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Abstract

Background: Sheep is important in the socio-economic lives of people around the world. It is estimated that more
than half of our once common livestock breeds are now endangered. Since genetic characterization of Nigerian
sheep is still lacking, we analyzed ten morphological traits on 402 animals and 15 microsatellite DNA markers in
384 animals of the 4 Nigerian sheep breeds to better understand genetic diversity for breeding management and
germplasm conservation.

Results: Morphological traits of Uda and Balami were significantly (P < 0.05) higher than Yankasa, which were both
higher than West African Dwarf (WAD) sheep. Stepwise discriminant analysis showed tail length, rump height, chest
girth, ear length and chest depth as the most discriminating variables for classification. Mahalanobis distances show
the least differentiation between Uda and Balami and the largest between WAD and Balami sheep. While 93.3% of
WAD sheep were correctly assigned to their source genetic group, 63.9% of Yankasa, 61.2% of Balami and 45.2% of
Uda were classified correctly by nearest neighbour discriminant analysis. The overall high Polymorphism
Information Content (PIC) of all microsatellite markers ranged from 0.751 to 0.927 supporting their use in genetic
characterization. Expected heterozygosity was high for all loci (0.783 to 0.93). Mean heterozygote deficiency across
all populations (0.171 to 0.534) possibly indicate significant inbreeding (P < 0.05). Mean values for Fs7, Firand Fs
statistics across all loci were 0.088, 0.394 and 0.336 respectively. Yankasa and Balami are the most closely related
breeds (D, = 0.184) while WAD and Balami are the farthest apart breeds (D = 0.665), which is coincident with
distance based on morphological analysis and population structure assessed by STRUCTURE.

Conclusions: These results suggest that within-breed genetic variation in Nigerian sheep is higher than
between-breeds and may be a valuable tool for genetic improvement and conservation. The higher genetic
variability in Yankasa suggests the presence of unique ancestral alleles reflecting the presence of certain functional
genes which may result in better adaptability in more agro-ecological zones of Nigeria. These genetic
characteristics are potentially useful in planning improvement and conservation strategies in Nigerian

indigenous sheep.
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Background

The population of sheep in Nigeria is currently esti-
mated at 33.9 million making up 3.1% of the world’s
total [1]. Sheep is an important livestock species in the
socio-economic lives of people around the world includ-
ing Nigerians [2]. Increased loss of genetic diversity has
been observed for all agriculturally used species, and it
is estimated that more than half of our once common
livestock breeds are now endangered [1]. According to
FAO [3], it is estimated that the world loses two breeds
of its valuable domestic animal diversity every week.
Already, 740 breeds are recorded as extinct, with 1,335
(32% of the estimated total) being classified at high risk
of loss or under threat of extinction. If the erosion of
animal genetic diversity continues without adequate ac-
tion, more than 2,000 domestic animal breeds could be
lost within the next two decades [3]. The first step to-
ward an efficient conservation strategy for cattle, sheep,
and goat genetic resources is the proper characterization
of the conservation value of the different breeds and
their wild relatives [4].

Sheep biodiversity have been described using morpho-
logical measurements [5,6] or characterized using mo-
lecular data [7-13]. The phenotypic variation in a
population arises due to genotypic and environmental
effects, and the magnitude of phenotypic variability dif-
fers under different environmental conditions. Morpho-
metric characters are continuous characters describing
aspects of body shape [14,15]. Morphometric variation
between populations can provide a basis for understand-
ing flock structure, and may be more applicable for
studying short-term, environmentally induced variation
and thus more applicable to livestock management.
According to Gizaw et al. [5], morphological description
is an essential component of breed characterization that
can be wused to physically identify, describe, and
recognize a breed, and also to classify livestock breeds
into broad categories. Dossa et al. [16] reported that
morphological measurements such as heart girth, height
at withers and body length can be used for rapid selec-
tion of large size individuals in the field to enable the es-
tablishment of elite flocks. In addition, microsatellites
have been wused successfully over the vyears to
characterize the genetic diversity of sheep populations
in China [12], Ethiopia [5], Europe and Middle East
[7-9,17], India [10,11,18] and Brazil [13].

The Nigerian sheep is still genetically unimproved, and
the pressure of modern genetic improvement has
increased the need to better understand natural genetic
variation in Nigerian sheep breeds, as well as formulate
germplasm conservation policies. The only genetic diver-
sity study of genetic variation among Nigerian sheep
breeds using microsatellite markers covered a limited
geographical area [19]. Therefore, a more detailed study
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using a larger sample size from across the entire country
is still required to better understand the genetic struc-
ture of Nigerian sheep population. In this study, mor-
phological data on 402 sheep and molecular data on 15
microsatellite  DNA markers in 384 sheep sampled
across the entire country were used to evaluate the mor-
phological and genetic diversity of the four major extant
sheep breeds in Nigeria. This study complements our re-
cent molecular characterization of the mitochondrial D-
loop region in Nigerian sheep [20]. The information
obtained will be useful for designing appropriate breed-
ing and selection schemes for indigenous sheep im-
provement and sustainable conservation.

Results

Morphological characterization

The basic descriptive statistics of the morphological
traits of WAD, Yankasa, Uda and Balami sheep are pre-
sented in Table 1. The biometric traits of Uda and
Balami sheep were significantly (p <0.05) higher than
those of WAD and Yankasa, although the latter had su-
perior mean values than the former for all morphomet-
ric traits with the exception of EL. The effects of sex and
system of management on the body parameters of the
four sheep breeds are presented in Tables 2 and 3. Male
animals had significantly higher body parameters than
their female counterparts and higher values are observed
in Balami and Uda compared with other breeds. The
sexual dimorphism observed could be attributed to dif-
ferences in the genetic architecture of the sheep popula-
tions. Animals reared intensively also had superior
means than those semi-intensively managed for all mor-
phological traits. While all the sheep breeds are reared
semi intensively, only WAD and Yankasa are reared ex-
tensively. However, WAD is not reared intensively. The
effect of age on morphological parameters was signifi-
cant with slight increases with age (Table 4). Table 5
shows the spread of the four Nigerian sheep breeds
across the country. WAD is only found in the southern
part of the country. Variation was observed in the vari-
ous morphological parameters studied according to
breed in the different sampling location. The stepwise
discriminant procedure showed that TL, RH, CG, EL
and CD were the most discriminating variables to separ-
ate WAD, Yankasa, Uda and Balami sheep based on
their significance and partial R* values >0.01 (Tables 6
and 7, respectively). The canonical variate analysis
(Table 7) clearly showed distinctive differences in the
morphological traits of the four sheep breeds. Table 8
shows the percentage of individual sheep classified into
genetic groups. The highest value is between WAD and
WAD (93.33) and the lowest is between Uda and Uda
(45.16). Error level is lowest in Yankasa (0.361). Results
for kinship coefficient (Dkf) and proportion of shared
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Table 1 Descriptive statistics of the morphological traits
of Nigerian sheep breeds

Trait  WAD sheep Yankasa sheep Uda sheep Balami sheep
LSM + SEM LSM + SEM LSM + SEM LSM + SEM
BW 2012+123%  3087+105° 3786+ 1.20° 39.00 +0.94°
WH 5235+ 107¢ 68.52+0.6° 74.53 £0.87° 7431 £059°
RH 52.12+087¢ 6744 +0.63¢ 73.78 £0.82° 7364 +057°
BL 7687 £1.53¢ 9356 +091¢ 99.40 +0.99° 10177 £1.21°
EL 13.03+£039° 13.19+028°  1563+0.54° 1454 +028°
FCL 1345+ 021¢ 14.85+0.22° 16.53+031° 1560+ 0.19°
TL 1942 +0.63¢ 35.28 +0.54° 4413 +073° 3967 +0.50°
CG 65.04 + 1.60° 75.83 +£0.90° 8130+1.12° 8287 £1.19°
(@b 2573 +0.78% 3338 £045¢ 3522 +0.58° 33.82+032°
RW 1184+029%  1377+022°  1535+030° 1532+022°

a,b,c — means with different superscript are significantly (p < 0.05) different.
BW body weight, WH withers height, RH rump height, BL body length, EL ear
length, FCL fore cannon bone length, TL tail length, CG chest girth, CD chest
depth, RW rump width WAD West African Dwarf sheep, LSM least square
means, SEM standard error of mean.

alleles are presented in Table 9. The highest kinship co-
efficient and number of shared alleles is between WAD
and Balami.

Molecular genetic diversity between populations
Polymorphism Information Content (PIC) and F statis-
tics (Fis, Fip Fsr) according to Weir and Cockerham
(1984), Gs7 and Shannon index values for all 15 micro-
satellite markers analyzed in Nigerian sheep breeds are
shown in Table 10. The 15 microsatellite loci demon-
strated high polymorphism in this population with PIC
values ranging from 0.751 to 0.927 (Table 10) lending
strong support to the use of this panel of markers for
assessing genetic diversity in Nigerian sheep.

Differences in the values of global Fsz; F;rand F;s over
all loci (Table 10) considered in this study shows the
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suitability of some microsatellite markers over the others
in the study of genetic diversity in Nigerian sheep
breeds. The mean value of Fgr is 0.088 while that of F;r
and Fyg are 0.394 and 0.335 respectively. The highest
value of Fgr (0.146) was observed for BM8125 while the
lowest value of 0.022 was seen in DYMSI1. Inbreeding
values within and across breeds can also be attributed to
selection. Fg7 and Ggr are indices of population subdiv-
ision. Global Fg; Ggr and Ggp over all loci were all
significantly different (p <0.001). The population differ-
ences examined by global analysis of Fgsr (coefficient of
multilocus genetic differentiation fixation index) for each
of 15 microsatellite loci across the four sheep breeds
revealed that most of the total genetic variation corre-
sponds to differences among individuals within breeds
(91.2%) and 8.8% result from differences among breeds.
Values of Ggr ranged from 0.033 for OarFCB304 to
0.211 for OarHH47 with a mean of 0.120 (Table 10).
The results of Ggr in this study reveal that gene vari-
ation among the breeds is still low. This differentiation
formed the basis for describing how genetic variation is
partitioned within Nigerian sheep breeds. Among the
loci considered in this study, OarFCB304 had the highest
Shannon information index value of 2.51 and the least
index value of 1.391 was observed for OarHH47.

Number of effective alleles, allelic richness, expected
heterozygosity and observed heterozygosity are pre-
sented in Table 11. Effective number of alleles ranged
from 17.330 in Yankasa to 7.200 in WAD. This trend
was also observed for allelic richness with Yankasa hav-
ing a value of 10.51 and WAD, 6.59. Yankasa had the
highest expected heterozygosity (0.849) while WAD had
the least (0.684). Mean values for observed heterozygos-
ity across the breeds ranged from 0.405 in Uda to 0.563
in Yankasa (Table 11).

The analysis of molecular variance (AMOVA) results
revealed that the greatest variation (60.716%) is within
individuals, 30.545% among individuals within populations

Table 2 Effects of sex on the morphological traits of Nigerian sheep breeds

Male Female
Balami Uda WAD Yankasa Balami Uda WAD Yankasa
BW 40.23 £ 1.69 4428 +1.86 2701 +£346 3712+183 3749+1.08 33.89+1.53 1737+£263 2799+1.25
BL 91.34+£392 102.06 +4.32 79.63 £ 802 89.67 +4.26 8265+ 2.51 96.01 £+ 3.55 7526 +£6.10 91.34+£290
TL 4500+ 1.09 46.37+1.20 2127223 3539+1.18 4401 +0.69 4264 +0.98 1834+1.69 34.74+0.80
WH 7389+ 1.36 76.66+1.50 53.09+278 67.02+148 71.16+£087 7098 £1.23 4707 £2.12 67.01+1.00
RW 7472 £1.07 7773+£1.17 5495+2.19 68.00+1.16 7334 +£0.68 71.68+0.97 5047 +1.66 6645 +0.79
CG 7839+ 144 83.79+£1.59 63.59 + 295 7464 +£1.57 7825+ 092 77.85+1.31 6021 +224 7305+ 1.07
CcD 27.95+1.85 35.70+203 2568 +£3.78 32.05+201 2958+ 1.18 3096+ 1.67 2307 +2.88 3035+1.37
RH 1444 +0.35 1538+0.39 1136+0.74 1284+039 1491+0.23 1445+032 11.52+055 13.86+0.26
FCL 14.70 £0.55 17.73+£0.60 1405+1.12 16.05+0.59 1278035 1440+ 049 13.10£0.85 1459+ 041
EL 1691 +0.52 18.84+0.58 1463+ 1.07 1542 +057 1365+033 1393 +047 12.10+£0.82 1251+039




Table 3 Effect of management systems on the morphological traits of Nigerian sheep breeds

Semi intensive Extensive Intensive
Balami Uda WAD Yankasa Balami Uda WAD Yankasa Balami Uda WAD Yankasa
BW 3418+ 1.14 3576 +£1.20 21.54.19.44 30.65+1.03 - - 1944 +3.77 26.00+11.32 4481 +£145 4858 +2.74 - 47.00+8.00
BL 69.86 +2.39 9543 +£2.68 7681 +5.14 90.23£2.15 - - 77.00+7.85 110.00 + 23.56 109.54 + 3.01 11217571 - 116.00 + 16.66
TL 41.94+0.72 43.13 £0.80 2011 £1.54 34.71+£064 - - 1777 £2.36 38.00+7.09 48.05+0.90 48.76 £ 0.90 - 4750+ 5.02
WH 7110+ 095 73.03+1.07 49.00 +2.05 66.99 + 0.85 - - 4994 +3.13 65.00 +£9.39 7331+£1.20 74414227 - 69.5 + 6.64
RW 73.08 £0.74 73.03+£0.84 5233+£161 66.84 £ 067 - - 51.61+245 69.00 £ 7.37 74.80 £0.94 7823+ 1.78 - 7200+ 5.21
CG 76.70 £0.98 7886+ 1.10 60.79+£2.12 7344 +0.88 - - 63.00+3.24 74.00+9.73 80.82+1.24 86.58 +2.36 - 80.00 +£6.88
[@b) 2554 +1.24 3206+ 140 2402 £2.68 3082112 - - 24.05+£4.09 3200+£12.28 3478 £1.57 36.58+£297 - 3450+ 868
RH 1423 +0.23 14.26 £0.26 11.26+0513 13.50+0.21 - - 11.94+0.78 15.00£2.35 15.13+048 1741 £057 - 15.00 £ 1.66
FCL 12.21+£038 1565+£043 1352+082 15.06+0.34 - - 1327£125 1500+ 3.77 1513 +£048 16.17£091 - 14.50 £ 267
EL 1503 +£040 16.09 £ 045 13.04+£086 1347 +0.36 - - 13.00+1.31 12.00+3.94 1391 +050 15.14 £ 095 - 11.50+2.78
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Table 4 Effects of age on the morphological traits of Nigerian sheep breeds

1 -2 years 2 - 3 years
Balami Uda WAD Yankasa Balami Uda WAD Yankasa Balami

BW 33.66+227 4233 +4.64 1350+ 8.04 29.14+4.29 30.86+227 3392+268 1554 +3.42 2746214 3753+152
BL 77.68 £4.94 8845+ 10.09 7400 £ 1747 76.10£9.34 67.12+4.94 89.25+5.82 7045 £ 745 83.06 £4.67 77.11£3.30
TL 4347 £141 3845+ 289 19.75+5.00 28.71+267 4248 +141 4185+ 1.66 18.09+2.13 3593+133 42.05+094
WH 68.08+1.80 66.13 +3.68 46,00 £ 6.38 5814 +341 67.05+1.80 7062 £2.12 4750+ 2.72 66.21+1.70 72.25+1.20
RW 7045+ 143 71.25+£2.92 50.00 £ 5.05 6128+270 70.02 + 143 72.31+1.68 49.04+£2.15 65.11+1.35 74.50 £0.95
CG 7416+ 1.86 7763 £3.79 56.80 £6.58 6721 +3.51 71.53+£1.86 7545 +2.19 5822 +280 7234+£1.75 7919+ 1.24
cD 31.69 £ 251 3506512 22.25+8.88 34.77 £4.74 2284 +2.51 3025+296 2236+3.78 2829+237 2829+ 167
RH 14.04 £ 045 1242+ 092 950+ 1.59 11.31+£085 13.15+ 045 13.53+053 11.00+0.68 12.66 +0.42 1462 +0.30
FCL 13.01+0.76 14.76 £ 1.56 13254271 1518 +1.45 11.16+0.76 1449+ 0.90 1286+ 1.15 1460+ 0.72 1330+ 051
EL 13.28+0.79 15.61+1.61 1250 +2.80 1214+ 149 15.04+0.79 14.55+ 093 1231+£1.19 1353+0.74 1522 +052
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Table 4 Effects of age on the morphological traits of Nigerian sheep breeds (Continued)

8€/1/€/3US1U0D /WO PSgsel mmm//:dny

2 -3 years 3 - 4 years 5 - 6 years
Uda WAD Yankasa Balami Uda WAD Yankasa Balami Uda Yankasa
BW 3627 +1.87 2592+3.03 3262+1.59 4489+ 1.75 4051 +£2.04 2216 +6.56 31794201 4811+3.79 5875+ 804 28.80+5.08
BL 99.23 £4.06 81.07 £6.60 92.58 £3.46 10344 + 443 10323 £ 443 82.66 = 14.27 96.13 £4.36 121.00+ 823 123+1747 10268 £11.05
TL 4385+ 1.16 2067 +1.89 3550+0.99 4707 £1.09 4572 +1.27 18.16 £4.08 3447125 51.11+£236 63.00+5.00 3550+3.16
WH 7369+ 148 50.89 £ 241 6739+126 7532+139 7516+ 1.62 50.50 £ 5.20 6833+1.59 880.33+3.00 8200+ 6.38 7164 +£403
RW 7384 +1.17 5450+ 191 67.75+1.00 7662+ 1.10 7541 +£1.28 53.66+4.13 6824 +1.26 76.88 £2.38 84.50 +5.05 6854 +3.19
CG 7951 +1.53 63.07 +248 73.07 £1.30 8310+ 167 8310+ 1.67 68.83 +537 76.12 £1.64 101.00 £ 6.58 101.00+6.58 7772 +4.16
cD 3336+ 2.06 2564 £3.35 3144 £1.75 30.92£1.93 32.85+225 2383 +7.25 3096 +£222 36.66+4.18 4150+ 881 32.54+£561
RH 14.70£037 11.78 £0.60 1392031 16.36£0.34 1590 £ 040 13.00£1.30 1416+ 039 1533+£0.75 19.50+1.59 13.64+£1.01
FCL 16.38 £0.63 13.85+1.02 1535+053 1456 +0.59 15.99 + 0.69 13.83+221 1467 £ 067 14.66 + 1.28 1450+ 2.71 1688+ 1.71
EL 1633 +0.65 13.85+1.05 14.01 £ 055 1438+ 061 1623 +0.71 1216+228 12.61+0.70 1438+ 132 16.50 +2.80 14.04+1.77
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Table 5 Effects of sampling location on the morphological traits of Nigerian sheep breeds

Middle belt North East
Balami Uda WAD Yankasa Balami Uda WAD Yankasa Balami

BW 4566+ 6.37 4300+ 3.67 2091 +£201 4426+ 253 4722+ 367 46.99 +3.32 - 2847 £1.74 3279+161
BL 10266+ 11.77 98.11+£6.79 7686+ 3.72 92.000 +4.67 110.09+6.79 10889+ 6.14 - 9894 +£322 59.74+£295
TL 4400+4.03 41.74+£232 1941+127 36.36 + 1.60 4378 +232 4450+ 2.10 - 3147+1.10 44,06 +1.01
WH 7466 +5.19 77.88 £3.00 49.28 + 1.64 6523 +2.06 7929+30 8201+ 271 - 6895+ 142 67.62+1.31
RW 7700 £4.17 7833 +240 52114131 6839+ 165 77.57 £2.40 79.60+2.17 - 6769+ 1.14 7325+1.05
CG 76.50+5.58 7892 +£322 6145+1.76 7226 +221 8205+322 86.60 + 291 - 7560+ 152 7557 £1.41
D 33.66+06.71 3333+387 2403+212 30.15+£2.66 36.56 +£3.87 4126+ 3.50 - 3272+183 2531+1.69
RH 1516+ 1.35 1461 +0.78 1146 £042 1286+ 053 15514078 1565+0.70 - 1408 +0.37 13.84+034
FCL 20.00+1.75 20.88 +1.01 1345+ 055 1721+ 0.69 1895+ 1.01 2037 £091 - 1648 + 048 1141 +044
EL 19.83 £2.06 2033+£1.19 13.03 £ 065 16.26 +0.82 1883+1.19 2146 +1.07 - 13.12+0.56 14.77 £0.52
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Table 5 Effects of sampling location on the morphological traits of Nigerian sheep breeds

(Continued)

North East North West North Central
Uda WAD Yankasa Balami Uda WAD Yankasa Balami Uda WAD Yankasa
BW 32.10+£208 - 23.00+7.80 4232+132 40.15+1.89 - 27.08 £267 34.18 £ 201 3438+3.18 - 29.15+1.64
BL 10247 +3.85 - 7055+ 1442 10843 + 245 106.11 +3.49 - 99.76 £4.94 5809 +588 58.09+588 - 80.60 +3.04
TL 4371+132 - 4450 +4.93 4751 +0.84 4585+ 1.19 - 3747 £1.69 3747 €127 4184 +201 - 36.05+1.04
WH 7092 +1.70 - 55.50+6.36 73.56 £ 1.08 7267 £1.54 - 69.52+2.18 7259+ 1.64 69.05+2.59 - 6560+ 134
RW 71.65+1.36 - 62.75+5.11 74.88 £0.87 7420+1.23 - 69.58 + 1.75 7042 +1.31 7153 +£2.08 - 64.85+1.07
CG 7887 £1.82 - 71.00 £6.83 80.32+1.16 81.79+1.65 - 7805+234 7694 +1.76 7431279 - 7070 £ 144
(@) 3265+2.19 - 48.00+8.22 3437+140 3558 +1.99 - 3394 +£282 2024 +£212 17.72+335 - 2767 +£1.73
RH 1442 +044 - 12.05+1.65 1539+0.28 16.02 + 040 - 1335+ 0.56 1455+ 042 11.80+0.67 - 1347 +0.35
FCL 16.62 +0.57 - 1560 +2.15 1478 £0.36 14554052 - 1394+0.73 10.68 +0.55 898 +0.87 - 1328 £ 045
EL 15.75+067 - 1200+252 13.62+043 1389+ 061 - 11.52+0.86 1448 + 0.65 13.64+1.03 - 1330+ 053
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Table 6 Stepwise selection of traits

Page 9 of 16

Traits entered Partial R* F value Pr>F Wilk’s lambda Pr <lambda ASCC Pr> ASCC
Tail length 04913 128.12 <0.0001 0.508710 <0.0001 0.164 <0.0001
Rump height 0.1056 15.63 <0.0001 0454978 <0.0001 0.183 <0.0001
Chest girth 0.1055 1549 <0.0001 0.356692 <0.0001 0.246 <0.0001
Ear length 0.0650 9.18 <0.0001 0425392 <0.0001 0.201 <0.0001
Chest depth 0.0626 8.79 <0.0001 0.398760 <0.0001 0212 <0.0001

ASCC Average squared canonical correlation.

and 8.739 among populations which are consistent with
the Fgz results (Table 12). Figure 1 presents the genetic
distances (DA) between Nigerian sheep breeds.

Population structure assessed by STRUCTURE software
and barplots generated by DISTRUCT are presented in
Figure 2. Classifications with the highest probability under
the model that assumes independent allele frequencies and
inbreeding coefficients among assumed clusters revealed
the presence of ancestral populations (K) which is consist-
ent with the morphological and diversity analyses reported
earlier in this study. At K =2, two clusters were constituted
from breeds descended from Balami and Yankasa, both of
which are from Northern Nigeria. At K=3 and K=4, one
more cluster emerged and further analyses did not reveal
any additional strong high level substructure, so separating
the entire dataset into 3 major clusters was chosen as the
final configuration. There are however, several cases
of admixtures in the genome of some of the individuals
that constitute the cluster. Yankasa and Balami breeds had
more cases of admixtures followed by Uda while the
WAD breed had the least cases of admixtures.

Discussion

Morphological diversity

Phenotypic characterization has been shown to be an ac-
cessible and easy-to-use tool in conservation and breeding
programs [6]. This could be explained in part by the high
heritability of measures of size across ontogeny [21].
Marked differences were observed in the morphological
traits of the sheep breeds in this study. The present values
of BW and linear body measurements of Yankasa, Uda
and Balami sheep are higher than the range of values
reported for Ganjam sheep in India by Arora et al. [10].
Most researchers consider an organism’s phenotype as a

Table 7 Total canonical structure of the discriminant

multivariate set of variables and the covariation of traits
an important analytical consideration [22]. Discriminant
analysis of morphometric traits is a mathematical ap-
proach that has been widely used in determining the rela-
tionships between different breeds of livestock [6,23-25].
The most discriminating variables obtained in this study
are similar to previous reports by Dossa et al. [16] and
Vargas et al. [26]. The present results indicate that there is
significant morphological differentiation among Nigerian
sheep populations. This morphological diversity pattern
could be as a result of inherent genetic potential of each
breed, alongside geographical isolation, ecological vari-
ation and community isolation [5,27]. This is noticeable in
the remarkable morphological differences between WAD
(more adaptable to the wet, dense forest and derived
savannah zones of southern Nigeria) and Yankasa, Uda
and Balami sheep (more suited to the dry climatic condi-
tions of Northern Nigeria).

The larger values reported for the conformation traits of
males are in consonance with earlier reports on sheep
[28], goats [26] and cattle [29]. However, Bacchi et al. [30]
found no sexual dimorphism in the morphometric
characters considered in Lama guanicoe guanicoe in
Argentina. The higher values recorded for intensively
managed animals might be as a result of better nutri-
tion and management practices as they tend to gain more
attention than those reared semi-intensively. Riva et al.
[14] reported that husbandry system was a source of vari-
ation in the body measurements of Bergamasca sheep;
theirs was a case between transhumance and sedentary
systems, where the former was taller, longer and showed a
wider hock while the latter was wider at the chest and
rump.

Table 8 Percentage of individual sheep classified into
genetic group

analysis of the four sheep breeds Breed WAD Yankasa Uda Balami
Traits CAN1 CAN2 CAN3 WAD 93.33 6.67 0.00 0.00
Rump height 0.839 0.098 0.038 Yankasa 1.64 63.93 15.57 18.85
Chest girth 0493 -0.112 -0.159 Uda 0.00 17.20 45.16 3763
Chest depth 0485 0.261 -0.012 Balami 0.00 17.83 21.02 61.15
Tail length 0.922 -0.107 0.098 Error level 0.067 0.361 0.548 0.389
Ear length 0.239 -0.242 0.791 Priors 0.250 0.250 0.250 0.250
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Table 9 Kinship coefficient (Dkf) below the diagonal and
proportion of shared alleles above the diagonal between
the Nigerian sheep breeds
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Table 11 Effective number of alleles (Na), Allelic Richness,
Expected Heterozygosity (He) and Observed
Heterozygosity (Ho) in Nigerian sheep breeds

Balami Uda WAD Yankasa Breed Effective Allelic Expected Observed
Balami 0000 0757 0800 0366 EI;IIT:I:: richness  Heterozygosity heterozygosity
Uda 0.941 0.000 0481 0.643 (Na)
WAD 0.946 0.789 0.000 0.693 Balami 13.730 9.240 0.823 0.558
Yankasa 0.861 0.906 0915 0.000 Uda 9.000 8.200 0.754 0405
WAD 7.200 6.590 0.684 0448
The three canonical functions (linear combinations of Yankasa 17:330 10510 0849 0563
Mean 11815 8.635 0.778 0494

the continuous variables that summarize variation be-
tween the four sheep breeds) obtained could be used
as criterion for establishing phenotypic standards for
Nigerian sheep. The closeness between Uda and Balami
sheep compared to their WAD and Yankasa counter-
parts might be as a result of near biometric convergence,
which may function as a guide to genetic and evolution-
ary relationships between the two breeds. The longer
distance between WAD and other breeds, especially
Balami and Uda revealed that phenotypic differences are
maintained in part by the reduction of gene flow among
populations separated by large distances as well as
physical-ecological barriers. The WAD sheep predomin-
ate in the trypano-endemic humid zones of Southern
Nigeria. The intermediate morphology of Yankasa sheep
might be maintained by natural selection on body size of
individuals inhabiting intermediate or a range of differ-
ent environments (this breed of sheep, which occupies a
central geographical position, is more widely distributed

Table 10 Polymorphism Information Content (PIC), F
statistics (F;s, Fi, Fsy) according to Weir and Cockerham
(1984) Gsr and shannon index values for 15 microsatellite
markers analyzed in Nigerian sheep breeds

in the country than the other three sheep breeds).
Selective advantage might therefore favor Yankasa sheep
from the biogeographical context, although more heter-
otic gains might be attained from crosses involving
WAD and Uda or Balami. This is because populations
are dynamic units which adapt physiologically and gen-
etically to their environments and sensitive to, and
within limits, responsive to any change in their environ-
mental conditions. An appreciable percentage of animals
were classified into their distinct breeds. However, some
level of intermingling was observed between Uda and
Balami, which could partly be attributed to indiscriminate
crossbreeding due to geographical proximity.

Molecular genetic diversity between populations

The high number of alleles observed in Yankasa must
have contributed to its adaptability to more agro-
ecological zones in Nigeria compared to other sheep
breeds that may confer selective advantages [19]. Gen-
etic variation is necessary to allow organisms to adapt to
ever-changing environments with some of this variation
stemming from introduction of new alleles by the ran-

Locus PIC Fis Fir Fss  Gsr  Shannonindex dom and natural process of mutation, since the fre-
DYMS1 0927 0442 0454 0022 0125 2964 quency of occurrence of an allele changes regularly as a
OarCP34 0751 0373 0436 0099 0.106 2203 result of mutation, genetic drift, and selection [31] The
OarFCB193 0845 0220 0329 0140 0163 5301 number of alleles identified in this study is slightly
BMB125 0803 0316 0416 0146 0130 2082 higher than those reported I?y Adebambo et al: [19] with
VP 0904 038 0352 0092 0084 Saea observed number of alleles in Yankasa, Balami, Uda and
‘ ‘ ‘ ' ‘ ' WAD being 11.5, 3.9, 5.85 and 5.05, respectively, based

OarJMP58 0899 0318 0361 0063 0079 2325 . . .

on relatively small sample sizes. Higher numbers of
QarFCBT28 0782 0534 0593 0126 0187 2212 alleles may also be reflective of larger sample sizes used
OarfCB304 0901 0319 0339 0029 0033 2882 in this study. However, the values fall within the range
SRCRSP1 0.787 0251 0301 0066 0.046 2.263 . .
OaAEI29 0792 0355 0365 0059 0430 1653 Table 12 AMOVA design and results (average over 15 loci)

Source of variation Sum of Variance Percentage
OarvH72 0853 0171 0278 0129 0.142 2375 squares components variation
SRCRSPS 089 0406 0472 0111 0175 2914 Among populations 172808 0585 8739
MCM 140 0872 0428 0459 0055 0.069 2332 Among individuals 1432042 504 30545
OarHH 47 0825 0387 0436 0079 0211 2172 within populations
SRCRSP9 0857 0245 0320 0099 0.122 2.268 Within individuals 759.500 4.063 60.716
Mean 0846 0335 0394 0088 0.120 2.388 Total 2364.350 6.692
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Figure 1 Dendogram showing diversity and similarity among

Nigerian breeds of sheep.

reported for other sheep breeds. Arora et al [10]
reported values for observed number of alleles in the
range of 7 and 25 with a mean value of 13.96. The small
average number of alleles per locus in Uda and WAD
may be the result of a small number of founder animals
since the degree of genetic variability among these ani-
mals will be small even in the presence of crossbreeding
and mutation rates [32].

Different indices used in this study demonstrate the
existence of genetic diversity among Nigerian sheep
breeds. Variations in allelic richness were observed
across all loci. Mean values among the various loci ran-
ged from 3.66 in OarHH47 to 14.73 in OarJMP29, with
mean values of 8.63. Dalvit et al. [33] found similar
values of allelic richness with an average of 8.8, when
they analyzed 10 European sheep breeds. Measures of
genetic diversity based on allelic richness are considered
important in conservation genetics because marker-
assisted methods for maximizing the number of alleles
conserved have been shown to be effective [34]. Allelic
richness may be a useful indicator of a decrease in
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population size or of past bottlenecks [35]. It is also rele-
vant in a long-term perspective, as selection limits are
determined by the initial allelic composition rather than
by heterozygosity [36]. As noted by El Mousadik & Petit
[37] the often reported numbers of alleles per locus for
the whole population or averaged over subpopulations
are not comparable because of the much larger sample
size of the whole population.

Differences among populations are commonly quanti-
fied by the use of one of several statistics, including
Wright’s inbreeding coefficient (Fs7) and Nei’s coefficient
of gene variation (Ggr) [38]. The rather high level of
genetic variability in Yankasa is due to the fact that this
is the most numerous sheep breed in Nigeria [19]. These
values (0.658 to 0.902) are within the range observed in
other sheep breeds in other parts of the world. Arora
et al. [10] observed 0.594 to 0.922 for sheep breeds from
Southern Peninsular and Eastern regions of India. Values
for Italian sheep breeds are 0.761 to 0.805 [39] and
European sheep breeds ranged from 0.538 to 0.807 [40].
The observed heterozygosity values are generally lower
than the expected heterozygosity in all the breeds and
loci considered. The highest value of observed heterozy-
gosity in Yankasa could also be attributed to its large
number in Nigeria [19]. The results of Ggz analysis in
this study reveal that the proportion of gene variation
among the breeds is still low.

The Shannon index of Nigerian sheep breed in this
study revealed low species richness and evenness since
all the indices were below 3.5, the mark set for high spe-
cies evenness and richness [41]. This might not be un-
connected with the level of heterozygote deficiency
observed among this population, possibly due to the
management system [42]. Data collected within the
EU-ECONOGENE project on sheep and goat diversity
in marginal areas indicate the presence of significant

Balami

=

Balami Uda

Figure 2 Population structure assessed by Structure. Bar plot, generated by DISTRUCT, depicts classifications with the highest probability
under the model that assumes independent allele frequencies and inbreeding coefficients among assumed clusters. Each individual is
represented by a vertical bar, often partitioned into colored segments with the length of each segment representing the proportion of the
individual's genome from K =2, 3, 4 ancestral populations. Breeds are separated by black lines.

~

Yankasa

I

Wad Yankasa
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inbreeding in most of the breeds [7,43]. This is likely
due to poor breeding management of frequently small
herds, which leads to partial isolation and fragmentation
both at the local and breed levels [44].

Differences in the values of global Fsz; Firand Fis over
all loci considered in this study supports the suitability
of some microsatellite markers over the others in the
study of genetic diversity in Nigerian sheep breeds. Se-
lection based on estimated breeding values rather than
phenotypic merits can lead to the extensive use of a
small number of elite individuals in purebred livestock
populations, and could potentially increase inbreeding
[45]. It has therefore been suggested that breeds with
wide range of genetic diversity are needed in the future
for generating transgressive variation for quantitative
trait loci mapping and developing new genotypes for
particular management systems and market demands
[46]. On the average, within-breed heterozygote deficit
(F;s) was observed to be 33.5% whereas the total popula-
tion (F;7) exhibited 39.5% deficit with significant values
(p<0.05). Some investigations have reported relatively
low variability in local non-selected breeds, as is the case
of certain Nigerian [19] and Chinese sheep [47].

The relative higher genetic identity is probably due to
the continuous crossing between populations at least in
the recent past [48]. The AMOVA results revealed that
the greatest variation (60.716%) is within the individual,
30.545% among individuals within populations and 8.739
among populations which are consistent with Fs7 results.
Finally, the trend in genetic relationship between these
Nigerian sheep breeds is the same for delta mu square,
kinship coefficient and proportion of shared alleles.
Indeed, our recent molecular characterization of Nigerian
sheep using mtDNA sequences of the D-loop found 96
haplotypes, but only 5 haplotypes are common to all the
breeds [20], showing relatively divergent haplotypes within
breeds and geographical locations. This suggests that gene
flow has occurred on a regional scale at some time in the
recent past and that the breeds have not been subdivided
by long term biogeographic barriers.

Genetic structure of the populations

The closest genetic distance between Yankasa and
Balami at 0.184 and the farthest distance between
Balami and WAD (0.665) may be reflective of their geo-
graphical locations in Nigeria since Yankasa and Balami
are more of northern than southern breeds. This is fur-
ther confirmed by the greater genetic distance between
WAD and Balami observed in this study. These results
are supported by Adebambo et al. [19] among these
breeds. The pattern of differentiation revealed by the
matrix of Neis genetic distances and the tree topo-
logy reflected the evolutionary history, geographical dis-
tributions and the gene flow among breeds. Genetic
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structure of a breed at any time is the result of a balance
between genetic drift (founder effect and selection) and
gene flow [32]. WAD and Balami shared the highest
number of alleles while the least is between Yankasa and
Balami. However, the pattern of genetic distances
deviated from the morphological distances obtained for
the four sheep breeds. This may be related to varying
sensitivity of the two distance estimates, although both
methods were able to separate the southern WAD goats
from their northern counterparts. A similar finding was
reported in Ankole cattle [49] where the results of mor-
phological analyses were not in concordance with the
molecular genetic relationship results. The authors
attributed this to the fact that microsatellites loci are se-
lectively neutral whereas morphological traits are under
selection.

Results from the STRUCTURE analysis revealed that
varying the number of presumed ancestral populations
(K) produces clusters that are consistent with the
observed morphological categorization. The first level of
clustering (K = 2) reflects the presence of two clusters in
the four breeds examined and further evaluation
revealed a third strong cluster. This result suggests that
the four breeds originated from three ancestral popula-
tions which diverged as a result of several years of adap-
tation and domestication. Further evaluation of the
clusters revealed the presence of sub clusters and admix-
tures which are indicative of substantial gene flow be-
tween these breeds. WAD is the only breed with a
minimal case of admixture. This may be due to geo-
graphical delineation of the breed and the breeding prac-
tices of the owners of these animals predominantly in
the southern part of the country. Yankasa possess alleles
which are shared by the other three breeds and this is
consistent with the results discussed above.

The mitochondrial data showed a different relationship
in the neighbor-joining tree for the four Nigerian sheep
breeds [20]. In that tree, the first divergence was for
Yankasa breed, followed by WAD and later by Uda and
Balami. This can be explained by differences in the breed-
ing patterns, by the use of dams and rams in different
management schemes. The higher level of concordance of
morphological and mitochondrial DNA data could mean a
more ancestral relationship among the breeds revealed by
mitochondrial DNA that is maternally inherited. Differ-
ences found in the microsatellite data may indicate recent
crossbreeding due to geographical closeness among the
sympatric breeds, especially involving males from one
breed crossing with females of the other breeds.

Conclusion

Morphological and genetic diversity of Nigerian sheep
breeds is eroding gradually. These results suggest that
within-breed genetic variation observed in Nigeria sheep
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is more than between-breed and this variation could be
a valuable tool for genetic improvement and conserva-
tion. The higher genetic variability in Yankasa may mean
the presence of unique alleles reflecting the presence of
certain functional genes which may possibly be related
to better adaptability of Yankasa in more agro-ecological
zones of Nigeria. The higher level of heterozygosity in
this study provides the basis for further improvement
through selection of primarily Yankasa as well as the
other breeds.

Methods

Study area and population

Samples were collected across Nigeria covering all agro-
ecological zones from the arid North to the dense rain-
forest bordering the coast in the South. Nigeria is
located in West Africa on the Gulf of Guinea (latitude
10°00° N, longitude 8°00° E) with a total area of
923,768 km® (twice the size of California). Nigeria is
bounded by Niger, Benin and Cameroon Republics on
the North, West and East, respectively (Figure 3). The
protocol for the experiment was approved by the Institu-
tional Animal Use and Care Committee of the University
of Agriculture, Abeokuta (UNAAB), Nigeria. A random
sample of 402 sheep (132 males and 270 females) of the
four Nigerian sheep breeds [Balami — 133, Uda — 94, West
African Dwarf (WAD) — 52, Yankasa — 123] were selected
from cities and villages across the country. There is no re-
lationship between sires and dams of the animals sampled
since they came from different parts of the country. The
animals were reared in semi-intensive (323 animals) and
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intensive (79 animals) systems of management. They were
at least 15.5 months of age (2-tooth to 8-tooth age) and
where records were missing; age was estimated using den-
tition as described by Wilson and Durkin [50]. Body
weight (BW) (kg) and nine body linear measurements
(cm), namely height at withers (HW), rump height (RH),
body length (BL), ear length (EL), fore cannon bone length
(FCL), tail length (TL), chest girth (CG), chest depth (CD)
and rump width (RW) respectively were taken on each
animal, following standard procedure and anatomical
reference points earlier reported [24,28]. In addition,
5-7 ml of whole blood were collected from 384 sheep
of the four breeds [Balami — 106, Uda — 94, West
African Dwarf (WAD) — 52, Yankasa — 132] into hepari-
nized tubes from the jugular vein of each animal and
stored on ice before they were transferred to the labora-
tory for analysis.

DNA extraction, polymerase chain reaction (PCR) and
fragment analysis

DNA was extracted from 50 ul of whole blood using the
ZymoBead™ Genomic DNA Kit (Zymo Research Corp.
Irvine, CA, USA) according to the manufacturer’s
recommendations and DNA vyield and quality were
assessed using a Nanodrop ND-100 Spectrophotometer
(Nanodrop Technologies, Inc., DE, USA). The DNA was
amplified by PCR in a MyCycler Thermal Cycler
(Biorad, Hercules, CA, USA) using 15 microsatellite
markers selected from the FAO recommended list [51]
described in Table 13. The 20 ul amplification reactions
contained 2 pl containing 30-50 ng template DNA,
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Table 13 Microsatellite primer sequences that were used and their base lengths

Name Sequence Base length  Annealing temperature (°C)  Allele range (bp) Dye

1 QOarFCB193  TTCATCTCAGACTGGGATTCAGAAAGGC 28 54 96-136 6FAM
GCTTGGAAATAACCCTCCTGCATCCC 26

2 QarJMP29 GTA TAC ACG TGG ACA CCG CTT TGT AC 26 56 96-150 NED
GAA GTG GCA AGA TTC AGA GGG GAA G 25

3 QarJMP58 GAAGTCATTGAGGGGTCGCTAACC 24 58 145-169 6FAM
CTTCATGTTCACAGGACTTTCTCTG 25

4 OarFCB304  CCCTAGGAGCTTTCAATAAAGAATCGG 27 56 150-188 6FAM
CGCTGCTGTCAACTGGGTCAGGG 23

5 OarAE129 AATCCAGTGTGTGAAAGACTAATCCAG 27 54 133-159 6FAM
GTAGATCAAGATATAGAATATTTTTCAACACC 32

6 BM8125 CTCTATCTGTGGAAAAGGTGGG 22 50 110-130 VIC
GGGGGTTAGACTTCAACATACG 22

7 OarFCB128  ATTAAAGCATCTTCTCTTTATTTCCTCGC 29 55 96-130 VIC
CAGCTGAGCAACTAAGACATACATGCG 27

8 OarCP34 GCTGAACAATGTGATATGTTCAGG 24 50 112-130 vIC
GGGACAATACTGTCTTAGATGCTGC 25

9 QarVH72 GGCCTCTCAAGGGGCAAGAGCAGG 24 57 121-145 VIC
CTCTAGAGGATCTGGAATGCAAAGCTC 27

10 OarHH47 TTTATTGACAAACTCTCTTCCTAACTCCACC 31 58 130-152 VIC
GTAGTTATTTAAAAAAATATCATACCTCTTAAGG 34

11 DYMSI AACAACATCAAACAGTAAGAG 21 59 159-211 NED
CATAGTAACAGATCTTCCTACA 22

12 SRCRSP1 TGC AAG AAG TTT TTC CAG AGC 21 54 116-148 NED
ACC CTG GTT TCA CAA AAG G 19

13 SRCRSP5 GGA CTC TAC CAA CTG AGC TAC AAG 24 56 126-158 NED
GTT TCT TTG AAA TGA AGC TAA AGC AATGC 29

14 SRCRSP9 AGA GGA TCT GGA AAT GGA ATC 21 55 99-135 6FAM
GCA CTC TTT TCA GCC CTA ATG 21

15 MCM140 GTT CGT ACT TCT GGG TAC TGG TCT C 25 60 167-193 NED
GTC CAT GGA TTT GCA GAG TCA G 22

2.0 yl of each primer, and 16 pl nuclease free water in a
AccuPower TLA PCR Premix containing NTPs, MgCl,
and Taq DNA polymerase (Bioneer Corp., Irvine, CA,
USA) using annealing temperatures shown in Table 13.
PCR protocol was as follows: denaturing at 94°C for
5 minutes, 35 cycles of amplification at 94°C for 30 sec-
onds, annealing at annealing temperature of marker for
30 seconds, extension at 72°C for 1 minute, final extension
at 72°C for 5 minutes and held at 4°C until analysis. PCR
products were separated by electrophoresis in 1.5% agar-
ose gel stained with 0.5 pg/ml ethidium bromide. Electro-
phoresis was carried out at room temperature for 1 hour
at 100 volts using a Bio-Rad Power Pac” electrophoresis
apparatus (Biorad, Hercules, CA, USA). The resulting
amplified bands were visualized with UV light and photo-
graphed using the Alphalmager” 2200 gel documentation
and analysis system (Cell Biosciences, CA, USA), and were

scored using GENEMate Quanti-Marker 100 bp DNA lad-
der (BioExpress, Kaysville, UT, USA).

DNA fragment analysis of microsatellite markers was
carried out using the Applied BioSystems 3730x] DNA
Analyzer (Applied Biosystems, Carlsbad, CA, USA) at
the Cornell University Genomics Core Facility. Gene-
Mapper Software version 3.0 [52] (which combines the
functions of GeneScan and Genotyper software in one
convenient package) was used to generate microsatellite

genotypes.

Data analysis

Means, standard deviations, standard errors and coeffi-
cients of variation were computed for all the traits mea-
sured using the GLM procedure of SAS statistical
package [53]. Sources of variation in the linear model
were breed, sex and system of management. Multivariate
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analysis [discriminant analysis] was employed to investi-
gate morphological structure, and quantify differences
among the sheep populations. Stepwise discriminant
analysis was performed to gain information about the
most important traits in separating the four sheep
breeds using the STEPDISC procedure. These most im-
portant variables were then subjected to canonical dis-
criminant analysis using the CANDISC procedure to
derive canonical functions and estimate Mahalanobis
distances necessary for the differentiation of the sheep
populations. The ability of these canonical functions to
allocate individual sheep to its original breed was calcu-
lated as percentage correct assignment of each breed
using the DISCRIM procedure (Nearest Neighbour Dis-
criminant Analysis with Mahalanobis Distances) of the
SAS statistical package. Microsatellite Analyzer (MSA)
version 4.05 [54] and GENEPOP [55] were used to gen-
erate genetic diversity parameters.

A model-based Bayesian clustering analysis was used
to infer population structure and the level of admixture
in the sheep breeds implemented in STRUCTURE v2.3
[56]. The STRUCTURE algorithm assumes K popula-
tions, each of which is in Hardy-Weinberg and linkage
equilibria and characterized by a set of allele frequencies
at each locus. Analysis was performed with a burn in
length of 20,000 followed by 100,000 Markov chain
Monte Carlo iterations for each of K=1 to 6, with ten
replicate runs for each K using independent allele fre-
quencies and an admixture model. Results across ten
runs at each K were compared based on similarity coeffi-
cients (SC) as previously described [57]. The breeds were
assigned to wide clusters based on major ancestry and
submitted to a second round of STRUCTURE analysis
performed within each wide cluster.
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