OA  “« HEREDITAS Beijingf08 2£€923 ~ 127£2001 ND¥ct . &

0p1uEyOOEPNEOAD i PTOTTRAETA DNA
D-loop Ta1-D0-0T6

AOODA»'E£4°  &l'E6oNgO% £40 °QUAE-EEATE?
£°1. UEY%u0% ONSEUNET TrOPPAESRCT 400033£2. OFATAOO ONET TixEOQ N§OCEA¥A+ 650201£»

02 02£°0T60DL0EYO0EUNEOAD i DTOTTRALTA DNAE " miDNAED-loop PATAT-DOLYS "A¢ +£- OOK- TuOTUAOA” «+8YCEFR +£-
00 &- TpOTPAYE+0T4200A%Y  £01 0A PCR V4ES - 0+0T0T+E«omAEUM» TpDj 100T j 8AT=+°TATD{DIOT860YD; DITAOTOT3a0x
OfpANagexU DNA NUE- 0D mtDNA D-loop %@DDAOOSEGA 23 O0TPOEDOAUCHA, To» £2021£4A_ CPYAT-i£PCR AOOGAS mtDNA
D-loop 5'TE 227hp ,R+ACE00£810A PCR  SSCP °T PCR 0+%028D0 - 0T6£3021 EAp¥A 111614 1-°TPOADTaT - £4A10TOELE
Ey00DiDIOTORYAT %0A, CD3aETal-ja¥A 11T6Tal-CTDoADTaT-i£0630°x0T00%A+T 1030 p¥A” 11T6Tal-CTDoAPTaT-{ £
+YNDY¢ ETTRERYOO0EUNEOAD i DTOTO®Y:A miDNA Tal-DOAY - | £80A+£4Cx0” 1@ TueU%IEBUA  TUESO™ OT%he» ETODO»0ADOES!
OAPCR RFLPi®CR SSCP °I PCR 0+%02aP0 - OTO£ED2»AUx+T2EYOOEUNEOAD i DTOTE- 00 i £ - Tuto T uAOA%Y £pc 0830 x0T
HEA- TUOT2EXTORO»Y 2701 { £

1040 EEBDIOTERUCTA, A™ -~ O E¥RAETA DNA ¢ 0CaESAT-DO

0P1%-0Aa°AED343.3 TATx+8ETACER TAOA+a°A£®253 — 9778 2001£62 - 0123 - 05

Analysis of the Polymorphism of mtDNA D-loop in Three
Breeds of Laboratory Miniature Pig in China

LIU Zhong-lu'EWEI Hong'EZENG Yang-z"EWANG Ai-de’£6AN Shi-xiang*
£71. Laboratory Animal Center £Third Military Medical University £~Chongqing 400038£-~China£»
2. Yunna Agriculture University £-Kunming 650201£-€hina£8. Guangxi UniversityENanning 530005 China£»
4. Guiyang College of Traditional Chinese MedicineEGuiyang 550002£-€hina£0

AbstractEthe present study is to analyze the polymorphism of the mtDNA D-loop in three breeds of laboratory miniature pigs in

China £-und to establish its cytoplasmic DNA markers to distinguish among them . The polymorphism of mtDNA D-loop and its 5'-

end high variable regions were detected by PCR-RFLP £-PCR-SSCP and PCR-direct sequencing on Xishuangbanna Small-ear in-

bred pigE-Guizhou miniature Xiang pig £-Guangxi Bama miniature pig and Landrace . There was no polymorphism obtained among or

within three breeds of Chinese laboratory miniature pigs besides Landrace. It is concluded that the polymorphism of mtDNA D-loop

within the three breeds of Chinese lahoratory miniature pigs is poor £-These methods cannot be used to distinguish among them £-
but it can be used to distinguish them from Landrace.
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Animal mitochondrial DNA mtDNA£@is a closed circular
molecule of about 16500 base pairs containing the genes of 13 pro-
teins£2 ribosomal RNA TRNA£@nd 22 transfer RNAE tRNA£O The
studies on the genetic function of mtDNA attracted the interest of
many investigators just after its discovery occurred about 30 years ago
. Over 20 species of animal mtDNA were sequenced including pigmgt_‘
horseEmouse£TatEvowEthicken as well as human being. There is a
single noncoding region in pigsEwhich is spans between the structural
genes for tRNA™® and tRNA™. Tt has been shown to contain se-
quences essential for the initiation of transcription and replication and
therefor has been designated the control region or D-loop . The D-
loop rich in A/T and is the most variable part of the genome £di-
verging both in length and base composition . its nucleotide substitu-
tion rate is 5 ~ 10 times higher than the rate found in the remainder
of the mitochondrial genome £making it useful for studies of genetic
variability among populations and phylogenetic analysis . Up to nowE
the sequences of porcine mtDNA D-loop 5"-end™*£3 -enf and
whole regior%mmwere sequenced £and their variations were studied by
mtDNA-RFLB7E408E ~y DNA D-loop PCE""polymerase chain reac-
tionfERFLE"# and mtDNA D-loop 5'-end PCR-SSCP™*Ehut there
were no report concerning Guangxi Bama miniature pigE-Guizhou
miniature Xing pig and Xishuangbanna small-ear inbred strain pig
which were used as Chinese laboratory animal in medical biology .
Thus our aims are to analyze their polymorphism and to establish its
cytoplasmic marker for distinguish them by mtDNA D-loop RFLPE-
mtDNA D-loop 5’-end SSCP and PCR directing sequences.

1 MATERIALS AND METHODS

1.1 Animals

Three different breeds of Chinese laboratory miniature pigs £-
namely £-Guangxi Bama miniature pi§§ 6E€-Guizhou miniature Xiang
pi#& 12£Cand Xishuanghanna small-ear inbred strain pigE™ 12£8-and
Landract” 6£0£-were collectd from Yunan Agriculture UniversityE-
Guiyang College of Traditional Chinese MedicineE-Guangxi University
and Chongqing Pig Farm .
1.2 Reagent and equipment

Tag DNA polymarase £40 x bufferE-MgCI, dNTP were pur-
chased from Boringman co. Other reagents were commercial prepara-
tions of the highest purity available . GeneAmp® PCR System 2400
and ABI PRISM™ sequencer.
1.3 Total DNA preparation

The blood template collection and the total DNA preparation ac-
cording to the procedures of Liuzhonglﬁow(. Iml blood samples were
collected from cervical vein £added with 1ml 2 x ST solutios 0.
64mol/L sucrose£0.02mol/L Tris-HCl pH7.6£6.01 mol/L MgCLE~

2% Triton X-100£€after it was mixed by vortexing and incubated for
15 min in ice water . The mixture was centrifuged for 5 min at 1000
x g to remove the cellar debrisfand this step was repeated 1 ~ 2
times £-digestive solution ST 10mmol/L Tris-HCl pHS. 0£9.

25mmol/ L. EDTANa,£400m mol/L NaCI£@. 5ml and SDSj frotease K

£7final concentration was 1% and 0. 1pg/ml separatelyE@was added

to each tube . Mixture £storage and transportation were conducted at
room temperature £according to phenol/ chloroform/isopentanol ex-
traction £ethanol precipitation . After it was centrifuged at 12 000 x
g for 10 minE-the total DNA was dissolved in an appropriate volume
of TE solutionf™ 10mmol/L. Tris-HCIE4mmol/I. EDTA £-pH 8. 0£0
and stored at 4°C i£

1.4 Primer design and synthesis

In accordance with the porcine mtDNA whole sequence

£716 680bpECwas sequenced by UrsinéU]EYto design primer P;5'-A-

GACTAACTCCGCCATCAG-3£715 380 ~ 15 398bp£Qand P, 5'-
CGCGGATACTTGCATGTGT-3£"114 ~ 132bpECto amplify mtDNA D-
loopE-which is about 1 480bp £-primer P; 5'-GTACATAGCA-
CATATCATGTC-3" AND P, 5'-TAAGGGGAAAGAGTGGGCGAT-3’
were designed by Visingi's Mechocl to amplify the porcine mtDNA
D-loop 5’-end which is about 227bpEand the primers were synthe-
sized in Shanghai Institution of Cell Biolog}ErUlEV.
1.5 PCP amplification mixture and procedure

200ng of total DNA was used for amplification in 50pl of PCR
mixture containing 0. 5pmol/L each of primers £-0.2mmol/L dNTP
£41.5 mmol/L Mg* * and 2 units Tag DNA polymerse .
tion conditions were 94 °C5 min £80 cycles of 94%€  1minECE58°C

The reac-

£ 1minf8and 72 “€ 2minECEm the last cycles the extentiorE 72°C£0

time was 7 min £then it was stored at 4°C .
1.6 The porcine mtDNA D-loop RFLP

The porcine mtDNA D-loop amplification product was complete-
ly digested in a volume of 20p1 by incubating it at 37°C for 4 hr with
an appropriate amount of restriction endonuclease . After digestion £+
it was electrophoresed in an agarose gelE” 2% £© Electrophoresis
was performed in a horizontal slab gel in TBE buffd& 89mmol/L Tris
£89 mmol/L boric acid £2.5 mmol/L. EDTA £pH 8.3£Ct 5V/cm
£Xthidium bromideéE 0. 5p1g/1EChas been dissolved in the gel .
1.7 The porcine mtDNA D-Loop 5’-end PCR-SSCP

Spd of porcine mtDNA D-Loop amplification products were di-
luted 10 times in TE pH 8.0 buffer .2ul of each dilution was mixed
with 12p1 of denaturation solutiorE 95 % de-ionized formamide solu-
tion £20mmol/L. NaOH £8.025% bromide phenol bluend 0.025%
bromophenol blue £0and incubated at 100°C for 5 min. After chill-
ing on ice for 10min £5p of each sample was analyses by 8% poly-
acrylamide gel electrophoresi€ "acrylamide £%bisacrylamide =39:1 £-
containing 5% glycerol in 0.5 TBEEOThe electrophoresis was per-
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formed at a constant voltage of 30V under the temperature of 25°C .

The results were visualized by silver staining.

1.8 The porcine mtDNA D-Loop 5i-end PCR direct sequencing
The porcine mtDNA D-Loop 5'-end PCR products were purified

by 1.2% low-melting agarose gel electrophoresis. The same primers

" P3E£-P4EGere used for the PCR-direct sequencing primers. the se-

quencing method was followed according to the manual of ABI

PRISMTM .

2 RESULTS

Clear amplification bands of the porcine mtDNA D-loop were
obtained £and the fragment size was the same as that of early reports
. Among the 36 pigs examined by 23 restriction enzymes £there is no
variation within each of the breeds showing monomorphis "tab. 1£0

The results of the porcine mtDNA D-loop 5'-end PCR-SSCP
analyses were showed as fig. 1 £there was no variation among or
within three breeds of Chinese laboratory miniature pigs besides Lan-

drace.

—EE

Fig.1 The porcine mtDNA D-loop 5’-end PCR-SSCP

1. Xishuangbanna Small-ear inbred pig JS strainf£»
2. Xishuangbanna Small-ear inbred pig JB strainf»
3. Guangxi Bama miniature pigE#. Guizhou miniature
Xiang pig £experimental pigE$ . Guizhou miniature
Xiang pigE~vivilian pigf#. Landrace.

By comparison of the sequences of the porcine mtDNA D-loop
5'-enE fig.2£8no difference was detected among the three breeds
of Chinese laboratory miniature pigs £but 1 ~ 2 base variations were
detected with other native pig £Meishan pig £while 4 base variation

with Landrace.

Table 1 Restriction patterns of porcine mtDNA D-loop

from six different breeds by 23 restriction enzymes

Restriction Recognition Molecular sizes Number of
endonuclease sequence of fragment cleavage sites
Ace 1 GTE ALGEOTEGEQAC 1480 0
Alw 1 AG/CT 360£340£300£120. . . 6
Apa | GGGCC/C 1050£430 1
Ava | CE TECEQE AL6EG 1430 0
Bam HI G/GATCC 990£490 1
Bgl 1 GCE 'NEGNGGC 1480 0
Bgl 1l A/GATCT 1480 0
Dra 1 TTT/AAA 1380£100 1
Eco R 1 G/AATTC 1480 0
Eco RV GAT/ATC 1480 0
Hae 1l £7ALGEGCGCE TEGED 1480 0
Hinc 1l GE'T/CEE"A/GEAC 1100£380 1
Hind Il A/AGCTT 1480 0
Hinf 1 G/ANTC 790£690 1
Hpa 1 GTT/AAC 1480 0
Nde I /GATC 800£300. . . 4
Pst 1 CTGCA/G 1480 0
Puu I G/AATTC 1480 0
Rsa | GT/AC 990£480£+00 2
Sea 1 AGT/ACT 1480 0
St 1 AGG/CCT 1480 0
Xba | T/CTAGA 1480 0
Xho | T/CTAGA 1480 0

3 DISCUSSION

The porcine mtDNA is about 16.5kb £which is in the scope of
restriction endonuclease analysis £-making it the subject of intense
study using mtDNA-RFLP in recent years . Preparation of pure mtD-
NA represents a key step in these investigation . Purification of mtD-
NA is time-consumping and requires expensive equipment . In this
report £twtal DNA was used to amplify mtDNA D-loop regions £which
are highly variable regions in mtDNA . The procedures for prepara-
tion and purification of mtDNA should be simplified £but special at-
tention must be paid to the step of total DNA centrifuge £-which fol-
lows after ethanol precipitation£it should be centrifuged at 12 000 x g
for 10min in case of the loss of mtDNA.

In the analysis of the porcine mtDNA D-loop RFLP patterns
generated by 23 restriction enzymes revealed no difference among or
within four different breeds . The PCR-RFLP showed good results £+
but it can test the mutation or difference on the recognition sites of
restriction enzyme€  RE£Oonly £-as mtDNA D-loop regions just
1480bp £-its RE cleave sites is little £probably that is the reason for
the poor of the polymorphism.

SSCP analysis is a useful technique to detect sequence differ-
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ences . However £-the results are strongly affected by the experimen-
tal conditions £-and usually it requires optimization of precise gel
concentration and temperature to get good band separations . In this
study £we used constant 30 voltage at 25°C for electrophoresis £-sat-
isfactory results was obtained . There is no difference among three
breeds of Chinese laboratory miniature pigs besides Landrace . This
result is in agreement with the suggestion that pigs were of two differ-

ent maternal origins £-from Furopean and Asian wild boars . The

porcine mtDNA D-loop PCR-directing sequencing analyses verified
the results of PCR-RFLP and PCR-SSCP . The sequence data of three
Chinese laboratory miniature pigs showed no difference among them .
The base substitution of miniature pig comparison with other native
Meishan pig is smalleE "1 ~ 2baseEGhan Landrack 4base£E-which is
belong to European pigs £-the results also agree with that the three
breeds of Chinese laboratory miniature pigs reared in southwest Chi-

na.
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Fig.2 Comparison of the sequences of porcine mtDNA D-loop 5’-end
1. Landrce£»2 . Duroc£s3 . Large White£x4 . Gottingen Miniature pigE>5 .6. Meishang pigE»

7. Guangxi Bama miniature pigE»8 . Guizhou miniature Xiang pigE» . Xishuangbanna Small-ear inbred pig.

1 ~ 6 cite from Takeda K. primers regions are boxed and the types are indicated at the end of the panel.

ACCACTAGAT

¢ *¥T* % % %%
*T* % % % %
*T* % % %%
*T* % % % %
*T* % % % %
ATCCCTCTTC
KK K K KKK X X%
KKK KX KK K

GCATCTGGTT
¥ oKX K KKK X XX
R
R R
®OK K X KKK X XX
®OK K X KKK X X%
®OK K X KKK X XX
XK K X KKK X XX

O 0o 0w = =

(@}



2 £U

AGOPA»UEEBDLUEYOOEUNEOAD i DTOTTRAETA DNA D-loop Ta1-D0-0T6

127

In summary £-useful cytoplasmic DNA markers for distinguish-
ing among the three Chinese laboratory miniature pigs can not be ob-
tained by the methods of PCR-RFLPj®CR-SSCP and PCR-directing
sequence to analysis the polymorphism of the porcine mtDNA D-loop
£-the attention should be paid to the study of the nDNA.
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