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Cloning and expression profiling of a saliva protein family at different

developmental stages in Acyrthosiphon pisum ( Hemiptera. Aphididae)
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Abstract: The pea aphid, Acyrthosiphon pisum, is an important piercing-sucking pest. The secreted
saliva plays roles in feeding host plants and virus transmission. In order to explore the function of saliva
proteins, we cloned an unknown protein family that is highly expressed in salivary glands of the pea
aphid. The family consists of 13 genes, which encode 14 proteins, and four of them are highly expressed
in salivary glands. The family is unique to aphids and enriched in cysteine. Fourteen cysteines are
conserved , 6 of which form three CXXC domains. Genes of this family have no introns and are distributed
in 9 scaffolds of the aphid genome. Semi-quantitative reverse transcription PCR showed that there was no
stage-specific expression for this family. We speculate that the expression of this family may be tissue-
specific and this protein family probably has the functions of oxidoreductases or DNA methyltransferases.
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BT, RS2 & A U R A [
WIHENFE, INFE KRG Eurygaster integriceps 1
WBEHOF AR, B R ILFEAES B ER
B, Mg ie . BRI 2T, R R TE A B
¥ Mt 728 Y 3 58 ( Kazzazi et al., 2005) , XGHH 2
FRIEEML Mayetiola destructor (Say) 7E & B F-HmER
AEZMMWER, X MErEAEE R E T R AR
A BEEAY) EAETE, im0 R AR B R
TR P R AR 2 2 R LR AR ) B P SO
(Chen et al., 2004 ; ERIBLEEZE, 2006) . &4 HIWFSE
£, WX R AR IEA R A A EE Y AR E
ATEE, ES R A R, SRAEIRE A
B HEK(™E S, 2008),

BEELWF Acyrthosiphon pisum (3B H : 85 #}) 2
—MEERRLER, AEFWL. BiL, B,
HAE . BARR, KEFEAGRHEY, ¥ iR
A ME B E SRVE Y R IR . T FERIL AR,
HMARKREMWE . 75, PGB IE%ZE
YRR, XA A ERERBL, BT, %
0 AR B S W R R R 2 58 AR (The
International Aphid Genomics Consortium, 2010),
P T MR VAR ) EST SCPE A ZE H i 4 ( Carolan et
al., 2011) , APFRG R SHEYELE. R 5HEL
YER 7 FHLIRBEE T HeAl

TEW e IR EST SUEHA 4 I RRBH
F A (Carolan et al., 2011), HREHWEBHIIER
A, MURFIRERENR T— %K, @
BWRERH, RATKIATEXANRET 9 MR
ABIESE N B — A B R SR T XA KRR
BB, a0 T HFFIRHMER R R, FIFEE
Btk 5 R 4 B 4% 2 M (semi-quantitative reverse
transcription and polymerase chain reaction, Semi-QRT-
PCR) F AR &> B R A2 8F AR &R B B B &
KB EA R R RN EY T8, N
KRBT R KR R S EAE . MR S5HREL
Ve R FRER R,

1 #MRE5FE

1.1 ##E5iEH

PG WE A. pisum R B = F EE WP Pisum
sativum, FER BB N TR (JRE21 £1°C, RH
60% +5% , St:JEH] 16L: 8D) {35 H1 % (40 cm x 40
cm x40 cm) N F#E S Vicia faba W1 35, B—k1{g

RS, BPBE— SR BN, RBRMER,
R E R BRI AENEGE23CT
SAREFRL, 2,4, 6 18 d, K151, 2, 3 Fl4 M
o WF B (B ZESE, 2006) o BT A8 U
2510 mg H—4H, BRI S HIENEYER,
BETHAE -80CHRIF,

SZI BT FIR 5 4 RNeasy® Mini i3] & ( Qiagen
/NF]), Promega [ 5% 7185 &, EZNA Gel Extration
Kit &, 5] & ( Axygen 2\ &) ), pGEM-T easy Vector
(Promega A &) ), KB Escherichia coli DH 5a
75 F 1 (Tiangen 2] ) o
1.2 5 RNA gJ1RENE cDNA E—ERNE R

il RNeasy® Mini 3] & 12 BUBE 5 957 4% 8 3
RNA . Bl - 80°C {3 7E i) £ 5 HA i it & 2 mL RNase-
free & 15 7E 38 XUAH 5 fim 600 wL ¢ f# W ( Buffer
RLT) 1 6 pL B-#iZEZEEWE; BIZIRY, #E
5 min; ¥FJE T 13 000 r/min B.0> 5 min; HAEAE
F RS R SRR ERT . UK ToRE
i, D BT 2,

JUF% 57 Hij DNase Z03: fiIn AT 315 : RNA 30
pL, 10 x Buffer 5 pL, DNase 1 pL, Nuclease-free
water 14 pL, B181B5))5, 7£37CHFE 20 ~30 min,
A& ZF A 5 wL DNase Inactive Reagent, 18127R
SEQ2~3K), EEIRTHE 2 min; 10 000 g &
05 min, $§ FIE W F] 5 — RNase-free £ M,
SHEEEETH T EHWKE, DMEERERHd RS
HITE R,

cDNA 5 —8E M & B: B 1 png RNA BT [ 4%
KA —4E cDNA, L5 RS MR Promega [ 5%
FF U S
1.3 EFE=ERNF

WIET SR EAG R, R R 5
i) UTR X8k ORF Xi%it PCR 5|4(F 1), M cDNA
SRR AR . BV EgETAY
TRERFRAFEG M. PCRIARN: 50 uL K HL
1A Z F44 10 x LA PCR Buffer (with Mg?*) 8 uL,
dNTP (2.5 mmol/L) 5 pL, 5|#) (10 mmol/L) Fi$#%
1.2 iR & A cDNA £ 1 pL, LA Taq DNA R &
F§(5 U/pL) 0.5 pL, EEF/K33.5 pl, RIS
HJg: O4CTAEME 5 min, SRJF 94°C 454 30 s, 55
5 56 CiB A 30 s, 72°CHEMH 40 s ~ 1 min, Ft 35 4>
&35, g 72°CHEM 5 min,
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#1 EHEPCRyE5|MA=HER
Table 1 Primers and products of PCR amplification

F191F3I( 5" -3") PR/ (bp) ORF < (bp) 7“4 GenBank %35
Primer sequence Product size ORF length GenBank accession number of product

F: AATCACAGCAATAATACACATAC

773 399 XP_003244694
R: ATAATTTGCATACCACTGTCAC
F: GGTTAGTCAATCAGCTCCGT

819 399 XP_003243676
R: TAATTTGCGTACCACTACCAC
F: GAGTCAGTCAATCAGCTCCG

352 387" BAH 70645
R: AACTGATCCCAGCCACTATC
F: GAGTCAGTCAATCAGCTCCG

314 321 NP_001156276
R: CCTTCGTGCATTCGTTGTC
F: ACATATATATAAATCCAGTCGAC

731 384 XP_003240468
R: TCGGAAGGGCATACCACTGC
F: TTGTACGGATCCGACGAAGA

176 393 * XP_003244691
R: ATTATAATCTCACGGCGGATG
F: GCGATCTACTGAAGAGCAGT

590 390 JN092371
R: CAAATATGGTACACGTAGTCCA
F: CCACCGAGAAGCAGCAGTTT

350 393 * XP_003242394
R: TGCACATTTTCAACGCGTCC
F: CTGCAAGCGAACGACCAAGC

595 393 XP_003244696
R: TAGTCTACCTACCACTGCTG
F: GTACTGCATATTATTATAGGTAAG

454 390 JN092373
R: AAACGGTGAACGTGCTGGC
F: ATCGACTTCGACACTGCAAG

505 372 JN092374
R: GTGCTGGCTGGCACCGTAC
F: GCTCGCATTGTCATATTGGTT

225 186 * JN092375
R: GAGGGTCGTACCTGGTTTCG
F: CCACGACCACGTGGTTACGT

868 354 JN092372
R: GTACGGAGCTTACTTGCTCC
F: TCATTCACGGAACAACTTCG

381 384 * XP_003242391
R: TATACCTAATCTCACAACGGC
F: TCGTTACCCTCGGAAAGTC

108 408 NM_001126221 (127)
R: GTTGGCATAAGGTGGTTGT

ORF; JFi [ {2HE Open reading frame. * 5 & 05f 2k (R 2H Lo X 3K 45 5€ & ) JF i %] 32 HE Complete open reading frame according to the genome of

Acyrthosiphon pisum.

PCR =¥ 4 & [8] Yie #0 2 fb J& ( EZNA Gel
Extraction Kit i 7] &), & # 3| pGEM-T easy
Vector, F#4L 2 K+ DHSa 8 £ H. £¥%H
BEFRGE f5 B PHE SE R I I S B A K EEE R Bty
BRRAFMT, BAEEZRA% 3 AT,

1.4 Semi-QRT-PCR R W{FE & E5&H
7£0.25 mL EP Erp, RIKIMATFFI4 53 : 10 x
LA PCR Buffer( with Mg’*) 5 uL, dNTP(2.5 mmol/

L) 4 uL, E##51% (10 mmol/L) 1 pL, FiF5|4
(10 mmol/L) 1 pL, cDNA 1 pL, LA Taq DNA &

B3 (5 U/pL) 0.2 pL, #MEEBEF/KE 50 pL, 185
HEEL,

H R R 4514 Ry 94°C AR PE 5 ming K5
94°C 254 30 s, 55/56°CiB k 30 s, 72°C ZE{# 1 min,
3 35 ANMEHA ; e J5 72°C AL 5 min,

WIFRZER L27 [ B 554X 55°C iRk 30 s, $£29
MER, HRR L,

PCR =¥ 1% 5% 2% (A~ /& 400 bp F7™=4)) #
DRREWESE B ra VKA I, 7E B I BUIR R S8 T WL I
EisliE
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1.5 &£YERESW

P BT R MR IT P & BR R R E AT
5, K5 B 44T BLAST R EBH [FIEERE,
FAAE 2 B {4 CLUSTALW ( http://www. ebi. ac. uk/
Tools/msa/ clustalw2/ ) i# 47 f A 7 3 tb %, #F) FH
MEGA 4.0 X} fir A F 51 #1748 1 ( Neighbor-Joining
method ) R I #E, F|F SignalP 3. 0 Server il
MR R EE RG 5 R RAE

&HR

2.1 BEYFRETE A K ik AR S
BT IR H 8 1) cDNA SCPEH FEkE T R A
THREE KR 14 R, B 13 AN FEE GRS, H
Hr BAH70645 #1 NP001156276 2 [F]— /3L R ] A5 14
Y RMEA Y, H2E 2 NEER,
JN092375 AHXT T oA B 53 gt ) B )T 51 S R &

2

10

TEEMS YATKAVEAY AV
MEs voTvavidayvi

20 _ 30
FYMERVEsseT

XP_003244694
XP_003243676

VNFEKHEDEVASDEIAGG -
VNYE LMD OMASDIY ANG -

1k, JA 61 ANEEERR, HAbR G & B FFILE 117 ~
132 NEREBRZIE, BT MY, XRIEZ
FRJF 5 B — 3R 60% ~92% , B )55 I — 31
H29%~89% , X7 FIE AL F] GenBank, K15
P35 (% 1), HiLFE GenBank 7K [ EST %
WEPErp HXT, {UAE EST PR & BUARF Aphis gossypii
FIRkEF Myzus persicae 53X NG HE I RIVEIFF , HAth
YRR RV E S E B, UL AN GO ARWF HRE
ZERis

EHFFIHAT R, BT IEATA 1L IN092375
AT AE By P) i NPOO1156276, H fth i 5t B 14 4
5 15 AERpeE R, mH 14 KA R R IEF RS
), Hofu$E 3 4~ CXXC i (X HEREREE
) (B 1), 55 KANEA KM RAEEA N
WA A UME SRR, B ENTRT BEfEE F4uMalE, R
A XP003242391 WA 55K, W B T4 A
(E1),

40 50 60 70

L |

EILosGIPETPY IFFTEHD

LEANL D TGNSSYPY I [4F T(MD
C C

BAH70645 LESRS YATVAVIZAYA | FHISERSVIAS AGVGE | YK LGED{HBY SEMIASG - (88 | TRYDSEYKF T{4F | 68
NP_001156276 LLEBMESYATVAVIZAYA | FHIMEFIVIISAGVIIE | YK LMEDSRVSEMGIASG -EAHd | TRYD - - - - - - - -« - - 58
XP_003240468 LIRSS YATVAVIZAYA L FYIRERIVIASGE I [JGLYENMEKMKASDMF ANG 68
XP_003244691 LENES Y AAVAVIZAFA L FY{S VIS AGTEFMYPLMED{SEN SEMJAKCQLIAE | TRWDPEYNFTMYT 69

XP_003244696
XP_003242394
XP_003242391

LENRS -CTVAMBAFT |
LENES YAAVAVIIAFA [ [SIR | FY[REFIVISSAG |
LENRS - - - YATVPYT | [MINIF F FIRERY | [IMA | N

-G AN TONDDCDYPYTHF T(o -
o -
FMYPLMEDMIRK SEMIVKSQUEIAMTRYDPQYNFT{HY T[S -

TIYFAMQODREND AMGIKDRNEREAMMTRYDGT - - FLMF THE 67
69
MIYDTHQE[RRDD I [MUHD LCLEAM | SRSOGG - - YFMFTMD 65

JN092371 UIARSDAAVPVETFT I [MRS F L Y[RERS (HSMES[HR | YQL[MED[HRK SKHITEKKIIAY TRWDPEYNFTHF L[MP 70
JN092372 - - - - - - MPMFAFM I [MRYF F FIRER]  I3SAMNEETYD THOKRAD TMIIKQY Y[ RIM | FR-NGG - - FFMFT{#H 60
JIN092373 EARLOAAVPV I AFFLIBFIF L YIRERD 1 @SMES[OW I FKTMD A[RQS T[T ENKEIIY TRWNVDYNF T(HF MP 70
JN092374 PYTAVAVAFTVMFLSTQFDN! ------- FSTHQEMINE SNMIC | DKRIR I TRYWKKYNFT[HYT[4D 63
JN092375 SYAAVAVSFA!LFYVESSATELLYPLEDKSDVKSKETRYDPQ----;--;- 61
* * * *
80 90 100 110 120 130
i } } } i | | | { | {
XP_003244694 PEPTNQFLQFYSSDEMNSGMEGVGD TMQMAMOKNEYMEVTKD -FDT-SQLWKME 1PDTPEEP - THa 132
XP_003243676 PEPTNKFLQFYTKDDMNNGMEGVGD TMQMGMSKNMYMEVP ID-FDL-SLLWEME I1PDIPEEP-T[HQ 132
BAH70645 -ANDSGWDQFYCLDEMTKGMVDK - - TMEVMDGS[HYMMVQKD - ADK - SQF LE(MMVPDNPFEP - T[Hv 128
NP_001156276 - - = - = = = = =« « - - NEMTKGMVDK - - TMEVMDGS[HYMMVQKD - ADK - SQFLE[MMVPDNPIIEP - T[]V 106
XP_003240468 -E 1 SDGWEQFYSKDEMNKGMDAP - - -SLMIMDRFMYMEVPED -TDT -TRFSV[MY IPDNPHEQ - TV 127
XP_003244691 -DPQDGNQQFYSEDEMKK -MTDPT . -KMM IMDASMYMM I VKEGADM - SKYMNMTVPEQE[dQP - T[HV 129
XP_003244696 - - IDYGNNQYYTFDEMKTGMTNST - K1 -[iMTGMMEFV[I AREFLENGGYLEEMDLRTEQ[IRT I T(HK 129
XP_003242394 -DPQDGNQQFYSEDEMKKGMTDAL - -KMM IMDASMYME | VKEGADL - SKYMK[TVPEQE[dQP - T[4V 130
XP_003242391 --PENGNQQFYSEDEMNKGMTDKK -NMSHVMETDAMFV[dI ANED IGN -ANLEKMNLLTKE[FLNVT[EK 127
JN092371 -HEF -GNKQFYTEEDMLEGMTDED - - YHMVMD FSMYMEVQKEGFDK - ANFTDMN IDPN -[3VP - TMV 129
JIN092372 --SNN-RSKFYTEAGMQK iMTDPG-RL-VEMVDAMYEMVT -KGVR- -TNPESMKEPTND[ELS -K[MK 117
JN092373 -PEF-GNDQYFYEDEMLKGMTDEK - - KH[MVHD FWHYMMVAKEGFDK -ANFTQMIVDPN -[3E | - N[HK 129
JN092374 -TNFDGIKQHYTEDEMKAAMTOPE - -KV[VDFE[MY I[dVPKEMGCW -KNWTRMNHYPV -[JEP - T[4V 123
INO92375 e e e e e e e PR P R I prtee e ;- 61
B RADEEFERENE BT Xt

Fig. 1

Alignment of protein sequences of the unknown gene family

AR Yellow shadow: FHil /{5 5 Jik Predicted signal peptides; SB{fFH5 Black shadow: JF3—Zi:H 85% LA I HEILER Amino acid residues

with identity over 85% ; * ; 14 PMESFHEHEEER 14 conserved cysteines.

2.2 BIEYEAEARKRZGHNRERAS T
K G uF | ARF Rk sF 49 8 B R IR 7 5 21T R
G AT, RBXAFKIRTE 3 T BF B H] 58 &5
b, MHB S R EA R, FEBLE S P XA
KIEA 5 D9 4 R3: 565 1 ATERATA LB 2

A, DA R A TEME IR EST 2 B 2% BE B AT A2 14 B 1) 3
W 22 308 3 UL, MERR EST B R 3L
HE; 53 A 3 A, AEREATBERR
HN; 5438 3G, B—XEA 14
RIRH A WA 15 L RERBRIAG (B 2) o
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__g“: XP 003244691 —
97 XP 003242394

JN092375

79
100[~BAH70645
83 ‘ NP 001156276
— XP 003240468
100 XP 003244694
{ XP 003243676
XP 003244696

XP 003242391
JN092372

86

(L]
Acyrthosiphon
pisum

—

EC389405 — pif

100} EC389958 :| Myzus persicae
EC389495

—— GW559794 —

GW526815
100 ﬂF GW522208
GW526692

GW533349
GW517605
GW532212
GW529602
93} GW521580
W GW527695 —

B2 RANMERRNED RS REHL T

Fig. 2 Phylogenetic tree of protein sequences of

Hakf
Aphis gossypii

the unknown family

FiI MEGA £ 1] Neighbor Joining JEAEAY , 43 SCxAL B N E L IH5E
1000 Wi EARBE , /MBS BEAURIBAERERS o 4 RS AR
BRI KA SRR FERF R R = R B ML o Phylogenetic
tree is built using Neighbor-Joining method in MEGA software. 1 000
bootstrap supporting values are shown at branch nodes, and the branch
length indicates the evolutionary distance. Members of four clusters are
designated with different colors. The members that are highly expressed in
salivary glands of aphids are shaded in gray.

N SRR A T, ZIX A FIEEE
BENET, MAEREEAR 9 4 scaffold |, HFER
HIBAREEARIE] . 7 4 1> scaffold 57 2 N (scaffold
B39 111793, 116358, 120774 1 128151), HoAth
scaffold |+ R —ANFER, 7 NFEE LAE 8 R
ek, 6 MEEEDIR LEE ML R, BNERR
HER SR RTTXR(E 3),

2.3 BIEWMRAMNEEARENAALZEMER
Ri&

FH Semi-QRT-PCR #:il T AR M TN BEE B Kk
MRAEHEHYAFRELETHBEMEREIE, ERE
N, BRT XP_003244694 HAth i 53 76 4% B &> &
BOBERRIL, S MEYFEREY A ERE, ®EA
REBFERME(E 4), T XP_003244694 1) 5 4~
HEYFERHIATAREES) .

3 itig

XFEHRIRABR RS, BN S0 W
RAKCRPI R, P BRI SR B 4
WA FSE YA R Bl SRR 4 D 6, L B RN I 4
FIVEFISRH5 Bh B T KR i v U T SR IR
B, ARG, ZMAE. o SWEE. sk
FRWEEG . REVERGSFEA 4, SRHS B e =X B s A 4
W HAEY . fRER IR A R I BN AE Y ) B A
JNE (B AE , 2006) o F3 51, MEWBGE REHN RN 5
L RO I A A0 iz i, AT AR ) 32 3
JE&%% (James and Perry, 2004) , AW 57 3 5.0F 72
R T — N BRRE AR T R EE B KR, Hh s
EMER IR R R IEWIL R, XEEAEE WG
SRK, T RER T R E B WA ST TENE

BAH70645/
NP 001156276 XP_003240468 IN092374 XP_003242391
EQ111793 EQ113298 EQ115837 g
P e e
15C/12C 15C 15C
JN092375 XP_003244696 IN092373 XP_003242394 JN092372
souesss— [ rovons — ror20774— [N
—— e —_ _— —>
14C(4C) 14C 14C 14C

XP_003243676

14C

EQ122132

XP_003244691 JN092371

T

XP_003244694

EQ128214

14C 14C

B3 RANTHRE S AR 1 B S B R 4 b F) 437 A SR 7 18]

Fig. 3 Distribution and transcriptional direction of the members of unknown family on the genome of Acyrthosiphon pisum

FIEB A WBE R 2; §ikFmiERIm; #ikT HR_REA & KR EAREE ; 2P scaffold 5 L EQ #24f , The colors of family members

are the same as in Fig. 2. Arrows indicate the transcriptional direction. The number of cysteines in each member is put under the arrow. The scaffold

number on genome is initiated with EQ.
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1 2 3 45
INog2373 [P

JN092371

XP_003243676

XP_003240468

JN092374

BAH70645

NP_001156276 JN092372

JN092375
XP_003244691

XP_003244696
XP_003242391

L27

XP_003242394
B4 Eh RT-PCRIGMRMIIEERIL 13 MRATE
B AR & F G B RE
Fig. 4 Expression of 13 genes of the unknown family in
Acyrthosiphon pisum at different developmental stages
detected by Semi-QRT-PCR

1-5: 43500 1 -4 J&2E 55 AL 1st to 4th instar nymphs and adult,
respectively; 127 P23 Inner control.

XP_003244694 L27
1 2 3 4 5 1

[\S)
w
£
w

()

El5 2kzEHE RT-PCR ] XP_003244694 7£
BE IR & T BBk
Fig. 5 Expression of XP_003244694 in Acyrthosiphon pisum at
different developmental stages detected by semi-QRT-PCR

1-5: 43508 1 -4 §&357 9 A BIF 1st to 4th instar nymphs and adult,
respectively; A — E: 5 MY & Five biological replicates; 127 N
25 Inner control.

FRIEYI—REEZER, MEERMBE—E
SRRV TR BT T R R A, X LR R B ) 4
RESINBERTTE, HT A 2 R SR A A S B
7, aE 2 0 e Y R B 22 P 3R aA R A ol
F B R AL R

RPMEARKE TFERER, A 14 TFHE
RRAERRSF, A AT BEAE 7 7 N B4 1 A1 JE B — B
#, EAURERZREEFE. X TFTH 15
AHBEREBRI AR , 85357 18] AR S R
MR REMEAR R R, R ARIE A fefF 2 1
K. Ao, B 6 AR IK 3 IR B
CXXC Z5My3, XS I S 2 A A iR S g ) 9

X ( Chivers et al., 1997), ti 2 DNA Jfgm2ng B
AL EEFLE SR B AL CpG By 451418, ( Pradhan et al.,
2008) , HIHHEN X SR TT BB B A AL IR R R EL
DNA FLALEGRIZHRE

XNEARBRHNITXEMEE, BRTEA
AR E KR RBE TR, AT E s A AR
PRI AEARKENE R, i 3R A4 L BRE
BERKERKAETRSEIIREE, @dFSHK
IBUE RN R E S BRI E AL, XL £
FEVEERA T BB X N A R IE KL F AW %3
fE, Z 5T ZMEMARNEE, 8 REHERA
LR BRI BT 2 — 2P AR

Fi Semi-QRT-PCR HFFY & BUIX K HRTE 17 Hi %
MR RIL, WA KT BRI, TAEeE
VAR EST PEA I i) JLA B R AE SR04 o R AE—
i, RN RMBIT, I, XPFE
ATRETESF A [ | 257Kk, AR AL
Sk, b, EWR AR R IR B EE R XP_003244694 7ER
FEABMBMREARE, TeAHMERZHE
MRE, FFRELRHE—FP KU, Semi-QRT-PCR J&
VAR H I —Fh R R SR e | R R 3R
WK A 7715 ( Cottrez et al., 1994; Rz E4
2006) , kS RNA $2HL, finke . MIE . cDNA & A
K PCR 3 PR ERGIREMANIRZE,
FH Semi-QRT-PCR Z3 47 Kl mRNA AHXJ 235 7K F-Bif
WREA N BB NS (Udvardi et al., 2008) , T
FH Semi-QRT-PCR 1% 73 Hr35k R 3R 3K 7K - 1 52 Wi R 3R
¢4 (Freeman et al., 1999 ; Marone et al., 2001) , ff
PAIXANJ7 1 H REREL IS 1 F ik R 2R 38 i AR X A2 4K,
BN T 5 AR R R 8 B T R SE 5Ot
PCR &K,
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