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Detection of a Large White-Specific Duplication in D-loop Regmn of the Porcme MtDNA. Jae-Hwan
Kim, Sang-Hyun Han, Sung-Soo Lee, Moon-Suk Ko, Jung-Gyu Lee', Jin-Tae Jeon' and In-Cheol Cho*.

National Institute of Animal Science, R. D. A., 'Division of Applied Life Science, Gyeongsang National
University - The entire D-loop region of the porcine mitochondrial DNA (mtDNA) was amplified from
six pig breeds (Landrace, Duroc, Large White, Korean native pig, Berkshire, and Hampshire) using
a primer set designed on the basis of reported porcine mtDNA sequences. From analyses through clon-
ing, DNA sequencing and multiple sequence alignment, an 11-bp (TAAAACACTTA) duplication was
observed after known tandem repetition in the D-loop region, which promoted hetroplasmy in mtDNA.
Although the existence of the 11-bp duplication has been previously reported in Duroc and Japanese
native pigs, there have not been any attempts to know the characteristics of this duplication in other
breeds so far. A 150 bp fragment containing the 11-duplication was amplified and typed by poly-
acrylamide gel electrophoresis (PAGE). All Large Whites had two duplication units and Duroc showed
heteromorphic patterns, 11.2% (9/80) of the animals had the 11-bp duplication in total. On the other
hand, Landrace, Berkshire, Hampshire and Korean native pigs were non-duplicated. This result showed
that the 11-bp duplication could be used as a breed-specific DNA marker for distinguishing pure

Landrace and Large White breeds.
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ghek 2 Ak, xskehA fd A
o ¥4l g1o]A mitochondrial DNA (mtDNA)= &3 &
&

L4

A 1A Z A AFEE I gtk MIDNAE So]8 o7 BAGH
el S Holafe], Az Aol WA Bow, 3 DNAK
o108 o] ¥ H7IWol&S BRIt 1,17]. 53], D-loop
29 mtDNA WF-9] o F-9]o viA o w2 979
o] &5 UERATH3]. 0¥l o]frel A3te] mtDNA= DNA
ool A ke T ol T AF 2L A

b A F8ekAl AREE AL ATH7,13,19].

42 mtDNA D-loop A% Well= SAA +
=A%t AAE 10-bp (TACACGTGCG)7} WHE
dem repeat region & EA|[5], A EHF oft)e} W, AL, o]
5 gokst ZollA Bl o] gl wH4,14,18], EAA O ®
Al A= 143]01 M 293]744] 9] wHE=7} 1A ‘ﬂoﬂ/ﬂ ot
3 Al YEFYE heteroplasmy o2 Eiﬂoi 1 TH5].
S 11-bp (TAAAACACTTA)7} ZEHE H92A, of
ZEHNS B YA A Satsumaol ] HEE HuEQY
oH[15], 1 ¥ Duroc FEAAE HIEATH20]. kA5
o] F FET& AT & FFAME WA dA B& #
ghofuel, ofe] sjA9 FEE XS A Baso] 9l
A T,
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of ks A 71 ARE A
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0

Mz 3 e
3AMEE ¥ DNA &
Landrace, Yorkshire, Duroc 2tz 8079} 3F=A) 2f & %] 20
-, Hampshire 57, Berkshire 5579 % 3207<] Aoz

Bl g AF 31t} Genomic DNA %2 sucrose- protel-
nase K H[2]& 45 WE st Fasto] sucrose- protemase
K &5 9S #H718kar 55°Col Al over-night g aH3ITh F

el RNaseE 2|8 $, phenol-chloroform < ©]-&3}¢] Zj
A3, ethanol A AW 2 DNAE 345} TE bufferol| &
slatsith. &Rl gk DNA &4 NanoDrop ND- 1000 spec-
trophotometer2 &3 =5 ST T Ayo/Awo 1.8 ©]3<
DNA §¥E5S 50 ng/pl& ,]440}04 PCR T%5& 913 32

o] &3}t

X mtDNA D—loop THIEA 5=

= A mtDNA D-loop #1919 HA| A7 EE 4871 9
gto] 7)ol HiE mtDNA 97]A4 9 (GenBank accession
number: NC_000845)S = 0] D-loop-F (16594-16613) 2
D-loop-R (1176-1195) primer& A 2a3ith. olds = S54F
59| A7) 1,215 bpolH, tRNA-Pro L tRNA-Phe A& U+

2 zgsta vk 7 primer ¥ th&3 P

D-loop-F: 5-TCT AAC TAA ATT ATT CCC TG-3'
D-loop-R: 5-ATA ATT TAA GCT ACA TTA AC-3'

PCR #H& genomic DNA 50 ng, 10xbuffer (TaKaRa,
Japan) 2.5 pl, 0.2 mM dNTP, 10 pmol primer Zt7}F 1.5 pl,
Tuq DNA polymerase (TaKaRa, Japan) 2 unit, 5 14.8

15 A7kske] Al 25 ule] vk A& Azl vk PCR &
1@8 94°Col M 233t A2 gh F 94°ColM 1+, 55°Coll A 1
&, 72°Col A 188 1 cycle® '3}04 % 30 cycles TG
o, 72°Cel A 583t HE Ao A% ¥
el

4°Col A K.

TR cloning & EF7IMYE 24
TOPO TA Cloning Kit (Invitrogen, USA)E AH&-3}o] PCR
productE ligation AZ1 $ Top 10 F' competent cell U=

HAH%s Ptk DNA  sequencing Applied
Biosystems 3700 DNA  sequencer (PE  Applied
Biosystems,USA) = ©]-&-38}e] AAlatglon, oyl 7144

2 Clustal X version 1.83 [16]% ©]-&3}o] tzH|us}3i )

11-bp 559 ES=% % PAGE (polyacrylamide gel
electrophoresis) &4
11-bp THF-E TE317] AeiA E481 LS o] &3

o primers AZe}on, FHFHNE Tkl o 150-bp

719 A& FE00 Tk A2 primerd] A ES tha
2t

150-F: 5'-CAC ACC CTA TAA CGC CTT GC-3'

150-R: 5-TAA GTG CCT GCT TTC GTA GC-3'

PCR 2712 D-loop WAYY FZ4 3} 5U3HA G343t
olom, PCR §H3-271-& 94°Col A 287 A 23k 5, 94 C°1W
20%, 55°COlA 30%, 72°Col A 3022 1 cycle® dko] &
cycles A 3k3A °U4 72°ColA 583t HF A& 33

3ot} S5 PCR producti= 8% polyacrylamide gel ‘gl
A 7198 ’“*] atlen, of uj 100 Vel 6417 &<t 1t
"“/\]3'3\3} 71 % ethidium bromide® G4t UV 3}oll A
gl

Znt & O
v aTe EHZ] mtDNA D-Ioop Aol A EM 11-bp
= HE L}EM% v‘i— Fe stetst

7180 BaE AMES vg o2 mtDNA D-loop A9
S TE7] A% primers AR oM, 6719] FFS
O PCR WS 630}“1:} D-loop 99 AAE Xl
PCR products cloning % DNA sequencing 45 &3}
71L& E48ISITE D-loop A A9 ARSI E VL
theF 710-bp 1A 914 7] ®a1E 10-bp (TACACGTGCG) ]
T5©°] 242l tandem repeat region®] EAI3FAL oS 3
SFAaL, o] F-9jol A w4 Zhzke] JfA kol wHgE7} 1430
A 298] 744 th Al UERE heteroplasmy @/d¢] B
H} Q)CH5]. Fig. 1< D-loop AA| 97|14 G & nigo = 24 e
RA L2, 10-bp tandem repeat region &= 5-E| 180-bp ¥

OS2 1l-bp7h HHEEE FEAGC] LAEAY. Large
White®} 9+ Duroc %2 Type 1.2 11-bp2] @74 o]
FEE o] B v, A5 Duroc F5S X8 A F
TES Type 224 FEE o] TAHA & UrhFig. 1).

1-bp THAYS L2 AAHA Satsumacll A HEE B
1H 0 [15], 7T F Duroc FFNA%E HHTH20]. 1
g o5 o] &3 FF I THAYY] 7 % SN =
gk 49 o] Fo) A A] erokr} He Large White % Duroc

& ti3ted D-loop HAA| ol that &
off gk £49o] 3ol A &3
5 =4& fleto] 244
o] A %-% HHE O 2 primerE A 4FsEGl S
ok 1 50-bp-4 AHE =Z39h =
Z% PCR productE 01%3}04 PAGE #4& 33 431},
w5 SolAQl Wi=oFdol Rl¥al(Fig. 2), A FEE
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Fig. 1. A schematic organization of two variable regions in the porcine mtDNA D-loop region. A is the 10-bp tandem repeat region
which makes heteroplasmy of the porcine mtDNA and B is the 11-bp duplication motif which is specific in Large White.
The sequence alignment above B region indicated two types related to duplication pattern. Upper- and underlined sequences
denote orientation and position of primers for duplication detection using PAGE analysis.

Fig. 2. Band patterns generated by 11-bp duplication in the
mtDNA D-loop region. M, the 100-bp ladder marker;
Type 1, the 11-bp duplicated and Type 2, the non-
duplicated.

11-bp 47144 S5
A

Fig. 29] 27]%9% AelA, 11-bp FHEAGo] Yehe
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Table 1. The types and frequencies of 11-bp duplication in the mtDNA D-loop region among seven pig breeds

Duplication patterns

Breed . . Accession No.
No. of tested Type 1 Type 2 di?l?:ai?;r}ll (O(yi)

Landrace 80 80 0 NC_000845
Large White 80 80 100 AY243481
Duroc 80 71 9 11.2 AY243481, AY338472
Hampshire 5 5 0 AY429460
Berkshire 55 55 0 AY429459
Korean native pig 20 20 0 AY343480

¥, given in Fig. 2.

Band patterns generated by 11-bp duplication in the mtDNA D-loop region. M, the 100-bp ladder marker; Type 1, the 11-bp duplicated

and Type 2, the non-duplicated.



470 A 3}8+3] %] 2009, Vol. 19. No. 4

HA e FETES AT FANAY ATES KTH
5 Ao oA o] Fol] glTh KITO] A7l
93} exon 177} intron 179 Aol YEFL= splice
mutation®] +41& Ed| 2 WAFQl Landrace, Large White
59 WAEZEI} Duroc, Berkshire, Hampshire &9 f-3%%
S 7 F ki Baso] giTh12]. 3 MCIR® 7
HAr AL R allele*]-6 0.2 EFsto] 247t #5585 7
&t ATH89]. Landrace®t Large Whitet #4550 = X
KIT$} MCIRS ©]&3t & @A) B7Fssith 11-bp 5@
ol & dAolA Large White %149} Duroc®] &¥-oll A vet
WA R Duroc?! -9 MCIR 4ol LA o] oA o2 -
lele4™ 0] 7bsdly] o, ¥ d7AdE EdE
Landrace®} Large WhiteZ 7% 5= 91 DNA marker =4
AHEE g S AoE AlsHTh
2 A9 A4 65F S U= mtDNA D-loop A 9e]
A BolH o & e 11-bp T8 A T8 e, 1
A3 Large White AAo1A, 18] Duroce] Qo gt
11-bp S5 & o] SAHUTh H 5 Hampshire #52 g7
A=A EA T Ao] SRl BAEA b Type
10] o] F FF 5o] Feletr AT F+= YIAN Large
F5 ¥ 4 & DNA marker2A A 75
. "% Hampshire 3 gF= A efj s A &4
FIE FHH R gHtal E A AlefH B FES
F8le] E43tbH DNA marker2A B AFAS £
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it
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S TE39th S5 PCR productE cloning 2 DNA se-
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