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Carrier testing for autosomal recessive hereditary disorder in Korean

proven bulls

Kyu-Sang Lim, Byung-Ho Park, Tae-Jeong Choi, Dajeong Lim*, Yong-Min Cho*

National Institute of Animal Science, RDA, Wanju, 55365, Republic of Korea

Carrier testing for autosomal recessive hereditary
disorders in the elite sire population has great signifi-
cance for the domestic animal breeding. Because the
recessive allele embedded in carriers without clinical
signs may be passed to the next generation and rapidly
spread throughout the population. The occurrences of
various autosomal recessive hereditary disorders have
been reported, and several causative mutations were
elucidated in cattle. However, there is no report for
the hereditary disorders in Korean cattle (Hanwoo)
although Hanwoo is the indigenous purebred in Korea
and have been improved by the national breeding pro-
grams in the last 30 years. Here, we investigated the
presence of carrier for the following hereditary disor-
ders in the Korean proven bulls (n=78; 42 family) us-
ing DNA based analysis: Chediak—Higashi syndrome,
spherocytosis, claudin-16 deficiency, factor XI defi-
ciency. The causative genes for these diseases (lysosom-
al trafficking regulator, solute carrier family 4 member
1, Claudin-16 and coagulation factor XI, respectively)
were analyzed by polymerase chain reaction and
direct sequencing. As a results, there was no carrier
individual, and all animals were normal. Although the
recessive alleles for four disorders were not identified
in this study, further investigation for other hereditary
disorders still remains to remove deleterious factors in
the genetic improvement of Korean cattle.

Key words: Hanwoo, Chediak—Higashi syndrome, sphero-
cytosis, claudin-16 deficiency, factor XI deficiency

Introduction

gaBA 2

o

249 (autosomal recessive hereditary
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disorder)ol&t ¥l 2} (causative gene) 7} A+ A A
(autosome) el A1 A3tm, A3 NHF 2 (recessive al—
lele) & 271 7FAaL Q& wf 5o = ehtes Ay E
e 1] 5 Ak sdwiolel o WA,
AU FAAE Sl Fel dge] d 4 Q7] witel
single gene disorder %2+ Mendelian disorder 211 % &
A},

V59 AS fAdsy MEFE d8l AEs A (se—
lection pressure) %ol & 2 (inbreeding) 7} o] 5%l
ot olel gt 3wl A 5333 A (homozygote) &
WNES FolBng fade st s F7HA4 + 2
A dARAdE e A 4 S 5

= =
e wl QgFAel wAE) wi] g =3

2

I AFFR 9 (Hanwoo) & 745, At 3001 d%E
S )4 (progeny test) & & -9 RFH 54 (Korean
proven bulls) A= F-37 /IS sl ghob(2]. 221, of
A7 - Al Aol st RUEE A A} Z5
A A] k7] wl o] A AY AJAFAA =2 A=
Awole] tgk A7t AFetct[3]. 53], Bzt A7 9l
S AT dFFoE AT #EHA gy J
] AU Y WETF S71E 4 Q1Y) ik, k-
B ot HIzF HAF(carrier

testing) & W% T8 ov| & 7pxITh
oF A 7kA] Sh-o A= B E Aol gl o] v F
TOEA nHEY FHOE JNFF ol UE3S9 (Japanese

7
black cattle) o4 B ¥ 47} FQ A MA A9 /4
" (Chediak —Higashi syndrome [4], spherocytosis [5],
claudin—16 deficiency [6], factor XI Deficiency Syn—
drome [7]) ¢l tsl] 2} ArE AA L),
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Chediak - Higashi syndrome (CHS)< Iysosomal traffick-

ing regulator (LYST) f+2+2] EAW o] (mutation) ol &J3f &
Aot FAdH R [8], AF FolA & LA e W
o obyEh[9], &[10] oAE Bk &9 LysT +3
2= A 28 (BTA 28) el 91218k 912, exon 19
Gy FAd 719384 (single nucleotide polymorphism,
SNP) o2& QI3 ofu]=Aik A Ho] 3| ~E W (histidine, %
R ol Al oF2 7] (arginine, CHSEH /WA o2 W 3}3t
O ZX CHSE ¥¢3tt}. 4oA Hereford [11], Brangus
[12], Japanese black cattle [4] 5 t}oFst E5)A] CHS
7F RaEglen, 454 A7 #EEE Apolvt itk
3 BT W A= FE A (partial albinism) ©
Qlel] @2 BAS vER A, Wl E AR QlE] §HEA S
vhe)glo} 7l &/, &4 (bleeding tendencies) T4 =
FHlksl= 524o] SlvH[13].

Spherocytosis (erythrocyte membrane protein band
III deficiency) ¥ band 32}al &= A Fdwd S 39
SFaL Sli= solute carrier family 4 (anion exchanger), member |
(SLC441) Aol EARol7F A FASTH14]. SL-
C4A1 3 A+ band 3 Y=+ anion exchanger 1 (AE1) Bkl
5 BT AL 4ET -3 Aol A= missense, nonsense,
frameshift EAWO] 5 theFst wlo]7} &4 glom, Ao
A= exon 1789 $1A 8 nonsense A7} TF 43
A7y =2 o) g ete] A S YERATH[5]. o] AW
9 A9 A4 438748 (congenital hemolytic ane—
mia) S A A A TS HERATHS, 14].

Claudin—16 deficiency < claudin-16 (CLDN16) % #}2]
A =AW o] (deletion mutation) ol 2] &) W st}(6, 15].
Claudin—16 ©@¥zAL AxA¢HEH F dZFAH (ight
junction) & & FAAJNAZEA MAEZF 7H=S YHRA 7|
MEFFE FAS=Y Fast d8-S =, ddEAH

o] Ao dMAdS e F3HA } Claudin—16
deficiency 7} 2 & A8 A ol (renal tubular dys

Table 1. Primer sets for PCR amplification

plasia) & 7}4 &} "4 A1 %¥-7A ZF (chronic renal failure) %
T 7HA A1 (chromic interstitial nephritis) & 43}
A BeH[16].

AXIJAAE 3 F (factor X1 deficiency) < coagulation factor
XI (F1I) 349 exon 12¥°] 76 bp A7]2 A LGo] 4
Q] (insertion) ¥ &= =¢1¥o] & <& stop codon®] &3kl
Ao 2 ket [17]. Factor XI (plasma thrombo—
plastin antecedent) WM A& J NG 310 Fofsl= FQ o
W2 Fof shtol ] wiiEel, AXIAAE FHFo] Wy stk 7 A
v 28 9@ NEFAE Hol, AR ), & FelA By
ATH18]. FotA 9 B, HZFolA E8o] W 3+,
7} (dehorning), A (castration) Al A&4 &80 A &5
v A7 AL, kAol A= B A 257 YER = st
2 AFdAM s S BIANFA 787 (F 42 ZHAD Ol o
3 el A 71s st A d A DA F A B B AALE
AAste], gk Al A A" ZARo] (causative

mutation) 7} A 8F=2] A=A}

Materials and Methods

=INES

2 AT AFEE FAFS FHFTYS ke AT &,
T FAkdT A, S-S5F 57 SHSFANE A 5
HAS A HAkoll Al T 41~62%F, Fd 44~56%]
ArkE g HENF L 7850l Tk - RSN F L 78T
2003¢HE 2011 A4 /HAZA, DF A4 A3 g
T BSRFA HAEe] 4270 ZHAle] 3 E o] Al SR
ST 7852 JA S ZHE genomic DNAE FE3H
AFE FRAT} s AT FAREA s8-8 9
€ 3] (Institutional Animal Care and Use Committee) 2]
T (FAHE NIAS2015-774) 3ol =3 =] oAk,

T

£ primer M}
Zb Aol diet AMAE FAAFEA = polymerase

Annealing

Target gene Primer set Primer sequence (5'—3") temperature (°C) Size (bp)
LYST Pl Forward: GGGGAGGTGGAGTTGGAATA 60 886
Reverse: GCACAGAGGCCATTCAATGA
AE1 P2 Forward: AGTAAGTTCCCAAGTGCCCA 58 660
Reverse: GTTTGTCCTTCGTTGCCCTT
CLDN16 P3 Forward: TATGCTGTTGATGTTTATGTAG 57 375
Reverse: CCCCCCCCCGCCTTTTTC
P4 Forward: ATTGTATTTTTAGGAGTGACTC 57 722
Reverse: CCCCCCCCCACTCTATAC
P5 Forward: AATGCACTCATTTCTCCAGTTCAGC 57 800-900
Reverse: GTCGACAGCATACATTTTGGCAGTC
Fll P6 Forward: CCCACTGGCTAGGAATCGTT 52 244 or 320
Reverse: CAAGGCAATGTCATATCCAC
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chain reaction (PCR) % direct sequencing= ©]-&3}31
o o]= & 59| primer A|EE A&},

29 LYST %A (accession number: AC_000185.1)
£ BTA 28] $1xsta 9lew, & 58719 Exonlo®
g ¥ o] itk Exon 19l 91418k SNP (c.6044A>G) el A
3l direct sequencings ©] &3 FHAAHEA S fd] 5ol
primer Al E (P1) & A &3t} (Table 1).

29 AEI 73 A (accession number: AC_000176.1) =
BTA 19°l $1Ask1 9loew, & 21709 Exon® &2 74
o] 9t} Exon 17 $1A3F SNP (c.1990C>T)l tjst
direct sequencings 13 5°] primer AIE (P2)E A&
FTh

%9 CLDN16 % A} (accession number: AC_000158.1)
= BTA 1ol $1A18tH 5719 Exono® =] Slth
CLDN16 < InDel(insertion / deletion, ¥ ZAA) /el
e}t - FHF =R ol 3 (mutant type) = 7FI Type
1 mutant® A%, Exon 1¥ ~ Exon 4¥H S ¥ 33}= ¢F 37
kb2l A &do] deletion ¥ a2, 71 ] F] | 31 bp A Q] inser—
tion ©oF. Type 2 mutant®] A -$li=, o] B2 942l 56
kbe] Aldo] deletion ¥ ™ o] 442> Exon 1 ~ Exon 41
.k of 2k Exon 5¥ €] o 21 bpE 2§ Slvt. wh
ZhA, 2 Ao A= wild type¥} F mutant typeS -3}
7] 13l 7]1Eel BarsEe] gl 3FRF<] primer AE(P3 ~
P5) & o] &3kl vt6, 15].

29 FII %A (accession number: AC_000184.1)
£ BTA27° 1Ak 1571¢] Exonl & T4 ¥ o] Qlth
Factor XI deficiency W 7/NAl= 37012k vl wske]
Exon 12®¥¢] 76 bp ZAol2] A Qo] insertion® o] 31,
o] 2 ¢l3f stop codon®] E3tell A FAZA F11 @w)
< = Atk S AAE 415 98] Marron Eo] KHaLsh
primer Al E (P6) & o] H[17].

Ly

PCR ¥ direct sequencing€ S¢t REIIEEA

Table 2. Genotype and allele frequencies for the variations related

PCRE % 9] 20 uL®, genomic DNA (30 ng/ul) 1 uL,
forward/reverse primer (10 pmol/uL) Z}7F 1 ulLA, 2.5
mM dNTP 2 pL, 10X PCR buffer 2 pL, Tag polymerase
0.2 uLe 3ot PCR 9H-&-2712 95CA 12% pre—
denaturation 2AI3H G, 95C|A 30%, Table 1°
primer AIEW 2 A A¥ annealing =%o4 40%, 72T
oA 3028 F 333 THANNIL, £ 72Tl 73t
last—extensione AA YT} PCR TH5F 1% agarose
gel °Al 150 VE 303t 7] (electrophoresis) &
AAste] Sl ul 975 AP on T3 PCRAME
o] A7]% 747t Table 1ef vrepbt St

InDeld 2 <915+ claudin—16 deficiency ¥ factor
XI deficiency ] -9 PCR= &all A& &g 4= 3l
Slom, CHSS 74 Ad 52 745 SNP 23 gel&
213l direct sequencing= A g}

S & ¥ PCRAHE | O3 Sequencing®li= Big Dye Cycle
Sequencing Ready Reaction Kit V3.0 (Life Technolo—
gies, Carlsbad, CA, USA) ¢} ABI PRISM® 3730 Genetic
Analyzer (Life Technologies) & ©]4&lth Sequencing
Ao 3 SeqMan (DNASTAR, Madison, WI, USA) &
o] &3}o] alignmentdt § 7 NAE FAAE S +4 )

Results

CHS® 7%, Zetoln] AE P1S o] §8}o] LYST 3=}
°] SNP (c.6044A>G)E *E33= 886 bp2l PCRAME S
A5 5= AU (Fig. 1). ©] SNPY HHFAA G & mu—
tant type 2. =, 0|4 7/ 7 AL Q= A A A
= CHSZF &gttt 2 oA, 2+ 7|8 PCR A&l

Disorder Gene N Genotype Allele
WWI WM MM w M
Chediak-Higashi LYST 78 1.00 0.00 0.00 1.00 0.00
Syndrome ) ) ) ) )
(78) 0) 0
Soherocyios WW WM MM w M
€rocvytosis
PHCTocy AE1 78 1.00 0.00 0.00 1.00 0.00
(78) 0) 0)
Clandin 16 WW MIMI  M2M2 w MI M2
al mn-
ue CLDNI6 78 1.00 0.00 0.00 1.00 0.00 0.00
deficiency
(78) 0) 0)
. wWwW WM MM w M
Factor XI Deficiency Fll 78
1.00 0.00 0.00 1.00 0.00
Syndrome
(78) 0) 0)

N, number of experimental animals.

'W, wild type allele; M, mutant allele; M1&M2, the alleles for type 1 and type 2 mutants, respectively.
2 Numbers in parentheses indicate the numbers of experimental animals.
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Spherocytosis® 75 i AEI -AA SNP
(c.1990C>D el st F-Ax48 +A4d3%, FArst d3&
g1e 7 itk Aol o] g1 A AAES CC F:4H
© 2 wild type HHFAAE 27) 7HA 1 Q&= SHHATA
= e TH(Table 2).

27} claudin—16 deficiency ¢ factor XI deﬁaen—
cy syndrome®] A¥#=o] Q)= CLDNI6 2 FII F+3AE
o] InDel A& S 243 A3 A QA A BF wild type
alleles 270 7IA 1 e SIHTAZE YeFSt(Table
2). CLDNI169] 73-%-°l+= wild type® 4 F F7F2] mu—
tant types :rLT_'"O]'7] el 242y SolZAQl Zetoln] AE
(P3~P5) & o] 439 =4, wild type allele s BX] 3 4= 3l
= P3olA % PCRAUMEE gleh 4= 919tk (Fig. 2). PC
o] ZEE XA ¢k fa}olﬂi AE P4 4 P59 4% F
positive controlg A2 7 PCR testE A A8l
Qs o7 Ayt ol AV} Sl Bl
Aol o] g% CLDN16 Zeho]m AE:
WA, BAZMNA, FEMAE didez HAS5H
A Eo]aL[6, 15], °]5 P32 A A PCRET %]
o, P4 4 P57} ?%El 2] ¢k o] = PCRZ L
Yz} positive animale] k] EA817] 947] vt oz ¥
sk = ok wEbA, 2 Sk RS A A B wild
type & YEFTE FI17 A PCR Ab&E 2] =717} wild type

°] 749 244 bp, mutant type°lA] 320 bp S & LER}E=U],
S RS A bl A= B 244 bpe] PCRMETRE 8
Q1= At} (Fig. 3).

d S l3]°] 3¢ 22+ tfal PCR-restriction frag—
ment length polymorphism (PCR—RFLP)¥¥ & o] g3}

H

o

O Ml Bl 2 D

30
=

(A)

AEl

AN

1000bp

700bp
600bp
500bp

o CHS 9} Spherocytosis%% FAAG A S AAI o,
of Aol & Ate] Ao}t TAsHA BF QA (wild
type) &% UrE‘r‘/L‘/P

AH 590 Alglo| = CHS7F B 2719 % =
< W% (Ogawa & [4], 28%; Kunieda 5 [10], 45%; Ya—
makuchi & [19], 40%) = T on FH A7[20]°
4= BOIZNA (carrier, heterozygote) Wt 9% 7F WEFS:
th ol AHA1 CHSEAA U F xS AASH $Fo

2 AME ) RO Y2hE v, T Betn 9
dell el gt RAAFHE EAT 5 Aee o
> glth

PR .

Ohba & [21]°] SId57dol fle dEISsHete] o3|
FII SR el gist 423 415 A A18ke], mutant al—
lele®] FRATA MA7F 6%, o 1BATA NA7 41%=
e Ak mutant alleled] WE+ 26% % YERS G aL

WA A factor XI deficiency syndrome©] O]if—or
o ¥ HAAE 7HeAd S A5 Patel 5[22] 2
St %% (Hereford ¥ zebu, water buffalo) o thal &4
AAH o™, Herefordoll A9 2v12] (0.6%) 2] H.QIAF7H A
E ERIHSN T FFol s BT YENAIE YERTh

m rl
mlo 03

Discussion

HAAN7FA] AFF e A= 5000707 i g A A 9704
WEo] g 9low, Aol olmtt A A gk oF 20001 /)
7F &4E A ek [23]. FadH A dolEf# o] 22l Online
Mendelian Inheritance in Animals (OMIA) |4+ & A7}
A el A AT 8 2 F2 e {F-A21E (1187,

(B) CC (wild type)

© st A ildope

f -
1.-. T b J.'.

Fig. 1. The electrophoresis image (A) and sequence chromatograms of 4E7 (B) and LYST (C). The sizes of PCR products for AE7 and
LYST genes are 660 bp (line 1~2) and 886 bp (line 3~4), respectively. The arrows in the electrophoresis image show the size of DNA

ladder (1kb+) fragment.
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sla ok, AAAA o7 BA A

© 7 o] g3l = ¥ (artificial insemination) 35
2 14 NS SuE g s A @A G
B3 2 BAAMNAZ A3 Aol gabkd 4= o)

o %= chondrodysplastic dwarfism, hemophilia A 5©¢] X
I ¥o] 1o [25], Holstein®lA1+= complex vertebral

malformation, bovine leukocyte adhesion deficiency

s & 5 N "N 3 3 B N |

M S 2 3574 25006 “S75 R 80110

(B)

1 23 4567 89 10

(C)

M 1234567 89 10

Fig. 2. The electrophoresis images for PCR products of CLDN16
gene. (A) PCR with 375 bp for the wild type using primer set P3.
(B) PCR for the type 1 mutant using primer set P4 (expected size:
722 bp). (C) PCR for the type 1 mutant using primer set PS5 (ex-
pected size: 800 to 900 bp). PCR products for primer set P4 and P5
were not amplified in KPN population used in this study. M, 1kb+
DNA size marker; line 1~10, individuals.

3006p -t L L T T,

M 1234567 89 10

Fig. 3. The electrophoresis images for PCR product for /1 gene.
Expected sizes of PCR products for wild and mutant types were
244 bp and 320 bp, respectively. M, 1kb+ DNA size marker; line
1~10, individuals.

syndrome 5°] B 3AtH[26]. o} 7kA] k9o =
AAYAHAA 27t Sk wpebA, & oA T A
U RSl dst g0 JAxE o W
WEootyet RelxtE e 7 gle AAvt-e] dad A
o7 sebEc

k9= wd 200178 RSN FAE Adste] A= &7t
off Mg3l= AAE 7FA L Q7] woll, e T F4
Aol = skl el glof wl¢- a3k o] & 7hxit &

ATold= dAFAdz7E 4EA = Chediak—Higashi
syndrome, spherocytosis, claudin—16 deficiency, fac—
tor XI deficiency syndrome®l t3l] DNAZ]HF -4 2} & 5
AlE AAlete] 2Eek Ak sk RS A Fekdlel &
A a<lo] EAst=A ATk 1 A3, A o] &
78 AAANA BF Y (wild type) &2 YEFRTE
B Aol BAS LS ARESoN iy Ao
=, fRAgARo] AT Fol g F YonE o] 47
A ohlet ohE SR OE BUE e E A%

i
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