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Genetic diversity,among seyen-Tanzanian goat population<; (Ujiji, Sukuma, Ugogo, Maasai, Mbeya, 
Newalaand Coastal-goats) was investigated by determining polymorphisms at 19 microsatelliteDNA 
loci, 'West African Dwarf Tkwana, Landimand Toggenburg were inCluded to serve as reference breeds, 
AmiJng!fhe'lTaniaiiianpopUlation<;, mean number of alleles per locus'was hfgHest(6.26 ± 0:670} in 
Sukiirfta and 16lJe5,tr5~ ,74 ±O,545} in Newala, Gene diver~ity ranged from 0.553 ± ''0,036 (Newata goats) 

, ~ , . ", ........, 1\' • , 'C+'. " t ~. " . 

to 0,'64'6 ± '0"02~ (Mbe'ya 'ioats/' Tfie coeffiCient of gen~ differentiation (Gsr/indicated that 'f3%ofthe 
, genetic diw?rsitY iii all jJojJUlaHons was due io diffirence,~betWeen the populations, ~ genetic distance 

, . . " - , . .' - '" " ,..,. , ',' I 

values ranged from 0. 068 (between Sukuma and Ugogo goat.s) to' 0.2178 (betWeen Ujiji and Eoastal 
~ . ..... , . ,,' ~, :". ,. ' .. ' :. . .'. ~. ~, ' 

goats). The neighbour-joining dendrogram con<;tritcted tp shoW jJopulafionre(dtion.ship~indicated that 
the Tanzp,n~an .populations were sefX1rat~d from. the' populCltioY/s ,userj a,'i refereYlfe, breed5,,:. The 
dendrogram 'reVealeej three, sub-Clusters: of the Tqnzar;;£qn, Populations:' C.oas~al ariii,Maasa~goa(.s', 
Ugogq,c;rnd f!Jiji goats" a,nd ~~'ukum,a~ lyfbeya and NeWala. goat~\ The princiw.l:component analySiS 
sep~raied t~ Ne.J!'ata goatsfrom. the; c:.ther ,{a,nzanlpn ~O[lt POpU'f~~ns': It is c,o,,!cluded t'!at' the ,17~el of 
gene,tic variatipn; within, thr' goat populatiplJS wqs;:reasonably high and there was' no ,signtfica,nt 
diffo;ync.e 8~f.!:e~fI thtf.f!O~lqtiQ,il:s; wt{~r~:sye,~( to the nU,mher of alleles and the level ofhet~rOiYlJOSity." 
Key iW?r~s:~'genetic,d~~ferentiation, ,microsat~lIites;T~nzanian 'goats' .!"!,,~ r ,', 

I',! , I i (~ t" .'. , • i ,_ ,1'- _~ ~ .l. . .• 

:-"~ • i 4 --r, ".. ;. ~ , ""' : ! -:::!., , ' , . ., , \ ~, 

Intro;ducti6n' ..: : . -:, " '-, . terms of colour, ear type and body size can be 
, ·:1.", ,:' '?',,<,-.:.: ; :'".' ... ';tobs~r:ved,ap1Qng~he,goatPpPulationsfoun.din 

T hr mdlge;~9~ g~at,s of, Tamarua belong ~o the. different parts of the ~ol}J.ltry, The different goat 
SF~!l,F;~s~j\~r~c:~n goat ty~~ ~hlC~.lS the.. pop!ll~tions ~r,e. na~ed ~ter,c~mmuni~ies keep­

most,rii:lespr~ad group,'i{l E~stern ~frica-and ing them (e,g. Maasai, Sukuma. and Ugogo) or 
some pru:ts of central andsouthem Afnca (Mason. locations where thev are .reared (e,g, Ujiji and 

, ,. . (1" , .' . :'.. , !. ~ ,.' • ....' "'. ' 

and Ma,ule,J 96q;, Epst~m; 1,~71). Although all the .. , Newala), It is not known whether this naming re-
Tanzah~an, in~~g~QO,U,S go~(~ ,are presumed t~' be- ' 'rie~ts distinct genetic entities (breeds or 'strairis) 
long \d6Q(~iljor group; considenible'"ari*ion in 0; ,pop~lations that are geneticaliv similar b~t 

I. /' ". ' "" ", . ,', " - " 
," 'Co, 

*Correspondirtg ililthor' ":,'" 'TamaRia J.Agric.Sc.(2()02) V~1.5 Nol,'29-38 
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30 S.W.Chenyambuga et al. 

haver.been,gh:en~ifferent,n~1lles,~I). d,if~~r:~p.t- Materials,and Methods " f 

plab~~:;Eaiii(ir"atterl1pts to;c'lliinkterise)he~e' a}li- : ~I:~\ '<?k ':,1\.' ... · '~':"'" ': .. , " ;.' (~ ~:n~ . I;~\ 
mals based on morphol'6'giCal char'ct~rS' (Mason) ;,P.(il)Uhltio~~lsaJnpl¢'d ap:(i,;JJ~~~~t)'_aci!o'n 
and Maule, 1960, Epstein, 1971) did not classify Blood samples were cOllected' from seven Tanza­
them ip.to distinct breedso~ s~rat.ns due.t<;>.the ~9n-,v' nian' goat;populatjons.,1;he.p.opul,ati?,m;·~amplS!d 
siderable variations observed among and within with the number of animals per· populations in 
the.populations. I:urt~ennore,,the historY, of}~~,.. brac~et were:a_~,fo.llow.s: IV gogo, (48),. ¥.a,!sai 
different goat populations is not well documented (50), Sukuma (48); Newala (50), Mbeyao,(48). 
and thus the extent of genetic differentiat~on; .JJjiji (48) and.CoastaLgoats.(~8). T~~~Afpc~n 
among these populations and their evolutionary .• breeds (West African Dwarf (40) .. Tswap.a (40) 

•• , •• of t,~ ~ J .. t ,-, I.' '.~.~ d*,:~, "'Lj,l·h. ~ 

relationships is not well known. Yet theIr eXls~ and Landim (36)) and one European breed 
tence is ihfeatened'by tepllice'll(!irt"o~ J~co~~~~lea' " (Togg~nburg (4)fwerJ;~is~ '~iiipied'ro'J~riie~~ 
crossbreeding with exotic 'bf~ed's (especially" r~feieiicib'reeds:JFor each'l pbpulatioR,' appro~i­
Toggeilburg, Saaneri,i::A.riglo-NiIlJ'ia:iJ. and Boe·f.::·, Oiately e~ual1fiiiinberi o'ffeinalerand m~ies 
goats) as a result of pressures for increased animal were'raildofiilY'safupled1'rom:two'districis;'and 
prodtictwn fo'i economic devefopme-nf The---- three viilages (approximaiely-CS km apari)-per 
phenotypic traits used in the classification. of goat district were selected for sampling: 'Ih,eacb:§il­
breeds (i.e. ear length and type, hom type, func- lage', six' to ten animals were sampled from two 

. .1i,on) (Mason. and Maule, 19.60" I;:pstein;"197.!i) .,"\ to'four'-flocks of.fam'lers' (app'roxirnately'~2 km 
t 'cannot indicate theirgenetic:disti~ct~y'eness as"", ':apart)!)n' order. to avoictsampling 'related indi-

well as their,evolutionary r<;!latiqnship~~~eca~~: ~-;-\ viduals.' .farmers \'wer~.askedabout, the,origins 
\, tlJ,ey have not beend~~iberately, selected f?r.p~ic- and familial'relationships .of t1re aiJ.injal~) in;tne,ir 
, ular functions andJhe~e }s no p'edign;e Int:o~ma.-.: ,_ f).o~ks,. Blq~p ,was coll~cted by'jtigul~~~vejn ' 
"tion .. Fortunately, recent,advances i.~ the .~e:e.lo~-\,~, pun~ture usin&.10 .~~EpTA tll:bes. DN!~nvlls 

ment of nuclear DNA markers,.10 p~rtl~u.1.ar,~;,:".~?,~ra~ted;,~rom pe~p~e-9l,bl09d IYI1.lphocy«:sps­
lnicrosat:llites, have allowed the determtnatlOI1 ~~ \- ,:~I}g_ a p~eAol~chlorofoimOProc~dm:e c;>f S.ambr~9k 
the extent of genetic differentiation between .. ,etql., (l~89~. _ " "\' ,'; , 10\: ..•. 

. closely related p' opulations (Bruford and Wavne. ". \, ":.~ , ..... ,.., . , ," -.. ';\':'-- ,c' 
• r· .. • • \ • • • l ". ", I " • '!!"" " C).~ \ 

- i 993. Saitbekova et al. 1999) and the reconstruc-' . Microsatelliie 'markers, peR 'con'ditions 
. tion ~f evdl~tioriary'relationships of contemporary '. and fragment analysi~ , .. :- ,'.. . ... ~,,',.,~ 
'p~pulahons within a.'species (MacHugh et aI., . Nineiee~ (1'9) mi'cros~ieili'te'~arkers~\dre 

'. 'i997'). The' i'llfornlation on population differentia~ '., '~hosen for analysis; the markers 'and¥li~i} c~fu.­
\~tion'and"evolutionarY relationship is used to indi- acterlstics are'lho\vn in table '1. Thl~e'fua''rkers 

care :the geneti6 uruquenes~ of breeds within a spe- '. (II,S'T.S·OOS)LS'TS0Yi'and M4.F0(5) were tYped 
cies. The genetic uniqll.epess of the breed~ can act at' International Liy:estQckJ~.es~~r~h Ip.s,t~tule 
Pas an initiar~guide to objective and rational deci- - (ILRI)~ Nafiobi,- Keny~a- usingthe -37~7-A~Br 
sion-making in t,he choice of populati?ns for con- (PERKIN-ELMER) automati.c DNA s~qu(!ncer 
seiva~·ioiJ.and'su:staihable utilisation (Barker, and the remaining sixteen (16) mark~rs were 

:. '1994) be!?,re '~the~ ~!a '.c~4 ecdho~ic value~ ?r, ,o/ped at th~ .. Y',lAY,ersity of ~h~mool. ~sj.ng the 
, adaptation to speclfi~ el!vlfonment) become avall-, 4200 P~GOR tMWG.~BI01;EGH) .1lutoniatic 
.' able or ,can be used '!O ,C6mbi~~0'il'with such data. :' , ',DNX seql,le~cer: ·J?CR 'iunpjificatiq~~~ ~,~s dC?P'~ in 

~ "".~".~' ""\" ~ 'oil "' "'t'.<" :"" #, .') w .~.- u!I .. , ,'t -.f' '~l ... j(IL~ ]I;. '" ' ~I. "TM ;,1, f • 

... \ . '''<.\..1 " .' ."".,, ", •• , ,"-1 ,'-,,' '- . a total volume oflO ilL on a PTOIOO tliennal 
: .. ; 'riid obje'ct'ives'i'ofitliisstudy::"iere ~~;exaflline;f ':;'dy'de;'(M~ R~seat~h, 'Inc.J'~~ch PCR~re'~~ti.c:>n 
. 'the genetic variationwitmn populatiC?ns;'the extent~.L ,coptaiiied'io ng tdmplate'i:~NA:'9.2 roM' of each 
.. Ofp9Pulatio'~~differeritiati6n~arid the ~volufi6nary -_' pnmei,:o:i InM of ~~h dNJP,:b-CR liJff;r (100 
.' relationships 'ofinciigenous' go'at 'pop'ufaHciris in ~. mrvf Tris-HCI (ph 8.3),' 50 roM: kb, 10 rriM 

Tanzania by determining polymorphisms at 19 MgCb, O.oI % gelatin. 0.25% Tween 20. 0.25% 
"lnicrosateUi~ loci:~rqs~ t4eg~",qme. Nonidet) and 0.5 units of Taq 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. I min at the annealing 
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Genetk divet:Sity of Tanzanian goats 31 
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tempera1P~ (seq~n tp J~~le ~ ~ ~4 1 mil}, ~t n~G· 
Final ~x~eW1ipn ~as' for ~9,.f11ip ilt 7.?~G. Th~ P<;:R 

,I ... ,)1 .. t -' '.1 -l. 'J,J .~I' 0 "-,.). :'" T ~I dr. , 

Microsatellite fragments w~~e, ~ys~~ PJ~j_~g th~c 
Gene ImagIR ™ (for the 16 "markers' 

'~'-': • "!~r '.'~ '~",-'~ .• 'o'l <-':'I..... ., '.~ "',... ',' ~ ~;'M'':;' 
products. wer~ elec.trophoresed on a 6% or :'.25% 
denaturing p6Iyac-ry'lanl'ide g~J 'using :no,o 

ele.ctrophoresed~uslllg;the· 4'200 't;I-COR) 'and, 
'de~e~can>afutlysl~TM:!uid'qinthyjkFM (v.fir 2:0j-

, f '.J 1 J.)' 1 .. P '." '.,. Id.r· ,"-, '~1 t f .1'1 

LI-COR ~1.6.~~.¥~)tsJ~nd, ~?t7j\~qt~ee.·m~~f-
ers) aut~~V5I~N4 ~~gl,l;e~:,,:,,. r;rjsBe«~rJilY(i'!~I' , 

..... , I~r)~_r"\" t .... ·.. r'~I\'''''''''''l.' , ...... " .... ', -\ Jr. .• ; 

softwares (for'the 3 niarkerS'ele'ctrdi>horesea'us~' 
logilie 377 ABf(; :~" ',',::!':.'" ','; i:,';;j n" 

':.:. .;f::£,r;'."-:' .<-: <~ ... _.)!! .;( .J~: r, __ :_,,:_.,:.:~ :~j~ 

Taibi~;1':(MiJ~t';Jj1e~~}k~~)stJ.Hte~ 'aiid1:h~i~·jth~iacteriStics !.' ;~:~::~~f: I' .1 r', t~Q' _. "P"o.~·., " ~ ~, t •• » .< I , 

',' ~ .. )I!~; ~~.-Jq ~'. f:, ~';~l~~~iL \':,if ~l'~i' -!.0·t ,Ir .. -:I~ ~!~{ ~ ~ I'" '.'~ .... ,. •.• ',;;;' :.;.... .. '\ (,~ ., 

''\~''~., ,...... ..... (- {I> "" .... i1 ~'I!--.. r''''t:ct· 'f.', 
Locus' I" I 'ChroinosomeJ Primer sequences 5 '~" 3: 

~ ,- 'J:~;:; .. ~I":.:i2 r' ~~ ( .. J~ n~ h~'t\ .,)'·L'f.!rn 

, 
. ~ ,.,r~·.!:·, " ..... 

BM1818j ''OJ',(t/Cr2}'l; -;fl.~ "~::F'AGCTGGAATATAACCA~AGQ_ "I : 

BMC1222 

R-AGTGCTITCAAGGTCCATGC 

13g!t:,~.nF~Gc;,~AP:TJGC.~9~TAAGAAAAC:'­
R-CCTGAGTGTICCTCCTGAGT , .. 

,A'I!, n~e'a l.i 'n;g ·.l'Iu1p·bq tof ,: 
tem.p.·C '.' .alleles in all " 

, , ',' - ..... pot4iaiio';'~"~ . .J, 

'. _.'. j r .. 1', .. ')_ .) ~ '. '.;.';. 

55 "'J : .;::;.;~4?, . 'J:.;", ,r' 

55,. ~. -,' " 10 ~I ", 
, < • '.'. I .. 

,BMS357: :'-"'~Urikn6~ri~',,'· E" TCTOOAGCTIGCAAAAGACC 58 . 13, ; 

. . • , ,':., f' . " .- ,,. ,R-AATGGATG-t\CTCCTGGATGG .. 
...; .. , .... -J .,)L_.-> ~'~"-. ..., -! _... .. • j 

. BM.S1491 fl.!m <..l:!n!<Po~ :, F-TCTqGAGCJTGCAAAAGACC·, 55 7 

• c ,,'~ :1 v'v. " '(' .' R-CCAAATAATIoc,TGG!CAGG 

,ILSTS005\';)C" ~ao; ",'. ,'F"GGAAq:AATGAAATCTATAGCC 

c ., .::,--f;, ,~,,,;', ,,~ .'" ,; .. R-TGIT£!GTGA9,TITGTAAq<:,:, 

ILSTsorrr ':-.i!14 '", ~ ; 'J' F~GCITGCTACATGGAAAGTGC 
. /i(;., .. i ,;. ..~: :'';R-CTAAA~ATGCAQ~GCCCTACC '\ 

ILSTS01·7.S ;:"',Unknown": F-GTCCCTAAAATCGAA1\TGCC ", 
.~.: ''': ,.:..f ; ;:." ~ : '.,'. R-GCAT.CTCTATAACCTGnCC 

ILsTsri/.{·j i:'j un0{own:' ,":F-AGCAGACATGATGACTCAaC-

55. 

"', ',,,-' "-'- 57 

: '. ,0 ~,,!~ ..... ,,:.: R-ACATGTIGTATTCCAAGTGCr. ' '-;::;; rtf",.', .. 

14 

."', 12 .. 

• ,! ' ' • 
.t ~ .. ,-." ~ I '~r • . r 

ILSTS087 ~'" . UnKnown' " F-AGCAGACATGATGACTCAaC '.:!:~ ,;.:" '. " 58" . '::. '10 -

R-CTGcCTCTITICTIGAGAGC , 

'JNRA005 ., F-CAA:rCTGCATGAAGTXTAAATAT .-', " '57 '.' •• ! 6"· ::. 

.. R-CTTCAGGCA T ACCCT ACACC 

LNRA063 18qi2-' . (F-ATTIaCACA.AGCTAAATCTAACe .... 3t., .~: ·55 "'~.' --, 5 . 
;. R-'AAACCACAGAAATGCTIGGAAG I, ',' . " . ' ... ,.1 ;, ..... ," .. ,:>,). 

23 . F-AACATITCAGCTGATGGTGGc 
•. R-TICTGTITTGAGTGGT-A:AGCTG 

to .' • 

: I \ 

MAF035 :" UJmo~n ' F-TCAA.GAATrITGGAaCAcAATICTGG .•• ,;. 55" 
,- { :... .. :, ,.. ,.,. R-AGTT AcAA'A TGCA.AGC'A:fCA T ACCTG ". .._, , 

Mjp.065 .~, i5 •. "{AAAGGCCAGA:CiTATaCA:AriAGGAG' ~ 
" ~.~ 

50 

"J ,.~,~;,o';:"'~ ':,' R-CCACT?~TCC'rGAGAAT-A~A.~CATG'~:' 
MAF 209 17 ... 'F-d,uCACAAAA:'\GTIGGATACAACCGTGG .. I ". ",'. ,I '," R:TCXTGCA:CTIAAGTATGTAGGATGcTG", 

O··;AE~{.lL2·-9' .. ...,··:.7' 5! • .: • ..' ':F.'A·A'icc· ACnGTG' AAAdACTA~~C\:.~G" .': . 58 ar , ,', , .. 
" 'J( .. ,-." ~,~ . ,',,: :. ',:.j~ ,-.v: ,,".'. R-cii AGATCAAGATATAGAATA TITl-l-CAAC~CC 

.. ~ " .Il •• ) " ,~,.' ~ \ }-, • :- •• 

OWFCB304 .... Unknown F-CCCTAGGAGCTITCAATAAAGAATCGG 55 I ,,' ' ..... , .. R-CGCTGCTGTC:.f;\CTGGGTCAGGG ' " ~, _. 

57 

f ' '," r. '" . .... ,.' . '.~~,- ;:~ . 
SRCRSP003 IOq36 , 

... • (.. •• .l., J • _ .. _ , 

F-CGGGGATCTGTICTATGAA<;: 

'. 
, '..:. 

. "l ,1'7 '" , 

. ? ,-: •• 
, ~ r' . 

, .. , 
'., ';". 

6' 

15 

9 

13 

, 
23 

SRCRSP007' 6 ". ~:.-~. 

R-TGATIAGCTGGcTGA::TGAA~GT~C: ~ 

• L ... F-TCTCA~CA.C,CTIAArrGCTC .. 
,R-GTCAAC-t\STCCAATGGTGAG 

57, . : '. ) , ,5 
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32'S.W.Cherlyanlbuga eiaL 

~~~t~$~(~f~hl~aiy,' ~~s", ,. ,rilUltiv,arlatet~'ch~iqti{ and ihvdl~es:~ linear 
. 'I,;~,,'t' c, .. r. .." ,...' .. "., I . \ i :' I ", .. , " .. ,·':)t',I') , .. J' 

~1-; E~tj~atio~ R.f~er.age: o~~ryed; apd;e.xp.~:~,ed '.trarisfonmition (if t)1e observed aIlele frequenCies' 
hetercizy,gosities as,w,ell as :test for deviationsJrom "trtto a ~~w' sbt or'v~iilii~; (p~'ncipal cdinpoli(?nt~F 
ij~dJ;7wei~~~~~quinb.n~nt ~HW.E):at ·S~~~ io.£~s : h:~) ).:iB .g~o~eJri\c~.\e~s ~ ;9tati91~ ot t~~ d9~f~: 
for'each population and for all/lyci a~4' PQP~l~- dlOa.~~~ .. T~~ I)_~S ar~ 9,rth~~q~~1 ~~~ ~h~t~~t-~9re. 
tions were done by use of GENEPOP package- uncorrelated to each other. The fust pnncIpal 
(Raymond and Roussel. 1995a). Unbiased esti~c"c~O}l}P.RP.~Qt (P,<;:.1) ,<?tW: q~~~~a~ioqs;ac~~:n~nts 
mate of expected heterozygosity (h) were calcu~ for more .information than pe2 and PC2 r,nore 
lated as h = 2n(1 - LXi2)/(2n-l) (Nei, 1987) where thaI! P<;:3.T.h~ tim t!u:e,e);)C~¥t: the mO,sUnt0r-
Xi is the population frequency of the ith allele at a mative,and in the present study. they were plot-, 
locus ,md nis the number of individuals sampled. ted on a scatter diagram to allow visual inspec­
Deviations from HWE were tested in two ways: ,':, tion Of the relationships of all populations.' .c, 

. I .•• J" ,. - I • ,,- ' 

(a) for each locus per population by an exact test 1 • . . 

using Guo and Thompson's. (1992) Markov 'Shain·!,·')~ .. ~~v.-~ts, ~2c'D!Scussion! .~. ~ 'l 

Monte Carlo algorithm and (b) for all loci and J'" .. ' .'" ,.. . 
popu'Iatio'ns using Fisher's method in,the;"" Genetic diver.sity within the populations ' 
GENEPOP 'package,(Raymond and Roasset, .J:';,' "Th~'estimate{ofpopulation genetic diversity , 
199 5b), Gendic diversity between populations '''f 'were based,on·a· set of markers with 'a total of 5 
(coefficient of gene differentiation, GST) '(Nei, i ' .. ' to Halleie's per locus (Table I). This level of 
1973) and Nei et al . .s. (1983) angular genetic dis- :: (polymorphism is ,considered ,sufficientfonge­
tance (DA) were estimated using a DISPA:N', 'netic characterisation of breeds in order to re­
programme (Ota, 1993). duce the standard error of the distance, est,imates 

The GST was calculated as GST = DSTiHT (Nei,--'(Barker, 1994). Table 2 shows that, among the 
1987) where DST is the average gene diversity Tanzanian populations, Sukuma and''coastal 
between subpopulatio ns and HT is the gene goats had the highest (6.26) mean number of al­
diversity in the total population. The GST is a leles per locus while th~ Newala goats had the 
drift-based measure of population differentiation lowest (5.74). The average observed 
and was considered to be more appropriate for this heterozygosity· ranged fr9m ,0.455 in Newala 
analysis because genetic drift is said to be the goats to 0.542 in,ujiji goats. The average ex:' 
main factor in genetic differentiation among pected heterozygosity was.I,owest ~Il Ne'Yala 
closely related populations (Weir, 1990). goats (0.553) and highest in Mbeya goats 

The DA measure of genetic distance was calcu- . ,<0. (i46).. ~he ~ea~ numbers,of alleles pet locus 
lated as follows, DA = lIrL( l-L..JXijYij) (Nei, 1987) .. ',<lJld gene diversities (expected heterozygosities) 
where Xij and Yij are the fr~quencies of the ith. allele. i . .ip, the p!ese,n~ study indicat~ a relat,iv~l~ ,high 
at the fh locus in populations X and Y, resp~c:q;)!~v.el of genet.i~ variability within all po pula- ' 
tively, and ris the number ofloci. The DA measure" .tions. The values. are comparable to those ob­
of genetic distance was selected due to:its superior :.:.'~e~ed}~ .()t~e.~'Africaj{g~;ts (Cheny'~mbuga, 
performance in phylogeny reconstructiB?~~e!lrl' 2g02!.a~~UI! f\frjcan cattleJMacHugh et al., , 
using micro satellite data (Takezaki ~nd N~h/ ;)Q?],:9~~IIl9 ~t'fl., 1998). The narrow range 9f 
1996). . , " . ' '. rhe values forb~th tqe number of alleles peplo-
. The neighbour-joining (NJ).methodology I :cus an~ gene diversity maybe due to a recent 

.' • Y"l .~,f" ~ ~ I 

(Saitou and Nei, 1987) was used to. <;:onstruct ~he., .. ~P.~t~~Il from th,e ~cestral population coupled 
phylogenetic tree of po pula !ion relatio~hips,f}om ';,~~,i~h 'c~n~inuo!l~ m~xing and interbhieding 
the genetic distance matrix using the PISPAN a,mong,the, populati~ns, For the past three de­
programme. Bootstrap 'resamplirig (I OOOrepli- :,.;.~ades ,~(ip}(~.pmlI!-u~ties, especially the Maasai 
cates) was performed to test the robustness ofthe and Sukuma, have been migrating from one 
topology o(t~e tree. In addition, a principal ,co."}~.~,plac~'to·'~not?e.~ ~~ sel~ch"of gr~ing land. This 
ponent analysIs (PCA) (Manly, 1986) was camedhas caused mlXlng and mterbreedmg among goat -" ' ", .. . . ... 1 
out using the XLSTAT programme (Fahmy;'.20gQL~ .~OJ?,!lI,!~01iS,;thll;shomogenising the level 'of the 
to determine population-relationships based di;- - 'genetic diversitY -in various populations. 
rectly on the allele frequencies. The PCA is a . . 
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Table 2: Within population genetic variability and test for deviatio,ns from HWE at 19 microsatellite loci in 
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' . 
~ .~.~: . I. --;t' s.~.~ ±~S;i~H?~ f ~ ; t.:. .- ::: s.e:--- -- H'WE. 

Tanzanian 
Populations . ., 

. Coastal .: '.' ,6.26 ± 0.425 0.481 ± 0.042 0.627 ± 0.036 13 
Ugogo ,!:·'l 5.95" 0.527 0.507 ± 0.042 0.630 " 0.042 14 
Ujiji ' , ·6.16" 0.520 0.542 ± 0.040' 0.642 ± 0.032 12 
Maasai " 5.95 ± 0.449 0.485 ± 0.039 ' 0.595 ± 0.040 12 ., 

Sukuma 6.26 ± 0.670 0.524 ± 0.040 . 0.624 ± 0.044 10 
Newala 5.74 ± 0.545 0.455 ± 0.037 ,0.553 r 0.036 12 
Mbeya 6.21 ± 0.487 0.541 ± 0.039 0.646 " 0.028 13 

Reference breeds' 
.) 

Tswana ._},.6.53 r 0.574 0.518 ± 0.044 0.633" 0.034 II 
Landim ., ...... ,~ 6.21 ± 0.629 0.524 ± 0.045 • 0.610 " 0.048 10 
WAD ,6.32 ± 0.483 0.550 < 0.053 ' 0.621 " 0.048 12 . 

Toggenburg ,5.11 ± 0.442 0.504 ± 0.063 0.595 " 0.057 8 
.1'. 

For all loci and all papulaiions genotyPe p~opor- 'viations:'A non-compliance with HWE observed 
dons' s'igr.ificantly, devia~e~ (P -< 0.00 I) fr.om in this study only means that at l,east'one of the 
HWE: expectaqons.<Table 2). The highest number ~. assumptions for HWE'(i:e: large population, ran­
of f6cI devi~ting froln RWE .was: obserVed 'in '.'dbIiJ.:m,ating;With nOinutation, s.election'and mi­
U gogo·g9ats;.f4 'loci o.ut oP? loSi deYiate.d from' - gration) did not hold for tbepopulations studied .. 
HWE .. Thesigirificimfde"viatiQil"6f genotYpe pro- --:,,~ '., '.:. ' . 'c " " • . :'. 

i>ortio~ fromj-lWEexpectati0nS observe~nn:~ll ·'Genet.ic,differentiation arid relationships b"e:; 
populations may, be . due.. tO~pOpulatio'n admixit.ire i.. tween ,populations .. _.:. .' 
effeCts.' The geog~phjc'ai,pr.oximity' of sQrne of the The gene differentiation coefficient (GST) re­
populationsa~d 'the move

J

iQe6is pi some of the vealed an overall differentiation of 12.9% be­
pasioral and agro-pastoral people' could'have fa':---'tween.the populations (Table 3). However, by 
votired the mixing of the different g'oaf popula- ' ' excluQing the populations from outside Tanza­
tiorls. However, the deviation from HWE may be '-nia,' the proportion of genetic diversity due to be­
dud ~o/inbreeding in ~ome of the populations as tween population differences dropped to 7.2% of 
undontrolled mating is very common in most t~~ the total genetic variation, the remaining 92.8% 
diti6nal flocks. The deviation from HWE also can-'-correspo'nded to differences among individuals 
be paused by presence' of experimentally' un de- within.1,he_P9Pulations, indicating that the extent 
tected alleles (null alleles). However, it should be·· of-differentiation among the populations is low. 

I 
rememliered that in a genetic survey.Iike.thts The.low levelof.genetic differentiation is proba-
where there are no pedigree information, it is not bly due to intermixing and interbreeding among 
possible to determirf which factors caused the'de' - the goat populations a~ ~olI!munities keeping 

, , , ' .. , " . _. - ... ' ·_··them intermingle: 
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Table 3: Estfuta~of'genetJc dlft'erenUation at ~ loCcus 

Microsatelite' ". "Os,. .'; .:,'. GsT 

(All pop~lati~) _. (T~i~ populations) 
,-J: 

Locus 

BMI818 
BMCI222 
BMSI494 
BMS357 
ILSTS005 
ILSTSOll 
ILSTS017 
ILSTS044 
ILSTS087 

INRA005 
INRA063 
INRA132 
MAF035 
MAF209 
MAF65 
OarAE129 
OarFCB304 
SRCRSP003 
SRCRSP007 
A1110ci 

. , 

. ; 

, 

'.' 

.L I .' ._:,_, 

, " 

• ~'.\J 

t, 

0.114 
0.11 
0.107 
0.099 . 
0.124. 
0:16.· 
0.079· 
0.169.1 
0.068. 

, -
0.071 
0.077 
0.052 .. 

0.736 t 

0.111·" 
0.15 
0.069 
0.087 
0.094 
0.136 
0.129 

(. :~ 

r;'l, 

(I 

'r~. , 

,. 

" 
• ~'::.l· 

0.1 i 
0.087 
0.026 

.~ { .. ~,,' .;'0.081 
. .l 

~ . 1'\ I 

, '0.049 
0.135 
0.038 
0.039 

·0.082 

0.05,8 
0.063 

":. '0.024 
')'').'" ~ '0.028 

' .. f.'~'. "0.034 
, , '0.133 

0.041 
0.034 
0.Oa4 
0.138 
0.072 

GST = coefficient of gene dif1'erentiatlon 

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 
(N)) tree constructed from the genetic distances to 
represent therelationships among the populations 
(Figure I) indicated that the Tanzahian popula­
tions were separated from the populations used·as 
reference breeds. Among the Tanzimian . . 

populations, three sub-:clusters could be ide!lti-, 
fied from the tree. The first sub-cluster consis~d, 

. of the Coastai and the Maasai goats" The second 
sub-cluster was made up of the iJ gogo and Ujiji 
goats, The third :~ub~cluster had the Suku!Da, 
Mbeya and Ne~a)agoa,ts, .with.Mbeya an~ 

. New ala goats being more cl9s~ly relat~d. T~e. 
~ ~ootstrap :vai,!es. (n~b~'r oni~~s ~"no,qe :w~s: , 
- observed In 1000rephcates of resaJ!lpled I,ocl) . 
:; for 'the tree fang~ rio'in' iO% to .69"/~.· -
" r ,:~': :,~ja(\'~' ':: ,'.~ -

, .- " -,..' l:.:l Ugogo, 

r-__ ----'----'-:---:-_6---j~ ~.~"--t~, ----:-----'-----'- UJIJI , " 

,'." . 

\ .... I .~ :- :~~ ~ 
1~---:--------rSWllDil 1 __ ";-' 

'--------------OJ,I, .: 

~-~----------------------r~ 
38L--__________ Landi. 

Figure I: Unrooted neighbour.joining tree showing genetic relationships of seven Tanzanian goat populations and three 
other African goat populations and one European population (number's at the nodes m:e percentage boostrap values 
obtained after 1000 replications, of resarnpled loci). . 

R
ep

ro
du

ce
d 

by
 S

ab
in

et
 G

at
ew

ay
 u

nd
er

 li
ce

nc
e 

gr
an

te
d 

by
 th

e 
Pu

bl
is

he
r (

da
te

d 
20

12
)



Genetic diversity of Tanzanian goats l!§ 
, '.' ;. ! 

)~: .. = ~'... ;.-'," 'I • ).~~ 

,~:Tabl,e, 4: ,~el!s D~ g~tic dI~,~ m~t~:I for seven Tanz~ pop~d~n8 ~ fou; ~fen;~ce po~uiado~~ 
<"-" .. J 

:. -: ' 

Tsw Lad Cos Tog Ugo: 'UW' , MaS -' ~ Suk· f': "': N~~:' ,:"" Moy:',': .. 
Tsw 
Tog 0,195 

.. " "tad,'·: -. ;'0.1'33 

., ' 'Cos' i; :',,0,221 
Ugo,,-',! '0.204' 

. ,Uji, .~·,,-;,!O:l98, 

k:rMM', ,_ 0·:+7J ,. 
Suk 0.192 

,. LN~~ •. h~,~9'1??~) 
:,.,·,!'-irbY,. l:.'iP},~,I, , 

'WAD 0.194, 

'0.189' . 
c, 0.265 '. ,0 .. 20'7 '" 

0.254.' 0:217·' 0.098 
.0.23.6 . ,0.226 " ·0.218 

9·279 :0,2)3 ': 9·0~4 
0.227 ;> 0.196, " 0.120 
.0.302 0.180 \,~ , 0.165 
0.,261 

.. ' 
0:099 ::.0;180 

0.222 0.284 0.215 

. ,,-.-~ 1.1 " \- .. .... ' < • I- ~ < ", 

.. , : 
"-

" 
0.070' 

0.075 0.097 
0,068 0.095 0,094 

,0.141 ,0.081 0.146 '0,125 

0.074 0.107;', ' 0.100 0.079 0.100 
0.192 0.185 0.216 0.196 0.296' 0.198 

.J 

Tsw - Tswana, Tog - Togge.~burg, Lad-~dim;. Cos - Coastal, Ugo - Ugogo, Uji- Ujiji, Mas - Maasai, Suk- Sukuma, New-'; 

" . 'Ne'~'-iilii,~Mliy - Mbeya, WAri'~'West African·O:Varf. ., • . .. 
-1.;\ ",.' ". ". 

Figure 2 shows the PCA plot constructed using 
tlie,firstthree:principal components. In the PCA 
plotrthe Newala goats'were separated from the 
ot.her Tanzania'll pOpida!ions while the U gogo, 
Maasai, Coas~ m,d Mbeya goats were grouped 
together and the Ujiji and Sukuma.goats were 
mo're cI6sel:Y"related. Unlike the NJ phylogenetic 
tree: ~elCA.plot separated th~ European breed 
(Toggeilbw.g) from the African breeds. Among the 
. t.h -:. C .. ' .' ._ ,',{ ., _. J! '. I _ 

' .... 1 •• " :, , .1 .... t..' ; I 

,':, I :.. ..... 

)1', ',I'!, 

, • ,"i :" \ • 10 

. 1'1>- -5 

'L" 't;~' "!eW~Ia" 

. l' :" ~. :- • ; :.~ [' .:.' ,:~O.1 
.J. _, 

• ... • J ~ .... 

- ~ ...... 

• ,'- - .... _>- 'rt. ' ~'" \ • 

A!n~an,bree~~, the ,WAD was,well separa.ted 
,f~<?I!l)he' othe.rs ~n~ ~he Ts~~pa a,n~. !-~ndim: 
,were slightly.separated from each other and from~ 
;ihe'Ta~an' populations. The fi~t -second and' 
. t:Ip.rd'.principai compQllerits·accoimt~. for 19 17': 
c11fld.0t 3% of the totcii variations' a~d i'n, total 10-
.... • ,<4J I _", _.' , ••. >.'.to ~ ..... ...; , __'. to 

princip~ comp0!1ents,were required to account 
for all the valiatlons. ,." . 

"I " .•. 

.:.t. •. : . .-.' 

~ ( .. 

• .J' •• 

• \ .'. _~.J , :~.... f - _ t~ _. :. :"' _ ',_ - , 

FIgure 2: Three-d~ensional ~A plot snOWing the genetic relationships of seven Tanzanian pOpUlations and three 
other African populations and one European population. The PC I, PC2, and PC3 accourited for 19 17 and 
13% respectively. of the total variation in the allele frequen' • cy' 'data.' . . -!' . • " !. 
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The two methods 'of ~phlc~lly representing pop- ation of Commonwealth Universities Scholar-ulation relationships, the neighbour-joining ship Commission. We also thank scientists/tech-dendrogram and'PCA; indicate that the peA plot . nicians who assisted in sampling of the reference revealed better the genetic relationships of the goat populations in different countries men­populatiQnl !D<!!LJlle _Jl_~ighQour-jojn!ng _ tione,din. this paper, 
dendrpgram. Ihjs is in agreement with the finding ," . 
otMacHugh

7 er liJ'O 997)'who' reported thepcA: ' References 
using microsatellite allele frequency data, to be a :'1 more powerful tool than the phylogenetic tree for Barker J.S.F. 1994. A global protoqo],fgr determining revealing the underlying evolutionary relation- genetic distances, among domestic livestock ships of cattle populations from Africa, Europe l.breeds. In:'Proceedings of the' Sfh World, Con-and Asia. In the present study the patte~ ofpopu~ "', . :,gtess of Genetics Applied to'Livestock Produc-

lation grouping was according ~oc expec~~?ns in' l ~~~p7 ;)'~~ ~(~:.ust !?94 G~e;l.p~, Canada, vol. 
the PCA. The EuropeaJl .. ?reed (Toggenburg) ,wa,s . J'Bruf~/d MW. ~nd Wavne.'R.K. 1993: Microsat'eflites separated from the Afncan breeds, the·Landlm. ~." ',J' d th .' "1" t·".'·'t ": 'I·Ot· ·i'::! .. . . ' .. ' . '." "', tan, elf app Ica IOn 0 popu a IOn genetIcs f~om MQzablque \\las clos~ t~_ ranzaman :PPPQla=--, ., I~ - -:~iudies. ,current Opi~ion in:G~~eHcs'a~(fD~vel­Hons and·among the Tanzanl~QPopuhltlOns the:"I',. . ·'opmb·nt:.:3~'939 _ 943.:' .,,:;' ", ,::," .,' Newal~ goats were separated from the other Tan­
zanian goats. The close relationships observed 
among the Tanzanian populations (Sukuma, Ujiji, 
Ugogo, Maasai, Mbeya and Coastal goats) are due 
to admixture of these populations resulting from 
the movements of animals for trade or in search of 
grazing'land. The PCA indicates that the Ndwala 
goats are distinct from the other Tanzanian goats. 
This is, probably, because of little mixing of the 
Newala goats with other Tanzanian goats as are­
suIt of limited movement and trade between the 
N ewala district and other parts of Tanzania: .' 
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