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Abstract

HE aim of this study was to investigate the association of 16 microsatellite markers

located on chromosome seven with milk production and fertility traits in Egyptian
buffalo. Data were collected from 995 lactation records of 296 multiparous Egyptian
buffalo during the period from 2000 to 2022. All the studied microsatellite loci were
found to be highly polymorphic. The average estimates for molecular genetic parameters
across the 16 microsatellite markers were 8.750, 7.306, 0.857, 0.855, 0.741, 2.033, and -
0.071 for observed alleles, effective alleles, observed heterozygosity, expected
heterozygosity, polymorphic information content, Shannon’s information index, and
fixation index, respectively. Association analysis revealed significant associations for 14
out of the 16 microsatellite markers with the productive and reproductive traits under
investigation (P < 0.05, P < 0.01, and P < 0.001). Specifically, seven microsatellite
markers (BM415, BM143, BMC4203, BMS483, RM28, ILSTS93, and ILSTS97) were
significantly associated with milk production traits; three markers (BMS2508, BM4311,
and BP7) were significantly related to fertility traits; and four markers (BMS2460,
BM1329, BM1236, and AFR227) revealed significant associations with multiple traits,
encompassing both milk production and fertility traits. The current findings shed more
light on unraveling the genetic background underlying milk production and fertility traits
in Egyptian buffalo. The significant associations between the investigated microsatellite
markers and various phenotypic traits provide evidence that chromosome seven harbors
putative causal genetic variants and key candidate genes affecting these economically
important traits in Egyptian buffalo.
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selection (MAS), where significant genetic markers
associated with desirable phenotypes are integrated
into the genetic evaluation and parent selection
processes. This approach substantially accelerates
genetic improvement [4, 5].

Introduction

The most economically important traits in livestock,
such as milk production and fertility, are complex
quantitative traits. Environmental conditions and a
large number of segregating genomic loci, known as

quantitative trait loci (QTL), combine to influence
these traits [1]. Advances in molecular genetics
techniques have significantly enhanced the ability to
identify and map the QTL using DNA markers,
which can pinpoint the genes underlying trait
variation [2]. QTL mapping is performed by testing
the association between genetic variation at marker
loci and phenotypic variation in a trait [3].
Identifying QTL is the first step of marker assisted

Microsatellite loci, also known as short tandem
repeats (STRs), are genomic regions characterized
by the repetition of nucleotide motifs ranging from
one to six base pairs, found throughout the genome
of prokaryotes and eukaryotes [6]. These loci are
considered powerful genetic markers due to their
high level of polymorphism, co-dominance
inheritance, reproducibility across the genome,
selective neutrality, and relative ease for genotyping
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and analysis [7]. Based on these characteristics,
microsatellite markers have been widely used for a
broad range of genetic studies, including analysis of
genetic diversity [8], population structure and
admixture [9], phylogenetic relationships [10], and
assessments of parentage and pedigree accuracy
[11]. Additionally, microsatellite markers have been
extensively used in mapping important QTL in
cattle [12], buffalo [13], sheep [14], goats [15], and
poultry [16].

Despite the widespread use of SNP arrays for
genome-wide coverage in genomic prediction,
microsatellite markers still hold value in specific
contexts. Microsatellites are still cost-effective and
accessible tools, particularly in resource-limited
settings where the adoption of high-density SNP
arrays might not be feasible. Furthermore, the
existing microsatellite data accumulated over
decades allows for continuity in ongoing research
and breeding programs. Additionally, in buffalo,
where SNP arrays might not yet offer as
comprehensive coverage as in cattle, microsatellites
can still play a crucial role in identifying key QTLs.

Bovine chromosome six (BTA6) is one of the
most significant chromosomes in QTL mapping for
various quantitative traits, including milk yield and
its composition [17, 12, 5], fertility [18], diseases
resistance and survival [19, 20], as well as growth
and carcass traits [21]. Comparative cytogenetic
maps show extensive similarity in chromosomal
banding patterns between cattle and river buffalo
karyotypes [22, 23]. Notably, chromosome seven in
buffalo (Bubalus bubalis 7, BBU7) has conserved
synteny with bovine chromosome six. This suggests
that BBU7 may harbor the same genetic content,
including QTL or microsatellite markers, as BTAG6.
Consequently, bovine microsatellites may be
applicable for use in buffalo [22]. Therefore, the
objective of this study was to examine the
association of 16 microsatellite markers on BBU7
with productive and reproductive traits in Egyptian
buffalo.

Material and Methods

Buffalo and phenotypic data

Phenotypic data were collected from 995
lactations of 296 multiparous Egyptian buffalo over
the period from 2000 to 2022. These buffalo were
genetically unrelated and housed in six herds
distributed across different geographical regions. The
relatedness between the sampled animals was
checked through the information provided by the
herd's owner and the available pedigree records.

Five production traits and four fertility traits were
examined from records of productive and
reproductive performance. The milk production traits
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included total milk yield (TMY, kg); 305-day milk
yield (305-dMY, kg, calculated according to Khan
and Chaudhry [24] as: total milk yield*305/lactation
length); lactation length (LL, days); daily milk yield
(DMY, kg), and dry period length (DPL, days). The
fertility traits included the number of services per
conception (NSPC); post-partum first service (PPFS,
days); days open (DO, days), and calving interval
(CI, days). Descriptive statistics for the milk
production and fertility traits of the Egyptian buffalo
in the study are presented in Table 1.

Blood sampling and DNA extraction

Approximately 10 millilitres of blood were collected
from the jugular vein of each buffalo (n=296) and
stored in sterile Falconer tubes containing 0.5 ml
Na2EDTA (0.5 M) as an anticoagulant material.
Blood samples were stored at —20°C until DNA
extraction. Genomic DNA was extracted from white
blood cells using Fermentas® kits (cat.no.k0512,
Fermentas Life Science/Thermo Fisher Scientific,
EU), according to the manufacturer’s guidelines
described in the kit protocol. The integrity,
concentration, and purity measurements of the
genomic DNA samples were assessed by running the
samples on 0.8% agarose gel and using ScanDrop®
200 (Anyltikajena, UK). All the stock DNA samples
were prepared at a concentration of 50 ng/ pl and
stored at —20°C till further use.

Selection of microsatellite markers

Previous studies that suggested their associations
with quantitative traits in cattle and buffalo led to the
selection of a total of 16 adjacent microsatellite
markers on chromosome seven of the buffalo
genome. Information on the considered microsatellite
markers in the present study is presented in Table 2.

Polymerase chain reaction amplification and
genotyping

Polymerase chain reaction (PCR) amplification
was conducted by a thermal cycler PCR machine (G-
Storm®, Gene Technologies, UK). The optimal PCR
amplification mixture had a final volume of 20 pl
and included 50 ng/ul of genomic DNA, 5 Pmol of
each forward and reverse primer (Bioneer, Daejeon,
South Korea), 200 uM dNTP mix, 1U Taq DNA
polymerase (FIREPoI®, Solis BioDyne, Estonia), 1.5
mM MgCl2, and 10x PCR reaction buffer (pH 8.8).
The PCR cycling profile consisted of the primary
denaturation at 95°C for 3 minutes, followed by 35
cycles of denaturation at 94°C for 30 seconds,
annealing at varying temperatures specified for each
primer (Table 2) for 60 seconds, and extension at
72°C for 45 seconds. A final extension was
conducted at 72°C for 5 minutes, followed by storage
at 4°C.
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To validate the success of the PCR amplification,
each primer’s PCR product was subjected to 2%
agarose gel stained with ethidium bromide (Sigma
Aldrich, USA), using the horizontal electrophoresis
(Biometra® EU) and visualized under UV light. For
the genotyping assay, successful PCR-amplified
samples were separated on a 12% polyacrylamide gel
using a vertical electrophoresis system (Biometra®
EU) under denaturing conditions. A 100 bp DNA
ladder (Promega®, USA) was loaded on a separate
well as a molecular weight standard to measure the
actual allele sizes of the PCR products. After the
vertical electrophoresis step, the gel was stained with
ethidium bromide and imaged under UV light using
the gel documentation system (Gel DocXR®, Bio-
Rad®, USA). Genotypes were determined by
measuring the sizes of bands for each sample
compared to the ladder using Quantity One® 1-D
analysis software.

Statistical analysis
Microsatellite polymorphisms analysis

The raw genotyping data were processed and
converted to the appropriate format using
CONVERT version 1.31 [27] to prepare the input
files for further genetic analysis. The converted data
were analyzed using POPGENE 1.32 software [28]
to calculate the observed number of alleles per locus
(Na), effective number of alleles (Ne), observed
heterozygosity (Ho), expected heterozygosity (He),
Shannon’s information index (I) and fixation index
(inbreeding coefficient) per locus (F). The
polymorphic information content (PIC) for each
marker was calculated using CERVUS version 3.0.3
software [29]. The deviation from Hardy—Weinberg
equilibrium (HWE) was assessed using a Chi square
test performed with POPGENE 1.32 software.

Association analysis

Associations between the phenotypes of the
studied traits and the genotypes of the microsatellite
markers were evaluated using univariate analysis of
variance within the general linear model (GLM)
framework, utilizing IBM SPSS Statistics software
(Version 22, Armonk, NY, USA). Associations were
considered statistically significant at a P-value <
0.05. The linear model used for the analysis was as
follows:

Y.

=R HH +5,+Y, +P + G, +€ijkimn
Where, Yijamn is the phenotypic value of milk
production and fertility traits of n™ individual; p is
the overall mean; H; indicates the fixed effect of i™
herd (six herds); S; signifies the fixed effect of "
season of calving (j:1, 2, 3 and 4), where, 1: winter
(December to February), 2: spring (March to May),

3: summer (June to August), and 4: autumn
(September to November); Yy refers to the fixed
effect of k™ year of calving (2000 to 2022); P, is the
fixed effect of 1™ parity (I = 1-16); Gy, is the fixed
effect of m™ genotypes of each microsatellite, and
€ijumn 1S the random error, assumed to be normally
independently distributed with mean zero and
constant variance, NID (0, o).

Results and Discussion

Microsatellite polymorphisms

Allele size (bp), observed number of alleles per
locus (Na), effective number of alleles (Ne),
observed heterozygosity (Ho), expected
heterozygosity (He), polymorphic information
content (PIC), Shannon’s information index (I),
inbreeding coefficient (F), and Hardy—Weinberg
equilibrium (HWE) for each microsatellite marker,
along with the overall means across all genotyped
individuals, are presented in Table 3.

According to the estimates of all molecular
genetic parameters (Na, Ne, Ho, He, PIC, I, and F),
the microsatellite loci analyzed in the current study
demonstrated a high degree of allelic polymorphism.
A total of 140 alleles, with an overall mean of
8.75042.352 alleles per locus, were observed across
16 microsatellite markers. The locus AFR227
exhibited the highest number of observed alleles
(13), while loci BM2320 and BM4311 showed the
lowest number of alleles (five). The effective number
of alleles (Ne) was lower than the observed number,
ranging from 4.048 (BM4311) to 12.120 (AFR227),
with an overall mean of 7.306£2.290 alleles per
locus. The higher observed number of alleles
compared to the effective number indicates
significant differences in allele frequencies at each
locus, suggesting a high proportion of low frequency
alleles across the investigated loci [30].

The current estimates of Na are lower than those
reported by Abou-Bakr et al. [31], who observed 198
alleles with a mean of 22 alleles per locus using 11
microsatellite markers in Egyptian buffalo. Also,
Unal et al. [32] detected 190 alleles in 837 Turkish
water buffaloes genotyped by 20 microsatellite
markers. However, Rushdi et al. [13] reported a total
of 33 alleles with an average of 4.125 per locus in
Egyptian buffalo based on eight microsatellite
markers. The mean Ne in our study is notably lower
than the 16.502 reported by Abou-Bakr et al. [31] in
Egyptian buffalo, but higher than the values of 4.82
and 3.64 reported by Khade et al. [33] and Singh et
al. [34] in Pandharpuri and Gojri buffalo,
respectively. These differences in Na and Ne across
studies may be attributed to variations in the
differences in the set of microsatellite marker sets
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utilized, their number, and the number of genotyped
individuals.

The observed heterozygosity (Ho) values varied
from 0.523 (BP7) to 1.000 (BM415, BM1329, and
BM1236), with an overall mean of 0.857+0.141 per
microsatellite, while the estimated values of expected
heterozygosity (He) ranged from 0.768 (BM4311) to
0.919 (AFR227), with a mean of 0.855+0.045 per
locus. Heterozygosity is a reliable genetic parameter
used to evaluate genetic variation and, consequently,
the circumstance of inbreeding level within a breed
[35]. In this study, the overall means of both Ho and
He were almost equal and greater than 0.5, which
reflected the existence of substantial genetic
variability among the genotyped individuals and a
highly polymorphic state across all studied markers.
The higher heterozygosity observed suggests
minimal genetic improvement in Egyptian buffalo,
random mating, and potential population admixture.
Similar high overall means of Ho and He have been
reported in Egyptian buffalo [31], Iraqi buffalo [36],
Iranian buffalo [37], and Gojri buffalo [34].
However, the Ho and He values in this study are
remarkably higher than those reported for Cuban
water buffalo [38], Brazilian Murrah and Jaffarabadi
buffalo [39], Pakistan buffalo [40], Egyptian buffalo
[13], Turkish water buffalo [32] and Indian buffalo
[41]. These higher estimates of heterozygosity
compared with other studies are expected due to the
large sample size and the broader distribution of the
genotyped individuals across six different herds in
the current study.

The PIC for each locus ranged from 0.618
(BM2320) to 0.859 (BP7), with a mean PIC value of
0.741. PIC is a molecular genetic parameter
indicating the informativeness of a microsatellite
marker, with values ranging from 0 to 1. According
to Botstein et al. [42], microsatellite markers with
PIC estimate greater than 0.5 are considered highly
informative for diversity and association genetic
studies. Consequently, all microsatellite markers
used in the present study are highly informative (PIC
> (.5). The overall mean of PIC in this study aligns
with those reported by El-Kholy et al. [43], Darestani
et al. [37], Khade et al. [33], and Gahlyan et al. [41]
in Egyptian, Iranian, Pandharpuri, and Indian
buffalo, respectively. On the other hand, the mean
PIC value in this investigation is higher than those
reported for Pakistani buffalo [40], Cuban water
buffalo [44], Romanian buffalo [45], and Turkish
water buffalo [32]. However, it is lower than the
estimates reported by Abou-Bakr et al. [31] and
Merdan et al. [46] in Egyptian buffalo.

Shannon’s information index (I), which reflects
the degree of allelic polymorphism at each
microsatellite locus, indicated that AFR227 was the

Egypt. J. Vet. Sci.

most polymorphic locus (I=2.528), while BM4311
was the least polymorphic locus (I=1.498) with an
overall mean of 2.033+0.305 across all microsatellite
markers. The average of (I) estimate in this study is
considerably higher than those reported in other
buffalo breeds [47, 32].

The fixation index per locus (F) fluctuated from -
0.165 (BMS483) to 0.364 (BP7), with a negative
overall mean (-0.071). The fixation index assesses
the degree of the genetic relationship among
individuals and reflects the level of inbreeding as
well as the deficiency of heterozygotes within the
population. In general, the negative mean estimate of
(F) suggests an absence of inbreeding among the
individuals studied, which is consistent with the high
heterozygosity observed across the microsatellites.
Similar negative (F) values have been reported in
Murrah [39], Iranian [37], and Romanian [45]
buffalo populations. Conversely, a positive
inbreeding coefficient has been observed in Cuban
water buffalo [44] and Turkish water buffalo [32].

All microsatellite markers, except BMS2508 and
BM2320, significantly deviated from the HWE (P <
0.05 and P < 0.001). This deviation may be attributed
to population admixture, resulting in a high rate of
gene flow among the studied herds. This is evidenced
by the excess of heterozygotes over homozygotes
and the negative mean of inbreeding coefficient [47,
48]. Similar deviations from HWE at microsatellite
loci have been reported in various buffalo breeds [13,
37, 32].

Association analysis of microsatellite markers with
different phenotypic traits

The microsatellite markers that showed
significant associations with milk production and
fertility traits are presented in Tables 4 and 5. All the
studied microsatellite markers revealed significant
associations with at least one phenotypic trait except
the markers BM4322 and BM2320 which did not
reveal any significant effect on the studied trait. With
regard to milk production traits, 11 out of the 16
analyzed microsatellite markers exhibited significant
associations with various productive traits (P < 0.05,
P <0.01, and P <0.001).

Markers BM143, BMC4203, and AFR227 were
significantly associated with all milk production
traits. In dairy cattle, BM143 is a key locus in QTL
fine mapping for milk production traits. For example,
Ron et al. [49] and Olsen et al. [50] identified
significant QTL for milk fat and protein percentages
located at 4 cM and 420 kb, respectively, from
BM143 in Isracli Holstein and Norwegian dairy
cattle. Consistent with the present findings,
Mekkawy et al. [51], Rushdi et al. [13] and Rushdi
[52] reported that BM143 is significantly associated
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with a QTL influencing milk yield in Egyptian
buffalo. However, Li et al. [12] found no significant
correlation between BM143 and daily milk yield in
Xinjiang Holstein cows, and Vani et al. [53] also
demonstrated no significant association between
BM143 and TMY, 305-dMY, LL, and DPL in Indian
water buffaloes.

Ashwell et al. [54] supported the current findings
by demonstrating that BMC4203 is significantly
linked with QTL affecting udder traits in US
Holstein cattle. Similarly, Ashwell et al. [26] found
that AFR227 is linked to a putative QTL affecting
milk quality in US Holstein cattle. However, Silva et
al. [55] reported a non-significant relationship
between AFR227 and milk production traits in Gyr
COWS.

BMS2460 and BMS483 were significantly
associated with four productive traits (TMY, 305-
dMY, LL, and DMY). These results align with those
of Chen et al. [25], who fine-mapped QTL located
near the locus BMS2460 that affect milk yield traits
in Chinese Holstein cows. Also, Chen et al. [56]
identified QTL related to milk constituents at 51 cM
near BMS2460 in a Chinese Holstein population.
Additionally, Mei et al. [17] found QTL influencing
milk yield and its contents within a 0.6 cM interval
near BMS483 in Chinese Holstein cows.

Markers BM1329 and RM28 demonstrated
significant associations with three milk production
traits: BM1329 with TMY, 305-dMY, and DMY;
and RM28 with 305-dMY, LL, and DMY. Consistent
with these results, Mekkawy et al. [51] reported a
significant influence of BM1329 on milk yield in
Egyptian buffalo. Chen et al. [25] also fine-mapped
QTL located close to BM1329 and RM28 affecting
milk yield traits in Chinese Holstein cows.
Conversely, Vani et al. [53] did not detect any
significant associations between BM1329 and milk
performance traits in Indian buffaloes.

The markers ILSTS93 and ILSTS97 showed
significant influences on two productive traits (305-
dMY and DMY). Our results correspond to those of
Attar et al. [57], who proposed the ILSTS93 locus as
a potential indicator for QTL influencing milk
quality in Iranian Holstein cattle. Furthermore,
Ashwell et al. [54] identified a significant link
between ILSTS093 and QTL affecting udder traits
using the granddaughter design in US Holstein cattle.
Moreover, these results are consistent with Mekkawy
et al. [51] who revealed that the marker ILSTS97
had a significant influence on milk yield trait in
Egyptian buffalo.

The loci BM1236 and BM415 were significantly
associated with only one trait each: BM1236 with
TMY and BM415 with DPL. Previous studies have

suggested associations of BM 1236 with milk quality
and conformation traits in US and Chinese Holstein
cows, respectively [58, 25]. The results regarding
BM415 are in line with Li et al. [12], who reported a
non-significant association between BM415 and
DMY in the Xinjiang Holstein population. Likewise,
Vani et al. [53] found no significant relationship
between BM415 and TMY, 305-dMY, or LL in
Indian water buffalo. However, contrary to our
results, they did not find an association between
BM415 and DPL. On the other hand, Rushdi et al.
[13] demonstrated that the BM415 locus had a
significant effect on DMY and protein yield in
Egyptian buffalo.

In the current study, the markers BMS2508,
BM4311, and BP7 were exclusively associated with
fertility traits and did not show any significant
linkage with the milk traits under study. These results
are comparable to those of Li et al. [12], who
revealed that BP7 had a non-significant correlation
with DMY in Xinjiang Holstein cows. However, our
results contradict the previous linkage studies in
dairy cattle, where the markers BMS2508, BM4311,
and BP7 exhibited positive significant relationships
with QTL for milk composition traits [26, 59, 25].
Also, Chen et al. [56] mapped QTL affecting milk
yield traits approximately 55 cM close to the BP7
locus in Chinese Holstein cows. Similarly, Silva et
al. [55] localized QTL underlying milk yield traits
close to BMS2508 using a daughter design in
Brazilian dairy Gyr cows.

Regarding fertility traits, seven microsatellite
markers were significantly associated with
reproductive performance traits (P < 0.05, P < 0.01,
P < 0.001). The markers BMS2508, BM1236, and
BP7 revealed significant associations with the NSPC.
The PPFS trait was significantly associated with two
markers, BMS2460 and BM1329. Additionally, the
DO trait was significantly linked to two markers,
BMS2508 and BM4311.The CI was significantly
influenced by only one locus, AFR227. In contrast to
these findings, Thomasen et al. [60] reported no
associations between the microsatellites BM 1329 and
BM4311 with fertility traits in Danish Holstein cows.
However, the current results align with those of
Wang et al. [61], who found that the BM1329 locus
significantly affected reproductive efficiency in
Chinese goats.

Interestingly, the microsatellite markers BM1236,
BMS2460, BM1329, and AFR227 were identified as
genetic markers significantly associated with
multiple traits, encompassing both fertility and milk
production traits. This pattern may be attributed to
pleiotropic effects or closely linked QTL, where each
QTL affects different traits.
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Our results are supported by genome-wide
association studies (GWAS) conducted in Egyptian
buffalo using the Axiom® Buffalo Genotyping Array
90 K (Affymetrix). These studies identified several
significant SNPs and putative candidate genes on
BBU?7, which potentially influence milk production
and fertility traits in Egyptian buffalo. El-Halawany
et al. [62], Abdel-Shafy et al. [63], and Awad et al.
[64] identified four SNPs on BBU?7 significantly
associated with various milk traits. Among these,
candidate genes such as CAMK2D, ANK2, TECRL,
ADGRL3, and CFAP299 were highlighted for their
potential effects on milk production. Additionally,
EL Nagar et al. [65] specified two candidate genes,
KCTDS8 and YIPF, on BBU7 that are putatively
involved in fertility traits in the Egyptian buffalo.
However, it is important to note that these studies
were based on relatively small sample sizes of
genotyped animals and limited phenotypic records,
which may have reduced the power and precision of
candidate genes detection. Nevertheless, these
findings align with numerous genomic studies that
have demonstrated the presence of candidate genes
on BBU7 with potential effects on milk production
and reproduction traits in Murrah and Italian buffalo.
Notable candidate genes identified in these studies
include TCERGI, SH3BPSL, ZNF672,
LOC101904981, SLCO6A1, QRFPR, and
PPARGCI1A [66, 67, 68, 69].

Conclusion

This study provides valuable insights into the
genetic architecture influencing milk production and
fertility traits in the Egyptian buffalo. The analysis
revealed significant associations between several
microsatellite markers and economically important
traits, suggesting that these markers could serve as
useful tools for molecular breeding programs aimed
at enhancing productivity and reproductive efficiency
in this species. Notably, the findings highlight the
potential of chromosome seven as a critical region
harboring candidate genes linked to these traits.

However, given the limitations of microsatellite
markers,  further studies employing  more
comprehensive genomic approaches, such as GWAS
and next-generation sequencing (NGS), are essential
to refine these associations and pinpoint the causal
variants responsible for the observed phenotypic
variations. Such efforts would not only advance our
understanding of the genetic determinants of key
traits in the Egyptian buffalo but also contribute to
the development of more effective strategies for their
genetic improvement.
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TABLE 1. Descriptive statistics for milk production and fertility traits in the Egyptian buffalo

Traits N records Mean SD Min. Max. CV (%)
Milk production traits

Total milk yield (TMY, kg) 995 2076 585.46 567 3200 28.21
305-day milk yield (305-dMY, kg) 995 2325 515.41 507 3854 22.17
Lactation length (LL, days) 995 273 54.15 170 397 19.85
Daily milk yield (DMY, kg) 995 7.6 1.69 1.7 12.6 22.17
Dry period length (DPL, days) 604 129 51.53 52 276 39.97
Fertility traits

Number of services per conception (NSPC) 952 1.4 0.83 1 5 58.93
Post-partum first service (PPFS, days) 948 72 40.39 30 197 56.01
Days open (DO, days) 948 91 50.59 45 294 55.80
Calving interval (CI, days) 649 399 51.84 350 569 12.99

N: number, SD: standard deviation, Min: minimum, Max: maximum, CV: coefficient of variation
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TABLE 2. Information on the selected microsatellite markers on chromosome seven in the Egyptian buffalo
Gene bank ]
Mi : : : Primer sequence Annealing
icrosatellite accession Physical map
\ Al Temperature
markers numbers/ name (5-3) oC
reference
BM4322 G29053 D6S43 F:TATCACCACCATGGCAAATG 58
R:GACTCACCATACTCCAGAGCC
BMS2508 G18959 D6S44 F:TTTCTGGGATTACAAAATGCTC 56
R:TTTCTTAGGGGAGTGTTGATTC
BMS2460 G19012 D6S45 F: TGGACTGTCAAACGTAGGGT 58
R:CAAGTCAGGAAAGATGAAACTTG
BM415 G18413 D6S10 F:GCTACAGCCCTTCTGGTTTG 54
R:GAGCTAATCACCAACAGCAAG
BM143 G18387 D6S13 F:ACCTGGGAAGCCTCCATATC 58.5
R:CTGCAGGCAGATTCTTTATCG
BM2320 G18497 D6S6 F:GGTTCCCAGCAGCAGTAGAG 58
R:CCCATGTCTCCCGTTACTTC
BMC4203 G19110 D6S20 F:GCAAATGTAAGCTGAAGGCC 60
R:CCTGGGAAATCCCATGGAC
BM1329 G18422 D6S14 F:-TTGTTTAGGCAAGTCCAAAGTC 58.7
R:AACACCGCAGCTTCATCC
BM1236 G18382 D6S9 F:CTGAACCACCACGGAAGC 54
R:AGTCCATGGGGTTGCAAG
BMS483 G18848 D6S51 F:GGTATGAGACCAGGTGTGGG 58.5
R:CAGGGCCACATTTCCAAG
BM4311 G18522 D6S8 F:TCCACTTCTTCCCTCATCTCC 58
R:GAAGTATATGTGTGCCTGGCC
BP7 Chen et al. [25] D6S7 F:GACCTTTTCACTGCCCTCTG 56
R:TTTATTTCTGAGTGTTTGGGGC
RM28 Chen et al. [25] D6S4 F:CTACAGTCATGGGTCTGAAAGAG 62
R:ATCTTCAGCCTGGCCTGAGAG
AFR227 Ashwell et al. [26] D6S18 F:GACCAACTGAGTGCATGCACG 58.5
R:TCATTGAGCAGGAGTAGGATTGAGA
ILSTS93 L37240 D6S22 F: TGAAATATACCTGAGTAGCAGC 58.7
R:TTGTTTTAACTCCCCACCCC
ILSTS97 L37241 D6S23 F:AAGAATTCCCGCTCAAGAGC 58
R:GTCATTTCACCTCTACCTGG
F: Forward primer; R: Reverse primer.
TABLE 3. Molecular genetic parameters for microsatellite markers analyzed
Microsatellite Allele size Na Ne Ho He PIC I F HWE
markers range (bp)
BM4322 163-187 7 5.491 0.710 0.831 0.679 1.814 0.132 *
BMS2508 89-101 6 4.972 0.733 0.812 0.828 1.694 0.082 NS
BMS2460 69-83 8 7.679 0.912 0.871 0.798 2.058 -0.068 ok
BM415 135-153 9 7.867 1.000 0.874 0.760 2.133 -0.158 Hrk
BM143 106-124 10 8.097 0.922 0.878 0.807 2.201 -0.065 Hrk
BM2320 150-158 5 4.557 0.700 0.794 0.618 1.557 0.103 NS
BMC4203 154-180 10 7.751 0.993 0.873 0.704 2.175 -0.157 HAK
BM1329 129-157 12 10.498 1.000 0.906 0.752 2.420 -0.117 HoA*
BM1236 88-104 9 8.416 1.000 0.883 0.745 2.162 -0.148 ok
BMS483 113-133 10 7.257 0.993 0.864 0.702 2.153 -0.165 HoA*
BM4311 95-135 5 4.048 0.808 0.768 0.628 1.498 -0.073 ok
BP7 279-329 8 5.628 0.523 0.832 0.859 1.893 0.364 wAK
RM28 100-120 11 9.658 0.864 0.898 0.692 2.333 0.024 wAK
AFR227 98-124 13 12.120 0.925 0.919 0.843 2.528 -0.021 Hrk
ILSTS93 197-219 7 4.697 0.875 0.790 0.668 1.717 -0.153 HAK
ILSTS97 226-262 10 8.166 0.751 0.879 0.771 2.198 0.117 ok
Mean 8.750 7.306 0.857 0.855 0.741 2.033 -0.071
SD 2.352 2.290 0.141 0.045 0.305

bp: Base pairs, Na: Observed number of alleles per locus, Ne: Effective number of alleles, Ho: Observed heterozygosity, He:
Expected heterozygosity, PIC: Polymorphic information content, I: Shannon’s information index, F: Inbreeding coefficient,

HWE: Hardy—Weinberg equilibrium, NS: not significant, * P<0.05, *** P<0.001, SD: standard deviation.
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TABLE 4. Significant microsatellite markers associated with milk production traits in Egyptian buffalo

Trait Microsatellite markers F-value P-value
™Y BMS2460 2.556 0.000%%**
BM143 2.785 0.000%**
BMC4203 1.963 0.002%**
BM1329 2.791 0.000%*%*
BM1236 1.783 0.017*
BMS483 2.597 0.000%***
AFR227 1.938 0.000%***
305-dMY BMS2460 2.340 0.0000***
BM143 2.100 0.0000***
BMC4203 1.963 0.003*%*
BM1329 2.300 0.0000***
BMS483 1.780 0.014*
RM28 1.500 0.042*
AFR227 2.120 0.0000***
ILSTS93 1.740 0.033*
ILSTS97 1.710 0.005%**
LL BMS2460 1.581 0.015*
BM143 1.634 0.010*
BMC4203 1.529 0.042*
BMS483 1.657 0.027*
RM28 1.760 0.007**
AFR227 1.623 0.002%**
DMY BMS2460 2.339 0.000%***
BM143 2.995 0.000%**
BMC4203 1.964 0.002%*%*
BM1329 2.302 0.000%*%*
BMS483 1.777 0.014*
RM28 1.496 0.041*
AFR227 2.120 0.000%***
ILSTS93 1.743 0.031*
ILSTS97 1.714 0.004**
DPL BM415 2.070 0.010%*
BM143 1.543 0.025*
BMC4203 1.795 0.012*
AFR227 1.730 0.001%**

TMY:: total milk yield, 305-dMY: 305-day milk yield, LL: lactation length, DMY: daily milk yield, DPL: dry period length,
*P <0.05, **P <0.01, ***P <0.001.

TABLE 5. Significant microsatellite markers associated with fertility traits in Egyptian buffalo

Trait Microsatellite markers F-value P-value
NSPC BMS2508 3.090 0.000***
BM1236 1.654 0.033*
BP7 1.657 0.038*
PPFS BMS2460 1.682 0.007**
BM1329 1.555 0.025*
DO BMS2508 1.734 0.044*
BM4311 2.987 0.007**
CI AFR227 1.410 0.028*
NSPC:
number of services per conception, PPFS: post-partum first service, DO: days open, CI: calving interval,
*P <0.05, **P <0.01, ***P <0.001
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