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Abstract e ey

Genetzc dzverszty among seven Yanzanzan goat populanons (Ujifi, Sukuma, Ugogo Maasaz Mbeya.
Newala-and Coastal-goats) was investigated by determining polymorphisms at 19 microsatellite DNA
loci. West Afvicar Dwarf, Tswana, Landim and Toggenburg were included to serve.as reference breeds.
Among the ‘Tanzanian populatzon.s mean number of alleles per locus' was hzghest (6.26 + 0.670) in
Suliimi and lowest (ER 74 +0; 5 45) in'Newala. Gene dtverszty ranged [ from 0. 553 0. 036 (Newala goats)
10 0646 +°0. 028 (Albeya goats). The coefficient of. gene di ifferentiation (Gsz)* Yindicated that 3% of the

" genelic dtverszty inall populations was due io differences between the populations. The genenc distance
values rangéd from 0.068 (between Sukuma and Ugogo goats) 100.2178 (between U]t]t and Couastal
goats). The neighbour-joining dendrogram constricted 10 show populanon relanonshtps mdtcated that
the Tanzanian. populations were separated from_the ‘populations used as reference breeds The
dendrogram revealed three, sub-Clusters of the Tanzantan populanons Coastal and Maasai goats
Ugogo and Ujiji goats, and Sukuma Mbeya and Newala goats. The pnnczpal ‘component analyszs
separated the Newala goats from the other Tanzanian goat populanons "It is concluded that the level of
genetzc varzatzon within the’ goat populanons was,, reasonably high and there was no szgmﬁcant
di ﬁ"erence between the populatzons with respect to the number ofalleles and the level ofheterozvgostty
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Intro’ductlon T o ‘ terms of colour, ear type and body size can be
A ” § . .observed among the-goat pbpulatlons found in
he 1nd1genous goats of, Tanzama belong to the _ different parts of the countrs The different goat

‘Small East’ Afrlcan goat type which is the populations are, narned,after communities keep-

most \Imdespread group'in Eastern Africaand”
some parts of central and southem Africa (Mason,.
and Maule 1960 Epstem, 1971) Although all the
Tanza man indi genous goats are presumed to’ be-
long to oné major group; con51derable varlanon in

.
o LA

"Corresp'ondixlg author '

ing them (e.g. Maasai, Sukuma. and Ugogo) or
. locatigons where they are reared (e.g. Ujiji and
Newala) It is not known whether this naming re-
flects dlstmct genetic entities (breeds or strams)

", or. populatlons that are genetlcallv 51m11ar but
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30 S.W.Chenyambuga ef al.

have Leen. grven d1fferent names, in drfferent
places ‘Earlier attempts to charactense these ani-
mals based on morphological characters (Mason
and Maule, 1960, Epstein, 1971) did not classify

them into distinct breeds or strains due.to.the cons, ..

siderable variations observed among and within
the populations. Furthermore .the history of the.
different goat populatlons is not well documented
and thus the extent of genetic differentiation .
among these populations and their evolutlonary

relatlonshlps is not well known. Yet their ex1s- “

tence is threaténed by replacement or uncontrolled
crossbreed1ng with exotic ‘breeds (espec1ally
" Toggenburg, Saanen, Anglo-Nubian and Boer:-

goats) asa result of pressures for increased animal
production for economic development. The

phenotypic traits used in the classification.of goat
breeds (i.e. ear length and type, horn type, func-
..ti,on) (Mason and Maule, 1960, Epstein;*197.1)
' cannot indicate their.genetic.distinctiyeness as. .
well as their.evolutionary relatlonshrps because »
¢ they have not been deliberately. selected for partlc-
, ular functions and. there is no pedigree informa-,

\ Matertals and Methods

SAZAR w2 AR 11 ./.f“\

:‘P,opulatlonds ssampled an,dv:DNgX‘é}g‘rt:r_a_ctfdn
Blood samples were collected from seven Tanza-
nian goat; populations. The-populations sampled
with the number of animals per-populations in
, bracket were-as. follows ;Ugogo.(48). Maasai
(50), Sukuma (48) Newala (50), Mbeya~(48)
. Ujiji (48) and Coastal goats (48). Three:African
breeds (West Afncan Dwarf (40) Tswana (40)
(Toggenburg (24)) were also sampled to se'r'v'e as
reference breeds For each populatlon approx1-
mately equal numbers of females and males

three v1llages (approx1mately 15 km apart) per
district were selected for sampling.‘Ingach Vil-
lage, six'to ten animals were sampled from two

% toifour-flocks of-farmers' (approximately:2 km

»apart): I’ order to avoid sampling related indi-
“ividuals. farmerswere asked about the origins
and familial- relatlonshrps of-the animals in;their
.. flocks: Blood was collected by Jugular-vem .

. tion. -Fortunately, recent advances i in the develop- .- puncture using 10 mL EDTA tubes. DNA:was
\

ment of nuclear DNA markers,.in partrcular

extracted from penpheral blood lymphocvtes)us-

mlcrosatelhtes have a]]OWCd the detemunatlon Of ‘_ lng a phenol_chlorofom procedure of Sambrook

the extent of genetic differentiation between i
closely related populations (Bruford and Wavne.
1993 Saitbekova et al. 1999) and the reconstruc-
tlon of evolutJonary relatronslups of contemporary

populatrons wrthrn a specres (MacHugh et al.,

. 1997) The information on population dtfferentla- -
tlon “and’ evolutJonary relatlonslup is used to indi-

cate ‘the genetic tmiqueness of breeds within a spe- -
cies. The genetic uniqueness of the breeds can act
“as an initial guide to objective and rational deCi-
sion-making in the choice of populations for con-
" servation and sustarnable ufilisation (Barker,

"'1994) before other data'(e. g .ecohomiic valu€s or

adaptatlon to speclﬁc env1ronment) become avall-
“"able or can be useédin combrnatlon With such data

S cgu oot RO E: A

" iThé obJectrves of’thrs'study~were to 'examme i

~the genetic variation within populatlons ‘the extent™”

“of populatron differentiation‘arid the evolutlonary

“ relationships of indigenous goat populatrons in”

Tanzania by determining polymorphisms at 19
+ microsatellite loci-across the genome.

etal. (1989) N iz‘\?‘

Mlcrosatelllte markers, PCR con d1t1ons
and fragment analysrs ' s

_ N1neteen (19) mlcrosatelllte markers we're
chosen for mzdy51s the markers and the1r char-
acteristics are shown in Table 1 Three markers
(ILST8005 JLSTS011 and MAF 065) were typed
. at International LiVéstock Research Institute
" (ILRI), Nairobi, Kenya using the 377 ABI
(PERKIN-ELMER) automatic DNA sequencer
and the remaining sixteen (16) markers 4 were
[typed at the Unjversity of Liverpool. usmg the
420(3) LIt COR (MWG BIOTECH) automat1c
DNA s[equencer PCR amphﬁcatJon was done in
a total Volume of 10, ) uLona PTC 100TM thermal
cvcler (MJ Research Inc.,). Each PCR reactlon
contalned 20 ng template DNA 0 2 mM of each
pnmer 0 2 mM of each dNTP PCR buﬁ’er ( 100
" mM Tris-HCI (pH 8.3), 50 mM KCI 2 0 mM
MgCl,, 0.01% gelatin. 0.25% Tween 20. 0.25%
Nonidet) and 0.5 units of 7ag DNA polymerase
(Promega). All amplifications included an initial
denaturing step of 4 min at 95°C. followed by 35
cycles of 45 sec at 94°C. 1 min at the annealing



temperature (shown in Table 1) and 1 mrn at 72°C.
Final extensron was for 20 mm at 72°C The PCR
products were electrophoresed on a 6% or 4 25%

denaturing po}yacrylamlde gel uslng 4200
LI-COR (16 markerjs) and 377 ABI (three mark-
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Microsatellite fragments were, analysed usrng the
Gene ImagIRTM (for’ the 16 markers
electrophoresed usmgfthe £200L1 COR) nd_
Genescan analysrs “and Genotvper ™ (ver 2 O)
softwares (for the 3 markers electrophoresed s

ers) : automatlc DNA sequencers respecu?fsell};‘ e mg the 377 ABI) SR r Ty WEIY
Como e o7 v >§T 25 P SR ,‘I:
Tahle 1: ‘Mlcrosatehte markers studred and théir: c’haractenstlcs ’ R O L S IR N A
: 7843 S g i IETEST Ry "ll 97'"—’ Vu LTS v AT Tt G e ERXIN
Locus- 75 Ciromosomd’ Pfiter 3eq sequences 1 e (°8e i3 Annealing Number fof -
R (PO s - NP P 0 LTS & !J"i! T AL te‘m{p."C ..+ _.alleles in all
, T AT I IR R N P Rar A s T - populatron.s
.J"'a’,. - BN SRR IR .
BMI8I8} £ht¢:23/\s S0y » 7.7 ZF:AGCTGGAATATAACCAAAGG . ST AN &
R-AGTGCTTTCAAGGTCCATGC ‘ o SR s
) RS WA
BMC1222 13q12 > F—CCAATTTTGCAGATAAGAAAACA . S5, 4 104
‘ R-CCTGAGTGTTCCTCCTGAGT ' e
. BMS357: 7o+ Utknowni'/ © E-TCTGBAGCTTGCAAAAGACC 8. . 13.;
. L ..o~ ,R-AATGGATGACTCCTGGATGG,, .
3! \.J LAY tie, . e N o
BMS1494 e ,_ugl_gown F-TCTGGAGCTTGCAAAAGACC -, 55 7
oS vy v - - RCCAAATAATTGCTGGTCAGG ’ -
ALSTSO0S?DI a10; 7« » ~'F.-GGAAGQAATGA-AATCTATAGCC 55, 14
f 0w s et v RTGTICTGTGAGTTTGTAAGE, | L .
ILSTSOITY +°3i14 7: § 326" F-GCTTGCTACATGGAAAGTGC 554 e 12
w96 . ci&. . U R-CTAAAATGCAGAGCCCTACC Mot B e
ILSTSGI78 s .Unknown™*: F-GTCCCTAAAATCGAAATGCC . 7 sl a4
G eaf D0 o St R-GCATCTCTATAACCTGTICC 7 B v ~iipo 0 60
JLSTSO44 77} 1 Unikflown < F-AGCAGACATGATGACTCAGC + ~~ ~ ™" w7 7is7 % ob 11 7,
T DL N L R-ACATGTTGTATTCCAAGTGCs. ik sy, " 3 S S
1LST§08’7‘31’-5 . UtKnown' '~ F-AGCAGACATGATGACTCAGC =% .Ti7 . 580 ° “177 40 ~
. .. . ., ‘. RCTGCCTCTTTTCTTGAGAGC . Woar s - TR
 INRAOOS - 1277 ~ F-CAATCTGCATGAAGTATAAATAT - - 7R
L S ,-  ~R-CTTCAGGCATACCCTACACC  \¥ixr a4 . "2 uda ™
INRAOGS 18qiz~~ ' F-ATTTGCACAAGCTAAATCTAACC * - S TWss w5
B - . R-AAACCACAGAAATGCTTGGAAG; G Tl A e TR
INRAI32 ° 23 * F-AACATTTCAGCTGATGGTGGC © ' 57 Ruig T
A - R-TTCTGTTTTGAGTGGTAAGCTG ! R R
MAF035 . Unknown  F-TCAAGAATTTTGGAGCACAATICTGG " 55’ S
X v R-AGTTACAAATGCAAGC‘AT"CATACCTG e o
/ i - . R
MAFGes s F-AAAGGCCAGAGTATGCAATTAGGAG .50 15
L f " L o R- CCACTCCTCCTGAGAATATAACATG NEEE T
- RS URINE & o
MAF 209 - 17 | " F- GATCACAAAAAG’ITGGATACAACCGTGG 57 9.
AR 1 b J. o R - B
P TP R TCATGCACTTAAGTATGTAGGATGCTG . ?
T VIRV SN : > . #) o
OaraE129 T F- AATCCAGTGTGAAAGACTAATCCAG . 58 13,
I e R T | )
O R-GFAGATCAAGATATAGAATAT‘T’I‘F’ICAACACC :
Ya o A and g AR SR TR SR oLt N
OarFCB304 .. Unknown  F- CCCTAGGAGCTTTCAATAAAGAATCGG U 23
T R- CG(,'IGCTGTCAACTGGGTCAGGG e
SRCRSPI3 10436 . F-CGGGGATCTGTTCTATGAAC .o ET 6
Y S R-TGATTAGCTGGCTGAATGAATGTCC R
SRCRSPOG?- 6, F-TCTCAGCCACCTTAATTGCTC, 87, s

~

[V

R-GTCAACASTCCAATGGTGAG

5
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,1cal analyrses o

Est1matlons of average observed and. expected
heterozygosmes as, well as test for dev1at1ons from
Hardy-Wemberg equ111bnum (HWE) at each locus
for each populat1on and for all loc1 and popula-

tions were done by use of GENEPOP package'
(Raymond and Rousset. 1995a). Unbiased esti-

mate of expected heterozygosity (h) were calcu-
lated as h = 2n(1 - Zxi?)/(2n-1) (Nei, 1987) where
xi is the populat1on frequency of the i™ allele at a
locus and n is the number of individuals sampled
Deviations from HWE were tested in two ways

(a) for each locus per population by an exact test™

mult1var1ate techmque and 1nvolves a 11near
transformatlon of the observed allele frequenc1es
:mto anew set of vanables (pr1nc1pal components
.(PC)) ‘in geometnc terms a rotat1on of the coor—
d1nates The PCs are ortho gonal and therefore
uncorrelated {6 each Sther® The first pr1nc1pa1
..component (PCl) of the gbservations accounts
for more 1nformatlon than PC2 and PC2 more
than PC3 The ﬁrst three PCs are the most: 1nfor-
mative, and in the present study. they were plot--
ted on a scatter diagram to allow visual inspec-

: thIl of the relatlonshlps of all populat1ons

using Guo and Thompson’s (1992) Markov chain* * RCSllltS and DlSCUSSlon1 oA

Monte Carlo algorithm and (b) for all loci and ~

populat1ons using Fisher’s method in- the'

GENEPOP package (Raymond and Rousset, "

- Genetic drvers;ty within the populations -

""" Tig ‘estimates of population genetic diversity '

1995b). Genetic diversity between populat1ons ' were baseéd-on-a-set of markers with a total of 5
(coefficient of gene differentiation, Gsr) ‘(Nei,' ™ to 23-alleles per locus (Table 1). This level of
1973) and Nei et al. s (1983) angular genetic dis-: i polymorphismi is considered sufficient. forge-

tance (Da) were estimated using a DISPAN
programme (Ota, 1993).

The Gsr was calculated as Gsr = Dst/Hr (Ne1
1987) where Dsr is the average gene diversity
between subpopulations and Hr is the gene

diversity in the total population. The Gsr is a
drift-based measure of population differentiation

and was considered to be more appropriate for this
analysis because genetic drift is said to be the

main factor in genetic differentiation among |

closely related populations (Weir, 1990).

The Da measure of genetic distance was calcu- .

lated as follows, Da = 1/rE(1-Zxiyii) (Nei 1987) ..
where x;; and i are the frequencies of the i allele ;

" netic characterisation of breeds in order to re-
duce the standard error of the distance, estimates

“(Barker, 1994). Table 2 shows that, among the

Tanzanian populations, Sukuma and Coastal
goats had the highest (6.26) mean number of al-
leles per locus while the Newala goats had the
lowest (5.74). The average observed
heterozygosity-ranged from 0.455 in Newala
goats to 0.542 in.Ujiji goats. The average ex-
pected heterozygosity was-lowest in Newala
goats (0.553) and highest in Mbeya goats
(0.646)..The mean numbers, of alleles per locus
-and gene d1vers1t1es (expected heterozvgos1t1es)
in the present study indicate a relatively h1gh

at the j™ locus in populations X and Y, reSpec: 3 )level of genetjc variability ‘within all popula- '

tively, and r-is the number of loci. The Da measure ,
of genetic distance was selected due to its superior -
performance in phylogeny reconstructlon when

using microsatellite data (Takezak1 and Ne1 4

1996).

' The neighbour—joining (NJ) methodology '
(Saitou and Nei, 1987) was used to construct the .
phylogenetic tree of population relat1onsh1ps from ‘x

the genetic distance matrix using the DISPAN

programme. Bootstrap resampling (1000. rep11- -

cates) was performed to test the robustness of the
topology of the tree. In addition, a pnnc1pal com:’

ponent analysis (PCA) (Manly, 1986) was camed °

out using the XLSTAT programme (Fahmy,’ 2000)

to determine population-relationships based di-”

rectly on the allele frequencies. The PCA is a

t1ons The values.are comparable to those ob-

" ,served in other ‘African goats (Chenyambuga,

2002) and in Afr1can cattle (MacHugh et al.,
1997 Okomo et. al 1998). The DArrow range of
the values for both the number of alleles per-lo-
cus and gene d1versrty may be due to a recent
separat1on from the ancestral population coupled
w1th contmuous m1x1ng and interbreeding
among ‘the populat1ons For the past three de-
cades some commumtles especially the Maasai
and Sukuma have been migrating from one
place to ‘anothér i in search'of grazing land This
~'has caused m1x1ng and interbreeding among goat
populatlons “thus homogems1ng the level of the
enet1c ‘divérsity in vanous populations.
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Table 2: Within population genetic variability and test for deviations from HWE at19 mlcrosatelhte lociin
indigeous goats of Tanzania and four reference population - :

" Population Mean number of alleles Average observed Average expected Number of loci.
. per locus heterozygosity heterozygosity Deviating from h
Sheae e TR fprglt :

- = LU N i s — - t-§i€~ = - - - -zses-  ~- - HWE- --—--

Tanzanian

Populations ‘ -

- Coastal i 62620425 0.481 + 0.042 0.627 + 0.036 13

Ugogo 40 595 = 0.527 0.507 = 0.042 0.630 = 0.042 14

Usiji T16.16 = 0.520 0.542 = 0.040° 0.642 + 0.032 12

Maasai 595+ 0449 0.485 + 0.039 0.595 + 0.040 12

Sukuma 6.26 = 0.670 0.524 = 0.040 ° 0.624 = 0.044. 10

Newala .. T 574:0545 0.455 + 0.037 '0.553 0,036 12

Mbeya 6.21 + 0.487 0.541 = 0.039 0.646 = 0.028 13

» Reference breeds ) .- ‘A)

Tswana 6 53 :0.574 0.518 = 0.044 0.633 = 0.034 11

Landim =~ 6.21 £ 0.629 0.524 + 0.045 » 0.610 = 0.048 10

WAD .16.32 + 0.483 0.550 = 0.053 - 0.621 = 0.048 12°

Toggenburg J..5.11: 0442 0.504 = 0.063 0.595 = 0.057 8

For all loci and all populations genotype propor-
tions. 51gn1f1cantly deviated (P <0.001) from
HWE expectatlons (Table 2). The h1ghest number
of Toci dev1at1ng from HWE was. _observed in

Ugogo goats, 14 Toci out of, 19 loc1 deyiated from -

HWE. The 51gmf1cant dev1atlon of genotype pro-
portlons ‘from HWE expectatlons observed in, all
populatlons may be duc to, populatlon admixfure
effects. The geographlcal prox1m1ty ‘of some of the
populatlons ‘and the movements ‘of Some of the
pastoral and agro-pastoral péople’ could have fa-
voulred the mixing of the different goat popula- -
tions. However, the deviation from HWE may be
duei toinbreeding in some of the populations as
uncontrolled mating is very common in most tra:
ditibnal flocks. Thie deviation from HWE also can
be caused by presénce of" expenmentally ‘undé-
tected alleles (null alleles). However, it should be -
remembered that in a genetic survey like this
where there are no pedlgree information, it is not
possible to determme which factors caused the de’

< viations: A non-compliance with HWE observed
in this study only means that-at leastone of the
. assumptions for HWE-(i.e’ large population, ran-
«-dori:mating, with n6 mutation, “selection ‘and mi-
granon) did not hold for the populatlons studied.

S

+ —

Genetlc dlfferentlatlon and relatlonshlps be—
. tween populations _ - _..
The gene differentiation coefﬁc1ent (Gsr) re-
_vealed an overall differentiation of 12.9% be-
tween the populations (Table 3). However, by
excludmg the populations from outside Tanza-
--nia; the proportion of genetic diversity due to be-
tween population differences dropped to 7. 2% of
the total genetic variation, the remaining 92. 8%
corresponded to differences among individuals
within the populatlons indicating that the extent
of -differentiation among the populations is low.
The. low level of genetic differentiation is proba-
__bly due to intermixing and interbreeding among
“the goat populations as communities keeping

7

- --~them intermingle.
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Table 3: Estiinates of genetic differentiation at each locus

Microsatelite” - Ke N : T Ger
Locus = (All populait‘.ions) (Tanzanian populations)
BMI8I8 0.114 - o R/ Y -
BMC1222 0.11 0.087
BMS1494 0.107 0.026
BMS357 0.099 - #0-Re 20,081
ILSTS005 0.124 . L 10.049
ILSTSO011 " Lo 016 .. 0.135
ILSTS017 . e 0079 . . - ¢ 0.038
ILSTS044 o ) 0.169y 2 ‘ 0.039
ILSTS087 b 0.068 .. N -0.082

: e N X TN
INRAOOS 0.071 0.058
INRAO63 0.077 0.063
INRAI32 T 0.052 " o B TT0.024
MAF035 0.736 1 - 2T 10028
MAF209 " o111 e 78 17.00.034
MAF65 i 0.15 ' Y 7770133
QarAE129 0.069 0.041
QarFCB304 0.087 0.034
SRCRSP003 0.094 0.084
SRCRSP007 0.136 0.138
All'loci 0.129

GST = coefficient of gene differentiation

Among the Tanzanian populations, the small-
est genetic distance, Da, was found between the
Sukuma and Ugogo goats (0.068) and the highest
distance was observed between Ujiji and Coastal
goats (0.2178) (Table 4). The neighbour-joining
(NJ) tree constructed from the genetic distances to
represent therelationships among the populations
(Figure 1) indicated that the Tanzanian popula-
tions were separated from the populations used ‘as
reference breeds.. Among the Tanzaman

0.072

populations, three sub-clusters could be 1dent1-
_fied from the tree. The first sub-cluster consrsted
of the Coastal and the Maasai goats, The second
sub-cluster was made up of the Ugogo and Ujiji
goats. The third sub-cluster had the Sukuma,
Mbeya and Newala goats with Mbeya and
..Newala goats berng more closelv related. The
bootstrap values (number of trmes a node was
observed in 1000 rephcates of resampled loci) -

Coasta]

N for the tree ranged from 20% to 69%
: ?f‘.

PRI

Figure 1: Unrooted nei
other African
obtained after 1000 rephcatrons of resampled loci).

N

ighbour-joining tree showing genetic relationshi
goat populations and one European population

Land in

ps of seven Tanzanian

goat populations and thr
(numbers at the nodes o, oo o

are percemage boostrap values
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Tahle 4 Nei’s DA genetlc distance matrix for seven Tanzanian populatlons and four reference populatlons

- EEREPEEITS O Tl it - . LA e yir s o 0 i DA
LT - + ’ col Lt - ' CaT ker S
Tsw___ Tog Lad Cos Ugo: * "Uji”  : Mas " ° Suk: > % Néw. 7 NMby™L
Tsw . —V1‘; ,.‘{ . . _ . : ; . - .2V Al 3~ - s N
Tog  0.195 . - 0
oo Lad - 70133 0189 < : s .
o iCos'il 10221t 0.265 "..0207
Ugorn.¢ 0204 0254 0217 -* 0.098 .
- Ui, 10v0.198, 0236 30226 ~ -0218 . 0.070
o Mas. . 0221, 0279 0213 < 0094 0075  0.097 ;
Suk 0192 0227 ..0.19. ., 0120 0068 0095  0.094
_»Ne{v 0199, 0302 0180 ' 0165 _0.141 0081  0.146  0.125
L Mby T 0061 (0261 0.180 o‘.o99 0074 . 0107 0.100 . 0079 ° 0.100
WAD W5'iea' T 0222 0284 0215 0192 . 0185 0216 0196 0296  0.198

N T dse

Tsw Tswana, Tog Toggenburg, Lad-La.ndrm Cos Coastal, Ugo Ugogo, Uji- U_|1_|1 Mas Maasai, Suk- Sukuma, New-

B SN

Figure 2 shows the PCA plot constructed using
the first three:principal components. In the PCA
plot; the Newala goats were separated from the
other Tanzanian populations while the Ugogo,
Maasai, Coastal and Mbeya goats were grouped
together and the U_]l_]l and Sukuma goats were
more closely related. Unlike the NJ phylogenetrc
tree, the PCA plot separated the European breed
(Toggenburg) from the Afncan breeds Among the

k]

v

~ PRI

'

©

Newala,vMby - Mbeya,’ WAD'-West African Dwarfr

\ e

Afr1can breeds the WAD was well separated
from the others and the Tswana and Landlm
were sllghtly separated from each other ‘and from’
.the Tanzaman _populations. The first, second and
thlrd pnnc1pal components: accounted for 19, 17
cand 13% of the total vanatlons and in total 10
pnncrpal components,were requlred to account
for all the variations.

PN [T S S
W LT AR
ner RN ’
R SN T VIR
oA el BT :
. - Toggenburg L
RS AR I O
s Ve
h Y Ny N . 0 -
I € Vgl oo )
N . (IR
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Figure 2: Three-dimensional PCA plot shiowing the genetic relatronshrps of seven Tanzanian populanons and three
lations and one European population. The PC 1, PC2 and PC3, accounted for 19,17 and

other African popul

13% respectively, of the total variation in the allele frequéncy data.’

/



36 S.W.Chenyambuga ef al.

The two methods of graphrcally representrng pop-
ulation relationships, the neighbour-joining
dendrogram and‘PCA ; indicate that the PCA plot
revealed better the genetic relationships of the
populations than the _neighbour-joining _
dendrogram. This is in agreement with the finding .
of MacHugh'ez al. (1997) who reported the PCA.

using microsatellite allele frequency data, to be a
more powerful tool than the phylogenetic tree for
revealing the underlying evolutionary relation-
ships of cattle populations from Africa, Europe

and Asia. In the present study the pattern of popu- '

lation grouping was according to expectatrons in
the PCA. The European breed (Toggenburg) was

ation of Commonwealth Universities Scholar-
ship Commission. We also thank scientists/tech-

" nicians who assisted in samipling of the reference

goat populations in different countries men-
troned in this paper oL
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