCCATTGTAACTATCCTGGCCGTCA
TAGACCTTCATACGCCCCAGCGGGAGATGGGGGGGGCCATTGTAACTATCCTGGCCGTCA
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TAGACCTTCATACGCCCCAGCGGGAGATGGGGGGGGCCATTGTAACTATCCTGGCCGTCA
TAGACCTTCATACGCCCCAGCGGGAGATGGGGGGGGCCATTGTAACTATCCTGGCCGTCA

kA hkhkk hhkhkhkhkhkhhkhkhkrhkhhhkrhkhkhkhhkhkhkrhkhhhkrhkhkhkhhkhkhkrhkhkrhkhkrhkkhkhkxkxx

GATCCATTCCAACTTCTAAAGCCCATATGGTCGTCTITTCGCTTCGAGGGGGTCTACGGCT
GATCCATTCCAACTTCTAAAGCCCATATGGTCGTCGTTCGCTTCGAGGGGGTCTACGGCT
GATCCATTCCAACTTCTAAAGCCCATATGGTCGTCGTITCGCTTCGAGGGGGTCTACGGCT
GATCCATTCCAACTTCTAAAGCCCATATGGTCGTCGTTCGCTTCGAGGGGGTCTACGGCT

Ak A hkkhkhhkhhkhkhkhhkhhkrhkhkhkhkrhkhkhkhhkhkhkrhkkhkhkh *hkhkhkhhkhkkhkrhkkhkrhkhkrkhkkhkhkrxkxx

GTACCACACACCGAGCCCTTAAAGACCGTGCTCGCCAGAGACGGTCGCCCGCAATTTTCT
GTACCACACACCGAGCCCTTAAAGACCGTGCTCGCCAGAGACGGTCGCCCGCAATTTTCT
GTACCACACACCGAGCCCTTAAAGACCGTGCTCGCCAGAGACGGTCGCCCGCAATTTTCT
GTACCACACACCGAGCCCTTAAAGACCGTGCTCGCCAGAGACGGTCGCCCGCAATTTTCT

KK AR R AR A AR AR A AR A AR AR A AR A AR AR A AR AR A AR AR A IR A A A AR A AR A A A AR A AR R KK

GTCCTTGACCGGAAAGCCCTTTCCTGGAGTGATACGTGAGGCGTTCTCAGACATTTGGGA
GTCCTTGACCGGAAAGCCCTTTCCTGGAGTGATACGTGAGGCGTTCTCAGACATTTGGGA
GTCCTTGACCGGAAAGCCCTTTCCTGGAGTGATACGTGAGGCGTTCTCAGACATTTGGGA
GTCCTTGACCGGAAAGCCCTTTCCTGGAGTGATACGTGAGGCGTTCTCAGACATTTGGGA

KK AR R AR A AR AR A AR A AR AR A AR A AR AR A AR AR A AR AR A AR AR A AR A AR A AR AR A A AR KK

SL.o_tur GACTTGTTTTA
SL.o grz GACTTGTTTTA
SL.o_urm GACTTGTTTTA
SL.o sar GACTTGTTTTA
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Figure 6- Multiple alignment of the OVATE gene in four different tomato genotypes (Urm: Urmia, Tur: Turkey, Qrz:
Qaraziaddin, Sar: Sardasht), (SNPs are highlighted as bold and italic)
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Introduction: Commercial tomato (Solanum lycopersicum L.), one of the most widely grown vegetable
crops worldwide, belongs to the Solanaceae family. The marketability of the commercial tomato mostly depends
on the fruit quality. Tomato fruit quality is determined mainly by color, texture, shape and flavor. Fruit shape,
one of the important traits affecting the quality of tomato fruit, is controlled by multiple minor genes and
quantitatively inherited. Two important genes, involved in fruit shape, are SUN and OVATE genes. The SUN
gene, which is a member of the IQD (I1Q-domain) gene family and the Calmodulin binding protein, controls fruit
length. The more expression of both SUN and OVATE genes leads to increased fruit length. Moreover, the
increased expression of OVATE gene reduces the size of flower and leaf components. Due to the important role
of these genes in tomato fruit shape, identification of single nucleotide polymorphisms (SNPs) as a new
generation of robust, frequent and reliable bi-allelic markers, in the coding regions of these genes might be
necessary for generating functional markers associated with fruit shape.

Materials and Methods: Seeds of 96 tomato genotypes from 12 populations were grown in the research
greenhouse of Faculty of Agriculture and Natural Resources of Urmia University. The genotypes had been
collected from different regions of West Azerbaijan of Iran and Turkey (Igdir). The young and green plant leaves
were used for genomic DNA extraction. The quality and quantity of the extracted DNA was assessed using
spectrophotometry and agarose gel electrophoresis. To identify SNPs in SUN and OVATE genes, specific
primers were designed by using FastPCR and Gene Runner software for amplifying fragments from coding
regions of these genes in 96 tomato genotypes. Then, the amplified fragments of both genes were digested by
using restriction enzymes Trul and Pstl. Due to the lack of polymorphism in the digested patterns obtained by
the used enzymes, four individuals from populations with close geographical distance were selected and
amplified. The amplified bands were then purified by a purification kit (Kiagen, USA) and sequenced (Bioneer,
South Korea). Sequencing was performed from both ends of the PCR fragments using both the forward and
reverse primers used in the PCR reactions. The exon and intron regions of the sequenced fragments were
identified by Softberry software. Following the retrieval of the sequenced fragments of each gene using FastPCR
and Softberry software, multiple sequence alignment using Clustal Omega was used to identify SNPs in the exon
and intron of the genes.

Results and Discussion: Digestion of the amplified fragments of the genes using Trul and Pstl restriction
enzymes produced no polymorphism in the studied genotypes. Thus, four individuals were selected from
geographically different populations and gene fragments were amplified, purified and sequenced in these
genotypes. Sequencing of the amplified fragment of SUN gene revealed an intron region with a size of 369 bp.
Out of the 10 SNPs detected in the SUN gene, four was found in the exon region, while the number of SNPs in
intron was six. Of the total SNPs found in the SUN gene, the percentage of transition and transversion
substitutions was 80 (50% T/C and 30% A/G) and 20 (T/G), respectively. In the OVATE gene, five SNPs were
identified. The percentage of transition (40% G/A and 40% C/T) and transversion (20% G/T) substitutions in this
genes were the same as SUN. The ratio of transition to transversion substitutions was 1:4 for both genes. The
average number of SNPs in a 100 bp fragment in exonic and itronic region of SUN was 0.9 and 1.62,
respectively, while it was 0.5 for exonic region of OVATE gene.

Conclusion: The results of the current study revealed low polymorphisms and point mutations in the exon
regions of SUN and OVATE genes, suggesting that the coding regions of these genes were conserved during the
tomato evolution. Also, the number of SNPs in intron was more than those of exon. Considering the important
role of fruit quality, especially fruit shape, in tomato market, the SNPs found in the current study may be used in
genetic diversity studies, genetic map preparation, and saturation and identification of the functional markers
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associated with tomato fruit shape. These markers could accelerate tomato breeding programs aimed fruit shape
improvement.
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