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ABSTRACT

Apple scab disease caused by Venturia inaequalis is the most important economic disease worldwide where the apple
is grown and causes annual epidemics. It reduces the quality and quantity of the yields in different regions of Iran. In
this study, diversity and population genetic structure of V. inaequalis were surveyed on different apple cultivars using
18 microsatellite markers. 51 isolates were obtained from infected leaf and fruit specimens from wild apple, Iranian
endemic and commercial apples from Northern provinces of Iran (Mazandaran, Golestan and Guilan). 28 SSR
primers were used to investigate the genetic diversity of this pathogen. Among them, 18 primers showed
polymorphism between isolates and populations. AMOVA analyses revealed that 97% of the variation was
distributed among individuals within populations, and 3% was attributable to the differences among populations.
Gene diversity indexes including Nei’s gene diversity, Shannon index and allele numbers in every population showed
that diversity within the population on endemic cultivars is more than the diversity in the population of wild and
commercial cultivars. Also, the population of commercial cultivars has more diversity in comparison with the wild
population. High genetic diversity within the populations is caused by annual sexual reproduction, gene flow between
populations and probably the existence of this fungus for a long time in this region.

Keywords: Apple scab, genetic diversity, North of Iran, SSR.
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Table 1. Primers used for investigation of genetic structure of Venturia inaequalis populations on different apple
cultivars in the North of Iran

Locus Primer sequence

Repeat motif References

1tcla 5-TCGAGATCCTCAAACTTCCTT-3'
5-TTTTAACTGTGCGGCCTG-3'
5-CGATTGGGGATATGAAGACTT-3'

1tclb 5.TTAGTAATCAAATCGCACCCA-3
elg 5-TCACTCAACAATACAGTTTCTTACG-3
5-TTTCACGGTAGCGATAGGAG-3
laacap  5-GGTGAGGAGGGAGACGAG-3
5.CATCACGCCCCTATCAAAC-3
taacsy  5-AGCGCTAGGTCGTGAAATC-3
5-TTTCTGAAGTGTGTGGGACAT-3'
tsacat  5-CTTGACAGACCACAGCGAC-3
5.CTGACTGAGAGTGGCATCG-3'
Vites  5-CTTACCTCTCACTTGCTAAC-3
5-GTTCTGACAAGACTGTGTTG-3'
Viewiso  5-GATTGGTGACGCATGTGT-3
5.GCTGGAGATTGCGTAGAC-3'
Vites  5-GCTCCTTCTGGGTAAGA-3
5.CTCTACATCTCATCCCATC-3'
Vicag/sy  5-GCACCTGCTCTGTCTATCTC-3
5-AAGGTTCAGGCACTGGAG-3'
Vigly7o  5-GAAGAGGTTGGAGTGGTTG-3
5-GAACCGAATCTGTACAGGAC-3'
Vicagx  B-TCGCGCATCACTATCTACAC-3
5-AGACAGGAATGTGGTGGAAG-3'
Vicao/iza  5-ATACAGGAGTGAACAGCAGG-3
5.ATACTGCTCACTTGCGTGC-3
Vigigloes  S-AGGTGTTGCTGTCTTGGAG-3
5-CGATAGTGTCATTTCCAATCC-3'
Vigaits  5-GCCTGGTTGTGGATCTGTCS
5-ATCCTGCTACATCGACCTTC-3'
. 5-TGTCAGCCACGCTAGAAG-3'
Vicacg8/42 5 cACCGGACGAATCATGC-3'
Vigiiole  S-GCAGTGCAGGAATAGTAAGG-3
5.GCTGTGATACCAGAGAACGA-3'
. 5-CTAATTCAACTCGCTGCGTC-3'
Vitg9/129

5-TTTCAGCCAGCTAACCTAGG-3'

(TC)1z Tenzer et al. (1999)
(TC);CC(TC),CC(TC)sCC(TC), Tenzer et al. (1999)
(CT)as Tenzer et al. (1999)

(GTT)sGTC(GTT)GTC(GTT), Tenzer et al. (1999)

(CAA), Tenzer et al. (1999)
(CAA); Tenzer et al. (1999)
(TC)z Guerin et al. (2004)
(CNu Guerin et al. (2004)
(TC)s Guerin et al. (2004)

[(CA),C].CCAGAC[(CA):Cls Guerin et al. (2004)

(TG)12 Guerin et al. (2004)
(CA)s Guerin et al. (2004)
(CA)sAA(CA), Guerin et al. (2004)
(GTGGTGT), Guerin et al. (2004)
(GA)17 Guerin et al. (2004)
[(CA).CG], Guerin et al. (2004)
(GT),GC(GT)s Guerin et al. (2004)
(TG)s Guerin et al. (2004)
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Table 2. Sample size and various indexes of genetic diversities in different populations of Venturia inaequalis

Population Isolate No. N, h | Ho He
Wild apples 20 2.30 0.16 0.24 0.03 0.30
Iranian endemic cultivars 20 3.00 0.22 0.34 0.03 0.40
Commercial cultivars 11 2.80 0.20 0.30 0.02 0.40
Total 51 3.44 0.20 0.30 - 0.39

)Ua...:l 0590 (shums 5§")9)& He ooy oulie oo 9i3)5)._b H, AuyLa ua}La A ‘6.5.5 6.:) o :h .J.” slaws N,
Na: total number of alleles, h: gene diversity (Nei), I: Shannon index, H,: observed heterozygosity, He: expected heterozygosity.

39 o @i slaed; (59, Venturia inaequalis z,B8 Cosex 4w 5l AMOVA  JsSUge il )l Judosigay o0 ¥ Joas
Ol Jles

Table 3. Hierarchical analysis of molecular variance (AMOVA) of Venturia inaequalis in three populations on
different apple cultivars in the North of Iran

Source of variation Degrees of freedom Sum of squares Percentage of variation

Among population from different cultivars 2 23.016 3
Within population 48 353.141 97
Total 50 376.157 100
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Table 4. Pairwise Fsr and N, calculated with GeneALex for Venturia inaequalis populations on different apple
cultivars in the North of Iran. Fst values below diagonal

Population Wild apples Iranian endemic Commercial
Wild apples ** 31.177 5.412
Iranian endemic 0.016 (P=0.16) *x 30.626
Commercial 0.085 (P=0.002) 0.016 (P=0.165) *x
Wild
Endemic
Commercial

—
0.2
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Figure 1. UPGMA dendrogram based on Nei's genetic distance between three Venturia inaequalis populations (51
fungal isolates) on different apple cultivars in the North of Iran using Popgene software
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Figure 2. PCoA. Coordinate 1 = 11.4, Coordinate 2 = 10.52. Pop 1: wild apple; Pop 2: Iranian endemic cultivars; Pop
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