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The Major Histocompatibility Complex (MHC) plays a key role in immune response. Our study aimed at the
polymorphism analysis in two microsatellite loci in the class I and II of the MHC complex for a local goat breed in
Albania. The domestic goat is one of the most important livestock species in the mountainous area of Albania. Goat
breeds are defined mainly by the geographic position, morphological characteristics and production performance.
They are well adapted to harsh climate, diseases, poor nutrition, and extensive farming conditions. The study was car-
ried out in 60 unrelated individuals from different villages of North Albania. Both markers were highly polymorphic.
The analysis revealed a great number of alleles, 11 and 37 per class I and II, respectively. The level of heterozygosity
was very high such as 86% for class I and 71% for class II. The high level of polymorphism and heterozygosity is ex-
plained by the fact that the molecules encoded by the MHC complex take part in the immune response, as well as
with the overdominant selection which acts on the antigen recognition site. PIC values were higher than 0.5. These
indicated that both loci can be used as genetic markers.

Key words: MHC complex; microsatellite marker; goat; polymorphism; selection

MNOJINMMOP®U3AM HA MUKPOCATEJIMTCKHUTE JIOKYCH BO KOMIIVIEKCOT MHC
KAJ AJIBAHCKATA PACA KO3H1

Tlonemuot xucToxommaTuOmIeH komiuieke (Major Histocompatibility Complex — MHC) nma xiry4na yiora Bo
HMyHHOT oxroBop. llenra Ha Hamara cTyauja Oemre aHanu3a Ha MOIMMOP(U3MOT BO J1Ba MUKPOCATEIUTCKH JIOKyca
Bo kiacure 1 u 2 Ha MHC 3a yokanHara paca ko3u Bo Anbannja. JloMalrHara Ko3a € eJieH 0J] HajBaKHUTE BUIOBU
JOMAIIIHY JKMBOTHH BO IDIAHWHCKHTE PErHOHHN Ha Anbanuja. PacuTte Ha KO3M ce Ne(UHHpAHM TJIaBHO CIOPEH Ieo-
rpadckara Jiokaruja, MOp(OIOIIKHTE KapaKTEPUCTUKH U IIPOIYKTHBHHUTE CBOjcTBa. THe ce 100po aganTHpaHH Ha OC-
Tpa KnmMa, 00J1ecTH, CHpOMaITHA MCXpaHa U eKCTeH3UBHU (apMcku ycinod. Ctyaujara Oeme cnposesena Ha 60 nH-
JMBUYH KO HE Ce BO MeI'yCeOHO CPOACTBO, a C€ O Pa3INYHU cea BO ceBepHa Anbanuja. OGara Mapkepa Gea BUCO-
Ko nonmuMop¢HU. AHanu3aTa OTKpH rojeM 0poj amenu, 11 n 37 3a knacure 1 u 2 coonserno. HuBoto Ha xerepo3u-
TOTHOCT Oelie MHOTY BUCOKO: 86% 3a kiacara 1 u 71% 3a xinacara 2. BUCOKOTO HMBO Ha OJMMOpP(H3aM U XeTepo-
3UTOTHOCT ce 00jacHyBa co (haKTOT JeKa MOJeKylIuTe Koaupanu ox crpaHa na MHC mmaar yiora Bo UMyHHOT OJrO-
BOp, KaKO U cO IIPEJOMHUHAHTHATA CeJeKIHja Koja JejCTBYBa 3a Ipero3HaBamke Ha anturenure. Bpennoctute PIC Gea
noBucoku of 0.5. OBa ykaxyBa Ha (hakTOT AeKa obara JOKyca MOXKaT Jla ce KOPUCTAT KaKO TeHETCKU MapKepH.

Kayunn 360poBu: kommiekec MHC; MuKpocaTenuTCKi MapKep; K03a; MoiIuMophu3aM; celaeKImja

INTRODUCTION

The domestic goat is one of the most impor-
tant livestock species in the mountainous area of
Albania. Goat breeds are defined mainly by the
geographic location, morphological characteristics
and production performance.

The Major Histocompatibility Complex (MHC)
plays an important role in the immune response.
The loci located in the MHC region are character-

ized by a high allelic diversity and the high level
of polymorphism is the result of balancing selec-
tion. Polymorphic DNA markers are very useful in
assessment of genetic diversity within and between
breeds. Microsatellites are widely used as genetic
markers for the analysis of genetic variability
within and between breeds due to their high num-
ber, distribution throughout the genome and the
efficacy of genotyping. There are several studies
regarding the diversity of microsatellite loci in the
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MHC region of different species (Ammer et al.,
1992; Ellegren et al., 1993; Gruszczyska et al.,
2002; Schwaiger et al., 1993; Santucci et al.,
2007)). In this study we intend to compare the
level of polymorphism in two microsatellite loci,
OMHC I located in the intron three of the MHC
Class I, and the DRBP1 MHC II located in the sec-
ond intron of the DRB1, a gene of the MHC Class
1L

MATERIAL AND METHODS
Sample collection and microsatellite markers

A total of 120 randomly sampled animals rep-
resenting two populations of the local goat breed
in Albania were analyzed. For each population,
from the field and mountainous area of origin,
were sampled maximum three unrelated individu-
als (two females and one male) per flock. The
populations are marginally farmed and indigenous.
There are 2 microsatellite markers used of the
MHC region from Class I and Class II.

PCR condition and fragment length analysis

Blood samples (5 ml) were collected in
EDTA vacutainer tubes. The buffy coat of leuco-
cytes was used for DNA isolation according to
phenol — chloroform extraction, proteinase K di-
gestion and ethanol precipitation of DNA (Sam-
brook et al., 1989). All samples were genotyped
for 2 microsatellite markers of the MHC complex.

The Polymerase chain reaction (PCR) ampli-
fications were carried out using a programmable
thermal cycler (Biometra). The reactions were per-
formed in 20 pl reaction volumes with 1-2 ng of
template DNA, 22 pmol of each primer, 200 uM
dNTP mix, 2 U of Taq DNA polymerase, buffer
supplied by the enzyme manufacture. The set of
primer used for the amplification of microsatrellite
locus, from Class I of the MHC complex was:
primer 1 5’-ATCTGGTGGGCTACAGTCCATG-
3> (Groth and Wetherall, 1993) and primer 2
5’GCA ATG CTT TCT AAA TTC TGA GGAA-
3’ (Groth and Wetherall, 1993). The set of primer
used for the amplification of microsatellite locus
on the MHC Class II region was: primer 1 5’-GA-
GAGTTCACTGTGCAG-3’ and primer 2 5’-
CGTACCCAGAKTGAGTGAAGTATC-3’. The
amplifications were performed as follows: an ini-
tial denaturation step at 94°C (3 min) was followed

by 32 cycles at 94°C (1 min), and at 60° (1 min)
and at 72°C (1 min). The final extension step was
at 72°C for 5 min.

The PCR products (0.3-0.1 pl) were labeled
with fluorescent labeled primers and detected us-
ing 6% denaturing sequencing gel. The PCR prod-
ucts were separated by an electrophoresis machine
(ALF).

Satistical analysis

The allele and genotype frequencies were
calculated using the Genalex program (Peakall &
Smouse, 2006). The GENETIX version 4.05.2
(http://www. univ-montp2.{r//~genetix/genetix/ge-
netix/htm) was used for measuring genetic diver-
sity within population, by the calculation of ob-
served heterozygosity (Hop) and mean unbiased
estimates of gene diversity (H.) (Nei, 1978), mean
number of alleles (MNA) per locus, the number of
private alleles (PA, alleles found in only one
breed). The program FSTAT (http://www/2.until.
ch.popgen.softwares/fstat.htm) was used for the
calculation of corrected allele diversity (allelic
richness) and inbreeding coefficient (Fis). The po-
lymorphic information content (PIC) index for
each marker was calculated according to Botstein
et al. (1980).

RESULTS AND DISCUSSION

The allele and genotype frequencies of two
microsatellite loci were determined in 2 popula-
tions of the Velipoja breed, located in the field
(pop 1) and mountainous (pop 2) area of North
Albania. Table 1 and Table 2 give the alleles and
allelic frequencies for both loci in the two popula-
tions of the Velipoja goat breed, as well as for the
whole population. In the population of the Veli-
poja breed from the field region the most frequent
allele of OMHC I locus are the alleles 190 and 196
with a frequency of 0.208, and for the population
from the mountainous region the most frequent
allele is 194 with a frequency of 0.196. For the
OLADRB microsatellite locus of the MHC Class
II region the most frequent allele for the both
population is 180 with a frequency of 0.129 and
0.186 for the field and mountainous region respec-
tively. We have identified 11 alleles for the
OMHC I locus (Table 1, Figure 1) and for the lo-
cus DRBP1 MHC II (Table 2, Figure 2) we have
identified 37 alleles.
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The total number of the alleles and allele size
range for each locus are presented in Table 3. The
allelic size for the OMHC I ranged from 180 to
204. The fragment length of different alleles of the
DRBP1 MHC II locus varied from 136 to 395.

Table 2

Allele frequencies of two microsatellite loci
inthe MHC class |1 in two populations
of the Velipoja goat breed

Allele Pop1 Pop2 Total | Allele Pop1 Pop2 Total
Table 1 136 0.014 0  0.007 | 194 0.043 0.014 0.029
_ _ _ _ 138 0.043 0.029 0.036| 198 0.071 0.071 0.071
AII_eIefrequenu%of two mlcrosatelll_telom 156 0014 0  0007| 246 0014 0 0007
inthe MHC class | in both populations 158 0014 0  0.007| 248 0.029 0.029 0.029
of the Velipoja goat breed 162 0.057 0.014 0.036| 250 0.014 0  0.007
Allel Pop | Pop 2 Total 164 0.029 0.043 0.036| 274 0.014 0.014 0.014
180 0.042 0.071 0.055 166 0.029 0  0.014| 292 0.014 0.014 0.014
184 0.042 0 0.023 168 0.114 0.057 0.086| 346 0.014 0  0.007
186 0.083 0.107 0.094 170 0 0.043 0.021| 349 0  0.029 0.014
188 0.083 0.161 0117 172 0.043 0.071 0.057 | 350 0.014 0  0.007
190 0.208 0.107 0.164 174 0.043 0.086 0.064 | 351 0.014 0.029 0.021
109 0.139 0.071 0.109 176  0.057 0.057 0.057| 352 0  0.029 0.014
£ 00 0043 0053|386 0 0014 0007
196 0208 0.143 0.18 186 b 0'014 o.oo 387 0.014 0'029 o'ozz
198 0014 0.071 0.039 188 0.014 b 0'00; 38; 6 0'014 0'007
200 0 0054 0.023 190 0.043 0 0.021 390 0.014 0.014 0.014
204 0 0.018 0.008 ' ' ' ' '
192 0.014 0.043 0.029| 393 0.014 0  0.007
395 0.014 0  0.007
.. 0.250 T
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Fig. 1: Histogram of allele frequencies at the microsatellite locus in the MHC class I in both populations
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Fig. 2. Histogram of allele frequencies at the microsatellite locus in the MHC Class II in both populations
Table 3
Number of alleles (NA), allelic richness, PIC values for each of the microsatellite markers,
in each population, PIC values
. . Number of alleles Allelic richness (AR)
L Allel H, PIC -
oct clie range (NA) Pop 1 Pop 2 Total
MHC I 180 — 204 0.859  0.86 11 8.759 10 10.019
DRBP1 MHC II 136 — 395 0714  0.94 37 26 27.76 27.88
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Summary statistics of allelic distribution of
both loci is presented in Table 3, and the histo-
gram of allelic frequencies is presented in Figure 1
and Figure 2. A total of 48 alleles were detected
over two loci in 120 individuals. In both popula-
tion of the Velipoja goat breed we detected a high
level of polymorphism. Allelic richness for each of
the microsatellite loci in both populations is pre-
sented in Table 3. Allelic richness was 10.02 and
2491 for the OMHC I and the OLADRB loci re-
spectively. Both markers have high PIC values,
0.86 and 0.94 respectively.

Table 4 shows the observed and expected
heterozygosity at each locus for both populations
and the values of observed heterozygosity are
lower than expected heterozygosity.

Table 4

Summary statistics of allelic and genotypic
distribution of two microsatellite loci
in both populations

Locus Population Locus Population
MHCI| Popl Pop 2 ll\D/IIIiI%PIII Pop 1 Pop 2
NA 9.000  10.000 NA 30 25
H, 0.861 0.857 Ho 0.829 0600
H, 0.861 0.942 Hg 0.857 0.927
Fis -0.021  0.019 Fis 0.120 0.353

Ho and Hg — observed and expected heterozygosity, respecti-
vely, Fis — inbreeding coefficient.

The mean number of alleles (MNA) and the
expected heterozygosity (Hg) (Table 5) are useful
in estimating the genetic diversity of a breed. Both
populations indicated a high level of genetic diver-
sity. Allelic richness showed high values for each
locus, in each population and in total as well. The
mean expected heterozygosity (Hg) was similar in
both populations, having a very high value. The
level of the observed heterozygosity was very
high: 86% for OMHC I and 71% DRBP1 MHC II.
Inbreeding values for both populations were posi-
tive. The values are given in Table 5. Fig values are
0.068 and 0.206 for pop 1 and pop 2 respectively.

In both populations we found a high level of

polymorphism for both microsatellite loci. We
found nine alleles of the OMHC 1 gene in pop 1

and ten in pop 2, and for the OLADRB locus we
found 30 alleles in pop 1 and 25 in pop 2.

Goats are one of the most important livestock
species in the hilly and mountainous area of Alba-
nia. They can be considered as “national richness”
since 97% of the population is indigenous breeds.
This is the first effort for the genetic characterriza-
tion of this breed.

Table 5
Details of 2 microsatellite loci, typed in 2 local
populations
He  Ho AR MNA Fis
Popl 0.89 0.84 17.702 19 0.068

Pop2 090 0.73 16.4725 27 0.206

The level of the observed heterozygosity was
very high for both markers. The level of heterozy-
gosity is high in different mammal species, since
these loci play an important role in the immune
response to infections. The individuals that are
heterozygote in any MHC locus have a better im-
mune response than homozygote individuals (Zin-
kernagel et al., 1979). They graze in the pasture,
the concentrate is used for a very limited period of
time, during pregnancy or lactation, have a mini-
mal veterinarian care, are adapted to the harsh cli-
mate, and are resistant to the diseases. This may be
the explanation for the high degree of genetic vari-
ability. These populations represented a reservoir
of allelic and genetic diversity, that have to be in
consideration in breeding programs and in hus-
bandry.

Inbreeding values for both populations were
positive. Some breed specific alleles were found.
A feasible reason might be the presence of popu-
lation substructure within the breed, which may
lead to the Wahlund’s effect. Sampling was carried
out in several flocks per populations.

In both populations we found a high level of
polymorphism for both microsatellite loci. Differ-
ent mechanisms are proposed as responsible for
the maintenance of a high level of polymorphism,
like the balancing selection (Paterson, 2006) or the
hitchhiking effect. Both markers had high het-
erozygosity and PIC values displaying to be highly
informative. Therefore these markers were appro-
priate for measuring genetic variation.
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CONCLUSIONS

e Two microsatellite markers located in the
MHC complex were highly polymorphic.

e Number of alleles were higher than 5 per each
marker.

e PIC values were higher than 0.5.

e Both loci can be used as genetic markers for
the genetic diversity study of goat breeds.
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