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MARKERS
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Table 1. Charactrestics of studied microsatellite primer pairs in parent analysis and primers
sequence, annealing temperature and band ranges.
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Band ranges (bp) temperature (° C) SSR loci
5'-CTCCGCCGCTATAACAACACTTC-3'
310-287
>3 5'-TACTCTGGAGGGTATGTCAAAG-3’ CHO1d08
5'-GATGACGTCGGCAGGTAAAG-3'
260-227
61.5 5'-CAACCAACAGCTCTGCAATC-3' CHO2g01
5'-CAAATCAATGCAAAACTGTC-3’
245-198
>3 5'-GGCTTCTGGCCATGATTTTA-3' CHO3d07
233200 60.5 5'-AGGAGAAAGGCGTTTACCTG-3' Col

5'-GACTCATTCTTCGTCGTCCTG-3'
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Fig. 1. Banding pattern of CH03d07 primer pair in-5 apple cultivars and their replications as
well as some of the studied progeny. 1- Lader, 2- Golab-e Kohanz, 3- Red Spur,
4- Some of studied progeny, 5- Granny Smith, 6-Shafi Abadi, 7- Golden
Smoothee .
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Table 2. Alleleg detected for f’ouy microsatellite loc’i in ‘Golab-¢ Kohanz’, ‘Shafi Abadi’, Red
Spur, Granny Smith , Golden Smoothee and 30 seedlings obtained from the cross

‘Golab-e- Kohans x Red Spur .

(SSR marker (bp)) (5L =aa) SSR Lz oI5

Col CHO03d07 CH02g01 CH01d08 Genotype
233:218 220:198 244:230 310:287 (‘Golab-e- Kohanz)* S L)<
230:208 220:205 227:227 287:287 (‘Shafi Abadi )* soliT pis’
220:200 245:223 260:244 297:287 (Red Spur) “ bt 5’
228:208 245:205 260:227 300:300 (‘Granny Smith’) ¢ cuac I8
218:200 223:198 260:260 310:310 (Golden Smoothee) © 3 sal;u’
233:200 245:198 260:230 310:287 (Seedling 1)\ gl
233:200 223:198 244:244 287:287 (Seedling2) vy il
233:220 223:198 244:230 297:287 (Seedling 3) ¥ Jlsls
233:220 223:198 244:230 310:287 (Seedling 4) ¢ Jlgsl
233:220 245:220 244:230 310:297 (Seedling 5) o Jlgls
233:200 223:198 244:244 297:287 (Seedling 6) Jlls
220:218 223:220 244:230 297:287 (Seedling 7) vyl
218:200 223:198 244:244 310:287 (Seedling 8) A Jlsls
218:200 245:198 244:230 287:287 (Seedling 9) 4 Jigl
233:200 223:220 244:230 310:297 (Seedling 10) \- Jigls
233:200 245:220 260:244 287:287 (Seedling 11) vy Jlels
233:200 223:220 244:244 310:297 (Seedling 12) \y il
218:200 223:220 260:244 297:287 (Seedling 13) vy il
233:200 245:220 244:244 310:297 (Seedling 14) ¢ Jigla
220:218 223:198 260:230 310:297 (Seedling 15) yo il
233:220 245:220 260:230 310:297 (Seedling 16) V1 Jigls
233:200 245:198 244:244 310:287 (Seedling 17) \VJlsls
233:200 223:220 260:244 310:287 (Seedling 18) VALl
233:220 245:220 260:244 287:287 (Seedling 19) va il
233:200 223:220 244:244 310:287 (Seedling 20) Y- Jigls
218:200 245:198 244:230 297:287 (Seedling 21 ) Y\ Jlgls
218:200 223:220 260:244 310:287 (Seedling 22) YYJlels
220:218 245:220 260:244 297:287 (Seedling 23) Y¥Jlels
220:218 245:220 260:244 310:287 (Seedling 24) v Jigls
233:200 223:220 244:230 297:287 (Seedling 25 ) Yo Jigla
228:200 245:245 260:244 300:287 (Seedling 26) Ty1Jlals
218:200 260:230 310:287 (Seedling 27) Tyvlals
218:200 245:198 244:230 310:297 (Seedling 28) YAl
220:218 245:198 244:230 310:287 (Seedling 29) 4 il
220:218 245:198 244:244 310:287 (Seedling 30) v Jigla

T Seedling no. 26 obtained from unwanted pollen.

Al Al a0 L 5 Jsla YU L@l

11 There was missing data for CH03d07 locus in the seedling 27.
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Table 3. Results of chi- square test of the inheritance of four microsatellite alleles among the
progeny obtaned from crossing ‘Red Spur’ x ‘Golab-e-Kohanz’.

p ' PXSIRESK solsale, OlSe
(df) SSR loci
0.33 ™7 3.4 3 CHO01d08
0.46 ™ 2.5 3 CH02g01
0.94 ™ 0.08 3 CH03d07
0.41"™ 2.8 3 Col

T ™ Non- significant.
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Table 4. Allele frequency, heterozygosity and some other parameters of studied microsatellite

loci.
ISl e Kssa wSoenia dslas s leabed; ol
PIC’ Js sad saalie Sl o e Alleles Microsatellite
Null allele Observed Expected number loci
frequency  heterozygosity  heterozygosity
0.72 -0.09 0.91 0.77 5 CHO01d08
0.58 -0.06 0.71 0.64 4 CHO02g01
0.72 -0.12 0.97 0.77 5 CHO03d07
0.74 -0.13 1 0.78 7 Col
0.69 -0.1 0.89 0.74 5.25 oSiles
(Average)
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Fig. 2. Dendrogram of the cluster analysis of 5 apple genotypes and their replications based
on UPGMA method.
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Tabale 5. Results of parent pair analysis.

Ssda Jlaial
20D el Sabdadas OS YL LOD S s Ofe slass Lo ull Ao o = I gl eola
= 3 (BB R . s oy se <

s i o s duwslio ool LoD N sl Sas osd nlie (é_)d ) | i a5 J\?I ally Gauds

LOD Pair LOD Locus No. of Candidate father ch Pair .Locus . Locus v Second First parent Offspring
Top . . locus Top LOD mismatchin e mother tnon- nhon-exclusion b

score mismatching LOD compared parent non o numoer
LOD compared score g exclusion probability
probability

0.12 0.12 0 4 ‘Golab-e- Kohanz -0.11 -0.11 0 4 SIE:J(: 0.017 0.31 1
0.34 0.34 0 4 ‘Golab-e- Kohanz -0.12 -0.12 0 4 SRplel(: 0.022 0.29 2
0.86 0.86 0 4 ‘Golab-e-Kohanz' -0.12 -0.12 0 4 81;:1(3 0.011 0.28 3

12 12 1 4 ‘Golab-e-Kohanz 4.5 -4.5 1 4 sti?’ 0.022 0.36 4
0.34 0.34 0 4 ‘Golab-e- Kohanz -0.78 -0.78 0 4 SRpfl(: 0.031 0.42 5
0.34 0.34 0 4 ‘Golab-e-Kohanz’ 0.001 0.001 0 4 81;:1(3 0.020 0.27 6
0.86 0.86 0 4 ‘Golab-e- Kohanz -0.11 -0.11 0 4 SRpi(j 0.011 0.27 7
0.068 0.068 0 4 ‘Golab-e- Kohanz -0.11 -0.11 0 4 SRpfl(: 0.028 0.32 8
0.98 0.98 0 4 ‘Golab-e- Kohanz 0.9 0.9 0 4 s%fﬁ' 0.020 0.35 9
0.34 0.34 0 4 ‘Golab-e- Kohanz -0.11 -0.11 0 4 SRpi(j 0.018 0.34 10
-0.45 -0.45 0 4 ‘Golab-e- Kohanz 0.24 0.24 0 4 SRpfl(: 0.026 0.38 11
-0.17 -0.17 0 4 ‘Golab-e- Kohanz 0.001 0.001 0 4 81;:1(3 0.031 0.39 12
-0.33 -0.33 0 4 ‘Golab-e- Kohanz 0.43 0.43 0 4 SRpi(j 0.019 0.34 13
-0.17 -0.17 0 4 ‘Golab-e- Kohanz -0.11 -0.11 0 4 SRpfl(: 0.034 0.35 14
0.24 0.24 0 4 ‘Golab-e- Kohanz 0.66 0.66 0 4 81;:1(3 0.001 0.23 15
0.013 0.013 0 4 ‘Golab-e-Kohanz’ 0.55 0.55 0 4 SRpi(j 0.011 0.26 16
0.054 0.054 0 4 ‘Golab-e- Kohanz -0.23 -0.23 0 4 SRpfl(: 0.034 0.35 17

‘Golab-e-Kohanz’ ‘Red
-0.85 -0.85 0 4 0.35 0.35 0 4 Red 0.033 0.42 18
Spur
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Table 5 continued . 0 Jgaa wolal
-0.45 -0.45 0 4 ‘Golab-c-Kohanz 0.79 0.79 0 4 éRpi‘i, 0.016 0.32 19
0.17 0.17 0 4 ‘Golab-e-Kohanz -0.11 -0.11 0 4 éRpif' 0.034 0.35 20
0.98 0.98 0 4 'Golab-e- Kohanz -0.78 -0.78 0 4 éRpi?' 0.018 0.34 21
0.72 0.72 0 4 ‘Golab-c-Kohanz 0.35 0.35 0 4 éRpi?’ 0.030 041 22
-0.33 033 0 4 ‘Golab-e-Kohanz 091 091 0 4 éii?‘ 0.013 0.29 23
0.72 0.72 0 4 ‘Golab-e- Kohanz 0.79 0.79 0 4 éRpi?' 0.021 035 24
0.74 0.74 0 4 ‘Golab-c-Kohanz -0.66 -0.66 0 4 éRpi?' 0.020 035 25
53 53 0 4 Granny 1 0.92 0 4 Red 0.004 0.11 26
Smith Spur
-30.9 -30.9 0 4 ‘Golab-c-Kohanz 0.93 0.93 0 4 stfE' 0.038 0.39 27
0.59 0.59 0 4 ‘Golab-c-Kohanz -0.78 -0.78 0 4 éRpi?' 0.025 0.39 28
0.59 0.59 0 4 ‘Golab-e-Kohanz 0.35 0.35 0 4 éii?‘ 0.018 033 29
0.068 0.068 0 4 ‘Golab-c-Kohanz 0.31 0.31 0 4 éRpi?' 0.019 0.27 30
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Iranian Journal of Horticultural Science and Technology 12 (2):149-164 (2011)

PARENTAGE ANALYSIS IN THE PROGENY OF TWO APPLE
CULTIVARS USING MICROSATELLITE MOLECULAR MARKERS

A. FAROKHZAD, Z. ZAMANI, M.R. FATAHI, A. TALAEI AND M. MARDI'

In order to analysis the parentage of offsprings from a controlled crosses, recognizing
seedlings from unwanted pollination and evaluation of homogeneity of the analyzed trees, 30
seedlings of the cross (Red Spur x Golab-e- Kohanz) and the cultivars Red Spur, Golden
Smoothee, ‘Gerany smith, ‘Golab-e-Kohanz and Shafi Abadi as probable parents were evaluated
with microsatellite markers. From 13 pair of microsatellite primers, CH01d018, CH03d07, CH02g01
and Col pair primers could separate actual parents of these offsprings from the other cultivars using
exclusion method and likelihood based assignment method. Allele distribution among the offsprings
determined their codominant mode of inhertance and no significant differences with Mendelian
codominant ratio were observed using chi-square test. The results of this experiment could recognize a
progeny from an unwanted cross. In each parent cultivar, between several trees used as plant materials
no difference was observed using microsatellite analysis.

Key words: Apple, Controlled pollination, Microstellite primers, Unwanted pollination.
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