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N 10WH AAAo &A= Copper metabolism domain containing
(COMMDI) {+37= AW 8 dirtE 2dsk= COMMDL w@¥dS 343
t. COMMDI +37e] exon 2 ALEwols @iz o] AqRe Fsto] WEw
| o EHElo] AFelA 7 TS o
B Ao I HEFE "ol 1055 (5H 505, A 555F) 9 g A
25 AFE38te] genomic DNAE FE3aI3th w4 =3 4 Ads f8 v =
a4 A3 (multiplex PCR) = ©]&-3to] COMMDI 3 4+8] exon 2 4
Eole] MAANEE 2ARITH 72§ wet o8 9l Y se G A
HE vlaAsta, AR A A E Te AEHoE RUEE s W
o] fF AR TFHEA o AEES FUHSIGITh
HEHE "ol 10554, F4Fd2 FFA AT 525 (49.5%), o1FH T
A7} 4TS (44.8%), Hol &4 EH A7} 65 (5.7%) = A=t A
ARl A, 2A] o] 8] WolfHAt sF AT o dF ALT B4 =7F /oA o
A S71ee SR TH(p<0.05). HolFax #34TqA ¢ 2.5 o], 4d
ol AEEL 77 60%, 20% 3T
U W88 Hgole COMMDI 3% exon 2 Agwo] WhARlE: 4l Q1A

T~
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W] 10 GAA N EA8= Copper metabolism domain containing 1
(COMMDD 2 AW HEF % 3 & thAb 2ol #ejsh= COMMDL &
& = A Abelth(2, 21, 32). COMMDI 73412 exon 2 ZAEHo]
= COMMDI1 wwide] ¢bd Afe fdetel WE™HE H o] (Bedlington

g

d
ol

l

terrier) AFolA AAANA F4d 4% (autosomal recessive disorder) Q!
T8 TEss FEeth(2l, 41). FEs Al A dAEA HAE
3}E A A &4 (superoxide dismutase), A|EIF C AFstd A (cytochrome C
oxidase) & Aol BEJIAZ AEITH(39, 40). T2 I o]t ¢
7b Aol %24 Haber Weiss RFg<& &3l |7 (free radical) & 3733}

of AE54S Yebdu (3, 27). FE7le 34k £9S fFEsta Az Ad

ul gl o] AkshA &AFS Q1% HFFEoA RS Ao AR A FA
of A7 wAS 2Hs= 7B oE, A Fulo YA FA o A4 el o5t
S 3HH(23). AT FoE FEH s THAEe AZAEY, Ae o)t
o] FEl&= HES TIllA ajdE).

HEHE "ol A% 8 55L& 197549 v=oA Hardy ol 9s] A

AAEo I+ W FHEETF AsetA ¥9(33). TEe FE APFTA
(centrilobular) % ZFZt] (midzone) & A &3 2A] (lysosome) el F2]
doh(24, 26). 7E TETO wE I S 2
Y Ams 2l e 4 AR weEl dEu(34). 4 S A H
o] 4 Wejsta W3l & Ao wef A 3weE FRT F A8, 15).
Al 172 299 olske] ofd JAlE=



35 Holx Fo|th

T8 FEsol oldd AL ARE A A= oAl ®igskE: UERA
oo} Amdt Fro Wy £9 S Fo] Fo] wEE £ ui(10, 14). 9
g AskerA HAbelA, b #EE FEEo] A Ads vERd F oy
I Axe Ao A3 el o Ao =W dF alanine

e
[
2

=59 Ao Ego] ¥ Aow wuyo Qh(8). £84 Wy

s o3 AANME e FUES

T8 F53ol olgd JhAS] 3h

o, 2k FElE Xt 2,000 we/g olEhel BS S ANTHE UEhA d&

Ao deA rh(39). 1 FHEE = ]

W 77 ARk A o] §E o ghout ARo] oy A= A YL
T vk ©do] tH(31). o9 Forman 5 20059 COMMDI %=}

°] exon 2% XEgtsh= A& 99 =717F 39.7 kb

Akatel WEHE HPolo FAAEE Fgs] T F e HAPHS AA

3Eth(6). =g asr A (polymerase chain reaction) S o] &3 /A=

2 AFoM = Ul WMEHE HEloE g eE COMMDI 7344 exon 2
j

Aol MANEE zASYY. ma @) G958 @A 2 44 DA}
Ang warAst, welfdd SRR AAY AEs BN B T
ZEZol Ulg QA ololel vl Lobm it st



Sl A ARSE I Qe HEWE HEo] 1057 8] I A8 (Table DE A
=

H 9 33 E Fote] FRsglon, R RE JiAY] Ve FR, T}

0.5 mb= w5stel SA DNAS FE83a, o Ase &% 5714 dAkE

Table 1. Informations for Bedlington terrier samples used in this study

Sex Age
Total =>2years,
Male Female <{2years >byears
(Heads) <Byears
105 50 55 74 28 3
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2. DNA
EDTA-3K=Z 351 AHZ3st 0.5 me AI=ZHE

Genomic DNA (gDNA)+
G-DEX IIb® blood DNA extraction kit (Intron Biotechnology, Korea)E
soith. Z DNA A& NanoVue® #3357 (GE healthcare

7} 100 ng/pe 7t == 243830

A}-g-3}od
bioscience, UK) & ©]&3}o] %

3. COMMD? 58 XtQ| exon 2 Z&H0| =0l
G M2 exon 2 A<LWolE dalsly] 9& TP600™ 44t
o] g3ty tE F3das A (multiplex
ZAo]| d7]9Fste] glstAtt.
A (Table 3)< Forman &

COMMDI -+
| (Takara Bio Inc., Japan) &
, PCR AHE& 1.5% o7t=
2 RkE x

PCR) & A3k
PCRo| AF&¥ primer set (Table 2)
sto] A3S AASHST

(6) 2] el



Table 2. Lists of primer pairs for multiplex PCR

) Product
Primer Sequences (5'—3") . PCR target
size (bp)
COMMDP3F  GAGCCCCACGAAACAGACTA . Normal DNA
COMMDP3R  TGGTCCACATCTTCCAATCA detection
COMMDPIF CCTGCTTATGGTCTTTCCTTTG - Affected DNA
COMMDPIR  GTACAACAAAGGGATCCCTG detection

Table 3. Multiplex PCR conditions for the diagnosis of exon 2 deletion in
COMMDI1 gene

Primer pairs Temp. Time Cycles
Initial denaturation 94C 5 mins
Denaturation 94T 45 secs
COMMDP3F—-3R
Annealing 56C 30 secs 35
COMMDPIF—-1R
Extension 72T 30 secs
Final extension 72°C 5 mins
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FAA AAF AFEE R AR F, S, £33 9 WAo] dojux] i HAE
7Ved AR 46700 thste] d 9 A8 HARE AAET A AL
(CBO): EDTA-3KZ &<2w Had @8 A&Z Hematology Analyzer®
(NIHON KODEN corp., Japan) & °]&sk3lth. 3t 753 dde 94 A3ss
A 7A= VET SCAN® (ABAXIS, USA)S o]€3to] alkaline phosphatase
(ALP), ALT, gamma glutamyl transpeptidase (GGT) &A%, total
bilirubin (Tbil) # total protein (TP) ¥%& ZF7stlth dof 4
v A AA Aol whet 370 PO R yero] Bl skl oA et

1}
At Wolwiat s AT Hardy7F AlAISE S1d57de] ddde we +
FHE®) o gAY 2d@HS V=07 2709 Fo7 AR

5. 22d(cloning) 2t H7|IME =M

COMMDI +3A4E 2 7149 4= $18te] PCR A== 2% ob7tz =4l
A719% & & MEGA-Bead® gel extraction kit (Intron Biotechnology,
Korea)E& A}g3to]  gel elutiondti ©]2S  pCR®2.1-TOPO  vector
(Invitrogen, USA) (Fig Dell 24 3t3th. PCR 4tHEe] AU H vectors E.
coli (DH-5a)°l dAAS (tranformation) dt1L, 2o AH E colell sl
A+ ampicillin & LB #]%] (broth) o] ¥ (37C, overnight) s}t i efE
E colis QAR 3t1 pelletS QIAGEN® Plasmid mini kit (QIAGEN,
USA) & o] gsto] EdtAn s FE5H1 9714 YE 45 9783t (Solgent,

Korea).



lacZo ATG
M13 Reverse Primer

CAG GAA ACA GCT ATG AC
GIC CTT TGT CGA TAC TG

BstX |

| | i
GTG CTG GAA TTC GGC TT QA GCC GAA TTC TGC
CAC GAC CTT AAG CCC ALNiibtdll T T CGG CTT AAG ACG

GITA ACG GCC GCC AGT
CAT TGC CGG CGG TCA

EcoRV BstX |

Hind 111 Kplnl Sacl I.IJﬂ'THI S,?el

CATG ATT ACG CCA AGC TTG GTA CCG AGC TCG GAT CCA CTA
GTAC TAA TGC GGET TCG AAC CAT GGC TCG AGC CTA GGT GAT

EcoR | EcoR |

Aval
PasRT |

Not | Xho | Nsi | Xbal Apal

| | | | —
AG‘\TP«TCCATCACACTGSCHEDCG['}TCG\GCATG}ETJCTAG!\GGSCC{CMTTUECCCTAT

TCT ATA GGT AGT GTG ACC GCC GGC GAG CTC GTA CGT AGA TCT CCC GGG TTA AGC

T7 Promoter
AGT GAG TCG TAT TA
\ TCA CTC AGC ATA AT|

C AAT TCA
GTTA AGT

GGG ATA
4

M13 Forward (-20) Primer
CTG GCC GIC GIT TTA G
GAC CGG CAG CAA AAT G

AA CGT CGT GAC TG3 GAA AAC
TT GCA GCA CTG ACC CTT TTG /

Figure 1. Genetic map

of pCR®2.1-TOPO vector (Invitrogen, USA) with

total vector size of 3.9 kb.



7. SAAE

7 o] do 9 HHsst AA AE vl Ety] f1@E SPSS BAZEIH
(ver 19.0, SPSS, Inc., Chicago, IL, USA)& Al&3lglon, A dEdz o
w3 XFEAAE AAbete] eI 2 AdE ANOVA 248 &3 A4
Fo8E5 53 TH(p<0.05).



1. COMMD] 7R Xt2| exon 2 Z&H#H0|

COMMDI +37+8] exon 2 AEWHolE Flstr] 93] PCRe AAlsto], B4
T2 sF A EANA 500 bp A, o]FA A= 500 bp2t 250 bp
Ao, WHolFHA AT 250 bp A So] W=E st
(Figure 2). =l H&¥ ¥ Hglo] 105vFg]oA AAFA2 534271 5201
2 (49.5%), °1FHEA 47viE] (44.8%), WolFAA EIHIA7L 67l
(5.7%) = A=Ak (Table 4). ZF FAAEE] o Adn] 9 HAE A9
Bt dolg vlws Ay, AFFAA FFHEA Tl F

ol o] ¥ wokth WA Aol AL QFE AlFY Hi ol 1.4

d o]t} (Table 5).

1000 bp
500 bp

200 bp

500bp ~ 500bp  250bp
- /250bp

Figure 2. Results of multiplex PCR for wild type homozygote (Wt),
heterozygote (Ht), mutant type homozygote (Mt). The normal fragment
1s b00 bp and affected fragment is 250 bp. Lane M: 100 bp ladder

marker



Table 4. Prevalence of the exon 2 deletion of COMMDI for Bedlington

terriers in Korea

Gene type Heads (%)

Wild type homozygote
(COMMDI1 +/+) 52 (49.5%)

Heterozygote
(COMMD1 +/-) 47 (44.8%)

Mutant type homozygote
(COMMDI1 —/-) 6 (5.7%)

Total 105 (100%)

Table 5. Sex and age distribution of examined Bedlington terriers

according to the results of genetic analysis

Sex (heads) Age
Gene type
Male Female (years, mean=*SD)
Wild type homozygote
Heterozygote
Mutant type homozygote
(COMMDI —/-) 3 3 1.7 = 1.2
Total 50 55 14 £ 1.6
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ARG A Aol A, WME T AE4 9 hematocrit &52] ZF #7F FA A+
2ol #EE A kgt (Table 6). 1F 7153 #d" A shst HAF A7, 2d
& o]ake] Wol AR T HIATA ALT AL F92Q ZF7F(p<0.05)
7h #FEQAT ek 2d® o]t Wolf ARt FE A AT A ALP G4 =

dEE o FAA FIHS Atk 2 79 GGT A%, Thild TP
S AolE YERA eFskth(Table 7.).

Table 6. The results of complete blood count for each group

(mean=*SD)

Heads WBC RBC HCT

Group  Classification X
(n=46) (6-12 X107 G585 AFA)  (37-55%)

Wild NC* 20 7.3 £ 1.6 7.1 £ 0.5 49.7 £ 6.9
<2 years 10 7.8 £ 1.2 6.3 £ 0.3 420 £ 4.1
Hetero
>2 years 10 6.8 £ 1.6 7.5 £ 0.5 53.6 £ 0.5
<2 years 3 104 £ 15 6.9 £ 15 475 £ 9.1
Mutant
>2 years 3 10.7 £ 54 7.4 £ 0.8 487 £ 8.0

Wild; Wild type homozygote, Hetero; Heterozygote, Mutant; Mutant type

homozygote, NC"not classified

_‘]‘]_
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Table 7. The results of serum chemistry related liver function in each group

(mean=*SD)
L Heads ALP ALT GGT T.Bil T.P
Group Classification
(n=46) (23—212 U/L) (10100 U/L) (2—-10 U/L) (0.1-0.7 mg/dl) (5.5—7.8 g/dD)

Wild NC” 20 106.0 = 107.8 58.3 = 30.0 7.1 £ 1.7 0.3 £ 0.2 6.5 £ 1.0

<2 years 10 81.2 = 72.8 51.6 = 22.6 7.2 £ 1.9 0.2 £ 0.1 6.1 £ 0.3
Hetero

>2 years 10 40.8 £ 12.9 97.0 £ 89.7 7.8 £ 3.3 0.3 £ 0.2 6.7 £ 0.7

<2 years 3 120.0 = 70.0 96.7 £ 37.7 3.7 £ 2.3 0.2 £ 0.1 6.5 £ 0.6
Mutant )

>2 years 3 366.3 + 396.7 376.0" * 112.6 8.3 £ 85 0.5 £ 0.3 6.4 £ 0.6

Wild; Wild type homozygote, Hetero; Heterozygote, Mutant; Mutant type homozygote, NC';not classified, ** : p<0.05



wol fAA BHE ATl et BUHPS AAste] 6vte F 4veldl sab
g sskgieh ke A KA A 97 delt 47t 2, 1, 2, 3.79%
o] i1, HAb Lholi= 77t 4, 2.3, 2, 3.89% o] UTH(Table 8). 0|49 A% %
sl Wolf A FRHEA 2o 254 o4, 49 ol% AR Frhe A, 7

7} 60%, 20% Atk (Figure 3).

Table 8. Clinical information of 6 mutant type homozygote Bedlington

terriers
A
Sample ge(years) Chief Primary
N Sex
o. ) ) )
Examined Died complaints diagnosis
BTO0901 F 2.0 4.0 vomiting Liver failure
BT0908 F 1.0 2.3 jaundice Liver failure
BT1108 M 2.0 2.0 vomiting Liver failure
ascites Liver failure
BT1110 F 3.7 3.8 . ] ]
vomiting Microhepatica
BT0917 M 0.7 Live - -
BT1210 M 0.5 Live - -

_‘]3_



10 e ®
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Survival probability

o 05 1 15 2 25 3 35 4 45 5

Years
Figure 3. Kaplan—Meier survival curve for 6 mutant type homozygote

Bedlington terriers
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4. JHAE =

TAE NA AR} FH4Z AAF AdE o] &ste] FE o] FEld 27 H
WG(A, B o 7HIEE At
SBALA A Abolel A AR FHATA b 2 1vtel sk o] FAHE A
o= 7+ 1vlg)7t glolwth B Ml = AR B

b A Afolel A AAFAA FFBATA A 3nke], R 1nky g o] F A

AF 7 1wk 7E dolweh (Figure 4).

oft

o 4T &

No. BT0802 BT0801 BT1305 BT1108
exonz wt A wt wt wt wt wt A

4000014

BT0803 BT0804 BT0805 BT0806 BT1306 BT1307 BT1308 BT1309 BT1310

wt wt wt A wt A wt wt wt wt wt wt wt wt wt A wt wt
|:| male, wild type homozygous |] male, heterozygous
O female, wild type homozygous O female, heterozygous

Figure 4. Bedlington terrier pedigrees status of COMMDI mutation in
dogs used for current study. Legend upper left; sample number, exon?2

(wild typelwtl], deletion[A])
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HEFE "HEloloA 78 F55e Adshs WHeEE M8 HS &3 7
sE SANY FAA Aol v e Felsk S

ofel A o] gEeol gow, I W FElsie RS B3 =7 (atomic
absorption spectrophotometer), T A WAFSFEA] (neutron  activation
analysis) = °]§3ste] AFHORE FAASAY, rubeanic acid EE
rhodanine 4% F& ol&sto] W S48 % v (35, 37, 45).

=
3ol olgkd JHAl= 3F ol AR, ¥, A S8 AV|AMME T F
<

e A et (14). e s 54 A37F 400 pg/g vIRbolH A
d AR B4 5 3la, 1,000 we/ges 2del el FETOl olgkE A
2 {AE F Aqr5). 28y FEEE7F 400 wg/gellAl 1,000 pg/g Atolold
670 5 ASAstel Ao ok 53] AAAA AALY 3l FHEET
400 pg/g ©1741 AbEl 2D FrEls v 2he] WejAetA wshel Ao e A
= A &s] WY sk X 3EA}F(indicator) 7} oFH & AASH= A+ A3t By
AA FElss S AdF FpA o FAlFe] sl AT]EHATH(12, 36).
A ool Wig digewAd  fHda HARHel  =gHEgddh 19979
Yuzbasiyan—Gurkan &< %3] A A} (microsatellite marker) C04107%
AW FAz Alele] A BAE o8 FAA WS AlRbeATH(44).
Co4107- MEHE ®Hgo AFAM F+ 7 thdFd4 (allele 1 : 159 bp,
allele 2 : 163 bp) & EA8tH, o] F allele 27} AW FHdA e} AAELH
(linkage disequilibrium)& ©|F 1 Y& AFHo] Felgdo. 18y &% A
of s Co4107% AYg FHAA Aole] Az ArElZE B EWA, C04107&
o] &3t 1A A AAFAA T A (wild type homozygote), ©]¥

e}t (heterozygote  type) 2 Wolf-dA  HHHEA(mutant  type
homozygote) & s8] 3] & + glgo] @A, 11, 16). o] # 4

T-olA = Forman 5 (6)°] AAIZ COMMDI 57X exon 2 Aol AH



AEHE olgatien, U WEFE o 1059k oA wolfHA 53
gkl AN EE 5.7%% FAE AT 9= At = 1999 7] o] W
S o] 44vtE]elA FAFEAA FEA TR 109k (20%), ©1 - A
7F 247k (47%), Wl A sB AT 177k (33%) & HaLEATHED).
w3 20079 259 HWEHE ®HEo 147vkgolA, FAsAA I T
6012l (40%), °o1FHTA7E 47ve] (32%), WHolFAA FHH A7} 4201
(28%) 2 B vt Uvh(22). = W= d "Hgo] MATe wolfd2 53
A AR = W7o, 5] Bl vwstgls wf we- Wokth o=

A WMEHE Hgole s =0 7] QAR AMAGFTE BA gkon, g5o
FE FUE o] o]FX e A FHAF] FElE JjAE At
Lstar Q7] WEo® Absdnh Ty U ol YA MR EE 44.8%
24, =9 Abgel HREAY =S FFEoIth ol 27 E9lE AR AAE

o C04107 =913 A FAAN < o] &8 443 4 AALE Tl =dH 3]

iz

7] Wi o ddEnh ol GRS wHlE F& 1/49 &ER WolFxA
SEATAE "Hold = 7] Wil =l ARAIT el e e fAE ek

o Aed auAEe So] Bad gl

AN NAAL Aopdell A ZF FAAT 1Fe 58 §942 Fad 5 ql9le
), ol 7]E Bael AXFATH(0, 14). 2 9 ANt AnA}L Ay gy
U gde 9 g, dNLES T2 FAHA

ASITH(10, 43). T8 FETl ol&E JAlE F ALT B 7 S7kskd,
ol W =do T E1EaL(17, 28, 39) AZA AEH 7pA7F Qe Ao
A A om I WMHEE 34-45%% Ry vl vk, 9). A3 HA
%! & olde] Wolfda TR FTATS] ALT FAHES] F93
7V7F BFE QAT o) ALTZF 2bA 22 MxAde| v $xehs E4hEA



o], ALTel Hlslo] AL &Atol] So] A o]#] ob7] wj

B ATl ol i1 BZATA A 254 ol BEEE 60%, 49 o]
g AEES 2002 FAHA Tel FEZ @R AA YEE A

AFAA ARG 2AE ol FolA A shor, oFE AW AP uf

rlr

g} Aoldt Zlow el AT, 30). TrEl TETel olgE WA F, Avls
U F5 % (moderate) o] 9 4ol dd /A= A A QW (supportive care)
of A& W& Hol7] wie] Ao 7] Ak W A&HAQ AHAANE F3
AFE MAIANA F A EO). & T A5 =T T F5E JAlsta
oM el el vide FAete Aol s T dv(29). dRHAQl Ats =
O =2 g% TEE Fsta 7] wiel Ty @] W ARALR
g AA (3, oA, A7IE AT F7, FAE 5= wolshs Zol ARl
Eol Jn(d, 18). &3priaelA el F8 S5 Alsty] s ol AAl=
wold = oy, VIZAo] oA §dA Wd, 7E 9 HAL T &3P
o7t F-AgorA vehd = 3th(4). D-penicillamine -2 o] Z3}HA

(chelating agents) 24 78] 559 XB8A=Z AL o+ oy, F24 ¢4
< Aslste] kel AF3tE At a2yt e AewE d#A k25, 29).

i
lo [
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Highland White terrier), 7] H 2o} (Skye terrier) 52 AFNAE HIE
o] Q7] W&o (13, 19, 38), A7] AFH Fol that 1o F-H174 AL o] F
o] xof & Ao 7 Atm LY,

_‘]9_



V. 4

r

s NERE il COMMDI #37 exon 2 A&Wold) MANIES
AR E PPoR WG 2ASIL, Fol, A PAb D AEE 520
WA S Ak obeg 2o,

1. = WE949 "o 105929 MA F, COMMDI A 34734 &
A&7} 52018 (49.5%), o|FATA7} 470} (44.8%), Ho|GAA =3
S22 67 (5.7%) & Fel¥ Tt

2. COMMDI +73A2] exon 2 Awolo] & FHAE I} AHS 7|F02
5ot 7z o Atolo] Antg NAL Ao A Fo el Aol wHAER 9kek
3 7s 3 BEE g4 3tst AP Aol 2\ ® o] ol FEA
shabt o] ALT A4 =7 o2 7o w8 Fod oz Z718hsdth

o

3. Woldx FEAEA 9 2,59 oY, 4d o AEES 44 60%,

20% %2 A=At

ol’de] Aol A =l WEHH ®HlElole COMMDI 342 exon 2 AW

¢

o] MANIEES Bsten, ol Syl MEYR wle] AT FA% Qe
A&

=3
WA AR gl Wol Ak gk ok 93 VRARR &8d
il

_20_
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Abstract

Prevalence and clinical significance of
exon 2 deletion of COMMDI in a population of

Bedlington terriers in Korea

Yungi Kim

(Supervised by Prof. Youngmin Yun)

Department of Veterinary Medicine, Graduate School,

Jeju National University, Jeju, Korea

Copper metabolism domain containing 1 (COMMDI) gene (formerly
MURRI) encodes COMMDI1 protein functioning as a regulator of copper
metabolism. Exon 2 deletion of COMMDI gene results in complete
absence of the protein and causes copper toxicosis in Bedlington
terriers.

DNA samples were extracted from whole blood and blood samples
were collected from 105 Bedington terriers (50 males, 55 females) of
pet dog clubs in Korea. A multiplex PCR was carried out to detect of
exon 2 deletion of COMMDI gene. Clinical analysis was performed on
each genetic group using the results of complete blood count and serum
chemistry. Clinical status of the blood donors have been screened to
estimate the survival probability.

Of the 105 samples, 52 (49.5%) were wild type homozygote for the
normal COMMDI gene, 47 (44.8%) were heterozygote, having both
normal and mutated copy of the COMMDI gene. And 6 (5.7%) were
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mutant type homozygote. Serum ALT activity was elevated in mutant
type homozygote group (>2 years). The survival probability of mutant
type homozygote surviving past 2.5 years is 60%, and 4 years is 20%.

In this study, it was possible to know the prevalence and clinical
significance of exon 2 deletion of COMMDI in Bedlington terriers in
Korea. The results of genetic analysis using multiplex PCR method could
help establish a structured selective breeding program to prevent

COMMDI mutation in Bedlington terriers in Korea.

Key words : Bedington terrier, COMMDI, copper toxicosis, multiplex PCR,

survival probability
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