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Abstract

In this study, the genetic diversity and inbreeding coefficient of thedAnzeh fish population in three distinct
geographical regions were investigated and estimated in ten gene“loci using fluorescently labeled
microsatellite markers. Sampling was condueted,witt 20 adult Anzeh fish (male and female), 10 one-year-
old fish and 10 two-year-old young fromBreeding Center.ofikhuzestan General Directorates fisheries, 20
fish from the Karkeh, and the Dez Dams. Among 33 private alleles in all populations, BC-49 and BC-39 loci
exhibited the most five alleles. The*highest (11)and lowest (2) number of private alleles were found in Male
cultured and wild (Dez and Karkheh) populations. The minimum and maximum Shannon diversity index
were 1.169 and 1.650 in Karkheh and one=year-old cultured populations. The mean F index was calculated
as 0.018 in all populations. The mean inbreedingeoefficient of Fis was 0.0059 in all Loci. Negative numbers
were obtained in five loci and the Fis ranged fram'0.123 to 0.289 in the rest of the loci, which indicates low
inbreeding in populations. The two-year-old cultured population was in Hardy-Weinberg equilibrium at all
loci. However, one-year-eldybreeding, Karkheh, and Dez population in one locus, and Male and Female
cultured broodstocks jin two and six loci showed a significant deviation from the Hardy-Weinberg
equilibrium (p<0.05%). The AMQWVA based on FST illustrated 13% and 78% of the diversity between and
within the population,respectively. The calculated FST (0.126) showed a meaningful moderate genetic
distante among the populations (p<0.05). According to the FST matrix, the lowest genetic distance (0.038)
was observedybetween the two-year-old cultured and Dez populations. The highest genetic distance was
found at 0.185 between the Female cultured and Karkheh populations. These results showed that the
populations of Anzeh have high genetic diversity in Khuzestan, and very little inbreeding was observed in
the populations.
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INTRODUCTION

Knowledge of the amount of genetic diversity among individuals of a species is one of the valuable goals of
stock management and breeding, so population genetic studies or molecular ecology of economically
valuable fish are very necessary to protect their population and maintain sustainable fishing. One of the
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requirements of broodstock management in hatcheries is to estimate the genetic dependency among them.
With genetic monitoring, it is possible to estimate the genetic diversity during many generations of aquatic
breeders and provide important information about the efficiency of reproduction management.

MATERIAL AND METHODS

In this study, the genetic diversity and inbreeding coefficient of the Anzeh fish population in three distinct
geographical regions were investigated and estimated in ten gene loci using fluorescently labeled
microsatellite markers. Sampling was conducted with 20 adult Anzeh fish (equal ratio of male and female),
10 one-year-old fish and 10 two-year-old young from Native Fish Breeding Center of Khuzestan General
Directorates for fisheries, 10 fish from the Karkeh, and 10 fish from the Dez lakes behind Dams.

RESULTS

Among 33 private alleles in all populations, BC-49 and BC-39 loci exhibited the most five alleles. The
highest (11) and lowest (2) number of private alleles were found in Male cultured and, wild (Dez and
Karkheh) populations. The BC-47 locus had two private alleles exclusively in the one-year-old population..
The mean observed (Ho) and expected (He) heterozygosity in all populations were calculated.asi0.667 and
0.681, respectively. The minimum and maximum Shannon diversity index were 1.169'and"1.650 in Karkheh
and one-year-old cultured populations, respectively. The mean F index was/ealculated as 0.018 in all
populations. The mean inbreeding coefficient of Fis was 0.0059 in all Loci. Négative numbeérswere obtained
in five loci and the Fis ranged from 0.123 to 0.289 in the rest of the loci, which_indicates low inbreeding in
populations. The two-year-old cultured population was in Hardy-Weinberg equilibrium at'all loci. However,
one-year-old breeding, Karkheh, and Dez population in one locus, andiMale,and Femalecultured broodstocks
in two and six loci showed a significant deviation from the Hardy-\Weinberg equilibrium (p<0.05). The
AMOVA based on FST illustrated 13% and 78% of the diversity”between and within the population,
respectively. The calculated FST (0.126) showed a meaningfull moderaté genetic distance among the
populations (p<0.05). According to the FST matrix, the“lowest génetic distance (0.038) was observed
between the two-year-old cultured and Dez populationsy The highest genetic distance was found at 0.185
between the Female cultured and Karkhehqpopulations.

DISCUSSION AND CONCLUSION

These results showed that the popdlations,of Anzeh have high’genetic diversity in Khuzestan, and very little
inbreeding was observed in the populations:

Since there are no main factors influencing matural selection in wild aquatic populations (such as food
competition, pressure from fishermen, environmental conditions, etc.) It will be in such a situation, that the
phenomenon of "inbreeding" causes an increaseinthe percentage of malformations in the produced fish and,
as a result, reduces production efficiency. Infact, due to the small population of breeding fish and the
possibility of their close kinship, strengthening the possibility of "inbreeding” is always in a potential form.
Inbreeding or the phenomenan ef inbreeding, the genotypic structure of the population is determined not
only by the allelic frféguencies and the-forces affecting the allelic frequency (mutation, migration, deviation,
and drift or random mating) but also by the mating system. As a result of inbreeding, the genetic purity is
increased, and the amaunt of, impurity is also reduced compared to random mating conditions. The
phenomenan of inbreeding @ecurs in natural and cultivated societies due to inbreeding and positive selective
mating, whenphenotypic.
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Table 1- Primers used in the study of Anzeh genetic diversity

Luci Primer sequence

Fragment size (bp)

BC30-F = CAGTCGGGCGILCATCA GCTCCGAAATCTGCGTTTAG

BC30-R GTATGGCCACAGACTGAGAGGAAC

105-131

BC26-F CAGTCGGGCGJCATCA CATCATCACCACAGCAGCA

BC26-R » GTTT TFCAGTCCGTCGTCTCGTCT

221-248

BC44-F< | CAGTCGGGCGTCATCA TCGACGATCCGAAGATGAAT

BC44-R "GILI TFAGGGGTCGGGTTACTGTG

164-188

BC59-F CAGFCGGGCGTCATCA TTCTGGAAGCGCCATCTACT

BC59-R | GJTT CGATCCCAGGTGTCTCTTTC

256-324

BC42-F A CAGTCGGGCGTCATCA AAAGAGCAGCGGACGAATAA

BC42-R  GTTT CGTCCAGAGGAACGGTTTAG

108-115

BC43-F CAGTCGGGCGTCATCA CAATCATCCCTGCGAGTGTA

BC43-R  GTTT GAGGGGATGTGGCATTTAGA

162-177

BC47-F CAGTCGGGCGTCATCATTTGGGTTTTGAGGGCTATG

BC47-R  GTTT CCTTTGCTTCACCAGATACG

190-225

BC37-F = CAGTCGGGCGTCATCA GAGGCTCCCAATCCCAACAA

BC37-R | GTTT GGAGGCAGACGAGGAAGGAA

238-246

BC49-F CAGTCGGGCGTCATCA ACGATCCCGACAGTAAGAGC

BC49-R | GTTT AAGGCAGCGTCTCTCTGTGT

134-181

BC39-F = CAGTCGGGCGTCATCA GTGAGCAACGCCAGCAAC

BC39-R | GTTT CTCAGCAGCACATCACGACT

241-250
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Table 2- volume of substances consumed in the reaction

Volume (ul) Ingredient
7.5 PCR Master Mix
0.5 Direct primer
0.5 Reverse primer
1 DNA
5.5 Double distilled sterile water
15 The final volume of the reaction
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Fig. 1- The electerophores of the first PCR on 2% agarose gel
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Table 3- Summary of Genic Variation Statistics for All Loci

A

Luci P Na Ne I Het
BC-30 3 17 11.1498 2.5812 .8025
BC-44 2 14 8.5106 0.7250
BC-26 2 7 3.2258 0.6017
BC-59 3 12 6.1069 0.6567
BC-42 4 13 6.6253 . 0.7225
BC-43 4 9 .693 0.6317
BC-47 *2 17 .3044 0.7792
BC-37 3 10 1.8676 0.6767
BC-49 5 1 2.0338 0.5725
BC-39 5 1.7806 0.6442

Mean 2.0188 0.6813

SE . 0.3583 0.0749
(s j9 50 (Sl :Mean Het ¢ o3l L g0 T 3lani (Ne s saabiso P slusai :Na ¢ polaid ] YT slass P
3951 WSy Cunorr 5> hatd o Cd
Na: Observed number of Alleles; Ne: Effective ber of Alleles; I: Shannon's information index P: Private

enetic variation of Anzeh at 10 microsatellite loci in six populations

N Na Ne | Ho He F

10.000 4.700 3.233 1.198 0.420 0.609 0.347
0.000 0.731 0.520 0.166 0.103 0.065 0.162
10.000 6.600 3.767 1.496 0.580 0.689 0.167
0.000 0.686 0.546 0.124 0.079 0.039 0.095

C.lY Mean  10.000 6.000 4.790 1.650 0.820 0.778 -0.061
SE 0.000 0.298 0.366 0.070 0.063 0.020 0.087

c2y Mean  10.000 5.500 4.309 1.494 0.760 0.718 -0.078
SE 0.000 0.601 0.581 0.139 0.072 0.049 0.095

K.P Mean  10.000 4.100 3.104 1.169 0.680 0.616 -0.072
SE 0.000 0.504 0.432 0.139 0.090 0.052 0.143

D.P Mean  10.000 4.300 3.351 1.275 0.800 0.678 -0.197
SE 0.000 0.448 0.299 0.103 0.084 0.030 0.148

Total Mean  10.000 5.200 3.759 1.380 0.677 0.681 0.018

SE 0.000 0.250 0.199 0.055 0.037 0.019 0.054




Journal of Marine Science and Technology

In Press / DOI: 10.22113/jmst.2024.447140.2587

He oud saalin M&}g)& :Ho c“JssLd ‘)bl»l H ‘)"9" ‘JJi aluxs :Ne c‘:’s‘g ‘J” slaxi :Na (Carod WD 4D slasi :N
“:»:6)5).3. 4”“'5‘.'. :C.LY 5@3)9).; » :C.M “_,J}),,; o3l :C.F Carod POP (ol Uaél.w F c)LB."»J' dy90 W&}g,&

33 Curon D.P (s 1S Comon (KPP (Wi yg 5 dlwgd :C.2Y

N: Number of individuals in each population; N: Number of Different Alleles; Ne: Number of Effective Alleles; I:
Shannon's Information Index; Ho: Observed Heterozygosity, He: Expected Heterozygosity; F: Fixation Index;
C.F: Cultured Female, C.M: cultured Male, C.1.Y: Cultured one year-old, C.2.Y: Cultured two year-old, K.P:

Karkheh Population, D.P: Dez population
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Table 5- Summary of F-Statistics and Gene Flow for All Loci

Locus Fis Fit Fst Nm

BC-30 -0.1838 -0.0575 0.1067 2.093
BC-44 -0.1034 0.0777 0.1641 1.273
BC-26 -0.4127 -0.2920 0.0855 2.674
BC-59 0.2893 0.4336 0.2030 0.982
BC-42 0.1234 0.2714 0.1689 1.230
BC-43 0.1821 0.3487 0.2038 0.977
BC-47 -0.1551 -0.0573 0.0847 2.702
BC-37 0.2118 0.3514 0.1770 1.162
BC-49 0.2722 0.4539 0.2496 06752
BC-39 -0.0867 0.1239 0.1938 1.040
Mean 0.0059 0.1687 0.1638 1.489

Fis = (Mean He - Mean Ho) / Mean He; Fit = (Ht - Mean Ho) / Ht; Fst = (Ht - Mean He) / Ht

LolSsle wlw! 1 Curon gl 3 056 dlo  pialo— g3, Jsle 5 Slirpsdiiglaolel 1 Jous

Table 7- Genetic variation Statistics and Hardy-Weinberg equilibrium.at.the population level based on Luci

BC-30 BC-44 BC-26 BC-59 BC-42 BG43 BC#47 BC-37 BC-49 BC-39
Na 9 7 4 4 4 2 5 3 7 2
Ne 6.452 5263 2.985¢ 2778 / 8226 122 2174 2381  4.255 16
| 2.013 1.775 1192 1,168 1.231 507325 1.094 0943 1679 0.562
cF Ho 0.9 0.7 0.7 0 0.4 0 0.6 0 0.4 0.5
He 0.845 081  0.665) 0.64 0.69 0.18 0.54 058 0765 0.375
pHW ns * ns Gl ns *x * falel * ns
Na 10 8 6 4 5 6 10 6 7 4
Ne 7.692 5 3636 “3.333 1.942 2857 4.878 25 3.704 2128
| 2164 <1829 1488  1.28 100  1.373 1.956 1.271 1591  0.999
M Ho 0.8 0.7 0.6 0.2 0.4 0.7 0.8 0.2 0.9 0.5
He 0.87 0.8 0.725 0.7 0.485  0.65  0.795 0.6 0.73 0.53
pHW ns ns ns ** ns ns ns il ns ns
Na 7 6 4 5 7 6 7 6 6 6
Ne 5.556 5 2.941 3.571 6.25 5 6.25 5 3.333 5
| 1834 1.696 1.194 1418 1.887 1696 1887 1.696 1498  1.696
ey Ho 1 0.6 1 0.8 0.6 0.6 1 1 0.6 1
He 0.82 0.8 0.66 0.72 0.84 0.8 0.84 0.8 0.7 0.8
pHW ns ns * ns ns ns ns ns ns ns
Na 7 7 3 6 5 4 9 5 3 6
Ne 5556 4545 2381 4167 4545 3333 8333 4545 1515 4167
| 1834 1.748 0943 1609 1557 128 2164 1557 0.639 1.609
czY Ho 1 1 1 0.6 0.6 0.6 1 0.6 0.4 0.8
He 0.82 0.78 0.58 0.76 0.78 0.7 0.88 0.78 0.34 0.76

pHW

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns
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Na 5 4 2 3 5 5 7 3 2 5
Ne 4167 2381 1923 1852 4545 3846 5556 2174 1471 3.125
| 1505 1.089 0.673 0802 1557 1471 1.834 0.898 0.5 1.359

KP Ho 1 0.8 0.8 0.6 0.8 0.6 1 0.6 0 0.6
He 076 058 048 046 078 074 082 054 032 068

pHW ns ns ns ns ns ns ns ns * ns

Na 6 3 2 4 6 4 6 5 3 4
Ne  3.333 2381 2 2.941 4167 3571 5 4167 2381 3571
I 1498 0943 0693 1221 1609 1332 1696 1505 0943 1.314

bP Ho 1 1 1 0.6 1 0.6 1 0.8 0.2 0.8
He 0.7 0.58 0.5 066 076  0.72 0.8 076/° 058  0.72

pHW ns ns * ns ns ns ns ns ns ns

5590 (St 95 39 52 tHE o ol (St 9 39 52 tHO (y9ild Lad Wi il (yige W1 30T :NE gyl sluei :Na
dp<+/+0) o 13 (5,15 g20 9 (5,15 S0 PAS i T A it g it e NS oS g g8, ST Jlods | G PHW. , i)
Caror P ouiyg 1 lwgd 1C.2.Y ¢ o yg 0 ISy iC.LY ( oaiygp 5 :C.M ¢ o yg50 85k :C.F 4P+ /44 1) g (p<+/+))

33 Coros :D.P s 5
pHW: Hardy-Weinberg probability test, C.F: Cultured Female, C.M: Cultured Male, C.1.Y: Cultured one year-

old, C.2.Y: Cultured two year-old, K.P: Karkheh Population, D.P: Dezfpopulation; ns: non significant; *, **, ***
significant at (p<0.05), (p<0.01), and (p<0.001), respectively.

Fst owll 2 (AMOVA) #5535 Bl g 2 325-Y Jgz
Table 7-AMOVA based on:Fst

prob value stat % Estwar MS SS df
13% 0.532 11.110 55.550 5 Among population
12% 0.518 4.199 142.750 34 Among Individuals
0.001 0.126 Fst  75% 3.163 3.163 126.500 60 Within Individuals

18.472 Total

100% 4.212 324.800 59

lai G35l AR 51 sy Bl il B8y 15 Sxe (PIOD (ilag po (Sl 12l iMS (ilas po Egoome 1SS ¢ 63151 an yo :dlf

Percentages of Molecular Variance

Among Pops
13%

Among Indiv
12%

Within Indiv
75%

FsT jlre (wlwly ool Cawday (S5 g9 22395 .Y S
Fig. 2. The distribution of genetic diversity on Fst
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Table 8. Fst distances (above diagonal) and Nei's Original pairwise differences (below diagonal)
between six Anzeh populations detected by 10 microsatellites

Population C.F CM C.lY Cc.2Yy K.P D.P
CF 0.057 0.111 0.163 0.185 0.169
CM 0.237 0.082 0.131 0.178 0.148
C.lY 0.769 0.659 0.054 0.073 0.068
c.2y 1.386 1.226 0.410 0:048 0.038
K.P 1.241 1.612 0.419 00232 0.056
D.P 1.313 1.382 0.495 0.191 0.239

30 Cumon ID.P s )5 Comon tKIP (g9 0 dlwgd iC.2.Y (o oliyg o AIWSGIC LY ¢ oy 5 35 IC.M ¢ ouiyg 52 00 :C.F
C.F: Cultured Female, C.M: Cultured Male, C.1.Y: Cultured one year-old, C.2.Y: Cultured two year-old, K.P:

Karkheh Population, D.P: Dez Population
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Fig. 3- UPGMA phylogenetic tree constructed with Nei genetic distances for Anzeh
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Fig. 4- Results of Structure analyses

Deltak = mean(|L"(K)|) / sd(L(K))

2 3 4 5

DeltaK (right) and Mean estimated (left) log-normal (Ln) probability e data in relation to the simulated

number of clusters K. Vertical bars indicate the standard deviation

AK oppods -4

Table 9- AK

S

© o N o o~ W DN RLIX

Reps Mean LnP(K) |Ln"(K)| Delta K
5 -1691 — —
5 -149 178.58 1129.439089
5 -1472.78 71.16 57.966798
5 -1524.12 -51.34 0.14 0.003358
5 -1575.6 -51.48 58 1.351018
5 -1569.08 6.52 65.24 2.799003
5 6.834087 -58.72 7.16 0.194385
5 40.698919 -65.88 19.26 0.473231
60.183677 -46.62 32.04 0.53237
41.856027 -14.58 — —
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Fig. 4 - Cluster analysis of Anzeh fish population K3 (up), K2 (down)
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