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ABSTRACT

Recently, copy number variations (CNV) of genes or genomic segments have been intensively studied and
various analysis methods have been developed. In this study, quantitative oligonucleotide ligation assay
(qOLA) was applied to investigate CNV of KIT gene in the Landrace breed. A combined assay using qOLA
and pyrosequencing, 6 genotype classes, I/1* or 1% (1%%), 117 or PN°, Y3, 117 or 1% (1%%), 1*i%and 11°,
were identified from 44 Landrace pigs. Genotype assignment using grouping features of measurements on a
scatter plot showed 100% agreement with those using a statistical assignment by PROC FASTCLUS procedure
implemented in the SAS package. Two versions (3100 and 3130) of ABI sequencers gave the same
genotyping results, indicating there was no influence on gqOLA by different versions of instrument, however,
the means of standard deviation and coefficient of variation from the qOLA on a ABI 3130 (2.33 and 4.10)
was lower than those from the qOLA on a ABI 3100 (2.67 and 4.81). Effect of proteinase K treatment on
the PCR product followed by qOLA was very clear because noise peaks were disappeared and the observed
ration fit better to the reference ratio corresponding to each genotype.
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gt primer AEE o] 83N eM, Seo T
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Fig. 1. Schematic description of Dominant white/KIT allele in pigs. A box indicates a KIT
gene and a line indicates an intergenic region. G and A in the box reflect the
normal and splice mutations, respectively, at the first nucleotide in intronl7. G and C
on the line are base substitutions at the 3'-end of the duplicate and normal copies,

respective.
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Table 1. Theoretical genotype description of the KIT locus by the combination of splice

mutation and duplication

The.fir.st nucleotide Spl.ice Duplicat!on Duplit.:ation Seed

Genotypes® in intron 17 ratios breakpoint ratios d
(GIAY (%) (cley (%) o

i/i(1%%) -GI-G 0 -CI-C 0 1
1°/i(1%) -G-G/-G 0 -G-C/-C 333 2
I°n® -G-GI-G-G 0 -G-CI-G-C 50 3
1°’n° -G-G-A/-G-G 20 -G-G-CI-G-C 60 4
1'ne -G-AI-G-G 25 -G-C-G-C 50 5
1°/i(1%) -G-G-A/-G 25 -G-G-CI-C 50 5
1i(1%) -G-A-G 33.3 -G-C/-C 33.3 6
I’/ -G-G-A/-G-G-A 333 -G-G-C/-G-G-C 66.7 7
i -G-A-G-G-A 40 -G-C/-G-G-C 60 8
1°/1° -G-A-A-G-G 40 -G-G-C/-G-C 60 8
1t -G-A-G-A 50 -G-CI-G-C 50 9
1%i(1%%) -G-A-AI-G 50 -G-G-C/-C 50 9
I°n® -G-G-A-G-A-A 50 -G-G-C/-G-G-C 66.7 10
e -G-Al-G-A-A 60 -G-C/-G-G-C 60 11
’n® -G-A-A-G-A-A 66.7 -G-G-C/-G-G-C 666.7 12

G is normal copy and A is splice copy
C is normal copy and G is duplicate copy

A& A= vaLste] genotypings AAISHAT
(Table 2). == A3} qOLA 31007} gqOLA_3130°]
FUHA ERER O, H3x B oF
9} A4 &7 genotype©] 100% U ]35It}
o] qOLA”} Seo 5 (unpublished data)o] X313k
4Rk o]e] CNVE Hfrstal e Large
White (LW) 2} 5413} Landraceol| A &= 4 3 5{7} l‘ir

7t 7hs stk Ae om|§hh “6& qOLA_
31003} qOLA_3130°] 5 &HA EHF¥ = E%d
717] zpelel] ofgh E/F9 S R/E 1S Aolgtar

AR E Y. Landrace 4459 thdt grouping A3}
't == 1%i0%) groupo] 21 F (47.73%)=

I“ allele is not included and genotypes are ordered by the ratio of splice mutation

Statistical classification by clustering at 12 seed points using the FASTCLUS procedure

=7F 74 =S clusters o] Fal Q9lth o]
Seo 5 (unpublished data)e] H.3g Lwe]
genotype©] thH-& 11" == %%y ek 1P ==
NP & groupo.® HxEo] 9l Ao HlE}
o] Landrace2] genotypes 9] group®] &

o3 gl&S ofvlgteh

i

4. qOLA 3100, qOLA_3130 2|2
Splicee| U4 A HET H|

Pyro_

Table 32 qOLA 3100, qOLA 3130 &1
Pyro_Splice?] AUA 2 AHIL=E wudk 3
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Fig. 2. Diagnostic tests for 44 Landrace pigs using a combination assay of qOLA and
pyrosequencing (Pyro_Splice). The x-axis of abscissas is the ratio of [duplicated
copy/(duplicated copy + normal copy)] measured by qOLA. The y-axis is the ratio of
[splice/(splice + normal)] measured by Pyro_Splice.

(&) The result from ABI 3100 (b) The result from ABI 3130.

Table 2. Comparison between subjective judgment and statistical genotype assignments for
44 Landrace pigs. The genotype allocate by the grouping Landrace of observations
and the number in the first row is class centroids for the statistical analysis

No. of Pigs

%) 4 5 7 g 9 11°
0

1°n°

117 or 1%i(1%)
(18.18)

— — 3 —_ —_ —_
112
(6.82)

11 or 1*11°
(22.73)

' or 1Pi(%)
(47.73)

- - - - - 1
e
(2.27)

* Number of class centriod: 1 (0% and 0% of duplication ratio and splice ratio respectively), 2 (33.3% and 0%),
3 (50% and 0%), 4(60% and 20%), 5 (50% and 25%), 6 (33.3% and 33.3%), 7 (66.7% and 33.3%), 8 (60%
and 40%), 9 (50% and 50%), 10 (66.7% and 50%), 11 (60% and 60%) and 12 (66.7% and 66.7)
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Table 3. Comparison of accuracy and precision among qOLA 3100, qOLA 3130 and
Pyro_Splice in the genotyping of 44 Landrace pigs

Estimated

qOLA 3100 (%)

qOLA_3130 (%)

g; ngéyfz IT\Ilgs Expected® ?S:‘;:/e%f sp” cV° Expected ?;;enrf/ e%f
11t or (%) 21 50 515 2.05 3.98 50 49.3
1" or 1¥1° 10 60 60.8 1.86 3.05 60 59.0
e 1 60 55.2 ! . 60 58.8
"N or 1i(1%) 8 50 51.0 2.17 4.25 50 49.8
I°/? 3 66.7 67.1 3.42 5.10 66.7 66.3
I’n° 1 60 57.2 60 56.4
Estimated gqOLA 3130 (%) Pyro_splice (%)
g; n(;)ct)y EZ SD cv Expected “cflk?:enrf/ e%f SD cv
' or 1¥i(®) 2.23 453 50 50.9 0.94 1.84
1" or */° 2.34 3.97 40 40.8 1.51 3.70
e 60 58.1
'N® or 14i(1%) 3.07 6.17 25 27.0 0.86 3.20
I’ 3.04 458 33.3 34.4 0.67 1.93
1’n® 20 23.1

% Theoretical ratio corresponding to each genotype
b Standard deviation of each observation

® Coefficient of variation

% not analysis

otk I'°P¢} PNPE A9 EFEHAL(SD)9t W
o] A|5* (CV)= Pyro_splice”} qOLA Rt} St
UebgE=t], o] qOLA7F PCR BH$ Al A&

£ sequence®] AAH THS = v
Pyro_splice®] 7% KIT2] sequence HIE ~“dof
A @ 7] X gho] WAYSIE R WA QHA
TEE 7] wiEel Aoz AlRwrh
(Seo 5, unpublished data). 7]7]%¢1 x}o]4 n
ael A o] 2% Q1 genotype®] 7Ith|o] thgh ¥
29 Hat eaF W9l qOLA _3100°] 0.4~
2.8%= qOLA 3130 (0.2~1%)°ll H]3lo] E9ke
L, SDeo} cvel Hy2 2339 4102F gOLA

Z o]
AR

3130 (2.673} 4.81)°l Hu]&to] ik
5. Proteinase K x2[e| &1}

PCR & ¥ proteinase K7} CNV_Dup 4]
of ojwgk P& mA=A dolry] HshA
proteinase K& A &3k A3} 184 ¢ AL
vl s Bk} (Fig. 3). 2 234 protelnas K&

|

AE A &I qOLAE S35 S HF U
o] F-4le1A|= K =1} noise peak”’} UrE]— o

% main peak (G/C)S] H]&©]
genotype®] H|&3 & SEA| 7} okth (Fig. 3a).

]Ex—] 9]
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(@ I | _
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(b) i

Treated with Proteinase K

Fig. 3. Effect of proteinase K treatment on PCR followed by gOLA. Noise peaks were

markedly decreased.

(&) Not treated with proteinase K (b) Treated with proteinase K

Sk YE proteinase K& A 23131 79~ noise
peakso] Algbxlom o] 2% <l genotypel] H]
&3 2 A =T} (Fig. 3b).

VI. 1 &

qOLAS} pyrosequencing assay®] %3td =
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] =22 S ] LR /O ' === T O [
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Ao KIT 84S 24322 9+ Landraceol
M= g BR7E 7bed 3 0R Kol thE
Tl M= qOLAS] F&E KIT wHga Wol
(CNV) &A7F 7Hed o m Azhs oA,
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3 A6 ok 2 a7t gllen, A4
ol #% 5249 v E qOLA 31003
gOLA_3130°] FY3tAl /=t kAR =
3 F2Joll 4 qOLA_3100°] qOLA 3130 Xt} &
HE7b o Fol Belom, A 2 ggw o
wol A qOLA 31009 dFFAAFe} ol A9
2333 4100% qOLA_ 3130 (2.673%
481)°l wHlste] SHA dEpE=R, gua 9
et 9 w5 3oz AyzteEr.

gOLA ¥k PCR 4H=eol td}e] proteinase
K Aglass 4% A3 proteinase K& A
g3t 49 17195 A4 noise peakEeol Al
A= Ao ZF genotype] o] =4 H]&o| WL}

U3} o]E st o]f+= qOLAE
371 A Agel PCR FZuAlolA ARgH
Tag DNA polymerasee] &4o] qOLA HE-g-ol
A% FAF o] ligation A4 2 PCR W5

o] dojupr] wEQl AoRE  AbmEo|AH,
Proteinase K& #I2]at7] ¥™ Tag DNA

polymerasee] 2H4do] A|A o] PCR Hk-go] &
oA kol noise peakEo] AAE A = A
o= A7t

ulx]ako 2 |andrace 445l T3}t grouping 2
Tt = (%) groupe] 215 (47.73%) %

WELETE 7P EE clusters o] F3L lSITh
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