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Table 1- The Names of 44 studied apple cultivars based on descriptor.

% % - e
Cultivar Cultivar Cultivar Cultivar
1 Kochkine 12 Israeili-e Malayer 23 Kokle 34 Manoochehri
2 Golab-e Nemat Yazd 13 Meshki-e damanande 2 24  Torsh-e Sefid 35  Morooti-e Shemiran
3 Golab-e Damavande 2 14 Tokhme Morgi Sarein 25  Sheikh Ahmad 36  Shahrood-e 21
4 Tabestan-e Rostam 15  Dirras-e Mashhad 26  Sore paeize 37  Boshgabi-e Torsh
5 Shahriar-e 2 16  Golab-e damavand e3 27  Ilame 4 38  Sifehshirin
6 Boshgabi-e Talegan 17  Paeiz-e Boomi Ahar 28  Ferdose Shahriar 39  Sibgolab-e Germez
7 Chaharmahal-e 5 18  Chaharmahal-e 3 29  Damavand-e 1 40  Beigi
8 Zanjan-e 12 19 Sattari 30  Golden Asiaie 41  Shahrood-e 19
9 Salmas 4 20  Zanjan-e2 31 Hamadan-e 3 42 Illam2
10 Zanjan-el4 21 Golden-e Canadaei 32 Meshki-e Germez 43 Talkh-e arak
11 Panbeiy- e domazeh 22 Germez-e Gillan 33 Torsh Alma 44 Sor-e derige

Sy i |8 1SS Mg gLl Hi (g e
Silfverberg - ) L 55 45 45l o (AG/CT)n
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Table 2 - Reverse and Forward Sequences of used primers for this study.

AU e I st M5
Primer Reverse Sequence Forward Sequence
CHO03g12z GCGCTGAAAAAGGTCAGTTT CAAGGATGCGCATGTATTTG
CHO2hl1a CGTGGCATGCTTATCATTTG CTGTTTGAACCGCTTCCTTC
CHO03e03 GCACATTCTGCCTTATCTTGG AAAACCCACAAATAGCGCC
CHO5d11 CACAACCTGATATCCGGGAC GAGAAGGTCGTACATTCCTCAA
CHO05d04 ACTTGTGAGCCGTGAGAGGT TCCGAAGGTATGCTTCGATT
CHO05e03 CGAATATTTTCACTCTGACTGGG CAAGTTGTTGTACTGCTCCGAC
3 CACCTGACCTTCTCTCTACCTCTAC CAACTCCCCTTATTCTTCTTCTCTC
Md-Exp7 CATAGAAGGTGGCATGAGCA TTTCTCCTCACACCCAAACC
2 AAGACTCACAAACTAGCTGTCAAAT TGCTCCTCTCTAGCTATTGCATAAT
Hi03e03 ACGGGTGAGACTCCTTGTTG GTTTAACAGCGGGAGATCAAGAAC
Hi01d06y GGAGAGTTCCTGGGTTCCAC AAGTGCACCCACACCCTTAC
CHO04al2 CAGCCTGCAACTGCACTTAT ATCCATGGTCCCATAAACCA
CHO03d12 GCCCAGAAGCAATAAGTAAACC ATTGCTCCATGCATAAAGGG
Hi03ao03 ACACTTCCGGATTTCTGCTC GTTTGTTGCTGTTGGATTATGCC
CHO03c02 TCACTATTTACGGGATCAAGCA GTGCAGAGTCTTTGACAAGGC
Hi02d04 TGCTGAGTTGGCTAGAAGAGC GTTTAAGTTCGCCAACATCGTCTC

(Gel Logic 212 PRO, USA) Sls J5 oKws

Vo Os gt sl 5l g PCR (glaes 5l 3

J5 s a0l 4y (o180 503 3L 2l s
RJERN I NE Gk ¢ VR VNS (IS S]]
> 5 5 O pn (T o310t 51 Sl
0 Kb S S05e 055 SLS 5l b O iSS
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S s i bp Ve BV e ST
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Table 3- Size range of alleles, number of alleles, number of effective alleles and
polymorphic information content (PIC) values of studied cultivars.

Sl T o3l amls W T slaas S bl ol Cledbl gl g
Primer Size range No. of alleles  No. of effective alleles  (py() I w5
of alleles (bp)
CHO03gl2z 154-200 3 2.59 0.63
CHO2hl11a 104-132 2 1.4 0.28
CHO03e03 106-216 2 1.94 0.48
CHO5d11 171-211 3 2.22 0.55
CHO05d04 174-214 3 2.28 0.62
CHO05e03 158-190 3 217 0.57
3 170 3 275 0.63
Md-Exp7 = 2 1.56 0.36
2 205 2 1.52 0.35
Hi03e03 160-228 2 1.74 0.41
Hi01d06y 115-166 3 2.78 0.65
CHO4al2 158-196 3 1.94 0.50
CHO03d12 108-154 3 1.46 0.31
Hi03a03 160-228 3 2.72 0.18
CHO03c02 116-136 5 3.68 0.76
Hi02d04 224-250 3 2.56 0.60
(Average) .Sl 2.81 2.20 0.49
oS O S e candllas 350 G555 50 Wosls 4 550

e Ol ey ba KL 35 i s L plS oy
Sl ke Ol e a0 S5 e i 5 Jin
18 i SPSS i35l 5 3l eslisal 5wt
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Table 4- Results of stepwise regression between morphological and molecular data to
define informative markers with studied genotypes.

PE Sliw & O e R b
Locus ol s e
Adgusted  P-value
RZ

Fruit weight (2) s s 0 CHO5e031 0.42 0.001

Fruit volume (cm®)s e o> CH03g12z-1, 3-1, Md-Exp7-2, CH05¢03-1 0.84 0
Frult length (H]In) o 300 Jj-lé H1033.03—1, CHO05e03-1 0.35 0.008
Fruit diameter (mm) « .o s CHO04a12-3, Hi02d04-2 034 0.009
Fruit firmnesse s  s1é CHO3g12z-3 0.18 0.032

e L . Hi02d04-2, 3-1, Md-Exp7-2, CHO4a12-3
D t L, ‘ 9 9 9 E)

ays to ripening 5 e )i 55, 343 CHO04a12-2, Hi02d04-3 0.73 0

Organic Acid (g/100ml)_Ji 1. 2-1, Hi03a03-1, 3-1 0.57 0

(Brix) TSSJploms ol sf,0  CHO3603-2, CH03d12—g, CHO05¢03-2, Hi03a03- 071 0

Vitamin C (mg/100ml) & el Hi01d06y-1, Hi02d04-1, CH05¢03-2 0.56 5
PH s o Hi01d06y-1 0.19 0.026

Leaf size o5 o101 CHO04a12-1, CH05d04-2, 3-1, CH03g12z-1, 0.82 0

' Md-Exp7-2
Internodes length s § ole J,b  Hi03203-3, CHO3e03-1, CH05€03-2, CHO5d04- 0.9 0
1, Hi03a03-2
(mm)

Tree height (mm) < 5 ¢Lis | CH03d12-2 0.23 0.015
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Identification of microsatellite markers linked to morphological and biochemical
traits in Iranian native apple (Malus x domestica .Borkh) cultivars

Farrokhi J.'?, Darvishzadeh R.’, Hatami Maleki H.*, Naseri L.!, Asghari F.!

1Department of Horticulture, Urmia University, Urmia, Iran

2 Academic Center for Education, Culture and Research (ACECR), Ardabil branch

’Department of Plant Breeding and Biotechnology, Urmia University, Urmia, Iran

*Department of Agronomy and Plant Breeding, Faculty of Agriculture, University of Maragheh, Iran

Abstract

In this study, genetic fingerprinting of 44 Iranian native apple cultivars were done using
16 simple sequence repeat pairs of primers and then the association of these markers with 16
morphological and biochemical traits were inspected. Based on marker data, 45 alleles were
identified using 16 SSR pairs of primers. The number of allele per SSR locus was varied
between 2 to 5 with mean of 2.8. Here in, the mean of number of effective allele was 2.2.
Polymorphism information content ranged from 0.18 to 0.76 with mean of 0.49. To identify
positive markers associated with studied traits, step wise regression was done among marker
data as independent variables and studied traits as dependent variables. Results revealed that
there is not any linked marker for traits including chlorophyll index, angle of branch and trunk
cross sectional area. Considering to association analysis, thirteen traits include fruit volume,
fruit diameter, fruit weight, fruit length, fruit firmness, days to ripening, organic acid content,
total soluble solids, vitamin C, pH, leaf size, internodes length and tree height had linked SSR
markers. The maximum number of allele (6 alleles) was seen for days to ripening and
minimum number of allele (1 allele) was seen for traits including PH, fruit weight, fruit
firmness and tree height. Regarding linkage between some SSR alleles with some traits, this is
possible to use these markers in apple breeding programs effectively.
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