Research Article

Iranian Journal of Rangelands and Forests Plant Breeding and Genetic Research DOl:  10.22092/IJRFPBGR.2023.361428.1433
Vol. 31, No. 1, Page 34-51 (2023) DOR: 20.1001.1.17350891.1402.31.1.7.8

Study genetic structure and diversity of Afghanistan Chalghoza pine
(Pinus gerardiana) populations using SCoT and iPBS molecular markers

A. Motieimehr!, B. Shiran*" and E. Shahbazi®

1- M.Sc graduated., Shahrekord University, Shahrekord, IR, Iran
2*- Corresponding author, Prof. Faculty of Agriculture, Shahrekord University, Shahrekord, IR, Iran Email: shiran@sku.ac.ir
3- Assoc.Prof. Dept. Plant Breeding and Biotechnology, Faculty of Agriculture, Shahrekord University, Shahrekord, IR Iran

Received: 09.02.2022 Accepted: 01.07.2023

Extended Abstract

Background and objective:

The Chalghoza pine (Pinus gerardiana) is grown in the eastern and southeastern regions of
Afghanistan and has an important role in the socio-economic progress of rural communities. It
serves various purposes, such as providing pine nuts, fuel wood, medicinal plants, grazing areas,
and shelter for livestock. In this research, the genetic diversity and structure of different Chalghoza
pine populations were examined using molecular markers known as start codon targeted (SCoT)
and inter primer binding site (iPBS) markers. Due to the excessive harvesting of its nuts and a
decline in its population, the IUCN categorizes the Chilgoza pine as a nearing threat.

Methodology:

39 Chalghozeh pine genotypes were collected from various regions across five provinces in
Afghanistan, namely Khost, Paktia, Laghman, Kunar, and Nuristan. To extract genomic DNA, a
modified CTAB procedure was employed, utilizing megagametophyte tissue from 4-5 seeds per
genotype. For this research, six primers each for SCoT and iPBS markers were utilized. To analyze
the data and determine genetic relationships, cluster analysis was conducted using the unweighted
pair-group method arithmetic averages.

Results:

In this study, 12 SCoT and iPBS primers were utilized, resulting in the generation of 48 and 55
bands for SCoT and iPBS markers, respectively. The percentage of polymorphism was estimated at
20.8% for SCoT markers and 29.1% for iPBS markers. The average values of PIC (polymorphic
information content) were determined as 0.026 for SCoT markers and 0.045 for iPBS markers,
indicating a higher differentiation power of iPBS markers compared to SCoT markers. The genetic
similarity coefficient revealed a relatively low genetic diversity among the populations examined.
The UPGMA dendrogram, based on the similarity coefficient, demonstrated that the genotypes did
not cluster according to their collection sites. This outcome can be attributed to the species' highly
cross-pollinating nature and limited distribution range in the studied area. The observed number of
alleles (NA) was 1.08 and 1.09, while the effective number of alleles (NE) was determined as 1.075
for both SCoT and iPBS markers. The Shannon's information index (I) was calculated as 0.055 and
0.060 for SCoT and iPBS markers, respectively. The expected heterozygosity (HE) values were
estimated as 0.039 for SCoT markers and 0.042 for iPBS markers. The analysis of molecular
variance (AMOVA) indicated that the genetic diversity within populations was higher than among
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populations. Through a Bayesian model-based STRUCTURE analysis, two groups (K=2) were
identified among the five populations of Pinus gerardiana, and admixture was observed within

individuals.

Conclusion:

The minimal variations observed in total diversities and levels of population differentiation among
the five Chalghoza pine populations suggest that the genetic structure of these populations aligns
with the species' long-lived perennial nature and regional distribution. These findings have
implications for the conservation and cultivation of this economically significant tree, providing
valuable insights for its management and preservation.
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Table 1- List of genotypes, their locations and sampled number used in this study. The genotypes code were

assigned after the name of their provinces that they were collected

Population/ Collection No. code Geographical Altitude Seed
Province site coordinate (m) no
Khost (1) Mosa Khel 1 Khol 33.59017 N; 69.76998 E 2804m 28

2 Kho?2 33.57282 N; 69.81542 E 2485m 37

3 Kho3 33.56554 N; 69.77678 E 2872m 44

4 Kho4 33.55158 N; 69.76780 E 3044m 45

5 Kho5 33.53418 N; 69.76052 E 2768m 55

6 Kho6 33.56028 N; 69.81611 E 2338m 57

7 Kho7 33.55623 N; 69.75882 E 2962m 47

8 Kho8 33.58516 N; 69.78018 E 3019m 57

9 Kho9 33.55623 N; 69.75542 E 2864m 47

10 Khol0 33.59992 N; 69.79887 E 3330m 40

11 Kholl 33.53317 N; 69.70589 E 2765m 44

Paktia (2) Jani khel 12 Pak1 33.54606 N; 69.77249 E 2938m 38
13 Pak2 33.60321 N; 69.78801 E 3059m 47

14 Pak3 33.59436 N; 69.77576 E 2985m 55

15 Pak4 33.58144 N; 69.77086 E 2769m 51

16 Pak5 33.55763 N; 69.76270 E 3100m 42

17 Pak6 33.58484 N; 69.80597 E 2563m 73

18 Pak7 33.57668 N; 69.77984 E 3107m 40

19 Pak8 33.58960 N; 69.80107 E 2924m 44

Laghman (3) Alisheng 20 Lagl 34.778000 N; 70.102453 E 1705m 42
21 Lag2 34.778251 N; 70.103193 E 1684m 50

22 Lag3 34.778635 N; 70.100805 E 1709m 28

Alingar 23 Lag4 34.826408 N; 70.433563 E 2724m 41

24 Lag5 34.823895 N; 70.443566 E 2844m 36

25 Lag6 34.82658 N; 70.43458 E 2753m 58

26 Lag7 34.82691 N; 70.42417 E 2433m 45

Kunar (4) Dangam 27 Knrl 34.99250 N; 71.42531 E 1920m 54
28 Knr2 34.99268 N; 71.42758 E 1983m 52

29 Knr3 34.99260 N; 71.42583 E 1933m 30

30 Knr4 34.99253 N; 71.42533 E 1921m 47

31 Knrb 34.99277 N; 71.42702 E 1964m 39

32 Knré 34.99165 N; 71.42679 E 1947m 43

Nuristan (5) Wayogal 33 Nurl 35.086765 N; 70.905542 E 1915m 31
34 Nur2 35.086318 N; 70.905462 E 1920m 42

35 Nur3 35.086169 N; 70.905227 E 1913m 29

36 Nur4 35.086008 N; 70.905781 E 1937m 40

37 Nur5 35.086455 N; 70.905584 E 1921m 50

38 Nur6 35.086517 N; 70.905295 E 1914m 27

39 Nur? 35.086399 N; 70.905174 E 1911m 46
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Table 2- List of SCoT and iPBS primers, amplicons generated and the marker parameters obtained for each
SCoT and iPBS primer used in the present investigation.

Primer Sequence (5°-3") TNoB  Scoredband  NOPB  poPB PIC EMR Ml
sizes (bp)
SCoT Marker
SCoT10 CAACAATGGCTACCAGCC 8 300-1500 2 25 0.051 0500 0.025
SCoT16 ACCATGGCTACCACCGAC 10 250-1500 3 30 0.020 0900 0.018
SCoT19 ACCATGGCTACCACCGGC 8 200-1500 2 25 0.043 0500 0.022
SCoT20 ACCATGGCTACCACCGCG 10 250-1500 2 20 0.028 0400 0.011
SCoT31 CCATGGCTACCACCGCCT 7 150-1500 1 14 0.014 0.143  0.002
SCoT35 CATGGCTACCACCGGCCC 5 200-1500 0 0 0.000 0.000 0.016
Total/Mean 48 - 10 20.8 0.026 0.016
iPBS Marker
iPBS11 ACATCCTTCCCA 11 150-1300 1 9 0.013 0.091  0.001
iPBS 12 GAACTTGCTCCGATGCCA 7 200-1200 4 57 0.068 2.286  0.155
iPBS 17 ACCTGGCGTGCCA 8 200-1500 2 25 0.074 0.500  0.037
iPBS 18 GGCTCGGATGCCA 11 150-1500 4 36 0.071 1455 0.103
iPBS 20 AGAACGGCTCTGATACCA 11 200-1500 5 45 0.044 2.273  0.099
iPBS 21 GCTCCGATGCCA 7 200-1500 0 0 0.000 0.000 0.000
Total/Mean 55 - 16 29.1 0.045 0.066

TNoB-Total number of bands, NoPB- Number of polymorphic bands, PoPB- Percentage of polymorphic bands (%), PIC-
Polymorphic information content, EMR- effective multiplex ratio , MI- marker index
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Figure 1- UPGMA dendrograms based Jaccard similarity coefficient among 39 genotypes of Pinus gerardiana generated with SCoT
data (A) and iPBS data (B). The code numbers are indicated in Table 1.
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Table 3- Summary of genetic diversity for SCoT and iPBS markers in five populations (39 genotypes) of Pinus
gerardiana from Afghanistan

Populations Sample Percentage of Observed Effective Shannon's Expected
size Polymorphic number number of Information Heterozygosity
bands (PPB) of alleles (NA) lleles (NE) Index (1) (HE)
SCoT iPBS SCoT iPBS SCoT iPBS SCoT iPBS SCoT iPBS
Khost 11 1042 16.36 1.104 1.164 1.091 1.114 0.068 0.095 0.048 0.065
Paktia 8 1250 14.55 1.125 1.145 1.109 1.118 0.082 0.089 0.058 0.063
Laghman 7 6.25 9.09 1.063  1.073 1.058 1.071 0.042  0.056 0.030  0.039
Kunar 6 2.08 5.45 1.021  1.036 1.019 1.042 0.014 0.033 0.010  0.023
Nuristan 7 1042 545 1.104  1.036 1.099 1.032 0.071  0.027 0.051  0.018
Total/Mean 39 1042 10.18 1.083  1.091 1.075 1.075 0.055 0.060 0.039  0.042

Gllumes 0950 4 Cumd BCurexr on Giomb go¥

5 SCoT Kl 45 » ), ales ,5b 4 P.gerardiana
5 SCOT _Sles (gl Dsr=+/++0 Jluia .3 l5 5925 IPBS
5l eslizal LIiPBS Sles gl 5 (P<-/++\) Dsr= +/\$¥f
Sols Jossa s as 5,0, GenALEX 5l
S5 g ) ms BB i S b gl J S
5SCOT Sl gy doys Vo v ) luman 0905 & by
s s dle olem 4 (PBS Sl ol aw)s AY
iPBS (¢l 5 aw,3 V8 5 SCOT (sl aoys V) ol 5l s 8

¥ J)-b:) wu%&&.ﬁtﬂ*zjﬂﬁf(
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Table 4- Assessment of genetic intra- and inter population variability of P. gerardiana populations based on the
analysis of molecular variability (AMOVA) for SCoT and iPBS variation

Molecular Sov df SS MS Estimated Variance Fixation P value
marker Variance % indices
SCoT Between pop. 4 2.825 0.706 0.003 0.6% ®ST=0.005 **x
Within pop. 34 23.124 0.680 0.680 99.4% **x
Total 38 25.949 0.684 100%
iPBS Between pop. 4 10.956 2.739 0.214 16% ®ST=0.164 **x
Within pop. 34 37.096 1.091 1.091 84% *x
Total 38 48.051 1.305 100%

**= Significant at % probability level
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Table 5- Pairwise population matrix of Nei’s genetic distance in five populations of P. gerardiana for SCoT and
iPBS markers

Populations Khost Paktia Laghman Kunar Nuristan
Khost kel 0.035 0.041 0.041 0.039
Paktia 0.015 Fkkk 0.020 0.027 0.032
Laghman 0.011 0.020 Fokokk 0.017 0.027
Kunar 0.014 0.022 0.009 ikl 0.011
Nuristan 0.022 0.031 0.031 0.022 Fkkk

Nei's genetic distance for SCoT (below diagonal) and for iPBS (above diagonal). Nei’s Genetic Distance = D = -In(l ); where: | is
Nei’s Genetic Identity

Khost
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16 Nuristan
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Figure 2- Dendrogram of Nei’s genetic distanc of five studied populations of P. gerardiana, built based on
polymorphism of SCoT (A) and iPBS (B) profiles by UPGMA method
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Figure 3- The STRUCTURE assignment of each individual to inferred genetic clusters marked in red and green
colors. The y-axis presents the estimated membership coefficient (Q) for each individual in the two clusters. The
X-axis corresponds to sample codes as identified in Table 1. The numbers in parentheses indicate the population
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