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ABSTRACT

Genetic diversity is the variety of alleles and

genotypes present in the population under study.
Conservation of genetic diversity focuses on
conservation of the variety of alleles and
genotypes present in the population. Pedigree
analysis is one of tools for estimating genetic
diversity in the population. The procedure is
divided into 2 steps. First, pedigree information
structure is analyzed for characterization and
quality of data which are determined by number of
animals in the whole pedigree, size of reference
population, pedigree completeness, maximum
generation traced, complete generation equivalent
and known ancestor. Second, genetic diversity
can be estimated by calculation of inbreeding
coefficient, coefficient of coancestry, effective
number of founders, effective number of founder
genome and effective number of ancestor.
Moreover, pedigree analysis can be applied to
other related areas likewise investigation for the
most important ancestor. In conclusion, pedigree
analysis is a useful tool for studying genetic
diversity in the population, as the most cost

effective method.
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Table 1 Number of animals in the whole pedigree file and in the reference population (2006-2008), pedigree

completeness index, maximum generations traced and average complete generation equivalents of animals

in the reference population and percentage of known ancestors in a given generation.

Breeds Duroc Hampshire Lacombe Landrace
Whole pedigree 480,191 114,871 51,397 1,080,144
Size of reference population 46,779 98 1,420 78,228
Pedigree completeness index (%) 90 53 90 96
Maximum generations traced 33 21 30 29
Complete generation equivalent 13 6 18 11
% Known ancestors in:
1st generation 100 100 100 100
3rd generation 85 68 63 82
5th generation 72 62 61 65
7th generation 60 58 60 49

Source: Modified from Melka and Schenkel (2010)
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Figure 1 Pedigree completeness of the male and female lines up to two generations back from the animals in

the reference population (A= individual animal, GS=grandsire and GD=granddam).
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Figure 2 Pedigree completeness and level of identification of ancestors until the third generation in the whole

pedigree data files of two Spanish beef cattle breeds (GS=grandsire, GD=granddam, GGS=great-grandsire

and GGD=great-granddam) (modified from Gutierrez et al., 2003).
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Figure 3 Trend in level of inbreeding coefficient for the Austrian Brown Swiss cattle breeds across year of

birth (modified from Manatrinon ef al., 2009).
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Table 2 Parameters derived from the probability of gene origin in the most recent years (2006-2008) in each

breed.
Breeds Duroc Hampshire Lacombe Landrace
Total number of founders, f 1,803 257 158 1621
Effective number of founders, f, 275 11 56 54
Effective number of founder genome, f | 19 4 4 18
f/f ratio 0.15 0.04 0.35 0.03
fJ/f, ratio 0.07 0.36 0.07 0.33
Number of ancestors to explain:
50% of gene pool 16 4 7 17
75% of gene pool 55 9 16 50
100% of gene pool 837 29 74 826

Source: Modified from Melka and Schenkel (2010)
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&) 1 dl v
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Table 3 Description of the most important ancestors for animals born between 2001 and 2006.

Name Birth year Marginal gene contribution % Pedigree % Disease carrier'
1 Elegant 1966 11.24 98 SDM
2 Str. Improver 1972 8.50 95 SMA
3 Jubilation 1975 5.72 68 -
4 Norvic 1960 4.67 98 A
5 Vigate 1978 4.46 51 -
6 Stretch 1962 3.96 99 -
7 Simon 1979 3.96 64 -
8 My Design 1967 2.98 95 -
9 Tammy 1983 2.24 33 -
10 Tammy 1965 2.15 67 -
11 Punch Ray 1971 2.06 49 -
12 Pavanne 1959 2.01 94 -
13 Vinos 1987 1.94 28 -
14 Emerald 1976 1.89 48 -
15 Bridge View 1969 1.59 89 -
16 President ET 1995 1.20 8 SDM
17 Zelad 1976 1.20 27 w
18 Destiny 1953 1.14 99 SMA
19 Bobo 1968 1.04 50 -
20 Bruce 1966 0.97 48 w

Source: Baumung and Manatrinon (2007)

! Lethal autosomal-recessive genetic disorders (A=Arachnomelia, SDM=Spinal Dysmyelination, SMA=Spinal Muscular Atrophy

and W=Weaver)

wanan Elegant Wae Str. Improver adula
2 @TaLLinﬁmminmma@ﬁ’uqnﬁwaaﬁaLauvl,ﬂgi
ﬂi:mmﬁwﬁﬂﬁmﬂﬁq@uﬁa HAMTIATH AT
SanuBning Elegant waz Str. Improver Liunine
20413AN1INUTNTIN Ao 130 Spinal Dysmyelination
(SDM) e Spinal Muscular Atrophy (SMA) ANEIA
%Gﬁ%%%’]ﬂﬂ’s’l&l’huaaﬁaﬁaﬁ (recessive allele) ‘ﬁl
Ltﬂummqmaﬂiﬂmuﬁuqﬂsmﬁy‘u 2 lsaitnilana
Qﬂm:ma@]vl,ﬂgjﬂimﬂiﬁn’éavlﬁmm,amﬁ'u %aANIMN
v 2 Tsadudrdonulafiduninzaaslsanis
Wugni3udn 2 l3a @a Arachnomelia  (A)  uaz
Weaver (W) 8ndau (Table 3) aztAawindayanug
Uifuananazgnihanlglumaiianzinidiany

%mﬂ%mﬂmdﬁugﬂﬁﬂﬁuﬁa gagunTarinan e

mMaieneininInzasvasliananugnIsly
Us2aNTea18 AIRTERZLBEAVBINANNTILATIZH
RULANI

Isamaﬁugﬂﬁuﬁ{l 4 T5ait 1ulsanng
WWINIIW (genetic disorder) ﬁﬁﬁué‘?@aguuaaiﬂimu
(autosome) wazlaazugasarmindulsaidofiuasd
868D 2 @288 70N (homozygous  recessive) LA
Walaulsafndrazidsdialulsidn (ethal) dasis
waafadasaunnagludszsinyldlugdunuaes
WINE (carrier) %aa:ﬁﬂu%ﬂtﬂmmu heterozygous
ﬂs:nauvl,ﬂ@i“'aﬂLLaa'éa@Tammzuaa'éaﬂnﬁa&ismﬁu
Faidlunmzinlsamanias liusasanisvealse
ldindiudysiuidaTlimansannuldidaion

v nlld = & " va =
IQUWGﬂNLLﬂﬂﬂﬂLﬂuiiﬂ @]E]&J’]Vlﬂlliﬂﬂx‘]’]uﬂﬂ‘iﬂﬂ']ﬂ']



22 Thai J. Genet. 2015, 8(1) : 12-25

P A o A s A oA '
nadwilenvasuasiadesfdulsamaritindiaglu
dsznavinls las Manatrinon et al. (2009) lé@nmn

' Aa o o
msﬂszmmmmwnwmaﬂmmawuqnssuimlm
Toyaufiszidlawus Brown Swiss luszine
DOFLAIL IﬂmmmuwahgmmwadanLﬁu WU
anudfuveslsa Spinal Dysmyelination Lazlsa

. a v a & & \
Spinal Muscular Atrophy Fuw lduAvinauad
Sy
#1.¢1.1980-2005 1a8ANN DD WANTRINNU TN 3%
u1 a.¢.1980 1iuiszunoe 9% lull a.¢.2005 &4
AN EuVaIlIA Arachnomelia Ruwiliuanas lag
ANDEuUa9l5A Arachnomelia  aaadanUszanmh
3% Tudl a.4.1980 1Tludszana 1-2% luil a.7.2005

A Aa a v A £
Tupaenanunduvedlsae Weaver Junalsbuinadn
nYszams 3% 1l a.¢.1980 LHudszunns 6% luil
.6.1990 nasNHUWNAUNLINTumltuaaadisan 9
aunsznslull a.4.2005 Jauddulia Weaver ag
Uszu 3.5%

nsnaundusadlin Weaver  aaad
BRI91NY A.4.1990 titpganlud a.¢1.1990
Hoeschele and Meinert (1990) l@318uuanuide
Aanuanuguwutuaslanidulsa Weaver nu
HanAaiuy laswodrlanliihungainazdlania
. Y . e
Julsa Weaver 9103% NERFINNNNAINUIILTH
AN vaa € Aa 2 A Y
HlaanunaINndnvedlsa Weaver 290uwalily
NARIDENITALIN NANITILATITHYDI Manatrinon et

£ o
al. (2009) Tampaulugduunzasnmwnuindiuiu
Tanduninzsinlsa Weaver anihanlflunanduna
ﬂ'uﬁa@aﬁ'lmumaii'mi'mﬁw'mﬂ @.¢.1990 — 1993
Tauwuinnant a.4.1990 "leﬁ”ﬁm’ﬂ%ﬂaﬁuﬂﬂﬁl,ﬂu
winzinlin Weaver g9fi9U3za1m4 8-10% w89
° o g & ' o - ~
Fwrunanuinanue wdnonasaind a.a.1990 1
wwaldunisliwaiuglanduninziiilia Weaver
aaadi3an g aunsznalull a.a.1993 Insldwanug
A ° A a | R
Tafdun1nzinlin Weaver anadinaaiiydbuin

° e e &
1% madmuluwawu‘gm%uﬂ

mMadlanzdnnsderi@sanuiugaanilaana
MIU TN IUAIANNARINAAILNIRUTNTTY

29903 11n38NNIYN b 2 3T Ao mﬁmsﬁ:ﬁﬁaga

= [
gnmna uzlasnud

MnAuTUszid waznsliswusaaasluans las
v 2 35faunsaldlunismidianunainranenia
ﬁ'uﬁqﬂimvlﬁmﬁauﬁ'mwiﬁ‘ﬁmsmaﬁugmmﬂuLaqa
ﬁ@hl‘ﬁﬁiwﬁganiw Armstrong et al. (2010) @nmN
lassafransdugnisusesdszainsveauand
(addax) G'I‘j'aLﬂ%é’@lﬁ'gmgﬂﬁwumﬁwﬁdﬁﬁ%aagﬂu
1i7y% Appendix | 289 CITES uazaglunizlndgy
ﬁuf (critically endangered species) lasfidnuwau
wieaagiasndt 300 arlusrnmd uazlag 1,700
drlugangasmlan

Armstrong et al. (2010) JlaTzvidayany
vsmﬂvimﬂﬂwaﬁuqﬂiiuiﬂﬂfﬁuﬁ:ﬂiﬁaimﬁuﬁuq
maailuana lagldlulasuamifialarisruau 39
fruniba wuinlwnaniesew i liuandnens Tag

mﬁmﬁ:ﬁﬁ’uﬁ:ﬂi:i‘@EJ'@SLﬁiTanﬁm@u @98t 31N
¢ A

= s 6
nmsdnsUszminsuaauand Naglusiudad Parque
Lecocq lawlddaynifianiusnum a.4.2008 Wuind
aﬁmuuammn%ﬁﬁ%ﬁ@mﬁaaguiﬁ'wm 27 @7 WAz

L e e & o & v ¢d « o
WUINRAINI 27 @719 naa 3N Tu founder 1474
WB9 2 AnNus (Figure 4) asviauldiduiniinng

o o ¥ . a4
NRNLUULR0ATAL AT Wk Tz1InIRha 199 aNLRL
' v e =1 a Qs 6 Qs s 6 A A
'l davnfenfavasdainnarluiugdsz 164
Aads 0.222lasiidnatlus24 0.000 - 0.375 luumz

v A A v A A a '
aniReadavadtizmnidneds (Wazmnififaluiu

' 24 a ' | @
aaa TINaTningt @.¢.2000-2008) AF1aaTILR00

q
A

Faaay 0.221 I@ﬂﬁ@haglwﬁaa 0.250 — 0.375 LEAS
IR ABDIN AN T UV ININENIROATA
& A ¢ v & en & ad L A
fuhmayliensinuilei@duisnien
SN0 LTI UNITILATIERAINNRAINARRILNAI
ﬁuqﬂiiuluﬂi:mﬂﬂﬁ 1ana i Fernandez et al.
(2005) TEWIATMITAUTNEANURAINRAIEN
> va 1 wada 6 v
wugnsiulilagludszanilasliitianzsidaya
o & va & adda A A | aa
‘wuqﬂim@1Lﬂmﬁ‘mﬂizammwmnm’nﬁmima
wugatgasluiana lasianizadnsdadiuau
. A a € v v a
polymorphism markers fil#lun1siianzidayadasil
aﬁwmumn?ﬁwﬂﬁwamﬁme:ﬁﬁﬁqmmmﬁﬂuwh
ﬁ"umﬁme:ﬁ“ﬁa;&amnﬁuﬁ:ﬂsﬁa anNIITNS
"a;msw:ﬁﬁ'uﬁ:ﬂs:i'aﬁm FisngnniITInINug

mmﬂﬂmaqamn



= I3
gnna uzlaswud

Thai J. Genet. 2015, 8(1) : 12-25 23

1 @ 0.250 0.250 }

[ [ /l\
\/

0.250 0.250 @ 0.250
I l
0.250 @ 0.250

I 1
@75 0.250 @ @ 0.250 0.250
I
0.375 0.375 0.375 0.375| ( 0.250

0.250 @ 0.375 0.375

Figure 4 Pedigree chart of the addax population at Parque Lecocq Zoo. Females are represented by circles,

males are represented by squares, and dead animals are dashed. The number inside the symbol represents

the animal identification number. The square inside the

symbol denotes animals that were genotyped. Some

of the new born animals that do not have offsprings are not represented (modified with permission from

Armstrong et al., 2010).
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