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Long PCR Technique and its Applications in Zoological Study

YE Wei-Ping HUANG Yuan
( College of Life Seience , Shaanxi Normal University , Xi'an 710062, China )

Abstract: The advent of long PCR has proven to be a major advance in PCR technology . This article reviews the ori-
gins, special requirements with respect to templates, primers, DNA polymerases, and reaction conditions, of long
PCR. Recent developments in long PCR, including long range-inverse PCR (LR-IPCR) , endonuclease-mediated long
PCR, long RT-PCR and LDD-PCR, are introduced. Finally, applications of long PCR in zcological study are sum-

marized with respect to genome sequencing and mitochondrial genome research, pathogenetic diagnosis, differential

gene expression, pathogenetic virus research and analysis of genetic polymorphism.

Key words: Long PCR; Two-polymerase system; Cosolvents; Genome sequencing; Zoology

PCRIEARE 1983 B LIk HEMB 2R TH
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BEEX AEHP¥SEFHAFTERLINT
Al HRT, M REXERT —®#H PCREA—
£ PCR(long PCR)* (& A< W] % %, 40 long and accurate
PCR!" , long-distance PCR™®', extra-long PCR™, long tem-
plate PCR™ ), I FH X F 5 kb B9 DNA H B . K PCR
HACDHWAR Ty AL pHREOEEE 22D
DNA HE: B EFEE 42 kb R BEM AR SR B i &
B 16.3 kb B 1 B,

1 ¥ PCREARBFE
“Long PCR" %1~ & A M R B 2 2= E LB K

S P BEH) Bames W M 2™ . HIRMR A T 1992
F—WERER, BRI PCR H Y XA
Bacillus thuringiemis(ﬂt,%iﬁﬁgm‘{]*‘ﬁZkbﬂﬁﬁél
EREE™ . EXRABFHANIIHRBHAT £
o AR R ARSI RIS I R R AL X
— i AVCRE S B T PCR R N #E, R F B HE
P47, Bames Al E G B & Klentagl, 2 Tag DNA B8
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BN GRS R, R4 BN DA IE . ARk
Bl - SIM RIS, il & 5 — MBS 8 P R
& Klentagl , W g H 35 # 7B L0 E, (B &5 B IE 2 %
HAEBHHIT Y. Bames B4 P THEd BT
G ¥R R R, SR Klentaql A/ H 09 Ph B4 (F
. ERBEHT™, Bames BEHEHEE PL BTEUR
ALE M ZE M, F Kentaql 4828 187, Bames i —
AR IR T Y SRR A TR BE 9 3 PCR 4 IF L 38 4
ROMEMIBR P LM TR DX 8 E R
FERKEOEIFERR? MEREMNE H2xRER
WPCRHRKENEIEREK. EAETXAHEE, Bar-
nes B THIDUEGR RS RT KK BRF 5, BIXE 4
I EER) DNA B 488 (£ 58, major polymerase) F1 B
35 MR HHRERY DNA 2 5 % (15 % B , minor polymerase)
W E RIERATRKE 28 kb 99,

5 it R/, Roche Molecular Systems ( California , Alame-
da) B Suzanne Cheng Lok RS R B &l A ]
FKAFIS S TRICH PCR 9. M1 SRS PCR =4
KEMEERERE PCR R4 53 DNA 848 2 4% M
5, Bt @Rk PCR 2 B AT $ B M (o
H#) Ao Rz, lichaedr T A ik
26kb B DNA RE  REHE AP ALBEEA 12 kb M
DNA HBE™ . 1993 4, Roche BF 32 /4 15 Barnes FF 3 B¢
AR, BEENARRREE ST, Barnes I MY H
T35kh 8 A WEE K" . Roche MNARFINM R LS,
PIRRILY M A WE IR KRBl 42 kb, M A6 pERE Y
BEBNTHGERT 2,

F5F , Perkin-Elmer 2 7} ) Elise Rose 08 T # 189
K H B DNA 8 PCR 77 # , #% 24 “ Long-distance PCR”™,
WASHET HEENETENTERSBARRE L
EfAYaE., FREABDNANSBER DRSS
ERGEE L RRKRES R ERENE
A Rose HEREEH Toh Ml Vem S W48, BEB 5 20
~ 25 kb #9 A2 DNA™,

MAEERE AREENTRBESHNTRET
PCR AN BRI T MK, —BIANK PCR B X @
m%fiﬁjﬁgi&ﬁﬁ(pme%ivit}')‘Eﬁ%ﬁﬁ&ﬁiﬁ@
BB . Rose 3R M 3X M B & R84k PCR R i
# . {8 Bames A S JE I, Klentaql B9 2 R #E9T
A AR Tog DNA B HHIEK PCRPEBRER, 0]
HER BN Tag DNA BB 53 41 LD BGTE ¥ & X & PCR
5 AE 1 I B 0, Klentaql 35 9 5 R i 74 A 18 &8
REDTHERSBUEEERE BEREER,
Rose L IR 5 8BNS , B L T HH 3=5 & 53 #4h

WMEHAENE RS, AR S A6
THEROERATEAIFL" . Bames WM R K X
FETXM A . M Roche BF 58 /N4 5 Bames MIBE S 5
KPCRHEREBEXRE K WESEOLE N &M
o S HMR M, A BB I PCR B RY, BRI B ETT
REEAREFESZHRERAS S REHES (kA
AL L R PCR R B B 1 B B .

2 K PCR $CAR T L FI4E | R

M ELEXH PCR $ A 2 8 B9 v 41 7] LB, K PCR
BFAFEE T HREMEL, FEH U AEERE
AAFMT S, BhFeRaaEiE, MTFR
—H R AR SR,

2.1 mERSRHEE SFOREMN . EE T
BIFIA AL 4k 87 DNA #BFEH M PCR FRESh A i it . B
PHESTRPCR "W ABREB/ DB DNATRALE
B, BKIER DNA RH A SRR EEL SR
REAERES KA, UK PCRIFHEHNERES
) DNA B4R ' . Rose BFIT R BLTE" Bk sh iz ik
FHBEAFEEEETH SN 2R 6E DNA, HKE
MR R PH S DNASEFEAE BB AR
BPCR 4", Cheng BB UEH HW 1 — B E TR
(dimethyl sulfoxide , DMSO) 2 i Hir 7% 7 o Jof 166 725 1t 36 BF
T RER R pH 1, XA T LR ERHIRE
PCR i b s,

2.2 5|4 M PCR B34t I W 3% A F & PCR
R NEFEBRT Y _REMKT GBI,
AR EESE . K PCRI W — MK,
EhEmkEEEEa L SEASSNRENE. 3y
HEN - TETREEENRERBANIBENESR
T, A PCR T4 — B 21 ~ 34 MR B
MR BT, )4 65 - 70°C, IX £ 09 51 4 f i 42 75 A9 3B K
REXRERRMEREY . X SXMK PCRBSE,
B4 EHR DNA B K, R B R4 e i,

2.3 EEM ST K PCR, HFEEF AR Bames ) T
B4 B R (two-polymerase system ) 3 48 95 &% 4 {8 FZ B .,
F 5B (major polymerase) X 3—5 BMSMI BT 8, A
S 0O BE 1P ; £ %4 B { minor polymerase} B 3—5 S 471 B 1
HE . 10 BT 8 B 47 A 0 oL AR o 7 2 00 5 D, R IF 4 AT 4R B
E™ . Rose #E48 H “long distance PCR" I R HE & H £
HXHE— T UEAE. BLREERERAMA LR
gendial, R Y RAMA S MRAE" . Bames # % N
(5 &F B9 T 85 41 f & KlentaqLA, BD Klentagl # Deep
Vent. #iA X Klentaql &K Tog AR TG, TR
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HAXBRT 53 AUBENE" . Cheg BHA{FHES
BHSHI SRS, Th BAB (KB Themus ther-
mophilus BIEE 40 DNA B4R, B 5—3 AMEDEEE 1E, R i
WE 35 S I ME M) E R TS MBEY X -4
Rose 21945 -3, Klentagl . rTaq . Phi{exo” )t &2
BHWERE, BB EN Ph.Vent . Deep Vent,
rTme"™ . 7 Cheng ZHERF, S EM T Tk AL
LR HEEMNE SR, A rTh A Vem A B AR
8. rTeh § deep vent .1Tma B rTaq 1 P # & L HE N
FT K PCR,BTED W B i 30 ~ 34 kb {5 Bl /9 A Br ot &
EieFHE™ ., ETHABNEM, BRERER —
MELrinE , ARMNESTHEFEMBIESEY
WPB, Barnes £ 1" A BEE N XHAM L FHE
Klentaql: Pfi = 160: 1(v/v) . Klentaq : deep vent = 500: 1(v/
v)flalo

2.4 PCR &%

2.4.1 MEH pH M  Bames 7T 1 35 kb B9 A BB B {K
B Cheng MBU FRBEEN pHEA BATH &~
. 3f pHB.8~ 9.2 FEE AT I, Z W BE pH
B4 9.1*, Lindahl #l Nyberg HF 55 B R % pH 7.4,70°C
F4F, B8 DNA JBo S e T R XU DNA 1Y 4 fF
100°C,pH 7.0 &4 T, 100 kb (6 DNA |28 8HH 1 MM
SLET pCR {8 B 45 nh i Tris B BR AR R O R
{(pKa) ST IR EE®B ., T/ A F 1°C, pKa B 0.03,
259, pH 8.55 B KL B i A 95°C B & pH 6.45, L4 pH
B 18 RS O S B bR, IR B0 20 ~ 30 kb B — 1
£ & BIENS Y BT LUK PCR BSR pH > 8.3(% ML PCR
RFH) pHB.3), Cheng FEILRHAH pHB.7,— 7 LIg
B, A LB RERTERGGRE .

2.4.2 HBEIE#N KPCREAFTEMRMH#ATHAL,
HbrshEmat G EE RS Cheng ERHAMR
B89, B A DMSO FH !, HMM R MERE
B —REERSHOAREN, —ERAHNEEE
BEEE10% HWMBEE2.5-30), DEHERTE
HLEIB KRS, AE DMSO T K rTog B
AR EE AHEXCREEERE(E 10% DM-
SOREMES.5~6%) WM —AEtig XM, DMso 5H @
FaRRREEY,

Ohler fl Rose ZMFER 1k ES MM KES PCR,
oA s% HWM ool BHRAEMN T ¥ KHRE
DNA™! . B F Trs 28 ¥R 49 pKa 31 B BE IR PES25R,
Ponce F1 Micol 33 3% P %t {8 B AR 80 % B Tricine 2% of

* BN hup://twod. med. harvard . edu/labge/estep/longPCR-protocel . html

WL E W pH ERESD

Cheng 253k ¥ PCR o K* 7 1 R 0 2 Bl b ¥ K R

(rTag , 50 mmol/L KCl; rTth, 100 mmol/L KCL) B 10% ~
0% . BR{E K* ¥ 0F BE 18 S8 B 00 5L Y BB 1 AR AT AT
H RO EEEEEERE, A Koac LB KA BR
B NERE .,
2.4.3 #IEFER K PCR MEFEA R HDBER
TR FIR K
R REREME P MSRT —SR b, —AREEL
FEM.

D RSEENBTHBEE RS E: Bames WAE
R RI#i ¢ DNA B4R B3 R R EE™ . A E 95
AL, 2B A0 4 405 AR R AR A, 36 B R 0 £ AR 0 B IR
MOMTEIERSMENBIAR K # ™. Bames
Y As kb Y A NS AR RAMTEHRE R 3CH
94°C AT Al 2 ~ 20 s, IXBAB AT KT 8.4 kb 4,
Cheng ZTEY HREERAF A MALEEH DNA B
BHTHRMEE ARRBEN P EEERETII
WA R KRG,

) HEMBABE . EPCRPEREEMZTMNE
B —#, AN EEMEB A RE(—RI 8T,
EEPCR H50-60C), RERNERE. B LTFHS
R mERER"

3) REINSESE R ET ]« Cheng %A %, & PCR E{FiL
REE R R A, 0 AT R E R O B BE IR % 0 IB) F0 R %
AR, BALY K F 20 kb £ DNA B8 K R EE
fh e [E 2 A Hy 10 min, (B GBI 22 min. B KEFIE
15 ~20s, H B REHHEEM T HeT AR RER.
BaMESENEHBEFTAA Y r=1mn+ (2.5
100 bases) " . Barnes TEH 14 35 kb A\ BE B AR B R FH B0 &%
S48 Bt 18] 20 min, B BB,

4) INtRP§EF : Bames B U i R 8 PCR /B, RUE
REASHB. MERK'Y . FERFABRN €5
EHREMERER BAEHERER KSR E
fREE R SR E SRR E DX,

5) #8550 : Cheng S HEEEHATFIMALR
H4 DNA B R A By ¥ i 3 R B A MeClL,
Mg(OAc), , 1E 75 ~ 80T M 90 s B A Mg i34
ZEERRA, B REWERIET T . Pete Es-
tep RAAF — MG . BHEERD BT 34 H 4
SHEKR S MMESYH v 8 15 RGBT
HEMERSTIWESWE TREE®,%E PCRHF

# { iwo-temperature thenmal cyeling profile)



- 108 - ik oy

Chinese Joumnal of Zoology

2003 38(3)

MATCHM I0s, EF - KBREMMNMARESHEES
FHEEEWE A 0TEMARE WIS,

MEREELEZHNK PCR TEM—RBHHR
A #1385 . 7E Bames B9 Tips and tricks for long and accurate
PCR™— 3CH W T =% & PCR 7 H£ 45 47 PCR M9 X
P BREER TR, HAKNHEATTEY
EEERAHE RERKYR, #HITMETR. &
P BERR,

3 K PCREARMERRKKAEZD Y ¥
FC B R A

K PCRER G 1994 FERLDE, HEARFTRER
BA%. BMARCENFETERGHEINA
HPCREBIEEMmBE Y - RAMWBEREBE, AECH
RELFREK PCR WM E . M Master Amp™ Extra-
Long PCR Kit (EPICENTRE, USA) , Extensor Long PCR Sys-
tem ( WESTBURG company, Belgium, The Netherlands ),
GENAXIS™ Extra Long PCR Kit{ Genaxis Biotechnology Com-
pany, USA) %,

AR, K PCREABATEHRN LR Benkel
Fl Fong % & T LR-IPCR{long range-inverse PCR, {& K [
PCROATYVRAEBANEARERENBRRT DNAF
1 Her # Weinshilboum % F8 T P4 t1BE /S 1 PCR
{endonuclease-mediated long PCR) , 81 7£ & PCR 2= 57 FI PR
TR AT L, AT LR R R AR
Fik DNA, 32 8 I 57 9 4% 5 ¥ * . Fromenty % 32 i, f
Long PCRIBEWTIA E.coli MMM AT MM
MR X LREK PCREAN—XHS™ . 5k
Bilong RT-PCR W E I Z HFHF HMIF L HE RNA B
B Fang % 89 BT 5T B % 2% IE B9 B9 PCR & 1,
long RT-PCR 4 B R B4 %4 WA BB ™) . K PCR
HAREHATEENERBEAP TR, WK E & DD-PCR
(long distance differential display PCR, LDD-PCR) ®}, 3™ &
T mRNA ZR BRI KE . Osamu Ishibashi fI K PCR
BAGHE S RNA A T X%t RT-PCR, & 57 47
mRNA® . HAT, K PCR BEREANYEF R HE A E
BHEMTILTAE.

(1) REAN MR (R EFHPF . BT PCR
HAHEET PCRERNY BEE FHEF HKRES
WS UK PCREAMT ZNATFIBEERA
MR BE DNA § 18, B AR BB S B e,
SRR ERE— BN 17~ 23 kb, K PCRE AR
ST AT LRFFES . Kopsidas I BF 5 & B
PCREMNERZR S, £F M PCRPHIANMERRAY

PR DNA T HMIRBET MHE N FERRIKRE
BHEANF, R EEMRYMNETEMRELR
ot Aea Finid. FAK PCR #ET 2R R
F.OFMTEETEHAATEMNEEHMERRT
SHEETE BEXENREGLS, DHENESR
HPWEHELERE.

(2) FHEBLWE PCREDDEFH BN AEME
HEGESHRUET A /R XNER, HETH X5
% BEHSEELE. TURAER™ , SRREKEX
B ¥ 7% (40 Kearns-Sayre sydrome, Pearson sydrome), B F
KPCRBER HENSELABREBHEEZS ",

(3) RIAZ R Fk. o6 AT B X8 long RT-PCR #
LDD-PCR #6a] H{ T mRNA B Z B 47, TR AR ZE E
ERFASRTRETMBEMNZRRE™ Y,

(4) BEEEESF - R PCREAGRTHESE
B E. R TUESBLLARFINESLS
ﬁ[:.w.u]c

(5) MM EY HBEF : long RT-PCR AR KR,
98 LL RNA 738 % 9 JR AN IR i ¥ (248 HIV)
B RSRANEFRAA T BLTREFENER
.Etfndﬂg

2 £ X W

[ 1] Mukai A, Nakagawa T. Long and accurate PCR{ LA-PCR) .
Nippor Rinsho , 1996, 54:17 ~ 22,

{2} Rickie K L, Goldshorough M D, Darfler M M, et al. Lang
PCR for VNTR enalysis. J Forensic Sei, 1999.44:1 176 ~
1185,

[3] Cheng$, Chang S Y, Gravitt P, er af. Lang PCR. Nature,
1994, 369: 684 ~ 685.

[4] CohenJ. ‘Long PCR’ leaps into larger DNA sequences. Sci-
ence, 1994, 263: 1564 ~ | 565.

(5] EWH. BFE. PCRHFH DNA FFIRESHER
R ETHMA, PERE, 1996, 31(3); 54~ 59.

(6] WHEA, AR, M. PCR I RERM S E R
SRY &#& . ¥R, 1998, 33(1): 12-15.

(7] ek, REH, BERY. MARMEBENPCRER
BT RRRRAEREN. B EAE, 2000, 35(4): 25
~28.

(8] *4ig Wl CHS FEERERAENETHR
H. sk, 2002, 37(2): 42~ 45.

9] Foord O, Rose E A. Long-distance PCR. PCR Methods Appl ,
1994, 3; 5149 - S161.

[10] Cheng 8, Kalomodin L A. XL PCR amplification of long target
from genomic DNA . Methods Mol Biol, 1997, 67:17 - 29.

[11)  Tayebi N. Cushner S, Sidransky E. Differentiation of the glu-



2003 38(3) B aesE  Chinese Journal of Zoology - 109
cocerehrosidase gene from pseudogene by long-template PCR: :27] Fang G W, Zhu G, Burger H, et al. Minimizing DNA recom-

(12]

J13]

[14]

[16]

[17]

[20]

[21]

[22]

[23]

{247

[26]

implications for Gaucher disease. Am J Hum Gener, 1996, 59
(3): 740~ 741.

Hoffman M P, Zalom F G, Wilson L T, e al. Field evalu-
ation of transgenic tobacco containing genes encoding Bacillus
thuringiensis delta-endatoxin or cowpea trypsin inhibitor: effi-
cacy against Helicoverpa zea ( Lepidoptera: Noctuidaee). [
Econ Emtomol, 1992, 85: 2516 ~ 2522,

Bames W M. PCR amplification of up to 35-kb DNA with high
fidelity and high yield from A bacteriophage templates. Proc
Nad Acad Sei USA, 1994, 91: 2 216 ~ 2 220.

Cheng S, Fockler C, Bames W M, e af. Effective amplifica-
tion of long target from cloned inserts and human genomic
DNA. Proc Natl Acad Sci USA, 1994, 91: 5695 ~ 5699,
Ohler L, Rose E A. Optimization of long distance PCR using a
transposon-based model system. PCR Methods Appl, 1992, 2.
51~ 59,

Cheng S, Chen Y, Monforte J A, et al . Templeate integrity is
essential for PCR amplication of 20-to 30-kb sequences from
genomic DNA. PCR Methods Appl, 1995, 4 294 - 20R.
Rose E A, Glaser T, Jones C, et af. Complete physical map
of the WAGR region of 11p13 localizes a candidate Wilms” tu-
mor gene. Cell, 1990, 6: 495 ~ 508.

Lindahl T. Instability and decay of the primary structure of
DNA. Nanre, 1993, 362(6 422): 709~ 715.

Lindahl T, Nyberg B. Rate of depurination of native deoxyriba-
nucleic acid. Biochemisiry , 1972, 11{19): 3 610 - 3 618.
Ponce M R, Micol J L. PCR amplification of long DNA frag-
ments . Nucleic Aezds Res, 1992, 20(3}: 623,

Barmes W M. Tips and tricks for long and accurate PCR.
Trends Biochem Sci, 1994, 19:342.

Benkel B F, Fong Y. Long range-inverse PCR ( LR-IPCR) ;
extending the useful range of inverse PCR. Cenet Anal, 1996,
13:123~127.

Her C, Weinshilboum R M. Endonuclease-mediated long PCR
and its application to restriction mapping. Curr Issues Mol Bi-
ol, 1999, 1:77 ~ 87.

Fromenty B, Demeilliers C, Mansouri A, et al. Escherichia
coli exonuclease [l enhances long PCR amplification of dam-
aged DNA templates. Nucleic Acids Res, 2000, 28: E50.
Zhang F ), Huang O 5, Ma W Y, et o/. Amplification and
cloning of the full-length genome of Japanese encephalitis virus
by a novel long RT-PCR protocol in a cosmid vector. J Virol
Methods , 2001, 96: 171 - 182,

Akin &, Wu Ch Ch, Lin T L. Amplification and cloning of in-
fectious bursal disease virus enomic RNA segments by long and

accurate PCR, [ Virol Methods, 1999, 82: 55 ~ 61.

[28]

[29]

(31]

[32]

34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

bination during long RT-PCR. J Virol Methods, 1998, 76:
139 ~ 148,

Jurecic R, Belmont ] W. Long-distance DD-PCR and ¢DNA
microarray . Curr Opin Microbiol , 2000, 3: 316 ~ 321.
Ishibashi 0. A new method to synthesize competitive RNAs for
accurate analyses by competitive RT-PCR. J Biochem Biophys
Methods , 1997, 35: 203 ~ 207.

Cheng S, Higuchi R, Stoneking M. Complete mitochondrial
genome amplication. Neture Gener, 1994, 7; 350 ~ 351.
Nelson W 8, Prodshl P A, Avise J G. Development and appli-
cation of long-PCR for the assay of full-length animal mitochon-
drial DNA, Mol Ecol, 1996, 5: 807 ~ 810.

Ui Wook Hwang, Chan Jong Park, Tai Soon Yong, et af.
One-step PCR amplification of complete arthropad mitochondri-
al genomes. Mol Phylogenet Frol, 2001, 19(3): 345 ~ 352.
Kopsidas G, Kovalenko S A, [slam M M, et al. Preferential
amplication is minimized in long-PCR systems. Muwent Res,
2000, 456: 83 ~ B8,

Steen ¥ M, Andreassen O A, Daly A K, et /. Detection of
the poor metaholizer-associated CYP2D6{D} gene deletion al-
lele by long-PCR technology. Pharmacogenetics, 1995.5:215
~223.

Kleinle 5, Wiesmann U, Superti-Furga A, e af. Delection
and characterization of mitechondrial DNA rearrangements in
Pearson and Keams-Sayre syndromes by long PCR. Hum Gen-
et , 1997, 100 643 ~ 650.

Yamamoto M, Hamada K, Shimokawa M, e al. Simple and
rapid detection of large mitochondrial DNA deletions in mito-
chondrial encephalomyopathy by long PCR. Muscle Nerve,
1996,19: 928 -~ 929.

Reynier P, Malthiery Y. Accumulation of deletions in MiDNA
during tissue aging: analysis by long PCR. Biochem Biophys
Res Commaun, 1995, 217; 59 ~ 67.

Marion B C, Derek A A, Jennifer R T, ef al. A protocol for
detection of mitochondrial DNA deletion: characterization of a
novel deletion. Clin Blochem . 1998, 31{8}: 627 ~ 632.
Jessie B C, Sun C Q, Irons HR, et al. Accumulation of mi-
tochondrial DNA deletion in the malignant prostate of patients
of different age. Exp Geromiol, 2001, 37; 169 ~ 174.
Jeyaprakash A, Hoy M A. Leng PCR improves Wolbachia
DNA amplification: wsp sequences found in 76% of sixty-three
arthropod species. Inseet Mol Biol , 2000, 9; 393 ~ 405,
Watanabe G, Sgimizu K. DNA sequence analysis of long PCR
amplified products at the D1S80 locus. Legal Medicine, 2002,
d4: 37 ~39.



