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BE. A EIT W R 3% PRSI Fusarium graminearum ¥ Z #n , KT R M ET LELSH
T 2 RAGHBRIERAG @R AT REHRICY B 14a-5 F EAE LB CYPSIC /7], %
THAF 7 7 4 HQ1-F/HQ1-R, #) A 31 4 # 5 52 B & & ¥ PCR(RT-qPCR) R % , it AN E K A R
A BAYHATE A AR AR, A & R 354, A RT-qPCR AR A2 4 13 R 54704 H 2,
St HoAe LE RS AS R THATRI, SR AW N ASHRIAT I E B 69 & TR
% Hrym R £3E P M . RT-qPCR 6935 % i & LA 2 —JORYE , &7 3 o 2 69 8 30 R 5 A AR
FEZRAFEM R R, T IR A 104.7%, 47 4 ¥ 25 A y=— 3.2137x+34.9560 (R*=0.9968) , AKX T
#rml 2] 1 pg/ul 49 DNA, KA LIERSMICEE B3, 45 LR R BRICETH 2 RN I,
P y=13.603x — 85.370(R=0.9998) , 4> E R At eg At 545 LIER SRS H o= )2 M & 5
) A y=0.0789x +22.0590 (R’=0.7949) | y=0.0304x + 7.8686 (R*=0.9579) . y=0.0458x +23.7540 (R’=
0.5420) .y=0.0471x+32.0760( R>=0.6753) .,
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Development of fluorescent quantitative detection system for fungal pathogen
Fusarium graminearum and its application in maize seedling blight
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Abstract: In order to quantify fungal pathogen Fusarium graminearum in field soil, the regression mod-
el between the number of soil fungi and the disease index of maize seedling blight was established. The
specific primers HQ1-F and HQ1-R were designed based on the sequence of the Sterol 14a-de-methyl-
ase gene CYP51C. The real-time quantitative PCR (RT-qPCR) system was established by using the seri-
al dilution of F. graminearum DNA as the standard. Indoor pot experiments with soil inoculation of
maize seedling blight pathogen were conducted to detect fungal content in the soil and investigate the
disease index. The results showed that the target band was amplified only from F. graminearum and de-
tectable from various pathogenic soils. The melt curve had a single absorption peak, and a fine linear re-
lationship existed between threshold cycle and template concentration. The standard curve based on the
formula y=-3.2137x+34.9560, was established with the correlation coefficient of 0.9968 and with high

FEGIH « HEHE AR (2016YFD0100103) , EZKIARLO (EAK) PHlEHAR A R (CARS-02)
* J# {5 VE# (Authors for correspondence ), E-mail: duancanxing@caas.cn, chenguokang@swu.edu.cn
Wk H9: 2017-08-22



410 i A7/ AR S 45%;

amplification efficiency (1.047), and as low as 1 pg/uL of F. graminearum DNA could be detected.

Meanwhile, with the increase of the inoculation concentration of F. graminearum spores, the pathogen

number in the soil also linearly increased, and the equation was: y=13.603x-85.370 (R’=0.9998). In ad-

dition, the regression equations between disease index of different resistant inbred maize lines and the F.

graminearum content in soil were constructed and they were y=0.0789x +22.0590 (R*=0.7949), y=
0.0304x+7.8686 (R*=0.9579), y=0.0458x+23.7540 (R’=0.5420), y=0.0471x+32.0760 (R’=0.6753).
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T oK T AR A ERHEY) , e
REVERE AN ol Ikl B A A oK A 7 R
DL IR )z A TR E A KRR DX, FH ]
G 10%~20% , ™ H B 55 35 60% ( EAEER
45 1996; X 4 JC 4, 2007 ; Meng et al., 2017) . Ff
¥ R TR SRR AR T S RN FE I KA iR
AR, T RE AT AR A L R S it b R P 45
JE PR 3200 R A R AR N E A, R R Fu-
sarium graminearum S | K2 1% 5 T 1) 5 2 i A
J& TR AR IR R B, HRE g LISE IS 57 07 A7
R A IR BB — M E KRR A
A FEAEW) , R A v B 2R 4 T o A R i )
FURYLIR (LIRS, 2011) o X T KRR PR L PR
A et AT HERR 25 FE B KA B T oK A
oo 55 118 T F0AT L DLt 38 YD R B T — i
PREE RSO R 73 AN A 2R

PUA B H R PCR A I A FAEAG I 7 A RE A |
Al BE A B B ) A0 A 0ok sy 45 (R, T B 5 55
38 S0 AR H e AT @ PEAL I (Cubero et al.,
2001 ; Park et al., 2006) . 52 H %) % 1 PCR (real -
time PCR, RT-qPCR ) EL A7 55 i A o I 2R 0B R S
P, BRI BRI T SR, HORTR ZE TR
VKA, HEAE S TR W TR AT O . B AR
(2010) K= T ITS P AT 1 16 jede o 4 5w v 5 |49
FE T RT-qPCRAK R, FHTZ A 2 AN [ it IE 75 =X
RS I P A T 0 AT T A
Guo et al.(2012) Fl| FH R 22 4% 4 Rhizoctonia cerea-
lis 1) B3O 85 P AN TS | ) 1 S DGR &R JL
AR AT R I F 100 fo/pl W BE DNA, I AMZHE AR TE
MG Bt 92996 7 Xanthomonas axonopodis pv. citri (B%
Y°F-45,2007) 38 HKEERU B (Bean pod motile vi-
rus, BPMV) (XB M\ KL %5, 2013) MU 78 % AL 2% 75
(Hop stunt viroid , HSVd) GEX BTN ,2013) .75 JINAE
9% B (Squash mosaic virus, SQMV) ( #) T 2§,
2010) . /K F& SO 9% B9 Riziocotinia solani (Sayler &
Yang, 2007) &5 & 0 5 1 44 N o PR 21 45

(2015) IR A S5 (2017) A H RT-qPCR 4% A % K
R ST B f, T TR RR A 15 DL IS (B AL
I FHZEARAG I - 538 v L5 T B W AR ) 4 o 17
HOE(SI=R8

AWEFEFI CYPS5 1CHE P B FE 81T
REBRALHEFRIES P HQL-F/HQI-R, FI %5 )
N7 RT-qPCRAK R, FIHIZ AR R XA ] T e i
T EK A LR RS BRI TR I I X AN ] 4
R T K EIRE R & AR R AT A, BAE
T K B 5 TR R Y RH T AR LU N
T Y S A A Y TIUES |, R A DG B 4 R 1) 1 2 A
PEESEZKE,
1 BRI 5HE
1.1 R

PR bk S AR - RAT BRI TE R D76-1 71 D66
)2 k18 F proliferatum % Fk D79-2 8 (68 ) F
culmorum F M D95-3 U K 8l 70 F verticillioides
WAk D13 AR F oxysporum Tk D16 . fifi # 1 F
solani K D69-1 - CHILF fujikuroi Itk CP2AZ .,
J&5 85 4 Pythium sp. Bk SD5 | 85 {85 Aspergillus fla-
vus [E &k SD3 . T 8% [ Penicillium sp. & ¥k SD1-2, 3t
11 RRTE AR , 127 v E Ol B2 BE AR B2 58 Tl
£ I BERRAT s HUR A BRI ZEIE R 1Y 28 R EoK
5 319, TR A3 Sl 161 258 A 28 & E KR
B73, R il 22 F 28 52 T K AR 478 B
T, By e E AR BRI R A

B AR . T 55 %0 BB (potato dextrose

agar, PDA) 85 775k . T4 25200 g A 454 20 g B fiR
320 g 221K 1 L & WS 72 35 (synthetic low
nutrient agar, SNA) 5 5% & : KH,PO, 1 g . KNOs 1 g,
MgSO. - 7TH,0 0.5 g . KC1 0.5 g FEHE 0.2 g i % hl
0.2 g BiE20 g ZRIMK 1 Lo

TR B AR - BEAR A L 10X PCR Buffer,dNTPs.,
Tag RA T, LA E BB Y HARA IR A A
SYBR Green I, H 4% TaKaRa 7\ 7] ; H I 2L K 41 DNA
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PR &, A T AR TR (i) B A PR A
) ; BioFast Soil Genomic DNA Extraction Kit, #1
BB A IRA R el oy E = ral. Ge-
neAmp PCR Syetem 9700 & [K§##{% . ABI 7500 Re-
al-Time PCR System, 3% [ ABI 2\ #) ; DY'Y-12 AU Hi ik
I, ALt —AL 88 ) s HZQ-F160 4> iR 4R 3% 15 3546
W N B AR A BIRS 7] 5 Q5000 A 3 4% i 2 11 )
EAYL, F2FE QUAWELL A 7
1.2 Ak
1.2.1 FAHDNAIRIE 5| #ri%k it

A2 B Wk i A 2 DNA B4 B0 SR 11 4N B
BRIEAT BRAR 53 25 A2l , PRIt 43 B8 A4l Ak 1 TR
PR K E I BEESATH) PDA I 25°CHE 37 7 d,
o R 22K A LA R R 22, IR S i s, S IR
LT R 20 DNA PR 43 70) 6 0 B 5 B2 BT Pk
DNA.,

1Y HQ1-F/HQ1-R 1% 11 : M NCBI T # A%
SRAAY CYP51C KK #R 43 1741 (GU785037.1) , F
H Primer 5 44315 14, 389551 ¥ HQ1-F (TTGA-
CAGCACATTCGCCACT) filHQ1-R (ATATCCGTC-
TCGTCGCCTTG) , ZHE4E T AW T2 (i) By
A BRAFE o
1.2.2  F1 43R0 2o B R A4 S A

10 pL % HLPCR Y IGAR R B4R 1.0 uL . E T fE
51#4 0.5 uL . 10xBuffer 1.0 pL .dNTP 0.5 pL . Tag
fift 0.25 pL .ddH,O 6.25 pL. S R : 94°C i A 1
5 min; 94°C75 M 30 s, 60°CiE & 30 s, 72°CHEfH 1 min,
35 N5 5 72°C ZEH 10 min, B PCR =4 T
1.0% BrifEHi e e v F Uk , TEBE WU R 58 A I T
EicliE

FEFPERTIN : DR A H0RA0L )23 H SR v €2 B
L d SIREN SIS SO St STIINGEEaE I
has 7 %5 1 9 DNA S ARAR , 73 51 B 1.0 pL AR i
T FLPCR Y 3R A

FAPEERTIN - A BB AR A iR L R 24 DNA
ddHO Vi, ) FHAZ IR B 1 000 £ SOR Lo B,
ddH,O K5 H FE R 2 10° pg/uL, BUZHE E DNA
2 IR 10 £ 06 B 1521 10°,10*,10°. 100,10, 1,107
1107 pg/ul /\AREE B NREER .0 uL i1 T8
B PCR R SR

7 TR AR S AN - BRHRAS RRR L y S4
Fl 2 AN IR 1Y SNA K: F2 W, F 85 3548 v 25°C
LA 120 r/min 3555 3 d, #8545 R R BRI -
P AT BRI RN B K b, 28 4 Fh LA

TR A Bl T 6 - Ak U VB A 3 K T A 4 rp o s A
15 B AR BRI PR D66 )2 H A B ik D79-2  H148
BHRALTR AR D13 ARSI R D16 il kftl /= ik D69-
1. P8 (U B D95-3 i Ol R Ak CP2AZ JE %
PRI TR Bk SDS /RS0 TR TR A I 4 i 28] 2K T = 3 v
il 28 A 250 L FE 2 BR AR iR R S HAR 7 FhEL
I3 B i) 2% R 35 UK B HREME N AR 4. B4R+
FER I, FRER 1 g 144 B BioFast Soil Genom-
ic DNA Extraction Kit 37 & 15 B 5 HEHUE DNA , B
1.0 pL DNA #47 H A5 PCR R S PRSI
1.2.3 RT-qPCRIk % Fetffe th & 09 2 5

A3ILL10°.10%,10°,100,10, 1,107 #1107 pg/uL
(1) DNA R it AR , 76 35 /1MEEF 9 {6 N #E 4T RT-
qPCR KGN , FEABH BEARHE S 3IRE R . 20 pL ok
J: PCR #"#4{A & : 2xSYBR Premix Ex Tag™10.0 pL .
50xROX Reference Dye I1 0.4 uL. 5| 4)4% 0.8 pL #%
$22.0 L ddH.0 6.8 uLo JZRFEF : 95 CHIARTE 30 s;
95°CE M 5 s, 60°CiE k 34 5,40 MG ;95°C 15 s,
60°C 1 min,95°C 15 5,60°C 15 s,

FET RTINS Ay 1 4 4 vl 2 1 55475 i it £k
P P I B A il HLZRE Lo 491 R A R vk BE Y TR DA
DNA &l B XTEUE R A b, LAIR BRI {E C A8
YA BRR RN ZE . ARYERRIE I ARRR T
PR PR E=10""-1,a WER, 1ERI6E
SPEEIF G LT An v Ml 27 PRIk i 1 2 (R*>
0.99) FI5 3 4 BE R (9 3 80K ETE 90%~110%
2 [i]) (Dorak,2006) .
1.2.4 #| ART-qPCRH# Z 4 LA H F

SR E Co: B ROV A N IS5 5 2
TR I B ST 28 D7 () O B8, B 3 A8 1 CAEL T
BOFIE ., ARiEZE  DIEECE B TG, Sss
N 228 HIORE JBE 1 — AL X5 A 5 3 T2 C ., Ex-
cel }AF A B A libmifEzs . 48 5 R A e s 24 {E
R EHORR R, BIAR S RO LA BR A R (B -
BPECA R 24~ 5 224> R AR SRR B LA s )
5 5 AT RN bR o 22 5P B0 LA, 28 5 R U
F 1%, FHEIE 7T 2 AT, 45 R4 (Vaerman
et al.,2004),

P EUR 23 45 760 TR bk D66 , o AR B A B i
) SNA H5:F2 W b, TH:FR46  25°CF P 120 r/min
K983 d, AR A S A T2 7, M BR T E0RR
THERAR v B I 43 51 B i 250,500 .1 000
5000.10 000 1™/g , | FHAS [A) e B 1) 7B PR IR &
KL, il 55 i A, S IR S B R A 4
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M DNA, H-3E T RT-qPCR KGN . MR HEZE R s
Y CAE A ABRAE M7 B g b R A ik 10
AR, RTAS I 1) - 3R A A 1 T o S MR
AT T -
1.2.5 WAREFRB AR AL

Bk A HREK S S 2% 10%1Y/mL
RATGRALIE F B IR R A A5 A ) v B 1 1A+
BE, HAM 5149 250.500,1 000.,5 000,10 00041~/g, %
BLAA K A8 R 478 .57 319 . B73 FIE )Y
HEATIRE: , BRI TR VR BE R TR B PR 10 4L,
[ 1 7 1 FEAR 16 em B H A2 11 em. & 14 cm,
R AR SRR, 1 RS A, R A A 3 MR
PLUR T ZE /KRG B 28 O RR, 3 N A B )
TR

I 17 TR« A K 4 I, A ROK TR Y
RIRIEOL , B A VR FE T R4 10 78, B4R
B3, DL SR EREE (1996) 4 e brifE 3, 454
XIFF T (2005) I 43 HARE , S 20 oK B
HIIR TS A bR vE , B0 2% - Joim 3 5 1 J i bk b |35
AN EE 1 g AR B AR R A D A e
BE 52 9wtk B3 AR m)_EA 1~2 iR
MR RRAS AR 1/3 LU 539 bk I
WE T m B 13 RS L A L

bp M 1 2 3 4 5

WAL AR R R RN 13 DL, 23 0F
49 RART T TR, T IR R TR BAE .,
R AR 8 A 1 2 1 OO 1T 6 5 4R B, e 1 4R B=
100% X (£5- G B AR R A / GRS B B0
ERAERED .
1.2.6 AEFH#HE LELSH SO BELH

g T T E BT , % RT-qPCR A 2461 fi4
ORISR A 4 Tk [ 5 R R R 1

BRI T R 58T

1.3 RS

i FH SAS 9.4 GE TR A% Bl AT Ge i E A
K Duncan BB A M 25 150047 22 5 W B R 56

2 ERESH

2.1 S|¥NEM REE SRR

HARS A ERGEDY 4 ) 190 bp MR MESR
e, Fee U R R S a5 Fxt BRE T 4 (& 1),
FHIHQI1-F/HQI1-R 5| W R AR A B dtl (1) ¢ S5 |90
HQI-F/HQ1-R 5 [ ¥ % R A #7355 PF 4H DNA A6 1)
REE R 100 pg/uL(E2) . ERSHMAETEITFR
(1) 1 FE DNA (A 1) DA S ALFE R AT HRALLE P11 8 Ff
TRA 07 B T DNA (A 2) Ml 46 s 4 Pk 2
i (E3).

7 8 9 10 11 12

250
100

B 1 RARANESESIMRNER
Fig. 1 The specificity of the primers HQ1-F/HQ1-R to Fusarium graminearum
M: DL2000 marker; 1~2: ARAFHRAL; 3~8: J2 HHHAL 28 (ORI ISCBRAL JMRAD IS e AL 5 O~11: JBHTH 3
e HFREE; 12: 25 HX I, M. DL2000 marker; 1-2: F graminearum; 3-8: F. proliferatum, F. culmorum, F. verticillioides ,
F oxysporum, F. solani, F. fujikuroi; 9—11: Pythium sp., Aspergillus flavus, Penicillium sp.; 12: blank control.

bp M 1 2 3 4 5 6 7 8

-
100

B2 AEFAFFUSIMRBERNER

Fig. 2 Sensitivity detection of the specific Fusarium

graminearum primers
M: DL2000 marker; 1-8: 10°, 10*, 10°, 100, 10, 1, 10™
and 107 pg/uL, respectively.

2.2 RT-qPCR{E RFNERAE # LAY 3L

K AP I Aot R AR H A MBI
{5 ] FFAH 45, RT-qPCR 14 R0 4 1 pg/ul, Hod 41
PCR RS R T 10015 (B 4-A) o An e f FEE &
J5 A 2R W TR P — | L R AR L 358 85.8°C,

KUY =Y R — R S H TS5 19 R L
(E14-B), HrufERRZEy=-3.2137x+34.956 (R>=0.9968),
R KT 0.99, B K -3.2137, § BRCR 2 Jy 104.7%
(E 4-C) , T WIhR ol e i 22K

bp M1 2 3 4 5
100

B3 FEIENARARASFRERNESR
Fig. 3 The specific detection of Fusarium graminearum
in soil samples with fungi
M: DL2000 marker; 1~4: 1 #¢ 1~ 1 #F 455 25 (IR I
M :DL2000 marker; 1-4:soil samples 1-4; 5: blank control.
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2.3 FART-qPCRIERZKEN TIESHE
TR BRI R 8 250.500.,1 000.,5 000,
10 000 /g - B, FFE 19748 5 R 8053 518 0.29% .
0.41%.0.17%.0.12% #110.69% , /N T 1.00%, 7 B
R E R R B R R . SRR

+ 8 5 R A B 19.09. 46.80., 82.82, 372.22.,
741.77 pg/uL, F B Bl 25 SRR AR N, S STR
TR, BT y=13.603x—-85.370 (R=0.9998) , %
B JIT 4 57 9 RT-qPCRAA R b 24, Wl LAVERf S ke
SRR,

1 S 104 103 102 # & 33
105 10*10°10% 10 1 pg/pL i 5 B C
2 0 = e 10 , 2. y=-3.2137x+34.9560
@ / ®508 /" > R*=0.9968
5, // 0.6 | 25 .
N 5 s / / 51%% oA £y
= ! *KE ’ K21
%4 ERo2p J \ S
-5 << 0.0 1 L L N
10 20 30 40 ? | 65 75 85 95 23 4
#EHH Cycle BE (C) IsDNAFE &
Temperature 1gDNA concentration

El4 10 EHERBER RS RART-qPCRY T 2 (A) JEREH £ (B) MARIEH £ (C)
Fig. 4 RT-qPCR amplification (A ), melting (B) and standard (C) curves developed by using 10-fold dilution

of Fusarium graminearum DNA

FR1 FRETIEEEEN T # RT-qPCRIEN R 4 ) E XK EFRRIEHIEEH

Table 1 RT-qPCR detection of soil sample with different soil inoculations and the disease indexes of four maize varieties

T iz ERRE it P 1S % Di .
- 152X Disease index
(Mgt) F¥C, Standard  Coefficient Contean;lilot%fun .
Inoculum Mean C, deviation of variation (po/ul) £ 35319 478 BT3 Ry

concentration (%) (%) PE/H Qi319 Ye 478 Huangzaosi
250 30.84 0.092 0.29 19.09+1.28 6.66+£0.00 b 11.10£2.22d 4.45£2.22d 17.76£2.23 ¢
500 29.59 0.119 0.41 46.80+4.06 8.87+2.21b 18.89+1.11d 31.07£2.23 ¢ 37.76£2.23 ¢
1 000 28.79 0.050 0.17 82.82+3.03 11.09£2.21 b 42.2242.22 ¢ 42.2042.20b 57.76+2.23 a
5000 26.69 0.033 0.12 372.22+8.95 22.2042.20 a 64.44+£2.22b 54.47+5.88 a 44.43+4.43 b
10 000 25.74 0.180 0.69 741.77492.76  28.87+4.43 a 73.33+6.67a 44.40+220b 62.17+4.43 a

Co: VEIR B R PR B R 2% o[RBT 7 B8 28 Duncan BT & 022 LK 460 1E P<0.05 7K-F- 22 5% 35

C.: Cycle threshold. Data are mean+SD. Different letters in the same column indicate significant difference at P<0.05 level by Dun-

can’s new multiple range test.

24 AELTEESEE THRERS

AR ST T, 44 KSR 0 15 45 4K
fFEEES . MBS AN 19.09.46.80,82.82,
372.22 1 741.77 pg/uL B, B KBUHR H 58 R S F 57
319 B 17 H8 BT E oK BYR A 22 R 478 53
FLPU ;Y - B A BN 741,77 pg/ul I, 55 319 i1
FRBGRF 28.87, 1M 24 15 5 W 1 4 46.80 pg/uL B,
TR 22 R B IR S TR RO O 403551 37.76,
HUR A HRAZE G 1) E oK A 28 R % A IR B A —
SEMBTIE o Bl 49 R B B, TR — S R
T HEBCREAR R 3G E S PSR 3 5 R i 45 0
s 17 8 400 22 S EAN TR, 40> - 58 5 R i o
46.80.82.82.372.22 F1741.77 pg/uL i}, J8% [ 32 %
478 G HE KN 18.89.42.22 .64.44 7333, HIUE
Z A 2E 53 .35 (P<0.05,% 1)

25 mBHEESIESERENEAS T

KRB A AR A 478 Pl B 28 &R R
35319 T F 22 & AL Bl B73 FUESR F 38 2 b Rl
FL W TE AR B T3 P ORAS AR S R Y el 7 AR
43 51 R 1=0.0789x +22.0590 , y=0.0304x + 7.8686 , y=
0.0458x+23.7540 . y=0.0471x+32.0760, F: [0] 5 J7 72
) P 5E 2 B R 43 9 S 0.7949 . 0.9579 ., 0.5420 Fil
0.6753, FRUATE — & B b nT LLd a4 ) 4= e R
At PR R TR b _E AR 1 I TR 0L o

3 iTig

H i 18 18t e e S e 5 | ) R o 2 i T
B AL R TEF-10. TS SIS R AL R #1115
1IT & 1 (Nicholson et al., 1998 ; Bluhm et al., 2002 ;
Mishra et al., 2003) . CYP51 % PH G i 13 4 i 55 5
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1402 F 3L AL TSR 52 e 22 ) [ B 1) 6 )i 446, Hovp
CYP51C HHI R FEA )T (Deng, 2006 ) , 1% 5E K7
SRTELFP PN o BE ORT , P B AR = 5 AR Ak, B3 T8k
TE 5 J& Fh 18] 1947 S5 P46 (Fernandez-Ortudlo et al.,
2010) . A5 (9 RT-qPCR {& % 5% F SYBR Green
Yuklvk , HORT S PCR W R AR R v
BS99 — BRI 23 52 m 25 5 B iR P (Halford et
al.,1999) ; LLAb, Arife ih e A9 2[Rl e 22, 7R i e
HEEMRAFRIE T, 75 0IE s 1 2tk (R>0.99) 1
G IE 1Y B ROR (P34 RCRAE 90%~110% 2 [6])
(Dorak,2006) , A5 i 57 ) RT-qPCR A R TE 5 |
YRR SRR S Y AR B R R
FFAr LR i A I 2 0% % B, RT-qPCR
PR AER M 3 1 pe/uL FORE S, L% B PCR 1946
I 52 A0 100 47, BT LA S BN H a) 5 p RS
SR ARG

5 SE T, B T K B RS T AR AR B
ANFEIURE IR SRR AR, XE DA B R TS WS e A
Gyt DA E AR T, AR 20 ], R R A
TR I #4) 2 1) RT-qPCR & 3R Je + 18 5 T & 501
FEE U 7 R, AT DLAER 3 0 AE F 20 0] g
S A P B R A T U T 3 I A e b
FE B . R, R A i 2 R ORZE B  (BR
£, 2000; 75 B 5 4%, 2015) A8 955 (Duan et al.,
2016; JElFHIESE , 2016 ) B EE B0 1R , A0 7 1Y
oI AA ZANAAN Ry R T 17 300 6 A 3 A, 3 W]
FH TS B a0 e A A TP K A3 R R A Sl
S, E AT 3 s R B S A AR A R, AT £
K5 A B 2L B R R A B S R

MRS EiE, PCR A& Z AT LA ABET 1 43 A 461
TR 22 A% PR B 1 DNA SEF 7558 (B e 5
PR3 2SI S BEBEAR A 43 A T L TR 22 ik
A% 2 3 f# (Nam et al., 2005) , K356 b BF
FH TR A b ) R B A 22 iR IR 25 21, B AR
A ) AT IR A ST 5 TR B 5 OGS o 1 KR
BErp A M OC R (A R R LR EE
82k AT RE SRR SR - ARG A R . T%
R 7 vk R AT T = N AR RE , Z 58 R 52
M), FE (B S Broh FHASCR AT RE S 5 = NG SR AEIE 22 5
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