< 350 - P e R B A 2 202044 32845 4 Chin J Schisto Control 2020, Vol. 32, No. 4

EH S :10056661(2020)04-0350-05  DOI: 10.16250/j.32.1374.2020091 g
R TN Y HEEOART) M RIZh
LA 5 Tm S oY

AR, TP, A, x| Gl RS AR, BT, E R

[(WZE] B8 @ ML T EHNA SR AR (RAA) T M BRIL MmN T, BiE w8 M mEL
BN SRR X LTS BT FIVE RS P51, i A O BE AR S i i 5 | 0 R A T M A IR 2k
R R G T A STk B % 6 RAA KGN 53 o 3 ) LA ARG 0 I R - B 9 A AR T o D 5 2 ooy LA B AR TRl B T M A4
R 2% RO I DNA AR T2 RAA 338, AN ARSI AURRE 5 23 0 LA PN A8 60 2t 22 R R e AL il 28 ol A=
SR R AIRRERZR L [ S A O 2 R N AR AR IR RN T SUT AR A SE PR 4 DNA AR T9OE RAA 38 BEAA
AR S E, R INEST T MG B 2 AR R 1Y) 26 5 RAA ¥ 15 E5 WT7E 37 °C 20 min XTI 45 5
2R HURE S PE DNA R BeSE BESE it 48 o DA #0361 e B 370 1) AR ) D140 o A ok R AR ] e J32 T 1485 5 48 e 6 PR 4
DNA AR, 12325 dre RS HH R 3- 5010 10 35 DL/ L B2 R AT 100 pe/w L KL R4 DNA 5 L FG LW s BLIs| i e A5
SR ATRLEERZE 1 AR M 101 4 R INE R R MR R B XU MR IR (A I R 4 DNA St , R 25 SR 5 [P . 4
W RS T T A PR AR BRI S RAA 25, HAG I ARl , HL A B (A s AR Sk
[EEA] )N BIZ R SR 1 SEZH A ; R ; Kl he

[hE4S%ES] R383.19 [X@iFRGE] A

Establishment of a recombinase - aided isothermal amplification technique

(RAA) for nucleic acid detection of Angiostrongylus cantonensis

ZHANG Qiang', DING Xin', LIU Yan-Hong’, LIU Jian-Feng', XU Xiang-Zhen', YING Qing-Jie’, DAl Yang"', CAO Jun"’

1 National Health Commission Key Laboratory of Parasitic Disease Control and Prevention, Jiangsu Provincial Key Laboratory on
Parasite and Vector Control Technology, Jiangsu Institute of Parasitic Diseases, Wuxi 214064, China; 2 Jiangsu Qitian Gene Tech-
nology Co., Ltd., China; 3 Public Health Research Center, Jiangnan University, China

* Corresponding author

[Abstract] Objective To establish a recombinase-aided isothermal amplification technique (RAA) for the nucleic acid detec-
tion of Angiostrongylus cantonensis. Methods The internal transcribed spacer-1 (ITSI) gene sequence of A. cantonensis was
used as the detection target sequence, and the specific primers and probes were designed and synthesized, followed by screening
of the primers and probes with the highest specificity, to establish the basic and fluorescent RAA assay for nucleic acid detection
of A. cantonensis. The sensitivity of the fluorescent RAA assay was evaluated by using the target gene fragment sequence-con-
tained recombinant plasmids at various copy numbers and the genomic DNA from A. cantonensis as the template DNA samples,
and the specificity of the fluorescent RAA assay was evaluated by using the genomic DNA from A. cantonensis, Schistosoma man-
soni, Ascaris lumbricoides, Clonorchis sinensis, Echinococcus granulosus and Ancylostoma duodenale, as well as Pomacea canalicu-
lata and Biomphalaria straminea snail tissues as the template DNA samples. Results A fluorescent RAA assay was successful-
ly established for nucleic acid detection of A. cantonensis, which achieved real-time amplification of the specific DNA fragment of
A. cantonensis within 20 min at 37 °C. By using the target gene fragment sequence-contained recombinant plasmids at various

copy numbers and the genomic DNA from A. cantonensis as the DNA templates, the lowest detection limits of the fluorescent
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RAA assay were 10 copies/pL of recombinant plasmids and 100 pg/wL of genomic DNA, respectively. The fluorescent RAA as-

say was negative for detection of the genomic DNA from A. cantonensis, S. mansoni, A. lumbricoides, C. sinensis, E. granulosus, A.

duodenale, and P. canaliculata and B. straminea snail tissues. Conclusion A simple, rapid fluorescent RAA assay has been

successfully established, which has a high sensitivity and specificity for the nucleic acid detection of A. cantonensis.

[Key words] Angiostrongylus cantonensis; Isothermal amplification; Recombinase; Nucleic acid detection; Detection efficiency

J A B 2 R e — )M A (B £ He 4 R
e NS DR A — Bk 232 g, MR FZE R A
T BRSP4 i v 8] i sl 2 g,
NI A8 B 2 S 2 BRI LAVE TR R 20
JRUFREE S S A AR R 28 R GE AT S, B R T
FAREIET S A 20004 LK, T RIZ dURE 24
TEF 22 MR 2 A B3 % A AT, 7™ B S A 1A
fa e, Z BNk 225 B R TERS,

A% G D 2 A6 DN 2 I M A B 2 s i2 T 1Y
PR 8RR T R R RS v e B UK B R 12
T A T AR D 93 A1 8 AT DA K e AT
TENENFEAT AR, i A5 BUAAG A 7 iR
GRE MR (ELISA) #5822 s 2 W EoR 2 H i
T PHAE [ e MU RS I Y B T O s, AT R AR RE
ST RN 5 (B Ge 27 7 AP AE AN RE R 4031 BUE
FRRAT R HL22 5 BB A BB 2 2 A8 S il
AR SRR RS 2 N I A A U v ) 1
WA PN 2y AR AE A AT, (B T4l U e N
BYEORE R, HARVEAE S [ B, AN T Bt
A, PCR A 2 — R P 5 1 7 g 5 N 5L
DNA JP 9 3 FE AR © T iz b T M4
[ 2k HUARG O (H T PCR B ARG I A 55 i B8
SEBLA LAG I i [R] 54 A BR ) 1 HAE B3 KR
FHM S PRk BF R T PR ARk RS ELAE O H A
TR N TR 4 ARG D7 20 H TR R B A

HAH B2 1SR Y B HOR (Recombinase-aided
isothermal amplification , RAA ) J&—Fh o] 7EH I S5
(— 37 ~ 42 °C) XS LR PR 14 R A (— M 5 ~ 20
min) BB LS IRAZ IR Y 1 5 i o O R AE D
Pt 5 Bt B H R S A b, © N T
Z TP Y B AN ) ASBIEGE R R N A8 B 4k
HURR SRR R P A ST BT RAA IAZ R A+ A
ETEN) A [ 2 He Al e g —Fog o7 i

HRl5 A%
1 ##
11 FEAOKRIR ST HAE [R128 B 1T 30940 R ) BipT

XU RN TIE 2 A R B A XUBE 2 Hhy o Ll oy
SRAGIEAAGING . UYLl R BRI T AR,

IrE A HE-80 CIAF o 8 PRI g e Ap) ]
LTES i QU N S =3 R L = Oy et 377 2 W E 2 ol G 21
RN 20 R ER 2% B &) AU RV 90 AR A A U B TR
FETORAT o /INVERRAIRR A VLIRS VBT

1.2 FEUEE  PCRAVAIELCHLA Eppendorf 23 /] 7~
i ; NanoDrop 2000 A% iR £ 171 ¥ B I 5 {3 [ Thermo
Scientific 23 7 ; QT-RAA-F 1620 {8 4 3 15 5 A% iR K6 )
{SUFT QT-RAA-B6100 15 I 78 sh 1R A1 (W H VT 9525 K
PR A B A RS 7] 5 -80 CHREAR IR VKA MR IR
GiGE Y CryoMill &= H B T EEAY B Verder Retsch
UNIE L

1.3 FEGAH] RAAZIRY HS S W 0 A L& K
BLH A=) 22 @) 77 5 QIAamp PowerFecal ZE 1 4= 4
DNA # B35 & 5 DNeasy Blood & Tissue 20 21 iR
SRR S A BN A A B R 7] 5 Bokif il
F G R Promega 23 7™ ity s BEREH AL st RS E R
H B A HEE ;100 bp DNA Ladder H MBI m) 44t
2 FiE

2.1 EREFEE R H QIAamp PowerFecal 2€ 8 fi{ /12
Py DNA £ 05 65 B H el ] el 2 He th 5 DNA |, % H]
DNeasy Blood & Tissue ZH 2% PR $E AT S e HUAE S
SR OB A 8 [ Y R R AR A AR R
W AR RBR 2% B 4h B DNA , B #0050 & vd B 45 30F
1T MR PNAE TR 28 e T3 4 e, ¥ 4 F s AL
T TR AR URITEE | 97157 ) R ] DNeasy Blood &
Tissue 212U R A& PO & HEH DNA 5 BEFT RUBF IR A1
IINE AR IR R e U AR L1 4, PBS Y 1k 3 30 /5 BT I,
K DNeasy Blood & Tissue 212U R #2 HAF] & FE L
BRRZHZUDNA L T AT 2 BUAY DNA R E ik % I
5 -80 CHKFE IR A o

2.2 RAAJEERYHEET

2.2.1 I PRRR S A O 0 B | B RAR T T
TEFEPHAE B 2 e PN A S TAT B IX 1 (ITST) B PRI A
DFEIER 7 GenBank B8 2 KR ITS 1 4 P51
(GenBank %55 :GU733321) . i/ JH DNAMAN 7.0 %k
PR T TR AT, O3 H0 ) M TR 4 o v B AR
GIE R A ST RAA R DHEAR , 2 OR<F 17 914 B
174 bp, HR4E RAA 519851 B3, 3 Amplfix
BB G R, O 0 e 2R A B A B (57 -TACGATC-



+ 352 - P L R BT IR 2 2020 45 32 4850 4 1

Chin J Schisto Control 2020, Vol. 32, No. 4

GATGATGTAGTGGTGGGTGGGTGGTTG-3" ) . FiliF5|
¥ (5" - TAGCGACATAGCCGCCAAATTATCATCAC-
CATC-3") K HR%F 751 (5" -TGTGATCAACAACGAGA-
AACCACCAACACATATACACGTTCACCTAGT-3' , %5
3B S B e e s ST, 56 33 0 AL A& A YAk K
FEIA 55 32 A A PO A K AR L ) . IR RAA 5
Wy R SR Y o I A T A TR BRON 75 Ao
2.2.2 RAAJERER DR RMGHEEST  $2 RAA SN JEHE
BT SR R NAR R, B VAR R K 50 L, Hor
B2 28 vh R 25 wL. ddH,0 17.5 wlL. iF [ 51 4 (0.1
mmol/L)2 wL. 5[ 5147 (0.1 mmol/L)2 L, K LAk
WIRAIJEINE] RAA SOV FROCHR TR 2 i, 4%
BRmAs]  SRIGTE TR TN 2.5 wL £ REE 1A T (280
mmol/L) , 55 TETR AT T 1 L) A5 [ 2 e
LN ZH DNA (9 ng/pl) o EERZE SRS, 37 «C
AT SOV 30 min, SN S5 S 3 7 b A
50 L 1: 1 B/58 005, %R AT, 12 000 x g B0 (B .02F
15 em) 1 min, BU10 pL _F )2 R SEAT 19 SR iEA e
JEHLIK (100 V,60 min) , T4E/MT T IREEY 145
223 PHRAA RWARRIHST  H RAA 2GR
JRER, MO RAA SOVAR R , SN AAF R 50 pL,
Horp 25 WL B2 2% i . 15.7 pL ddH,0.,2.1 wL IE [4]
5197 (420 nmol/L) 2.1 pL JZ [ 5] 4 (420 nmol/L) 0.6
pL 7 EHEET (120 nmol/L) , IR A) 5 N E] RAA J v .
JCUR TR TR 0, TR IA] BRI B0 5 TR T
R 2.5 WL i FREE 1A 1 (280 mmol/L ) , fieJ5 A 2
pL AR L N4 DNA . B TRRm iR A1 5
SHRAIE B EIRAZFR A A 37 CI I 20 min,
20 s RAE VIRV . RIS G, BIE2O6E S
RERAE (KD FIE SO 25 8, Ho KA = 20 #E h FH
P, K {H < 20 A2 Bt
2.3 P RAA SEBURMEPEY
2.3.1 DS M IR Ze du R S 3 R 91 ) AN [
DR RO A IR HEIE R 51 TA 7afE A
JkL AR (pGEM-T) , %4k A K35 A I DHSa 15 5%
S BEIUTURL , SR A IR A8 11 VA D (SGHEA e B o
JFHEA T4 DUEGHAAE, OF A6 BE A B 22 10°.10°,10°,10°,
107,10 #8 DU/ L iR AR | 40 501 D I A SR 2R 7 7708
FERAAY 3G, PP A R AR
232 LUIAS[RIHBE )™ A 158 2 e LA 2H DNA S ARl
PRI M R 2 R FL R 2 DNA ¥R BE R 9 ng/plL, 43
AT HEAT 990,900 35 65 B2 i B i ARAT AN [] vk i
DNA BARFEAS , AR T2 6 RAA 9738 PFEM
ARG I R o

2.4 FOLRAAERRSVEIEAN 2050 LA M (R 2
TS 40y M G PR HH g ARk 2 o o B A 52
SR HOBGIR,  ARORRER 28 s 4 L AR Rl
) ) LA S RAT WURE R /N AR A MR IR L U P 41
DNA WAEAR , #1720 RAA 9738, P fr HCAG I 45 5
P

& R

1 AT & E 4 B FE 25 DNA R R EM RAA
yiagER

LT 4[5 2 e 6 IR 2H DNA A B 0 A7 e il
RAA Y38 B8P~ 28 19 B BRWHEERS FL Tk %828 Jo B
LHMT R L, ] UL — K /N2 140 bp AT IR 4%
(&)

M bp

5000
3000
2000
1500

1000
750

500
250

100

TE - 1 BIPEXT A 2 ) A [k UL P 41 DNA s M DNA 91
bRy

Note: 1 Negative control; 2 A. cantonensis genomic DNA; M DNA
molecular marker

1 T HIEEL HEFEZ DNA B RAA 7
TR PSR R IR R
Fig. 1 Agarose gel electrophoresis of RAA amplification
products of A. cantonensis genomic DNA

2 BASNEELZ HEE A DNA A ERA 5 RAA
iR

DA M A5 81 2k 3 DR 4L DNA S A5 A ik 47 756
RAAY Y 3047 T HE 25, 25 R34 /R FE 5 min
P ED T4 B RE D3 (&1 2) 1 B X B ey 4
3 FERRAAZEMSERGE
3.1 DB TN B2 du ke S v B R 9 A AN [ 4% D
B AL TR O AR T AL FORLES DRI, 2ot
RAA {5 5 (] R T AE 1, 1048 DU/ F 4L FORAK
SRAT AR E 2655 (B 3) o 455 R W, 5 RAA
2 B ARG HH BR M 10 5 D1 /L B4 Fokr , HAE S min



PR L RS BT IR 28 2020 4556 32 4550 4 1

Chin J Schisto Control 2020, Vol. 32, No. 4 + 353 -

P RIAT B 3

3.2 DIASIRIUR BE T N 45 (B 2 i B A 20 DNA R B4l
B 75 S5 D5 2H DNA VR BE (W REAIR , 990t RAA {7 5 i I

IS [ 28 T S A 5 >0 ) M A (58] 2k e PR 2 DNA ¥R B2 7

BEZ 100 pg/pL B, 10 min PIATS AT H B PH A4 315 (&

4) , WA 72 4505 AT 3K 100 pg/pLo

~ I X R
E =02 Negative control
o 4000
g B
55 E - Sample 1
@ = 3000+
Co FeA2
3]
@ 5 2000 ™ Sample 2
E:S
K & 10004
=
—
= 0
0 T T 1
0 5 10 15 20
A (59)
Time (min)

TE AR 1285 NS 128 AR N 41 DNA
Note: Samples 1 and 2 are both A. cantonensis genomic DNA
E2 U ELZ HEFEADNA HIERAI L
RAA 4R
Fig.2 Fluorescent RAA amplification using
A. cantonensis genomic DNA as templates

B P BE
Negative control
10 #50/ul
10 copy/ uL
102 $£ 01/ uL
102 copy/ B L
10° #01/ ul
10° copy/nL
10 #M/ L
10* copy/ 1L
10° #01/ul
105 copy/ 1L
10° #501/ uL
108 copy/ L

5000

4000

3000

2000

FME (ER

Fluorescence Unit (mV)

1000

R

0 5 10 15 20
B 18] (43

Time (min)

3 DURREERBEARNDERNERAA FRNER
Fig.3 Fluorescent RAA assay using different copy
numbers of recombinant plasmids as templates

o BitExtE

. 10000+ Negative control
g
it Crude solution
~
= R
Eg l)iluteg by 9 times
~ & 50004 o TR0
o § Diluted by 90 times
23 HF900f
®E " Diluted by 900 tines
0 5 10 15 20
B 18] (43)
Time (min)
B4 UFREREEEZEDNA SEBHTEHRAA Z
KilgER

Fig.4 Fluorescent RAA assay using different
concentrations of genomic DNA as templates

4 TERRAAZBIERE

J7MAE R 2 e T3 %)) H KT 40 DNA FE 5 min 4
RIAT 2R 8 BH P 34 T o I PR R g AL )
28 O AR S SR R R AR R gl A
T W) 11 ¢ U i LA SR AT WU IR /N i A7 R BB A
HZUIER 2 DNA ¥y oo e Bt (&1 5) , R B9t
RAA AN TN A8 [ 26 s 2A BG4 bk

5000

-

=

£

£

40004

~ P
K'g P
5 30001 sinensis
T o CHEHIRGR
@ £ 2000 Echinococcus granulosus
R i
B Ancylostoma duodenale
P\ E 10004 e o

3 o ata boc

(<9 -

. . . L R
[} 5 10 15 20 Biomphalaria straminea body
I i8] (53)
Time (min)

5 RIERAAZEKRNFRE
Fig.5 Specificity of fluorescent RAA assay

3 D 2 R AR AR SR v (8 A G S 1 A
DT NS (B2 gl ORI ) “ B b, o O T A
MR AG S N T ATE SRS IS A A
TIE AT A 5 28 S PR B8 S A ZERA (H AT
Kor Hh R, () A ERCHE it o AR AT — R R X B 5 i
B BRI R L KRR K s 5 K w2
AR , ST M SRR AR Y 15 1k (LAMP) 32 il
TAEGE PCR A S B [AI  25 SR OB AR 14
25 IR , A ERERTAE A AL
TP B2 RS (H AR TR B2 X 5 | 4y [l st
s B [ A b A S ARF ST ST I RAA
R A LA 52 4 RS A, W] LUAE 37 CE R
FAF NIRRT 1Y, HA PR R AR SE R
J52 07 PR L K S B SR AR I 2 SR A 8 . (R Tk
REAS T AR 45 [ e s R G A6 A 1 adE— 25 AT

REAEBIEIE S , ITS J7 3 a4 Ry o Fast A A ic 4
FHF %) A R 7 A B S X T N A
[RI 2 B ITS FE K P50 15 14, 1 S22 PCR Al
TR PR it B 2 T DG HE M A [T 2 o T 3 4
o XNEHEAE LT A B2 R IS 1 R R Y 9
519, W) N7 TR I 3 B R e A [ 2
LAMP % o ARWFFEREER) MM AE [ £ HLITS 1 3% 1R i 1k
HH R AT B R R v S | AT, ST



.+ 354 - A I SR B 25

2020 4F55 32 4555 4

Chin J Schisto Control 2020, Vol. 32, No. 4

T HAE B2k S 28 RAA S AR R, 430 DL &
I PN A [T 2 R v 5 DR e 371 A () D0 o 40
LA TR) AR BE T M A5 B 4k HU I R 4 DNA TR X%
T AT U DAY, & BTG RAA BAG I R %
AL 43 A 3 10 45 U1/l 5 21 UK R 100 pe/wl 3 A
ZH DNA, f& 255 %948 ST 1) 22 PCR vk nl Al Hy )
PHAS TR 26 Bt TIT 314 B DNA B3R M 120 pe/ul,
R0 AN 1) PCROEAGIN T M A IR 2% He 11T 309 %
4t DNA 9 RGN 1 ng/wle AR HESL 1) M
[ £k HL 2 RAA ARGy 32 72 AR Wik o T B A 41 1Y)
PCR G 7 AR 1015 g PG i g H ol He AR ] i 2 o
UG A S SR Al IR BRER R R G R
oy 11 28 ) ) D R AT RUBF IR /N A 7 R AR 2 41
SER 2] DNA AR, 3 3 25 5 35 0 B, #1071k
HAB SRS RS0 a1 M R )
HUIZR DNA 852560 % 48 DNA BEA R 1796 RAA
RO, 3 — 25 VAN B ARSI A R, DA T A 4 T JHL S s iy
P, ZREAFTRR , A 58 £ 396 RAA 3461
A A BRI AT UG BRI PR A 2 2 SR R S PR A T
P, XA R Tk 5E .

25 LR ARG T ST T —Fh ] R M
5 TP £ S T S0 0 SRR A1 76 5 RAA 3 1 TR B
£ 37 SCAHE I S A4 0 B[] PR S8 s, LA (o bR
RS LS R BT O A, AT
IR B W B T — R i H R F B, Rk
W5 T JRE A 75 R A v () i FEREAS T T P A 5 4 T A
HITEMITST , %05 B IR 10 TR HE Sl i df

[&%&3cik]

Wang QP, Lai DH, Zhu XQ, et al. Human angiostrongyliasis [J].
Lancet Infect Dis, 2008, 8(10): 621-630.

BESE, IA , S SEIE L TN P Lk sk O DL 1 B 7T 3
(T]. o B W R B iR 2%, 2019, 31(1): 98-102.

BERAE, DL, AR g, 45 RN T —2 ) 4 [ £ g 28
AT R AL ] ey A R A L A AR HUR AR R, 2000, 18(3):
176-178.

MRABFE, AN, RBIL, 5 ARAR NS P 2 AR PRI i i
AT ()], v B 2 A 2 5 3 A U 2%, 2002, 21(2):
110-112.

(1]

[5]

[6]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

WK, SKEES:, T W, 55 — By fr IR 5 e ) N 4
[ 2t % R [ ], VRIS BR 228, 2004, 10(1): 44-45.
FRR, B2 2R 45 ORI LR B IR RS R N
52 £k s % S 3 A [ ], o [ i OB OSB3 A AR, 2012, 23(6):
687-690.

IO, TR NS A 2= (ML 9 . Jbat: AR TUAE i i,
2018: 186-188.

EW, T, M R R e s s W R ] [
BRI 2% 254 445, 2011, 38(2): 113-118.

XUFNAE, SRANL, Friln, 55 . =0y g I A SR 2 P ) 4 [
2R SO A LE BB ST ()], i [ 25 A e 5 2 AR R A A
2007, 25(1): 53-56.

e E, JE T, B, 25 PCR AN SRS IR YL ) 45 [ 2%
Ty i iy s Sy 5 R [T ). v O 3 BB 2E 4z, 2008, 24(12):
1136-1140.

Saucier C, da Silva AJ, Eamsobhana P. The current status of labora-
tory diagnosis of Angiostrongylus cantonensis infections in humans
using serologic and molecular methods [J]. Hawaii J] Med Public
Health, 2013, 72(6 Suppl 2): 55-57.

2RI I SRR I BORTEZF A R H Ao S A I o g
FHLT . A i W B A 440, 2018, 30(2): 232-236.

R0 XHELE RS, 4 . TEAH A IR S IR I OO IR T
A A 08 RSP ETHRTT ], v [ I HORT By iR 2% 35
2019, 31(2): 109-114, 120.

GREEAN , S/ INE, XIFHELT. , 45 . T2 A 5 1) e sl R
SRR Y G T7 B W RS B AFAN (). ol e S By i 2% s
2019, 31(4): 388-392.

SRR, TWT, Se/NIR, 45 T AT 8 S SR R R S PR A R
SR D5 R S, BRI [ ). e O B TR A
2019, 31(5): 468-473.

XA ) A 5] 2 it 2O PR FIAZ M I DNA 78 S R AT 52 %
LAMP K5 i sz [ D . )M AR AL R, 2011

Lv S, Zhang Y, Steinmann P, et al. The genetic variation of Angio-
strongylus cantonensis in the People's Republic of China[J]. Infect
Dis Poverty, 2017, 6(1): 125.

FTHESH, S, F TS, A5 o WA A th 2 AN A [
R AR ST 1) ] v A A e S A A R AR,
2014, 32(6): 452-454.

FEZEAR, XUAA, B 1L, 45 . FZ 3 PCRE A /INE i A7 IR 14
P M R L gy et [ ], o 9 A e S 9 A g Aeak, 2010,
28(5): 355-358.

[YfsBHEA]  2020-03-23

(58] =%



