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Abstract

Bozhilova-Sakova, M., Viryanski, D., Teneva, A., Koynarski, Ts., Todorovska, E. & Dimitrova, 1. (2023). Ge-
netic diversity analysis of the Rhodope Shorthorn cattle breed based on SSR markers, Bulg. J. Agric. Sci., 29(6),
11431148

The aim of the present experiment was to study the genetic diversity in 79 individuals from the Rhodope Shorthorn cattle
breed, raised in the region of Smolyan, Bulgaria. For the purpose of the experiment was used a panel of 11 microsatellite
markers. A total of 103 alleles were identified and 7 of them were population-specific. The allele number per locus varied
from 6 (BM1824) to 14 (TGLAS3), with a mean number of 9.36. The highest number of heterozygotes (72) was observed
in locus TGLA227 (n = 79). The lowest number of heterozygotes (41) was detected in locus ETH10 (n = 79). Microsatellite
markers used in the current experiment showed PIC from 0.52 (ETH10) to 0.88 (ETH3), with a mean value of 0.897. Observed
heterozygosity (Ho) varied from 0.767 (locus ETH10) to 0.946 (INRA23). Expected heterozygosity (genetic diversity — He)
varied from 0.205 in locus ETH10 to 0.819 in locus TGLA227. Heterozygosity for all investigated loci was H_ = 0.897 and
H_ = 0.586. Effective allele number (N) was between 7 (ETH10, INRA 23) and 14 (TGLA 53). Estimated values (PIC, H , H,
and MNA) showed that all studied markers were polymorphic. All tested loci were with high Polymorphic information content
(>0.5) and H > 0.6.
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Introduction

The loss of genetic diversity leads to a number of issues
related to the conservation of the gene pool and difficulties
of selection as well. In recent years, the efforts of scientists
have focused on various methods for studying genetic re-
sources in animal husbandry (Demir et al., 2019).

In livestock, molecular markers can be used to enhance
the selection programs based on the productive traits of an-
imals. The application of modern methods and models for

genetic assessment of breeding values in cattle could signifi-
cantly increase the breeding process. That is why the study
of genetic resources is extremely important in the organiza-
tion and management of selection programs (Khalil, 2020).
Using SSR as direct markers could increase the accuracy of
selection programs from 0.63 to 0.83 (Solberg et al., 2008).
The Rhodope Shorthorn cattle is one of the two indig-
enous cattle breeds found in Bulgaria today. The main area
of distribution is the Rhodopes, mainly the regions of Kru-
movgrad, Momchilgrad, Zlatograd, Madzharovo, and Smoly-
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an. Rhodope Shorthorn is the smallest cattle breed in Bulgar-
ia. It is used for meat and dairy production. The information
about the genetic structure of the breed could be very valuable.

In recent years, only a few similar studies have been
performed in Bulgaria on other cattle breeds (Teneva et al.,
2005; Teneva et al., 2007). The available information is in-
sufficient. Therefore, the present study is necessary in order
to maintain and enrich the genetic database.

The aim of the present work was to study the genetic di-
versity of the Rhodope Shorthorn cattle breed consisting of
79 individuals raised in the village area of Smolyan, Bulgar-
ia, using a panel of 11 microsatellite markers.

Materials and Methods

Animals

For the purpose of the present study the research team
studied a total of 79 animals from Rhodope shorthorn cattle
breed, raised in Bulgaria. Blood samples were collected from
each individual in vacuum tube containing EDTA. The sam-
ples were stored at -20°C until the next step of experimental
work.

DNA extraction
Genomic DNA was extracted from whole blood using
ExgeneTM Tissue SV (plus) (GeneAll) purification kit ac-

cording to the manufacturer’s instructions. The concentra-
tion and quality of DNA were identified by spectrophotome-
ter and agarose gel electrophoresis.

PCR amplification

A panel of 11 microsatellite markers recommended for
cattle paternity testing by ISAG (Hoffmann & Amos, 2004)
was used (Table 1). Microsatellites were amplified using the
“StockMarks for Cattle® Bovine Genotyping Kit” (Applied
Biosystems Inc., Foster City, CA) in multiplex reactions ac-
cording to the manufacturer’s recommendations. PCR am-
plification was performed with thermal cycler EPPENDORF
(PE, Applied Biosystems) under the following conditions
initial denaturation 95°C/15 min, 31 cycles, denaturation
94°C/45 s, annealing 55-65°C/45 s, elongation 72°C/60 s
and final elongation 72°C/10 min. The tested loci, primer
sets, and allele range are presented in Table 1.

Fragment analysis

The fluorescent labeled PCR products were submitted to
fragment analysis by capillary electrophoresis, with an au-
tomated sequencer ABI PRISM 310 (Applied Biosystems),
using the GeneScan-350 ROX® Size Standard (Applied
Biosystems), according to the manufacturer’s specifications.
The information about fragment sizes was automatically es-
timated by the GENESCAN ANALYSIS v.3.1. Software.

Table 1. Tested locus, chromosome localization, primers, allele length

Ne | Locus Chromosome | Marker Primer sequence (5’ ->3”) Length of alleles
localization
1 ETH225 (D9S1) 9 M3 GATCACCTTGCCACTATTTCCT 131-159
ACATGACAGCCAGCTGCTACT
2 INRA023 (D3S10) 3 M9 GAGTAGAGCTACAAGATAAACTTC 195-225
TAACTACAGGGTGTTAGATGAACTC
3 ETHI10(D5S3) 5 MI10 GTTCAGGACTGGCCCTGCTAACA 207-231
CCTCCAGCCCACTTTCTCTTCTC
4 |ETH3 (D19S2) 19 M14 GAACCTGCCTCTCCTGCATTGG 103-133
ACTCTGCCTGTGGCCAAGTAGG
5 BM2113(D2S26) 2 M15 GCTGCCTTCTACCAAATACCC 122-156
CTTCCTGAGAGAAGCAACACC
6 |BM1824(D1S34) 1 MIl6 GAGCAAGGTGTTTTTCCAATC 176-197
CATTCTCCAACTGCTTCCTTG
7 | TGLA227(D18S1) 18 M26 CGAATTCCAAATCTGTTAATTTGCT 75-105
ACAGACAGAAACTCAATGAAAGCA
8 TGLA126(D20S1) 20 M27 CTAATTTAGAATGAGAGAGGCTTCT 115-131
TTGGTCTCTATTCTCTGAATATTCC
9 |TGLA122(D21S6) 21 M28 CCCTCCTCCAGGTAAATCAGC 136-184
AATCACATGGCAAATAAGTACATAC
10 | TGLAS3 (D16S3) 16 M29 GCTTTCAGAAATAGTTTGCATTCA 143-191
ATCTTCACATGATATTACAGCAGA
11 | SPS115(D15) 15 M30 AAAGTGACACAACAGCTTCTCCAG 234-258
AACGAGTGTCCTAGTTTGGCTGTG
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Fig. 1. Allelic frequency and length of alleles in Rhodope Shorthorn cattle estimated through 11 microsatellite loci

Statistical analysis

Genetic diversity of the tested animals was estimat-
ed based on allele frequencies, the mean number of alleles
(MNA), observed heterozygosity (Ho), expected heterozy-
gosity (He), and polymorphic information content (PIC) by
Powerstat v.1.2 Software (Figure 1).

Results and Discussion

In the present study in Rhodope Shorthorn cattle, a total
of 103 alleles were identified in 11 microsatellite loci (Ta-
ble 3). Seven of them were identified as population-specific,
based on the relatively higher allele frequencies at some of
the microsatellite loci: TGLA 53 — 1 allele, TGLA126 — 1 al-
lele, ETH 10 — 2 alleles, BM 1824 — 1 allele, BM2113 — 1 al-
lele, SPS115 — 1 allele (Table 2). The allele number per locus
varied from 6 (BM1824) to 14 (for TGLA 53) with a mean of
9.36. Allele frequency varied in different microsatellite loci.
The loci with the highest observed allele frequency were
SPS115 (0.646), ETH10 (0.525), and TGLAS53 (0.335). The
alleles with the lowest observed frequencies were found in
loci TGLA122, TGLAS3, ETH3, ETH225, BM1824, and
BM2113 with values 0.006 (Table 2).

The highest number of heterozygotes (72) was observed
in locus TGLA227 (n = 79), while the lowest number of
heterozygotes (47) was established in locus SPSI15 (n =
79). Microsatellite markers, used in the current experiment
showed PIC from 0.52 (ETH10) to 0.88 (ETH3) with a mean
of 0.75 (Table 3).

The observed heterozygosity (/) varied from 0.767 (lo-
cus ETH10) to 0.946 (INRA23). Expected heterozygosity
(genetic diversity — /) varied from 0.205 (locus ETH10) to
0.819 (locus TGLA227) (Table 3). Mean heterozygosity was
H =0.897 and H, = 0.586. Effective allele number (N) was
between 7 (ETH10, INRA23) and 14 (TGLAS3). Estimated
values (PIC, H , H, and Mean Number of Alleles) showed
that all studied markers were polymorphic. All tested loci
were with high PIC > 0.5 and H > 0.6 (Table 3). The total
number of alleles, mean number of alleles, effective number
of alleles, observed and expected heterozygosity are shown
in Table 4.

In Bulgaria, similar studies were conducted by Teneva et
al. (2005). The research team used the same 11 microsatel-
lite markers to genotype 35 animals from Grey cattle from
a herd reared in the region of Sredetz, Bulgaria. The authors
reported a total of 83 alleles with an average number of 7.6
alleles per locus.

In a different study of 89 individuals from Rhodope and
Grey cattle breed, Teneva et al. (2007) found 178 alleles
in the same 11 loci — 118 alleles in Rhodope (R) and 60
in Grey (QG) cattle with a mean of 16.2 alleles/locus. Their
results showed that the Rhodope Shorthorn population had
a greater mean number of alleles (9.0) than the Grey cat-
tle (7.5), although this may have been due to the greater
number of animals. The most polymorphic locus among
the studied 11 microsatellite loci in both populations was
TGLA 53, with each population having 13 alleles. In the
present study, the same locus was identified with 14 alleles.
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Table 3. Polymorphic information content, heterozygosity and number of alleles in the Rhodope Shorthorn cattle

Locus Length of alleles (bp) PIC Ho He N
TGLA 227 81-103 0.81 0.925 0.819 9

BM 2113 126-142 0.77 0.916 0.691 8
TGLA 53 155-185 0.80 0.933 0.504 14
ETH 10 213-227 0.52 0.767 0.205 7

SPS 115 240-260 0.54 0.787 0.285 8
TGLA 122 138-178 0.81 0.931 0.691 13
TGLA 126 142-174 0.81 0.938 0.527 10
INRA 23 175-219 0.85 0.946 0.742 7

ETH 3 115-143 0.88 0.939 0.742 12

ETH 225 139-161 0.76 0.906 0.767 9

BM 1824 180-192 0.71 0.884 0.483 6

Total 103
Mean 0.75 0.897 0.586 9.36

'PIC — Polymorphic information content; 2Ho — observed heterozygosity; *He — expected heterozygosity; *N — number of alleles
Table 4. Estimated genetic diversity of studied animals from Rhodope Shorthorn cattle breed.

Breed Number of Na Ne Ho He Fis df v pa*

alleles
Rhodope Shorthorn 103 9.36 5.03 0.77 0.76 -0.01 42.63 92.43 0.086

"Na — Mean number of alleles; *Ne — number of effective alleles; *Ho — observed Heterozygosity; *He — expected heterozygosity; °*Fis — inbreeding coeffi-

cient; ¢ y2 — Chi square test; ’df — degree of freedom; * P- probability

The alleles with the highest expected heterozygosity (He)
was in locus TGLA227 with a value of 0.898 (Teneva et
al., 2007). The alleles with the lowest He were found in
locus SPS115 — 0.542. In our study, the highest expect-
ed heterozygosity were obtained in locus TGLA227 with
0.819 which was the locus with the highest allele frequency
observed in findings of Teneva et al. (2007).

Stevanovic et al. (2010), investigated the same group
of SSR markers (TGLA227, BM2113, TGLAS3, ETHI10,
SPS115, TGLA126, TGLA122, INRA023, ETH3, ETH225,
BM1824) in the population of Yugoslav Pled cattle in Ser-
bia. They tested a total of 40 individuals and determined 91
alleles. The mean allele number per locus was 8.273, which
was close to our results in Rhodope shorthorn cattle — 9.36.

Shelyov et al. (2017), studied 45 animals from Ukrainian
red-spotted and 43 animals from Ukrainian black-spotted (43
individuals), They have used 10 SSR markers (TGLA126,
TGLA122, INRA23, ETH3, ETH225, BM1824, TGLA227,
BM2113, ETH10, SPS115) and established the highest ob-
served heterozygosity in locus BM2113 (0.866) and ex-
pected heterozygosity 0.862 of the Ukrainian red spotted.
In Ukrainian black-spotted the highest Ho was observed in
locus TGLA227 — 0.930 and He — 0.896. For comparison
in the present study in the Rhodope shorthorn cattle for lo-
cus BM2113 Ho was 0.916 and He was 0.691 and for locus
TGLA227 Ho was 0.925 and He — 0.819.

In a study of the genetic diversity of the Zimbabwean
Sanga cattle, Gororo et al. (2018), use 16 microsatellite
markers, 11 of which were the same used in the present ex-
periment. The highest number of alleles was detected in lo-
cus TGLA122 — 11, while the same marker in the Rhodope
Shorthorn breed was observed with 10 alleles.

In another study of 11 Pakistani native breeds (Bos Indi-
cus), Hussain et al. (2016) used 21 microsatellite markers to
establish their genetic diversity. They identified a total of 476
alleles. The largest number of alleles is observed in locus
TGLA126 — 43 alleles, whose number is significantly higher
than that found in our study of the Rhodope Shorthorn — 10
alleles.

Conclusion

The present study aimed to assess genetic diversity in
Rhodope Shorthorn cattle. All 11 tested microsatellite mark-
ers were polymorphic according to the number of alleles
and the Polymorphic information content (PIC). The largest
number of alleles was established in locus TGLAS3 — a total
of 14 alleles. The mean number of alleles per locus was 9.36.
Alleles with the highest frequency in the Rhodope Shorthorn
were found in SPS115 (0.646), ETH10 (0.525) and TGLAS3
(0.336). The microsatellite marker ETH3 — 0.88 had the
highest PIC. Highest // — was observed in locus INRA23
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— 0.946. Seven population-specific alleles were found:
TGLAS53 — 1 allele, TGLA126 — 1 allele, ETH 10 — 2 alleles,
BM1824 — 1 allele, BM2113 — 1 allele, SPS115 — 1 allele.
Modern techniques for DNA analysis, such as micro-
satellite markers could be used to reduce the chance of in-
breeding and to preserve the genetic diversity in populations.
Therefore, we recommend further studies in this direction.
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