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Abstract

Pistachio is one of the most important crops that have a large genetic diversity due to its dicotyledonous
and high heterozygosity, so identifying these genetic differences is of particular importance for breeding
and production of psyllid-resistant pistachio cultivars. Pistachio psyllid is one of the most important pests
of the pistachio tree. The nymphs and adult insects of this pest increase the amount of porosity, and
reduce yield and lack of laughter, by consuming plant sap. In this study, single nucleotide polymorphisms
(SNP) and small indels were investigated in Iranian pistachio sensitive cultivars (Akbari, Kalehghoochi,
Ahmad Aghaei, Momtaz) and resistant cultivars (Badami Zarand, Haj Abdollahi, Italian, Sarakhs) to
psyllids. The readings were first aligned with the reference genome, and then single-nucleotide
polymorphisms and deletions, and small indels were identified by the GATK toolkit. The percentage of
alignment of the readings with the reference genome was above 96%, which indicated the high quality of
alignment. Sensitive cultivars had 2920688 and 701109 and resistant cultivars had 2919898 and 701000
SNP and small indels, respectively. In general, the results of data analysis showed that the structural and
polymorphic diversity of mononucleotides and the small indels are greater in susceptible cultivars than in
resistant cultivars.

Keywords: Pistachio, Nucleotide diversity, Pest resistance, Whole genome sequencing, GATK.
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Tablel. Names of studied pistachio cultivars and their
sequencing characteristics.

Cultivar name Sensitive Bases Access code
[resistant (Gb)

Akbari Sensitive 5.12 SRR8772689
Kaleh Ghochi Sensitive 5.24 SRR8772765
Momtaz Sensitive 5.11 SRR8772734
Ahmad Aqaei Sensitive 5.18 SRR8772690
Badami Zarand  resistant 5.18 SRR8772709
Italiaei resistant 5.20 SRR8772686
Sarakhs resistant 5.04 SRR8772792
Hajabdolahi resistant 5.21 SRR8772743
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Table 2. Summary of sequence readings with the reference genome.

Number of short reads

Short reads

Mean depth or

Cultivar name . Alignment
reads aligned length coverage
Akbari 34108306 32753170 0.96 150 11.0145
Kaleh Ghochi 34922200 34393657 0.98 150 11.6635
Momtaz 34090134 33473391 0.98 150 11.1692
Ahmad Aqaei 34508454 33941234 0.98 150 11.4477
Badami Zarand 34504364 33901160 0.98 150 11.5126
Italiaei 34657774 34070424 0.98 150 11.7254
Sarakhs 33620418 32896915 0.97 150 11.0204
Hajabdolahi 34734416 34111687 0.98 150 11.5841
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Figl. Number of single nucleotide polymorphisms and small insertion-deletion before and after the filter.

Table3. Distribution of SNPs and Indels in genome.

Type of diversity  SNP in sensitive cultivars

SNP in resistant cultivars

indel in sensitive cultivars

indel in resistant cultivars

Downstream 641327 641169
Exon 6790 6790
Intron 269848 269817
Intergenic 1844060 183528
Splice_acceptor 597 597
Splice_region 14253 12761
Splice_donor 459 459
Upstream 1074118 1073911
5 prime_UTR 29763 29761
3 _prime_UTR 46226 46224
silent 101874 101860
Missense 140244 140225
Nonsense 2993 2993

131125 131081
1026 1026
53198 53191
341760 341633
334 334
2574 2574
206 206
234476 234447
6491 6491
8234 8234
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Table4. Number of transverse and inverse mutations and heterogygous and homozygous variations.

Number of Number of Number of Number of Number of Number of

Cultivar nme transversion transition heterozygous homozygous heterozygous homozygous
mutations (SNP) mutations (SNP) SNPs SNPs Indels Indels
Akbari 2139016 4364947 2378242 1794290 608312 182167
Kaleh Ghochi 2139037 4364908 2377159 1794357 608306 182162
Momtaz 2139016 4364947 2378242 1794290 608312 182167
Ahmad Agaei 2139037 4364908 2377159 1794357 608306 182162
Total 8556106 17459710 9512874 7177294 2433236 728658
Badami Zarand 2139071 4364952 2378192 1794371 608308 182163
Italiaei 2139071 4364952 2378192 1794371 608308 182163
Sarakhs 2139071 4364952 2378192 1794371 608308 182163
Hajabdolahi 2139071 4364952 2378192 1794371 608308 182163
Total 8556284 17459808 9512768 7177484 2433232 728652
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