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Abstract This study was conducted to investigate the genetic diversity and genetic taxonomic
relationships between Korean native black goat (KNBG) populations and crossbred goats. The 45,658
common single nucleotide polymorphisms present in the KNBG strain and crossbred goat were used for
the analysis. The expected and observed heterozygosity (which can be indicators of genetic diversity)
were in the order of crossbred, Gyeongsang National University, Jangsu, then the Tongyeong strains. The
variance component represents the degree of genetic diversity between groups. The highest variance
(19.98 %) was between the Dangjin and Gyeongsang National University strains. The lowest variance (8.87
%) was between the Jangsu and Tongyeong strains. In addition, the genetic distance between the
populations showed that Jangsu and Tongyeong formed one branch (they were very similar genetically).
The Dangjin and the Gyeongsang National University strains appeared to form a second branch.
Furthermore, the crossbred formed one branch with the Dangjin and the Gyeongsang National University
strains. Therefore, the results of this study can be used as basic data to reduce unnecessary inbreeding
and genetic resource flow between the KNBG populations. The basic data indicates the uniqueness of
the genetic resources of the domestic lineage. These findings provide a basis for differentiating KNBG

and Crossbred goats to use to improve the desirable characteristics of this species.
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Quality control Thresholds
Animal Call rate < 90%
Call rate < 90%
SNP Minor Allele Frequency (1%
Hardy-Weinberg Equilibrium (10°

SNP : Single nucletide polymorphism
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Table 2. Basic statistic of SNP data set

Population SNP Marker Removed SNP Selected SNP Common SNP

Cross breed 1,580 49,038

50,618 45,658
Korean native goat 4,834 45,784

SNP : Single nucletide polymorphism

Table 3. Genetic diversity parameters in Korean native black goats and crossbreed goats.

Population Sample size Hy + sD. Hy, Inb. Homo * S.D. Inb. GRM % SD.
CB 144 0.400 (0.001) 0.419 0.054 (0.006) 0.067 (0.024)
DJ 82 0.324 (0.001) 0.307 0.020 (0.002) 0.068 (0.020)
JS 87 0.334 (0.001) 0314 0.013 (0.001) 0.048 (0.017)
TY 118 0.329 (0.001) 0.313 0.018 (0.003) 0.042 (0.012)
GNU 47 0.354 (0.001) 0.332 0.009 (0.001) 0.056 (0.015)

CB : Cross breed, DJ : Dangjin, JS : Jangsu, TY : Tongyeong, GNU : Gyeongsang National University, () : standard deviation, f[[, :
observed heterozygosity, HE . expected heterozygosity, Inb. Homo : inbreeding coefficient using and, Inb. GRM : inbreeding

coefficient using genomic relationship matrix.
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Table 4. Results for genetic differentiation between Korean native black goats and crossbreed goats.

Population CB DJ JS TY GNU
CB 11.835 10.056 11.684 17.803
DJ 0.061 10.906 11.564 19.983
]S 0.052 0.060 8.873 16.204
TY 0.063 0.062 0.048 15.849
GNU 0.076 0.105 0.504 0.073

CB : Cross breed, DJ : Dangjin, JS : Jangsu, TY : Tongyeong, GNU : Gyeongsang National University, Upper diagonal :

component (%), Below diagonal : value

variance

Table 5. Matrix of Nei's DA genetic distances between Korean native black goats and crossbreed goats.

Population CB DJ JS TY

CB

DJ 0.044

JS 0.036 0.037

TY 0.039 0.039 0.029

GNU 0.052 0.058 0.047 0.046

CB : Cross breed, D] : Dangjin, JS : Jangsu, TY : Tongyeong, GNU : Gyeongsang National University

cB
™
JS
DJ
GHU

Fig. 1. Phylogenic tree showing the genetic relationship among the 5 breeds goat considered
using the neighbor-joining method and the unbiased Nei’'s DA genetic distance (CB :
Crossbreed, DJ : Dangjin, JS : Jangsu, TY : Tongyeong, GNU : Gyeongsang National

University).

105



ARS8 =54 A21d A11E, 2020

prd =

A A=, AsolA 7HA vert e, {44
A2l 93t Phylogenic tree Z¥+= Fig. 19l UERY
t}. Phylogenic tree A3 AHESAL FIABT

ABo] Shte] £AZ olgglom, GAAET A4 A

59

[e)

£o] shto] ¥AE ojRglon, dE A4 U A
G594 94, BY A the shio BAS 395
Stk ole, WEF A4 Aske) 74l glof AAZ AL
A5, B9 ATY 12 L8 Hleol =71 HEd A
oz AmEM, o FY BAL deNs BB
(Pedigree) FEO] T8-S 5o WAF G4 Joah =

W Af=da ASE Ael9] EAd BA 24 |57
de 27129 4jo] MRt Ao AmHr)

4. 4E

£ 7= SNP ZEE &8st =Y Afisds A
I S A JHo] f44 O, /44 23t &
A A9 24& Bl Ad EA4ES oA X‘°“Q
ek 2 AT A} SNP ARE 883t 7 Joko] A
A tpfg Aol7t EAfok= AR Uephgod, S g
o Afol9] §HE ARle R ALY A 59 A
= Je Alele] §14 A7t 77k 202 U
T ek Alol9] dAohe RAA FE7 B2 Ao
233 844 O SHE A Y 3 Al B
gagt 230 wujet %;qx} S ol =gol E

AoZ AREH, FAA ohFAgel gt
BHS 93 s wEE mg,
Sequencing =29 tlo|g &1 4 &85 B3t 714
Ql A7t oY ACo= Armgr.

°olE,

SE

#5904

9 ge E’W

References

[1] J. N. B. Shrestha, M. H. Fahmy, “Breeding goats for
meat production: A review. 1. Genetics resources,
management and breed evaluation”, Smal/ Rumin. Res,
Vol. 58, No. 2, pp. 93-106, 2005.

DOI: https://doi.org/10.1016/S0921-4488(03)00183-4

[2] M.. H Kang,. “Studies on the origin of Korean native
goat”, Korean J. Anim. Sci, Vol. 9, pp. 5-10, 1967.

3] J. H. Kim, C. Y. Cho, S. B. Choi, Y. M. Cho, S. H. Yeon,
B. S. Yang, “mtDNA diversity and phylogenetic
analysis of Korean native goats”, /. Life Sci, Vol. 21,
No. 9, pp. 1329-1335, 2011.

106

DOL: http://dx.doi.org/10.5352/]LS.2011.21.9.1329

[4] B. K. Kim, J. H. Lee, D. J. Jung, K. H. Cho, E. G. Hwang,
M. S. Kim, “Effects of feeding herb resources powder
on meat quality and sensory properties in Korean
native black goat’, Korean ] Food Sci Anim Resour,
Vol. 30, No. 5, pp. 811-818, 2010.

DOI: https://doi.org/10.5851/kosfa.2010.30.5.811

[5] H. B. Song, I. H. Jo, M. J. Jun, Y. K. Park, K. C. Hong,
J. C. Park, J. C. Do, H. S. Lim, “Study on the increasing
method of income in the goat farmers”, Daegu Univ
press. Gyeongsan, pp. 47-50, 1999.

[6] S. H. Lee, J. Lee, D. Jeon, S. S. Lee, S. Kim, K. W. Kim,
“Morphological characteristics and growth
performance of Korean native black goats”, / Korea
Acad Industr Coop Soc, Vol. 20, No. 8, pp. 149-155,
2019.

DOL: https://doi.org/10.5762/KAIS.2019.20.8.149

[7]1 A. Manunza, A. Noce, J. M. Serradilla, F. Goyache, A.
Martinez, J. Capote, J. V. Delgado, ]. Jordana, E.
Munoz, A. Molina, V. Landi, A. Pons, V. Balteanu, A.
Traore, M. Vidilla, M. Sanchez-Rodiguez, A. Sanchez,
T. F. Cardoso, M. Amills, “A genome-wide perspective
about the diversity and demographic history of seven
Spanish goat breeds”, Genet Sel Evol, Vol 48, No. 52,
pmid:27455838, 2016.

DOI: https://doi.org/10.1186/s12711-016-0229-6

[8] R. B. Onzima, M. R. Upadhyay, R. Mukiibi, E. Kanis, M.
A. M. Groenen, R. Crooijmans, ‘Genome-wide
population structure and admixture analysis reveals
weak differentiation among Ugandan goat breeds”,
Anim Genet, Vol. 49 No. 1, pp. 59-70, 2018.

DOI:  https://doi.org/10.1111/age.12631

[9] B. K. Park, Y. S. Kim, J. Seong, H. S. Kong, “Analysis of
genetic diversity and relationships of Korean native
black goat using microsatellite markers”, / Anim
Reprod Biotechnol, Vol. 34, No. 3, pp. 183-189, 2019.
DOI: https://doi.org/10.12750/JARB.34.3.183

[10] S. Suh, M. Byun, Y. S. Kim, M. J. Kim, S. B. Choi, Y. G.
Ko, “Analysis of genetic diversity and relationships of
Korean native goat populations by microsatellite
Markers”, J. Life Sci, Vol. 22, No. 11, pp. 1493-1499,
2012.

DOL: https://doi.org/10.5352/]15.2012.22.11.1493

[11] S. F .Lashmar, C. Visser, Ev. Marle-Késter, “SNP-based
genetic diversity of South African commercial dairy
and fiber goat breeds”, Small Rumin. Res, Vol. 136,
pp. 65-71, 2016.
DOI: https://doi.org/10.1016/i.smallrumres.2016.01.006

[12] A. N. Grasso, V. Goldberg, E. A. Navajas, W. Iriarte,
D. Gimeno, I. Aguilar, J. F. Medrano, G. Rincon, G.
Ciappesoni, “Genomic variation and population
structure detected by single nucleotide polymorphism
arrays in Corriedale, Merino and Creole sheep”,
Genet. Mol. Biol, Vol. 37, No.2, pp. 389-395. 2014.
DOI: https://doi.org/10.1590/S1415-47572014000300011

[13] C.C. Chang, C.C. Chow, L.C. Tellier, S. Vattikuti, S.M.




SNP AnE B8 ARSGaet

G40 0F TP L fAWA

24

Purcell, J.J. Lee, “Second-generation PLINK: rising to
the challenge of larger and richer datasets”,
GigaScience, Vol. 4, No. 1, pp. 7, 2015.

DOI: https://doi.org/10.1186/s13742-015-0047-8

[14] Z. N. Kamvar, J. F. Tabima, N. J. Griinwald, “Poppr: an
R package for genetic analysis of populations with
clonal, partially clonal, and/or sexual reproduction”,
Peer/, Vol. 2, €281, 2014.

DOI: https://doi.org/10.7717/peeri.281

[15] M. Nei, F. Tajima, Y. Tateno, “Accuracy of estimated
phylogenetic trees from molecular data. I1I. Gene
frequency data”, J Mol Evol, Vol. 19, pp. 153-170,
1983.

DOI: https://doi.org/10.1007/BF02300753

[16] N. Takezaki, M. Nei, K. Tamura, “POPTREE2: Software
for Constructing Population Trees from Allele
Frequency Data and Computing Other Population
Statistics with Windows Interface” Mol Biol. Evol, Vol.
27, No. 4, pp. 747-752, 2010.

DOI: https://doi.org/10.1093/molbev/msp312

[17] K. Tamura, J. Dudley, M. Nei, S. Kumar, “MEGA4:
Molecular evolutionary genetics analysis (MEGA)
Software version 4.0, Mol. Biol. Evol, Vol. 24, No. 8,
pp. 1596-1599, 2007.

DOI: https://doi.org/10.1093/molbev/msm092

107



SHEARSH | &8H8]| =2 2] A218 Al11E, 2020

&(Sang-Hoon Lee) (=518

20049 84 : sty tighd
8P ERE (o]5H4AD
20074 8¢ : AAshL ety
8GR (o]5HEAD
20084 1€ ~ 20144 12€ : &
8 =ES RN s
< 20159 1¥ ~ 4 : 522354
THSASY sAATT

2 & Z(Seungchang Kim) (=58

+ 19999 24 @ Agtigw g

YET} (o]5H4AD

20099 29 : Adoisty AT

shefshd &S} (o]3hEkAp

£ 20184 2¢¥ ~ @A : 5&XEH
gAY I ATA

@z
FASE, FAe el

0| &I 2(Jinwook Lee)

+ 20159 29 : ABStL 24K}
I (&84

* 20169 10¥ ~ @A) : #EX8H
SHSAeh BAATAR

0] 4 £(Sung-Soo Lee)

19984 29 : AFTjsta jerY
A} (B3

2010 8¢Y @ AlFdieta gk
Akl (EehAD

19934 8¢ ~ 20124 69 : &
H7 =HSAERM sAEA
20129 7€ ~ @A 521EH
PSR FdATE

.

EAHED

HNEuA, gz

0| € Z(Eun-Do Lee)

- 20154 8¥ :
T (&8

. 20184 29 : 2Udjsta ety
Ak} (SHAD

+ 20204 3¥ ~ @4 : 5&15H
[e)

HAED

&4, NEEE

108

Z & 2(Kwan-Woo Kim) (X312

i}

20159 29 : Sddisty s

Ak (EeHAD

20189 8Y : Zddisty sk

Akt (sehh

201849 8¢ ~ EA] 1 FEAUTA
TS dedTd

FAED

DR LR



