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ABSTRACT By selecting 22 pairs of polymorphic microsatellite markers of Portunus tritu-
berculatus , primers matching, and combinatorial testing, the multiplex PCR amplification sys-
tem was built and the reaction conditions were optimized, including annealing temperature,
Mg®" concentration, dNTPs concentration and other parameters. Forty-seven combinations of
double PCR, 15 combinations of triple PCR, and 3 quadruple PCR combinations were estab-
lished. The establishment of this technology will provide a fast, effective molecular detecting
tool for the P. trituberculatus breeding and germ-line assessment.
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oK B A I T A M N T R G R (7 e Al 5 5 A I R L N T LA R AR A BB A A A R R B S =R T
B AR S5 IR A2 BN ARSI, BOR B2 B 2 O DL A R M (RO MR . =R T B IEE T
W ERNSEFEILE EE FANKRA RS EFTWER., &K RAMIT IR OAAESS B 5K &
TR e ME T LB R 2 F T A AR 0L . BRAE A M DR D7 R AE K RIR B I SR A R Bb o U B RO R
AT T 53 PRI P58 45 A0 S TR 3R 36 B A S 0 o 4 TR R P00 T B TR G T O i AT LA 43 T R R B R
) 5% 22 BCACREAS Y 35 A5 R AT, WA b P! HOR PR (PN 77 55 20073 Dong et al.  2006) . HATE A XK TH i1
BN ) =R FER RPN RE X & 2010 BAFEZARRARR RIS INCRK T, £&E
PCR 4" 384 e AR AL AT LA AG 0 24 38 R vy 1T L m] Ly /b 24 5t 1 8 A ASCARs 00 felf F A0S (i ez @l 20065
NHEARAE 2008) .,

Z # PCR(Multiplex PCR) & 7E [a] — > 5z 7 [ B 477 35 P A 5022 A7 1 /Y 28 5 B 5% 205 Bz (Chamberlain
etal. 1988), ML HE PCR E i T LM Bl Haliotisrubra F1 0 [E X} ¥R Penaeus chinensis Wik T2 &
oy (Neff ez al. 2000; & rp 525 20055 4L ZRSE 2007), Wy T 0 18 A0 4% 4 19 BR 1 F0 0tk 22 ot
PCR & 4tk . 28 PCR ME I Z B M 20, ALWm BTEFE L 28 PCRIKR, W DIFRELZLRT
U E TG B R A R A R R T B

1 #H5RFIE

1.1 SEIg#r#l

H 2005 4F, [ 7K P2 R 2 B ST BE 18 K 7 RIS T USRS 4 A b R OR (RS 87T 11 SIEPHNVE IR MV FH 1D B =98
BT A B AR AR R HTREAR ] A S8 A i T N SZ K &R . 2008 4F, =Rk F RS 5 RA LT 1
Xof REZE R BL A K TR ST B R 13, 89 %6, ST R 4 i 50. 14 %6, By T B B - 4 $E R 68. 7006, 3K T HA
W0 AR KA =P F R R AR K A &R . BEPLBE T 10 DR TR E 4 DNA 7387,

K Liu 2520000 1977 ¥ #2010 AR Y 32 K 20 DNALDNA B4 B B GeneQuant Pro #% g i 1 1Y
(Pharmacia Biotech Ltd. ) P52, I 1 %0555 1 AL Tk A 36 DNA B J i

1.2 Ak
1.2.1 3]:’{5]4’5,@ 1 234 5 6 7 8 910111213 141516 171819 20
— ; ‘ i |
PRI 22 A2 50 UE AT 22 25k 09 B 1R B il e D™
. —
(B D519 fE &R 1, it

1.2.2 %% PCR 314t # 5%t

IR B MR E T (BSR4 2010) , #E4T T 1~10 514 pot09 P IELEA, 11~20 514 pot25 § 145
TR B R TS L T Note:1~10 are PCR amplifications of primer pot09.,
1.2.3 =% PCR R AR & #y 5 4o T 09 Mo L Jic 5t

W, Fig. 1

wd e PCR B MR & A 9 Mg® LdNTPs
51 4 25 9 i A4 R A Touchdown PCR 87 B i, @37 —H PCR 15 pl M RIMIE R .

KRZZSE N .10 X Buffer 1.5 pl, MgCl, (2.5 mmol/L) 1. 2 ul,dNTP(2.5 mmol/L) 0. 375 pl, ZX} 1E & 5]
W 1.2 pl (BIYHEY 20 pmol/p) W DNA ik 1. 2 p1C 50 ng/pl ). ddH, O #hFEE 15 (1.0, 12 pl Tag B4
fitg (5 U/pb

B SO BEAR IR 19 5 1 0GR T 94 "CHUZBPE 5 min; 94 “CAEME 40 s, 3B K 1 min, 72 "CEEAH 1 min, EFFFE 25
W72 CHEM S mins g5 4 CIRAF.

B Kl EE A R B 512445 2R ] Touchdown, 94 “C HUETE 5 min J5 #EATIERR 1:94 "CAEMEA0 s hric 1 1B kK
1 min 3B Gl R B PR FEAR 0.5 °C L ILPEER 12 .72 "CHEMf 1 min; B BEATOE R 2. 94 "CHAEME 40 s 4RiC 2

11~20 are PCR amplifications of primer pot25
B 1 Bx5I¥ PCR &1 45

The results of single-pair primer PCR amplifications
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Table 1 Code and sequence of the primers

5| Y145 GenBank % 5t 5 iR IR B CCH 5191751 (5—>3)
Primer code GenBank accession No. Annealing temperature Primer sequence(5—3")
o Q63625 i, F:ATCGTGACCTGAGAAGAGCA
po AR 7 R:CCCAAACTGGCTAATCAATG
08 Q63627 0 F:CCACACGAAAAATGCAACTG
bo R:TCACCGTGCAGAATTGAAAG
0o Q63628 0 F.CTTTCAATTCTGCACGGTGA
po R: ACCTAACCCTGCCCCTATCC
o 63620 0 F:GAACGAAAGGCTGGGTAAAT
bo R: TTCTTGTACACCTGCCATCA
s GQus3631 0 F: TTGTGTGCGAAATGAGGAAG
po TReADIb: R:CAACAACACCAGCAACAACA
o 163633 0 F:AGCGTCTGTCAAAGGAAGGA
po R:CCAACAAGAAGCGAGTCTCC
a6 Q163635 . F:CACCAAAACTGCCATCCTTA
pe TREDIDIY > R: TTAGGTGCGCTATGTCATCC
s Q163636 - F:TTTGCTCTTACCTTCTCACC
bo 7 R:ATGCAATCATGTTTTCGTCT
s 63637 0 F:CGCTGTATCATAGCCCTTGC
bo R:GGGCTTTGGAAAAGATGTGA
. GQU83610 - F:CAAAAGACACATGACAAACG
bo 7 R:GGAACAAGGACCACAATAAG
0 Q63619 . F:GTCTAGTGATTCGTCCCGTA
pok AR ” R:CCACCACCACTACTACCAAT
sl Q63650 - F: TGCCTTCCCCATCTGATAAC
P R: AGCCATAAAGGAAACCAGCA
i Q163653 0 F:AGGAATGGTTGCAAAGATCG
pot: 7 . R:TGCGACTTGACACTCACCTC
8 Q163657 s F:ATTCCTCTCGCGTCCTTACT
bo 7 R:CCATCCACACTCACTTTTCC
s Gus3661 _ F: TCATCACACAGGCTCACTCA
po g o0 R:CATCTTCCACCTTCCTCCAA
o Q63663 0 F:ATTCACTTATTCGCACTGCT
bo R:GCAAGGGAAAATAGAAGACA
s Q63667 i, F:CTTCACGTTTCCGTTTTTCG
pe TR 7 R:GGTGGGAGACAATCTTGAC
50 Q163669 0 F.CTGTTTATGGCGTTTTTGGT
bo R:CATTTTGTTTCCCAGTTGCT
s Q63672 0 F: TTGCTGCTGCTGTTACTGCT
pot R:CCTCCTCGTAACTTGGGATG
4 Q63673 - F:CGTCGTATGCCTGAAGTGAG
bo 7 R: TCCTCTTCCTCCAACCAAGA
6 Q63675 . F: TCACAGGACATTCATACACC
ot TR 7 R:CAGACAATATTTCTTACCTACCC
. Q63675 0 F. TCTCATTTTCTCCCCCTCCT
bo R: TCCTCCTTTCTGCTGACCAC
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ik 1 min, JEAEFR 10 %K, 72 CHEM 1 min; b5 SEAFIE 3R 3:94 “CAEPE 40 s, 47ic 3 32k 1 min, JLAFFF 10 K,
72 CH#EAfi 1 min,72 ‘C 5 min,4 CIR-7E,

PCR =128 8 U6 745 1 B D s Tk i 5 G Hht Uk 3 5 J >R P T R % €20 11y 12 S /s &5 SR L R R IS T M )5 R FH 1
F AL 10 SR LUK R
1.2.4 =.vw%& PCR R F Ak F My & Fo I8 0 M BE M 58 I & ok

M 0 6 th ok (1) — 8 PCR, A = MY H PCR WK R,

i JH#E PCR R & b Mg® L ANTP #1751 9 %5 59l JH &, 2L Rl Touchdown PCR F2 % J5 . 38454 T 3
XM ) PCR 15 pl ROBAR R .

WHRZSHCHN . 10 XBuffer 1.5 pl \MgCL (2.5 mmol/L)1. 2 ul,dNTP(2.5 mmol/L) 0.375 pl,3 XF (5 4
O IERBIHI4 0.4 pl (BI¥HE ) 20 pmol/pl) JDNA ik 1. 2 1€ 50 ng/pl ) +ddH, O #pFEZE 15 p1,0. 12 pl
Taq BAH (5 U/ub .

XFF 5 PR JC AR R 19 41 & ok H R B PCR,

94 CTiAS M 5 min J5 .94 “CASM: 40 s,3B 2k 1 min,72 CEEMF 1 min, JLAFFR 35 ¥k, 72 CHEM 5 min, )5 4 C
TRAE .

X iR IOl BE N TR 9 21 AR H Touchdown PCR,
1.2.5 ¥k 5] #3947 R 4 M ag 4R AL

K15 pl iR ZE AR AR BE % Mg® " R 0. 8,1.0.1. 2, 1. 4, 1. 6,2, 0l 6 BE #E 4700 4k 5 %) ANTPs #%
0.275,0.325,0. 375,0. 425,0. 475 p ] S BEFEAT U0 Ak 5 AR S5 107 R 50032 194 5 553 R 981 4% 5 | 00 22 TRD 1) BE 4B e
N AR % B W HE 2200 PCR i 34K 5 S R AU AR Y . 78 258 PCR iy R TE M 25

2 FHRE5SMH

2.1 “EWMIESIYHASE

22 =R T DR S I i 232 A T EmS A N R 47 X T E S A (E 2,
A7 A~ F PCR L& MR 5 3% 2,

2.2 WMIESIMH=EAS

TEIX A7 AN H G WAL FA5F) 38 X =H I WA S . 2Lk, 58 15 AN=E5HHEG(E 3.
15 ¢4 = PCR A& Mgty ol W3k 3.

L 309bp—+
242bp—+
217bp—+ 242bp—+
190 bp— 190 bp —
¥ : M Marker MD206-pBR322 DNA/Mspl ( X # 4= 16 A R : M: Marker MD206-pBR322 DNA/Mspl (KM 4 1k A R 2
A 1514 pot07 FIEEE R 2. IR AR R .3 514 pot08 (¥ A 1epot07 FHIZER, 2. H =5 WA &, 3:pot31 Fl pot57
Hi 25 R Sl 5 R
Note: M: Marker MD206-pBR322 DNA/Mspl ( TTAN- Note: M: Marker MD206-pBR322 DNA/MspI( TTIANGEN), 1.
GEN), 1. Single amplified result of primer pot07,2: The mixed Single amplified result of primer pot07,2: The mixed system,3: The
system, 3: Single amplified result of primer pot08 result of the double primers combinations of pot31 and pot57
{2 —# PCR ¥ Hagk {3 =71 PCRy Hagk

Fig. 2 The results of double PCR amplifications Fig. 3 The results of triplex PCR amplifications
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Table 2 Double combinations of microsatellite primers

pot07, pot08|pot07, potl0|potd7, potl2|pot07, potld| pot07, potl6 | potld, potd2 |potld, pot57|potl6, potd2|potl6, pot57|potl7, pot30

pot07, pot31|pot07, pot38|pot07, potd2|pot07, potd8| pot07, potd4 | potl7., potd2 |potl7, potd8|potl7, pot54|potl7, pot56|potl7, pot57

pot07, pot56|pot08, potl0|pot08, potl2|pot08, potl6| pot08, pot38 | pot30, pot54 |pot3l, potd8|pot3l, pot54|pot3l, pot56|pot3l, pot57

potl0, potl2|potl0, pot38|potl0, pot50|potl0, pot54| potl2, potld | pot34, pot53 |pot38, potd8|pot38, pot56|potd2, potd8|pot53, poth4

potl2, potl8|potl4, potl6|potld, potl7|potl4, potl8| potld, pot31 | pot53, potd7 |potdd, pot57

®3 WMIESIMW=ZERS

Table 3 Triple combinations of microsatellite primers

pot07,pot08, pot38 pot07,potl0,potld pot07,potl0,potl6 pot07,potl4d,potd2 pot08,potl4d,potl6
pot08,potl4,pot3l pot08,potl4d,potd2 pot09,potl6,pot3l pot09,potl8, pot25 potl0,potl4,potl6
potl4d.potl6,pot31 potl4,potl6,pot57 potld,potl7,potd2 potl7.pot3l,pot57 pot31.pot54,poth7

2.3 WMIESIYHENEARASE
TE 15 D=5 YrRIFLRE I, LS8 3 S UESIYHE(F 4, 34ME PCR A& RIS WL #E 4,

®4 BIESIVHNERS

Table 4 Four combinations of microsatellite primers

HE WS 514y 1] £ S HE WS EE/1DE-3 HE WS 514y 1] £ BE
Code Combination of primers Code Combination of primers Code Combination of primers
1 pot07.,potl4d, potl7,potd2 2 pot08,pot09, potl8,pot25 3 pot09,potl7,pot3l, pot57

123 4 5 6 M7 8 9101112M

- W - 300bp
W e
— —
— -——

TE:1~6 4N 1 PCR 38455 . Hor, 1:pot09 455, 2. pot]8 AU I8 45 5, 3. pot25 MY P I 45 5, 4. pot09 . potl8., pot25 =T 3|4 1Y
PIEEER 5. pot08 ., pot09  potl 8, pot25 WG WA 5 .6: pot08 MUY IEETR . T~ 12 XK 2 BP I 4R . Hod . 7. pot09 § I 45 R . 8. potl8 iy
PriagE IR 9. pot25 MY 45 B 510 pot09 . potl8 . pot25 = H G| WP HI 45 .11 pot08, pot09 ., potl8,pot25 PUTE | #)4H 4 .12 pot08 P I 45 R .
M Jy DNA Marker IICKHR A LA R A

Note: 1~6 are the results of PCR amplifications of individual 1. 1: Single amplified result of primer pot09, 2. Single amplified result of prim-
ers potl8, 3: Single amplified result of primers pot25,4: Its triplex primers combinations, 5: The four combinations of microsatellite primers pot08,
pot09, potl8,and pot25, 6. Single amplified result of primer pot08. 7~12 are the results of PCR amplifications of individual 2. 7. Single amplified result of
primer pot09, 8: Single amplified result of primer pot18, 9. Single amplified result of primer pot25,10: Its triplex primer combinations of pot 09, potl8,
and pot 25,11 The four combinations of microsatellite primers pot08, pot09, pot18,and pot25, 12: Single amplified result of primer pot08. M: DNA Mark-
er IICTTANGEN)

4 [WE PCR 4 145
Fig. 4 The results of quadruple PCR amplifications

2.4 HMIESIYMRUER

2.4.1 WMIEE=F3|HEsE

it 10 H =it B 15 AN TR =S5 WA AT T . 2 X 4 S 8RB AL, i E T &l
PCR JZ W &1 B35 8 X 51 W4l & AR & Mg® L ANTPs & H8 A K455 51 4 5 10 B 5] F1AS: 0 2] i) 46 o7 Bk
HEH (&5 .
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Table 5 Optimized reaction system of 15 pairs of triple PCR SSR primers

15 pl AR R 45 1oy 5 ik

iy Content in 15ul volume (pD 25 (i e PR O
Combination 25 mmol/ L 2.5 mmol/L 10 pmol/L Number of allele
Mg?* dNTPs (each) Primer (each)
1 1.2 0. 375 pot07 0. 4,pot08 0. 4,pot38 0. 4 =16
2 1 0.375 pot07 0.4,potl0 0.4,potld 0.4 =15
3 1.2 0.325 pot07 0. 4,potl2 0. 6,potld 0.4 =12
4 1.2 0.425 pot07 0. 3,potl4 0.4,potd2 0.5 =15
5 1.2 0. 375 pot08 0. 4,potl4 0.4,potl6 0.4 =13
6 1.2 0.375 pot08 0. 4,potld 0.4,pot31 0.5 =13
7 1.2 0. 375 pot08 0. 5,potl4 0. 3,potd2 0. 4 =14
8 1.2 0.425 pot09 0. 6,potl6 0.4,pot31 0.3 =16
9 1.2 0. 375 pot09 0. 4,potl8 0. 3,pot25 0.5 =12
10 1.2 0.375 Pot10 0. 3,potl4 0. 4,potl6 0.5 =13
11 1.4 0. 375 potl4 0.4,potl6 0.4,pot31 0.4 =13
12 1.4 0. 375 potl4 0. 3,potl6 0.3,pot57 0.3 =12
13 1.2 0.375 potl4 0.5,potl7 0. 3,potd2 0. 4 =12
14 1.4 0. 375 potl7 0.5,pot31 0. 4,pot57 0. 3 =11
15 1.2 0. 375 pot31 0.4,pot54 0.4,pot57 0.4 =15

T OO AR S g B AT M TR LT PCR SITE , — 7 AL 10 A B A 45 45 53 — 7 T2 R O 56 67 0 R 1) 2% A B o 75

X T A 5 0 AL T S A PR R 4 S =

Note:? The experiment was designed to screen microsatellite-based multiplex PCR primers . On the one hand, only 10 individuals was used,

which was a relatively small number; on the other hand, due to the overlap of alleles, the number of the alleles can not be determined for each SSR

primer, that’s why the symbol “>=" was used here

I 5 5 Mg RS EE HEAF AL 45 5. T8I 6 & ANTPs & IO EIL 45 5

“—300bp

T 1: pot09 P HEEE L, 2: potl8 [ 45 R . 31 pot25 1Y ¥ 44 45
Fod~9 BH=mEI MY HIER MR M Bl 0.8,1.0,1. 2,
1.4.1.6.2.0 pl, M g DNA Marker IICR#R AL R FD

Note: 1: Single amplified result of primers pot09,2: Single am-
plified result of primers potl8, 3. Single amplified result of primers
pot25; 4 ~ 9. Its triplex primer combinations, followed by gradient
Mg? 70.8,1.0,1.2,1.4,1.6, 2.0 pl. M is DNA Marker II( TIAN-
GEN)

K5 =& PCRY MM Mg S5k

Fig.5 Mg"" optimization for triple PCR amplifications

300 bp

TE:1:pot09 3450, 2 potl8 4 3 45 . 32 pot25 Hy 74
GER A~ 8 K= 51 M HE 25 KU ANTPs 1 BURS BE
0.275.,0. 325,0. 375,0. 425.0. 475 pl, M 2 DNA Marker IT(K
HAEA RN FD

Note: 1: Single amplified result of primers pot09,2. Single
amplified result of primers potl8, 3: Single amplified result of
primers pot25,4~8. Its triplex primer combinations,followed by
gradient dNTPs 0. 275,0. 325,0. 375,0.425,0. 475 pl. Mis DNA
Marker IICTTANGEN)

B 6 =@ PCRYIEH INTPs 2511k
Fig. 6 dNTPs optimization for triple PCR amplifications
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Table 6 Optimized reaction system of three pairs of quadruple PCR SSR primers

15 ‘ul fi)ﬁ{¢§§'llﬁﬁ}ﬁﬁ

IR Content in 15 pl volume (pD) 8 i e R B
Combination 25 mmol/L 2.5 mmol/L 10 pmol/L Number of allele
Mg? ! dNTPs (each) Primer (each)
1 1.2 0.375 pot07 0. 4,potld 0.5,potl7 0.4,potd2 0.3 =20
2 1 0.375 pot08 0. 4,pot09 0. 5,potl8 0.4,pot25 0.4 =21
3 1.4 0.325 pot09 0. 4,potl7 0. 3,pot31 0.5,pot57 0.4 =20
3 it

AL AR S ) PCR 9734 &4 A Z A0 s PCR 973 X8 T — 50, 27 £ & PCR W3, X T2
# PCR D3 . 3B KR B M ClL VR B2 5| WA XS vk B2 AL ANTPs ¥ BE S 80 T 2y . (H— Bk il
KR  MgCl, B3k & 15| 9 69 A0 6T e 2 L S B 2 AY 3 N8 & (Henegariu et al.  1997; Rithidech er al.
1997) . HoAr— BB JOR B0 A7 A B AR K B B i BB 4% [ I 388 o (A 280 38 1 67 50 BE 5% e A 80
B35 PCR P00 B B A A6 FE 9 864 3 4« t T 31 99 3 JC 3 BE K [ T 5% Touchdown PCR,
Touchdown PCR (% B2 TF if T — A0 mn 1938 IR BE SR — 196 20 28 G0 b [ AR — 5 R B2 1 4 X 5 | W AR g ik
F IR K AE  Touchdown PCR fE i H 45 AN [7] 1B KR FE 19 22 467 s #5472 50 PCR 47 3 53 B 4 1 7
A= (Markoulatos et al.  2000),

Mg* " (v R o) — A E BRI R R X R Tag DNA REMEAFEHGEREE TS5, HiL
MgClL ¥ R HE E R K 2 22—, Markoulatos £ (2002) UF 82 i 48 B9 45 2 7 1] S B AR 45 5 M 4577 /9 A
Mg®" B9 U 2598 2 PCR P29 i, AR SE86 1, pot09, pot18 Hl pot25 i) = 20 & 7F Mg® BN 0.8 pl I}
WA A 7 A TER A R 1.0 pl I PCR 7 (1 £ W] 5 90 /0 s (B ZEAR R R B 2. 0l IR e B A e 53 1 254 114
AR TR IZ AR N Mg® kBRI A .

55 3 ANEE B R R JE DI W AR MR B . A0 2R 51 W 0 AR R v B v R ST S ) R AR n SRk R i
i, 250820 PCR P4 1 52 50 B 1E PCR =W B9IE LG = 45 2003) , PRI 06 25030 15 51 40 (08 R G 9k 32 L,
Yo ZRARMIE U PCR =W 09 1 i8> . 55 5h il iR 2% A2 PCR SN 58 0% B0 5 5585 R 9 19 4% 5| ) =2 1) £
Fe A9 B 0 R SR 9, A 22 58 PCR AP LG 3858 2 [ A 5 S W 2R 50U 55 19 7 2290 PCR i i [ 3T 18 2 4
TEHAT X519 PCR § 34 S50 i R 15 pl (KRR IER G4 1.2 pl (BI¥R A 20 pmol/pD) . TE#AT
= PCR &P #E PCR R M5 IR — N 0. 4 pl (GBI 20 pmol/pl) , X AEREA R0 b 51 ) — K
1B

N T AR PCR P9y 1Y & A6 B UCEUHE Ry — 4> 31 20 52 Wil BR3R L 08 21 O 80 20 st 23 8/ PCR |y 7™ 4t
PEA WA 22 BAR T LIKG fin PCR 977 &, {H 23 55 T JU A8 K 380 Zeaii i 7= A o 838 9 B X 51 4 PCR 971
HIPE R B g 25 UK, T 2 B S IWIRIIE RN, L A0 519 pot07 ., potld, potd2 = T 2 & . %f Hi R FH i) PCR ¥ 14 72 ¢
H:94 CHIASYE 5 min JEUEATIEIR 1:94 °C A8k 405,60 “CiB & 1 min,iB K E BN IEFRFEAL 0.1 °C,72 C4E
1 min, JEHRIEAT 10 UG BESE HATHEIR 2. 94 “CAEPE 40 5,60 CiE K 1 min,72 CHEAH 1 min , FLHFH 10 ¥ FH
FEATAE R 3:94 CAEME 405,58 “CiR K 1 min, 72 “CHEA 1 min, FEAGHF 10 . )i 72 CLEA 5 min, 4 CLRAEIE
SERART R 40 IR, MILBCEF . =5 PCR MERIREL LR E £ 15 MG,
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VEH TR L0 % O i 2L 2 AR AT =R TR DRI IF & TIE. 58] — 2 28 E B & i Bl
N T = AR 1 AL Z AR SE AL A . AR S o 525 A R S 1 0 R 2 H i PR PCR R K
RS T 47 4 —H PCR.15 41 = PCR f1 3 41U PCR., Hiuj. =¥ 78 G TS| 1T & if A4b T 97 9%
B AR Z 519 3 BORRAE 200~300 bp Z L. S8 T &3P A BB X EE . R RHEA 7O
519t 2 8 PCR B, B % B WM A AN . &5 0P MR BN T UL X ESE. 2 HE PCRARE
KoL,

£ % X WM

fLoAw T B B TRk R ELLL X B KR, 2007, fif TR =T PCR B B B AR A o B R R F AR R D L i K
FERkA 14D 59~66

AN SR ILRAER L Rk, BOERI AR, ERM, HERE .2 4502009 NV TR AR IC 2 E PCR KR @S 5. b E LR
A ,19(2):21~25

PN TR L2 L K GE SRTEAE. 2007, B TR DNA ARic T v DGR3 00 2R 10 S . K - 9T, 28(3) : 8~ 14

X #2010, =Pt F L A M RO R F R R R TR DNA BRICHEAT 5 R S0 BT DL« vl [0 0 338 K 2 A1 2 (6 18 S

B BEAR. 2010, 238 5 S35 DR AR ICTF & N B 3t % 32 0 PR 8 i v . DL < oy BN 9 R 1 - 4 038 S
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