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ABSTRACT

Carob moth, Ectomyelois ceratoniae, is the most important pest of pomegranate in Iran and is one of the most
effective threats to the export of this product, but only a few studies have been done on the diversity and genetic
structure of its populations. Therefore, in order to increase knowledge about the structure and genetic diversity of this
pest populations, infested pomegranates were collected from 12 provinces of the country during 2016 and 2017 and
genetic diversity components were investigated using a part of the mitochondrial DNA gene, cytochrome oxidase |
(COl). Also, the haplotypic network and the phylogenetic tree was drawn using the maximum likelihood method. In
the present study, six haplotypes were obtained. The first haplotype (H1) was common in all populations, which can
be considered as the ancestral haplotype so that other haplotypes have been evolved from it. This haplotype is
connected to other haplotypes with a mutation and forms a star-like shape in the haplotypic network. Results of the
grouping populations indicate that the northern part of Iran has the most diversity of haplotypes in comparison to the
central and southern parts, which can be related to native cultivars, genetic diversity of cultivars, and natural habitat
of Pomegranates in this area. The adaptation of pomegranates to different micro-climates, development of
commercial cultivation of traditional varieties, and the role of the human in product transformation lead to
high gene flow and genetic differences reduction even at wide geographical distances.
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Table 1. Collection data for Ectomyelois ceratoniae samples of Iran

Locality Date Code Geographical coordinates N* Pomegranate variety Group
Yazd 2016.6.30 YZ 31°55'09.8"N 54°16'40.8"E 3 Malas yazdi Center
Golestan 2016.8.1 GL 36°50'32.4"N 54°27'25.6"E 3 Domestic North
Semnan 2016.8.25 SE 35°38'36.9"N 53°20'22.2"E 3 Malas post nazok yazdi North
Sistan v Balochestan 2016.9.8 SB 29°0029.3"N 61°26'51.3"E 3 Meikhosh sangani South
Markazi 2016.9.27 Mz 35°01'44.4"N 50°20'39.0"E 3 Malas saveh Center
Kerman 2016.10.19 KA 30°34'18.7"N 56°55'59.0"E 3 Aghdaii & Kabvati South
Khorasan Razavi 2016.7.21 KH 35°00'33.1"N 58°46'11.8"E 3 Mixed North
Esfahan 2016.8.5 ES 32°36'10.5"N 51°19'25.7"E 3 Red skin Najaf-Abad Center
Ghazvin 2016.8.31 GH 36°26'23.2"N 49°10'37.3"E 3 Mixed North
Mazandaran 2016.9.13 MA 36°43'57.6"N 53°23'59.5"E 3 Domestic North
Fars 2016.10.10 FA 29°55'26.7"N 53°18'06.3"E 3 Rabab neyriz South
Lorestan 2016.11.10 LO 33°3029.3"N 47°36'14.8"E 3 Mixed Center

N*: Number of samples used in tests.
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Table 2. Distribution of haplotypes of different populations of Ectomyelois ceratoniae in Iran

Haplotype Populations

H MA GL KH Mz FA SB GA SE LO KA YZ ES Total
H1 1 2 1 2 2 2 3 3 3 3 3 3 28
H2 1 1 1 3
H3 1 1 2
H4 1 1
H5 1 1
H6 1 1

Total 3 3 3 3 3 3 3 3 3 3 3 3 36
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Table 3. Genetic diversity parameters for the grouping of Ectomyelois ceratoniae populations in Iran
H

Geographical grouping N Code Hd K Pi
North 15 5 GL, MA, KH, GA, SE 0.562 0.648 0.00097
Center 12 2 ES,YZ, MZ, LO 0.167 0.167 0.00025
South 9 3 SB, KA, FA 0.417 0.444 0.00067
Total 36 6 0.394 0.432 0.00065
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Table 4. Genetic diversity indices of the mitochondrial gene of COI for each Ectomyelois ceratoniae population

Location Population pi K Hd H S N
North GL 0.001 0.667 0.667 2 1 3
North MA 0.00203 1.333 1 3 2 3
North KH 0.00203 1.333 1 3 2 3
North GA=SE 000 000 000 1 0 3
Center Mz 0.001 0.667 0.667 1 1 3
Center ES=YZ=LO 000 000 000 1 0 3
South SB 0.001 0.667 0.667 2 1 3
South FA 0.001 0.667 0.667 2 1 3
South KA 000 000 000 1 0 3
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Figure 1. Haplotypic network of Ectomyelois
ceratoniae populations in Iran. Each circle represents
a haplotype, and the circle’s size is proportional to
the populations’ frequency in each haplotype.
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Figure 2. Phylogenetic tree with Maximum likelihood
method based on sequences of Ectomyelois
ceratoniae populations in Iran. Anagasta Kuehniella
(GU828613) was selected as the outgroup, and the
confidence level was calculated with the 1000
replicates of the bootstrap test.
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Table 5. Analysis of molecular variance (AMOVA) of Ectomyelois ceratoniae populations in Iran

Fixation index

Source of variation df Sum of squares Variance components Percentage of variation Fst
Among groups 1 0.264 0.00651 Va 2.98 0.00855
Among populations 1 0.164 -0.00464 Vb -2.13
Within populations 33 7.141 0.21640 Vc 99.15
Total 7.569 0.21826
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Table 6. Genetic distances between Ectomyelois ceratoniae populations in Iran

ES 0.0005 0.0005 0.0007 0.0005 0.0000 0.0000 0.0005 0.0000 0.0000 0.0007 0.0000
GL  0.0005 0.0006 0.0008 0.0007 0.0005 0.0005 0.0007 0.0005 0.0005 0.0008 0.0005
SB  0.0005 0.0010 0.0008 0.0007 0.0005 0.0005 0.0007 0.0005 0.0005 0.0008 0.0005
MA 0.0010 0.0015 0.0012 0.0009 0.0007 0.0007 0.0008 0.0007 0.0007 0.0009 0.0007
FA  0.0005 0.0010 0.0010 0.0015 0.0005 0.0005 0.0007 0.0005 0.0005 0.0009 0.0005
KA 0.0000 0.0005 0.0005 0.0010 0.0005 0.0000 0.0005 0.0000 0.0000 0.0007 0.0000
LO 0.0000 0.0005 0.0005 0.0010 0.0005 0.0000 0.0005 0.0000 0.0000 0.0007 0.0000
MZ 0.0005 0.0010 0.0010 0.0015 0.0010 0.0005 0.0005 0.0005 0.0005 0.0008 0.0005
YZ 0.0000 0.0005 0.0005 0.0010 0.0005 0.0000 0.0000 0.0005 0.0000 0.0007 0.0000
GH 0.0000 0.0005 0.0005 0.0010 0.0005 0.0000 0.0000 0.0005 0.0000 0.0007  0.0000
KH 0.0010 0.0015 0.0012 0.0017 0.0015 0.0010 0.0010 0.0012 0.0010 0.0010 0.0007
SE  0.0000 0.0005 0.0005 0.0010 0.0005 0.0000 0.0000 0.0005 0.0000 0.0000 0.0010
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