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The aim of this study was to screen the polymorphisms and distribution of each genotype of in-
sertion/deletion (indel) markers which were found in a preliminary comparative study of bovine ge-
nomic sequence databases. Comparative bioinformatic analyses were first performed between the nu-
cleotide sequences of Bovine Genome Project and those of expressed sequence tag (EST) database, and
a total of fifty-one species of indel markers were screened. Of these, forty-two indel markers were
evaluated, and nine informative indel markers were ultimately selected for population analysis.
Nucleotide sequences of each marker were re-sequenced and their polymorphic patterns were typed
in six cattle breeds: Holstein, Angus, Charolais, Hereford, and two Korean native cattle breeds
(Hanwoo and Jeju Black cattle). Cattle breeds tested in this study showed polymorphic patterns in
eight indel markers but not in the Indel-15 marker in Charolais and Holstein. The results of analysis
for Jeju Black cattle (JBC) population indicated an observed heterozygosity (Ho) that was highest in
HW_G1 (0.600) and the lowest in Indel_29 (0.274). The PIC value was the highest in HW_G4 (0.373)
and lowest in Indel_6 (0.305). These polymorphic indel markers will be useful in supplying genetic
information for parentage tests and traceability and to develop a molecular breeding system for im-
provement of animal production in cattle breeds as well as in the JBC population.
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Table 1. Chromosomal locations and primer sequences of indel markers

I\rfsrl;{(eesr Chr. no. Indel sequences Forward primers Reverse primers PCSIF product
ze (bp)
HW_G01 BTA1 -/ gaacggggctagtgt agactcttgggccctactec caagccacatgaggacagtg 155
HW_G04 BTA20 -/ titgtgatetttt ttgcaagatctgaaggaattga tgaacctgtgctattgttcca 269
HW_G14 BTA4 -/ actgcttac ttgcatgaccaatctccaaa tgaaactggaaggtgagaacag 317
Indel_06 BTA3 -/ ggctgctgte gggtcacaaagtggcatttc cctgaggctgttgaaactca 182
Indel_13 BTA27 -/ gcatgaa ctgaccggeggtatagttgt tcacttgttcaatctttgcttttc 260
Indel 15 BTA5 -/ tcaggatgtgtaa cccecaaccctactecttta cacaaatagcccaaggcaag 194
Indel 16 BTA22 -/ ctttctaacgc tggcctetectttttgttgt taacaccatgggagggagaa 242
Indel_29 BTAXY -/natgtcaata cttgagcaggggaagtgaag ggaggctgaaaagcaccata 203
Indel 32 BTA28 -/ agcattaag tcacagtgggcttttgtctg ttttecttecttggetectt 345

Hardy-Weinberg equilibrium (HWE) %2 CERVUS 3.0.3
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Fig. 1. Polymorphisms of each indel marker detected on agarose gels. L and S indicate the inserted and deleted alleles for each
indel marker amplified by PCR, respectively. M is the molecular size marker (50-bp DNA Ladder).
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Z %31, Indel 29 (0.274)914 71 Y9ke}. Indel_29 markers
¥ value”} 13.6257, Pvalue 0.00022 HWE7} m]$- 4-2] 3 4=
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Table 2. PIC values for each indel marker found in six cattle breeds

Cattle breed

Markers JBC (n=160) Hanwoo (n=152) Angus (n=32) Charolais (n=21) Holstein (n=54) Hereford (n=13)
HW_G01 0.372 0.351 0.375 0.312 0.338 0.373
HW_G04 0.373 0.374 0.365 0.312 0.375 0.356
HW_Gl4 0.341 0.289 0.375 0.360 0.286 0.340
Indel_06 0.305 0.373 0.373 0.261 0.330 0.367
Indel 13 0.335 0.372 0.200 0.346 0.166 0.152
Indel 15 0.309 0.282 0.263 0.000 0.000 0.373
Indel_16 0.362 0.371 0.348 0.124 0.350 0.356
Indel 29 0.365 0.269 0.137 0.239 0.375 0.152
Indel 32 0.363 0.333 0.088 0.261 0.114 0.083
mean 0.362 0.334 0.280 0.246 0.260 0.283

Table 3. Minor allele frequencies, Hetrozigosities, and Hardy-Weinberg equilibrium of the indel markers in JBC population

1 Heterozygosity HWE
Markers n MAF Ho He X value P-value Significance
HW_G01 159 0.428 0.604 0.491 7.7335 0.0054 *
HW_G04 154 0.435 0.571 0.493 34321 0.0640 NS
HW_G14 157 0.319 0.420 0.435 0.0873 0.7676 NS
Indel_06 156 0.189 0.391 0.373 0.1893 0.6635 NS
Indel_13 147 0.215 0.456 0.434 0.2150 0.6429 NS
Indel_15 158 0.288 0411 0.411 0.0262 0.8714 NS
Indel_16 149 0.359 0.503 0.462 0.9329 0.3341 NS
Indel_29 154 0.375 0.274 0.472 13.6257 0.0002 *
Indel_32 159 0.406 0.472 0.484 0.0376 0.8462 NS
mean 155 0.456 0.451

1. . e .
is number of individuals counted.

MATF, minor allele frequency; Ho, observed heterozygosity; He, expected heterozygosity; HWE, Hardy-Weinberg equilibrium (*<0.05;
**<0.01; NS, not significant)



1648 A a3 % 2012, Vol. 22. No. 12

S wapste] AREEHe 2 Qs UEhd A#E FAH AT 53,
AFEZL9] FRE0] 199030 F7llA F=F5e U
A 1S EHE 2 vl A FEAA =R
e A B8 FAS & Qo F, F JdolA falE 299
TRV BAS fRAEET] AW 2 wAE §e QAT
A& Bl ALy wo] doA Adun) FRYEE 74
& 4 Ql= HWE Aol A= F940] Eolxe 475 Yehd
=R =

Indel marker2| &g
8l DNAY] 44X = Mendelian 1nher1tancea 2=
FE verio R, Y o we A3 Foo
A FAHAE FHE & Al": - F83 2R F
,26-29]. S HEoko A &) DNAS] F AR =
marker?] Z23& 53l A2 24AA= EH%
L LH°ﬂ A A APBERE ofU g} B R RESOE &
He e 5Y4HAE B8 4R FH0] 7t %74]
o Hosddth 53] 99 A SvEtelA AW A<
oA A wA) g SL9 A B
5 05 Ax7L A= U 24 7)o
dsiom, #AHOR Holol £ $5340] FRE 5
T B Aol BAE Indel_159] FAVAT}S} o] EF
FENA o= g AT} A FAEE FE S markers
& 29od, £ BAS B3 F59 AdHol €4 ¢
S48 2 Aoz o A"

_E_\‘__Iﬁrz.i
AN
e,
=
oo
—
o7

ot
e
2
Hir
rlo

lo
frtt
H
=
ri
s
—{o
é
A:L e

19909t EF97] olF HHE AFS = 208 =
AR GASNAGH AFE ST o Mgt
HEHI SloH, HZ Adste] w7te ZEd a7 whet
AFEF AAF FATS sl B8k 3t Han S[11]
& AFEF el ET, AL 30199 74% o] A §h9-2] AY2to]
g3 AA o o] &1 v A FEF 3 (International

Society of Animal Genetics, ISAG) ;47‘ %9 MS marker®]
HE AnwozE Aoz fYE AR5 Y
Me tdd et iAo g vol Az ol A A
o] g8Ao| o} 37189l marker =YY FoAS AFEA
L, ol whe} gk Aol ¥ A A marker 11 F¢]o] MS 11
T AFZS FolH BAS AA s MCIRSE ASIPS| SNP
FAA; marker AAE AL v} T} Lim

23] MS 24 A A o A marker?] FAJo] 9 oA

AR 2po]E Ho, ¢ Aol HFHAE 913 E4A
o el AAg 740 Baghs At

£ AT A 113kt indel markers] - AlFS4- ol
A o]@AEE, PIC To] AHA R s oM &5 7|E
o] MS marker 959] 2} AAF AA S HgstAY 7384
g F=o o] 71E A9 oH S YER = MS markerS
AT+ e AAE 715 stk FdEth MS markerol

H13} indel marker7} ¥ 5 P A} 7} A Hf glof 7
202 PIC7F AU HOE Y He A A, Az
SolM aTHE W 41439 = Sole 24 ¢

%

28tH, PCR 2H=o] o3t agarose gel A7]9ETHOZ
marker®] 32 E FE3HA B5T F 9lof, A 3
A5 st sl o] &He 7k AAPHIE ZE
ol "tk Ao] ok AT FF B Ao 1
% indel markerE-<
e A EES Al
plex PCR 7% 59
49 Arg et ofyzt, A
HAAAA 59 71Es v

e
e
5
E
7
1
=
Y
o
Q‘L

db
p‘L
=
Soog I
g ok
P,L
N
M
s
i
¥
%o,

~

N
ot
rr o
o
>
o,
I
Hu
2
o
)
ol
o
o

p'L
i)
N
£
sk
Py
o
frl
>
Al
i,
O

LAt 2

B ATE BYFAAFR AFESY B 7))
=

a2 Adsl o abA)(308008-5)2] Aol s o] ol
A

References

1. Arranz, J. ], Bayon, Y. and San Primitivo, F. 1996.
Comparison of protein markers and microsatellites in differ-
entiation of cattle populations. Anim Genet. 27, 415-419.

2. Borsting, C. and Morling, N. 2011. Mutations and/or close
relatives? Six case work examples where 49 autosomal SNPs
were used as supplementary markers. Forensic Sci. Int
Genet. 2, 198-204.

3. Brinkmann, B., Klintschar, M., Neuhuber, F., Huhne, ]. and
Rolf, B. 1998. Mutation rate in human microsatellites: influ-
ence of the structure and length og the tandem repeat. Am
J. Hum Genet. 62, 1408-1415.

4. Chen, C, Zhou, Z, Li, M, Qu, M,, Ma, Q., Zhong, M,
Zhang, Y. and Yu, Z. 2012a. Presenilin-2 polymorphisms
and risk of sporadic AD: Evidence from a meta-analysis.
Gene 503, 194-199.

5. Chen, Z, Li, X, Tang, B.,, Wang, J., Shi, Y., Sun, Z., Zhang,
L, Pan, Q. Xia, K. and Jiang, H. 2012b. Spinocerebellar atax-
ia type 27 (SCA27) is an uncommon cause of dominant atax-
ia among Chinese Han population. Neurasci. Lett. 520, 16-19.

6. Cho, G. ], Yang, Y. J. and Kim, B. H. 2003. A case of parent-
age testing in the thoroughbred horse by microsatellite
typing. Kor. J. Vet. Res 43, 25-30.

7. Collins, F. S.,, Drumm, M. L., Cole, J. L., Lockwood, W. K.,
Vande Woude G. F. and lannuzzi, M. C. 1987. Construction
of a general human chromosome jumping library, with ap-
plication to cystic fibrosis. Science 235, 1046-1049.

8. Daniels, J., Holmans, P., Williams, N., Turic, D., McGuffin,
P., Plomin, R. and Owen, M. J. 1998. A simple method for
analyzing microsatellite allele image patterns generated
from DNA pools and its application to allelic association



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

studies. Am J Hum Genet 62, 1189-1197.

. Demers, D. B, Curry, E. T,, Egholm, M. and Sozer, A. C.

1995. Enhanced PCR amplification of VNTR locus D1S80
using peptide nucleic acid (PNA). Nucleic Acids Res. 23,
3050-3055.

Garay, J., Bravo, J. C,, Correa, P. and Schneider, B. G. 2004.
Infrequency of microsatellite instability in complete and in-
complete gastric intestinal metaplasia. Hum Fathol. 35:,
102-106.

Han, S. H., Ko, J. C, Kim, Y. H., Kim, N. Y., Kim, J. H,,
Ko, M. S, Jeong, H. Y., Cho, I. C,, Yang, Y. H. and Lee,
S. S. 2012. Verification of ET and Al derived offspring using
on the genetic polymorphisms of microsatellite and coat col-
or related genes in Jeju Black cattle. /. Life Sci. 20, 381-387.
Huang, L., Xiao, X,, Li, S, Jia, X, Wang, P., Guo, X. and
Zhang, Q. 2012. CRX variants in cone-rod dystrophy and
mutation overview. Biocchem Biophys. Res. Commun. 426,
498-503.

Ji, H, Kim, E., Lee, K., Kang, T., Lee, J., Shin, H., Kim, L.
and Yun, Y. 2007. Beagle dogs parentage testing by using
22 ISAG microsatellite markers. Kor. /. Vet. Res. 47, 457-460.
Kalinowski, S. T., Taper, M. L. and Marshall, T. C. 2007.
Revising how the computer program CERVUS accom-
modates genotyping error increases success in paternity
assignment. Mol. Ecol. 16, 1099-1106.

Kersbergen, P., van Eede, P. H., Kraaijenbrink, T., Lardy,
N. M, Sijen, T., Bakker, E. and de Knijff, P. 2008. “False
positive” or true paternity: Investigating one or two STR
mismatches by detailed SNP analyses. Forensic Sci. Int.
Genet. Suppl. Series 1, 518-519.

Kim, M. J,, Li, G. H, Oh, J. D., Cho, K. H,, Jeon, G. J. Choi,
B. H, Lee, J. H, Hong, Y. S., Kong, H. S. and Lee, H. K.
2007. Characterization of a Korean traditional porcine breed
using microsatellite markers and establishment of an in-
dividual identification system. Kor. /. Food Sci. Ani. Resour.
27, 150-156.

Kim, R. N., Kim, A., Kim, D., Choi, S. H., Kim, D., Nam,
S., Kang, A, Kim, M., Park, K., Yoon, B., Lee, K. S. and
Park, H. 2012. Analysis of indel variations in the humn dis-
ease-associated genes CDKNZAIP, WDR66, USP20 and
OR7C2 in a Korean population. /. Genet. 91, el-ell.
Kim, T. H,, Yoon, D. H,, Lee, H. S,, Cheong, I. C. and Jo,
J. K. 1997. Analysis of D-loop region sequences in mitochon-
drial genome of Korean native pig. Kor: /. Anim Sci. Technal.
39, 215-224.

Lee, S. S, Yang, B. S, Yang, Y. H, Kang, S. Y., Ko, S. B,
Jung, J. K, Oh, W. Y, Oh, S. J. and Kim, K. 1. 2002. Analysis
of melanocortin receptor 1 (MCIK) genotype in Korean
Bridle cattle and Korean cattle with dark muzzle. Kor. /.
Anim Sci. Technol. 44, 23-30.

Lee, S. S, Yang, Y. H,, Kang, S. Y., Oh, W. Y, Yang, B. S.,
Ko, S. B, Oh, S. J. and Kim, K. I. 2000. Comparison of the
genotype and frequencies of MSH receptor (MCIR) gene in
Korean cattle, Cheju native black cattle, Japanese black and
Japanese brown cattle. Kar: /. Anim Sci. Technal. 42, 253-260.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Journal of Life Science 2012, Vol.22. No. 12 1649

Levinson, G. and Gutman, G. A. 1987. Slipped-strand mis-
pairing: a major mechanism for DNA sequence evolution.
Mol. Biol Evol 4, 203-221.

Lim, H. T., Min, H. S, Moon, W. G,, Lee, J. B., Kim, J]. M.,
Cho, I. C,, Lee, H. K,, Lee, Y. W,, Lee, J. G. and Jeon, ].
T. 2005. Analysis and selection of microsatellite markers for
individual traceability system in Hanwoo. Kor: /. Anim Sci.
Technol. 47, 491-500.

Mannen, H., Tsuji, S, Mukai, F., Goto, N. and Ohtagaki,
S. 1993. Genetic similarity using DNA fingerprinting in cat-
tle to determine relationship coefficient. / Hered 84, 166-169.
Oh, J. D, Kong, H. S, Lee, J. H,, Moon, S. J., Jeon, G. J.
and Lee, H. K. 2007. The genetic relationship between re-
gional population of Hanwoo brands (Korean Cattle) using
microsatellite markers. Kor. /. Food 5ci. Anii Resour. 27,
357-362.

Ostertag, E. M. and Kazazian, Jr. H. H. 2001. Biology of
mammalian L1 retrotransposons. Annu. Rev. Genet. 35,
501-538.

Pereira, R., Phillips, C., Alves, C., Amorim, A., Carracedo,
A. and Gusmio, L. 2009. Insertion/deletion polymorphisms:
A multiplex assay and forensic applications. Farensic 5d. Int.
Genet. Suppl. Series 2, 513-515.

Phillips, C., Fondevila, M., Garcia-Magarifios, M., Rodriguez,
A, Salas, A., Carracedo, A. and Lareu, M. V. 2008. Resolving
relationship tests that show ambiguous STR results using
autosomal SNPs as supplementary markers. Farensic Sa. Int.
Genet. 2, 198-204.

Pinto, N., Magalhaes, M., Conde-Sousa, E., Gomes, C,
Pereira, R., Alves C., Gusmao, L. and Amorim, A. 2012.
Assessing paternities with inconclusive STR results: The
suitability of bi-allelic markers. Forensic Sci. Int. Genet. in
press.

Poetsch, M., Ludcke, C., Repenning, A., Fischer, L., Malyusz,
V., Simeoni, E. Lignitz, E, Oehmichen, M. and von
Wurmb-Schwark, N. 2006. The problem of single pa-
rent/child paternity analysis-Practical results involving 336
children and 348 unrelated men. Farensic Sa. Int: 159, 98-103.
Rozen, S. and Skaletsky, H. J. 2000. Primer3 on the WWW
for general users and for biologist programmers. In:
Krawetz, S. and Misener, S. (eds.), Bianformatics Methods and
Protocols: Methods in Molecular Biology. Humana Press,
Totowa, NJ, pp. 365-386.

Sambrook, J., Fritsch, E. F. and Manniatis, T. 1989. Molecular
cloning: a laboratory mannual. 2nd Ed. Cold Spring Harbor
Laboratory.

Warren, S. T., Zhang, F., Licameli, G. R. and Peters, ]. F.
1987. The fragile X site in somatic cell hybrids: an approach
for molecular cloning of fragile sites. Science 237, 420-423.
Wolff, R. K, Plaetke, R,, Jeffreys, A. J. and White, R. 1989.
Unequal crossing over between homologous chromosomes
is not the major mechanism involved in the generation of
new alleles at VNTR loci. Genomics 5, 382-384.

Yoon, D., Park, E. W, Cho, Y. M., Cheong, I. C. and Lim,
S. K. 2007. Allele frequency of the bovine Y-chromosome



1650 A a3 % 2012, Vol. 22. No. 12

microsatellite locus in the cattle breeds. Kor. /. Anim Sci.
Technol, 49, 429-436.

35. Yoon, D,, Lee, H. K, Oh, S. ], Hong, K. C, Jeon, G. ], Kong,

H. S. and Lee, J. H. 2005. Genetic relationships of cattle
breeds assessed by PCR-RFLP of the bovine mitochondrial
DNA D-loop region. Asian-Aust. J. Anim Sci. 18, 1368-1374.

Fob
I
)
ok
J[ok
Ho
_qk
-0
o
4
9

B ﬂ—?——‘:— 2§47 databaseS ol thk A Hl AL
AR 8

9 %9 AR = markersS FEEHS 95 An

#r_q marker®] THE4S g Alefi FEQ i"}-"rS’Jr Z
B Ao o8 & 6 F
Indel 159 A% Holstem»} Charolaisol| A} T} AJo]

Zolx zAEAT &

AA HIEE HW_G1 (0.600)914 7Hg =31, Indel 2

FE& HW_G4 (0.373)ll A4 71 =31, Indel 6 (0. 305)01]}\‘] 7}
indel markerE2 53] AF5¢ Jo A FHE A
L 93

ERSERE

. 47k markerE°l Wk H7INES

—°r(]BC), Holstein, Angus, Charolais, Hereford &

2l & ZE30M AMZ2 indel 02| Cladnt CHEIRIAL B2

Aol A A" A/ A4 (indel) markerE 9] T A3 7t

o] Bx & selstuzl $38 9k vA, 29 & o

ERELA HwE F3 AA 51 F9 indel marker-gg
0]

H A G 3 A](EST) database 7] A
ST o] FolA 42 TS Hrlste HFHow
A3

9 markergd o3l tdA4S YER S,

Ziﬂ ] 939t} JBC Aol tldt EA o= BAH o)

A 7 wokth Markerdl] th3F oE A B o)

274)
e SR8 A, £ ATAA 24T A2

BAEE A7) A ozl AxTlo

g% FA88E AT §88 Ao st



