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% AMF #2 DSE 2t m R A2k A £ 4 KA A AR m. [4 3R] AMF # DSE &
B4 £ I8 R R R TEART 45.27%F= 52.04% (P<0.05). AMF+DSE 2854 3247 2 R #.4F, R mFE
B BB 1K 60.87% (P<0.05). AMF.DSE A =4 £ FI4E A 69 55 20951 4 62.54%-59.02%F= 68.50%.
AW Btk B E R, AMF R %4 3 7 A £ 48 8L LB (superoxide dismutase, SOD). it &
1.4 B (peroxidase, POD). if 4k £ B (catalase, CAT)#= % B B AL B (polyphenol oxidase, PPO)7#E 1,
AR 5 10.87%. 1.15%. 13.26%#= 0.14%; DSE £ %342 5 SOD. POD. CAT #= PPO #1t, 45|
5 9.85%. 17.47%. 3.64%%= 0.67%; AMF 5 DSE Z4f 2 %428 & SOD. POD. CAT #= PPO /& 14,
AR ZH 15.76%. 18.19%. 18.11%F= 14.93% (P<0.05); MDA 4% £ AMF. DSE #o —% A AF &1
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Preventive effects of arbuscular mycorrhizal fungi and dark
septate endophytes on ginger and the anti-disease mechanism

WANG Qianl, QIN Xiaojuanz, CHEN Tingsul, ZHOU Shengmao*3, SONG Juan"!

1 Microbiology Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007, Guangxi, China
2 Guangxi Academy of Agricultural Sciences, Nanning 530007, Guangxi, China
3 Vegetable Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007, Guangxi, China

Abstract: [Background] Ginger wilt caused by Ralstonia solanacearum (R.S) is a bottleneck in
the development of the ginger industry. Arbuscular mycorrhizal fungi (AMF) and dark septate
endophytes (DSE) are two kinds of important symbiotic microorganisms. [Objective] To
explore the mechanism of AMF and DSE against ginger wilt. The previous study found that
AMF and DSE could improve the resistance of ginger wilt, however, the synergic functioning
mechanism was unclear, which limited the application of the two kinds of fungi to control the
disease. [Methods] The pot experiments were carried out at room temperature with
ginger-cultured seedlings as the material. The control (CK) treatment inoculated with AMF and
DSE and without AMF and DSE were set up. After 4 weeks of growth under the above
treatment, the plants were eluted with pathogen solution. One week after pathogen inoculation,
the effects of AMF and DSE on the ginger growth and physiological and biochemical indexes
infected with the pathogen were studied by determining the mycorrhizal infection rate,
incidence, chlorophyll content, photosynthetic index, phosphorus (P) content, defensive enzyme
activity, and malondialdehyde (MDA) content. [Results] AMF and DSE reduced the incidence
of ginger wilt in ginger by 45.27% and 52.04%, respectively (P<0.05). AMF+DSE had a better
effect on the prevention and control of this disease, and the incidence was reduced by 60.87% as
compared with the control (P<0.05). The preventive effects of AMF, DSE, and AMF+DSE were
62.54%, 59.02%, and 68.50%, respectively. The activity of plant defensive enzymes indicated
that AMF significantly increased the activities of superoxide dismutase (SOD), peroxidase
(POD), catalase (CAT), and polyphenol oxidase (PPO) by 10.87%, 1.15%, 13.26%, and 0.14%,
respectively. DSE significantly increased the activities of SOD, POD, CAT, and PPO by 9.85%,
17.47%, 3.64%, and 0.67%, respectively. AMF+DSE significantly increased the activities of
SOD, POD, CAT, and PPO by 15.76%, 18.19%, 18.11%, and 14.93%, respectively (P<0.05).
AMF, DSE, and AMF+DSE significantly decreased the content of MDA by 3.38%, 9.31%, and
25.79%, respectively (P<0.05). [Conclusion] AMF and DSE have preventive effects on ginger
wilt, which improve the disease resistance of ginger seedlings and promotes their growth, and
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the combination of AMF and DSE manifests the optimal effect.
Keywords: ginger; Ralstonia solanacearum; arbuscular mycorrhizal fungi (AMF); dark septate

endophytes (DSE)
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ML GEVEY), W& FIE R AW K, 205
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A A i R E N 2, HOW R
H i 57 /R QT (Ralstonia solanacearum), J2&=—Fh
RS A E, ReS Iz ARG 200 ZFEF
N, e BRI s R AE B, T
HORE 3 [ A 22 7l s ™ B AR, AR ™ s
30%—40%, HAEH EIL 90% L LR, Fi
Fa AR B HRE H AT TR X R
BB RBHIG T, W BEE R PO E AR
BT 751 14 18 R S AT SR A7 AR B B0, SRR
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LT (arbuscular mycorrhizal fungi, AMF)fEY
REFAEYIC I E KR, 2 IR YA
WA NS, RS PGS E R
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A FLH (dark septate endophytes, DSE)&) 1Z &
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W, HRRIE SR AR TR B B TR 22 R D A% 45
W, HTENS AMF IR Y %2 A
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DSE REGfie o % AP0 B 3w o0 M HLIR 7
M T B T L Sk A R A W A0 AN T
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MyemaE S,

KT AMF 5 DSE WA S Thae A iz it
FERHGES, (X B I FR YA E Y 5 R
9 A A A R AE 995 S TR 38 T 77 2R A — R A A B
AN, HATE 2 IRABESE . B FRAT]
FETFJRAZR AR AMF (245 2000 56 RAF5R
H, MER A — A LR A NIRRT A AMF il
DSE %54, 1 H 5% R 0 & A & & vl e 7E
— BRI, AW B 1 1 A R e AR
A LHERVE AT, B9 422 AMF F1 DSE 5% )5
A L /EH AMF 5 DSE X A5 28 ()2 K DK 2808
WEPURRE ) . IRRYRE | JEGHE . B
fif 7% 1 9 728 A6 & 5 [ (malondialdehyde, MDA)
WRERSZm, DA — PR A5 AMF 5
DSE M REGTmRHLE], DL 28 A Y
FRN A TN & B A AR SE Rl AR AR

R

11w

A B E )T PR R B A W5
JIT S W S Rt

Ht 5 e e T E AL 57 /R IR TE (Ralstonia
solanacearum) Ggl4, )7 PG K275 5 R %
2

i AMF Btk W R 2K 4% % (Glomus
reticulatum) LC39-10, B k45 CGMCC
10732, PG BE7 B AR B W 58 BT L 4
WAEY 23 % 0y B R AF o A =R 18 47K
FHHANH, 195 AMFRIMEL, W2z, T
LRSI 22 970 LIRS R, AT
2370 65 T /g.
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fit i DSE W Pk ¥k & 7€ I (Chaetomium
globosum) FGI-1, T PR M B} Be i A P ot
ST L EHUE Y L5 = 4 B R AF . AR FGI-1
AT SR B A BE A (potato glucose broth,
PDB)};i =W P, 25 °C. 120 r/min KB E: 5
15 d, B 2R i +(230 H, 63 pm)
UERR KR EER, FFRTCE KL 3, ek T
F T 22 R T FENL, A 500 mL JGIRE 7K
et 40 s HVETR 2807 1K

PR A AR L, HEICA) IR
Bl B H
1.2 R

I A AL HE B R SRR = AP A
4, 9 AMF (B3RP AMF B57l). DSE (Ft
$Fh DSE i #]). AMF+DSE ([a]iH 5 AMF
FIF1 DSE B 7). CK (A KRE R AMF F&5) fil
DSE 5). AMF+R.S (J&$% AMF 5, 4 B
BEEAN A HI) . DSE+R.S (468 DSE i, 4
G E ). AMF+DSE+R.S (J6# AMF
F A A DSE WA, 4 JHJEEAEHEE).
R.S (BAFERDEREER), 38 A, 4
WP 6 NEAE, 348 4

ERKEAEE: BTRERMGCREERE R
20-26 °C, FIXHRE 65%—90%, HRIEIRF, &
B 1 d Be—UoKe AN R T, 48 f4:
FAERZERENIER, FRBENLR R AL

E973 LIy T SRR PN { o £ 26+ ) /38 A = e |
KAN—B Y BRIE SRS, AR 1/3 1K
BT, SRIGRABR 3 AR, fEEZR
Z A 25 /#3509 AMF B 55 (RURSIE A 2648
FY5 AMF FEFAIAREE ), ARSRAE AL A A K TR
JREACGEN) 3/4, PRI TR R RGS AR AR AR
SRJE R FHVERR Y % DSE B 50 mL/%;
MRAEIRE A 4 S, F RS AR Al
TARAERD, ARAHERP 50 mL ¥R N 10° CFU/MmL

PRIV ; AR IR B AL LA 50 mL JCR K
VERXT IR 5 N2 2 RSO 24 h,
— R E AR L A M RER AR LA
H, WOREMERREYE . AYa Al
izt
1.3 MEIEFRFT A
1.3.1 REREE

W M R R T KB e T R B K
JEH 2 em BAREL, SRIGINA 20% KOH ¥ H
WRTERIRZHL, 90 *C/KIBERTHARE 10 min, B4
JE R KOH ¥k, FHZEM/KERPYE 3 k.
FHBRE Hy0, B8, 60 min Ji5 FHZELE/K mk 3 U
FH 5%RERIRIR AL 5 min J5 8] HEhR , FHZEIR/K T
Uk 3 Ko PR 5% 55 KBS Y4 (Quink fif4li MR 5
KK 66 °CYL(e 30 min J5, FAZEIEKIE
012 he FHZEIR/K s e e i e B e,
FrAE A Nk . FARRM FARBOULI ik A
A A SO AT LSRN B 0 5 AR R B
ATTHEREFRIMLA, ffEE T S 28 SR
1.3.2  #£# AMF #1 DSE X4 Z4 K& a5

(D0 1 LU DAeR 7 N L s G s
e b BT E AT
1.3.3 £ ZFHBEREMBOUE
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RIRF TR BB 20 -
BRI HE(Yo) =R IR AL R A SR Ex 1005
I 175 48 BU=[ 3 (859 AR FONS D 45 AR R A8/ (A
A SREIOH W TR B S R AE) %1005
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P 1 %1% 100,
1.3.4 #EFh AMF #1 DSE St ZEHEHEN
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Table 1 Ginger bacterial wilt disease classification standard
o 1 o3 bR i RER I
Grading standard Symptom manifestation
0 2% Grade 0 2FETCHE Whole plant disease-free
1 % Grade 1 10% M e fiAs 8, ARSI AR IR
10% leaves slightly yellowish, fleshy stems without obvious symptoms
3 % Grade 3 11%-30%M Fr A28, MR8, AT HBUKBURBE
11%—-30% yellow leaves, slightly rolled leaf margin, fleshy stems appear watery spots
5 %% Grade 5 31%-50%"H AL 8, MHGE, MRS, PBCEER R
31%—50% leaves yellowed, leaf margin curly, plant dwarf, fleshy stem partially rotten
7 %% Grade 7 51%UA B AL B, MRRZERS, ARG RS
More than 51% leaves withered, plants withered, fleshy stems mostly rotted
9 2% Grade 9 FERRAGSE, PR 5T 25 I A2 AN B 2R A

Plants dead, fleshy stems rot or only filamentous vascular bundles

A AU(CFU/g)=lr] — M BB 3 WE P 1Y
TR 7% BT B B AR
1.3.5 HEXIERNE

MR A, A R IR R P,
WORHET, PEEERIEMIN B 9-11 51, WE4E
PRABENLEEER PR, FFEBOZ MY R
M5B TR AR TP ISR E . MR R SRl
KN CRHRAW0E s GG BRSEN & DS
IIMTASL o VAR R PR B T s ik o PP

W7D T T P SRAE R AL DAy DA A S A AR
Titvg[n) TS 3 FodaJBIrnt, ok it T
S T T TG P 000 2 SR ] R0 W s D 7
Ak W) 15 4k Tt (superoxide dismutase, SOD)¥E 1,
SR AR e 2 1) 48 Ak i (catalase, CAT)i
PE, R A AR M 5 E i A AL ) 1 (peroxidase,
POD) F1 £ i} “A. 1L i (polyphenol oxidase, PPO)if
PERY SR BRAR B Bl 2218 L £ P S T
(malondialdehyde, MDA) & i .
14 BEBEIUHS 5

KM SPSS 19.0 Atk i geit o, Giita
STk F 7 2243 Fr (analysis of variance, ANOVA)
Fl Fisher’s fix /) i 2% PE 22 5% (least significant
difference, LSD)#: %, UL P<0.05 NZESAH G

2 N A gl RS DISE Y 65 i 22 (standard
deviation, SD)Z&/K o

2 BRS04

21 EERARE

EFRIRE S5 d I, 2R on SR R E
K, MHRAZE, AR, LGB, REE
To, ZEHYY, EREEE, NTAZUEWR R
(E 1), 38R T8 5053910 47.26%F1
34.33%. AMF F1 DSE Zh BRI AN [F) F2 5 H FAIG T
LR RRR, SRR CK Ak, #M AMF,
DSE K¢ =35 L[/ FH 8 220000 93 22 43 ) B A1
45.27%. 52.04%%1 68.50%, KA TETE 5055
H 62.54%. 59.02%. 60.87% (P<0.05) (K 2).
AMF . DSE F1 =35 3 [/ PR 229005 A B 3053
B 62.54% . 59.02%F1 68.50%.
2.2 4 ZiRA AMF F1 DSE B EFER A

RO EEIN E 25 R KB, AMF . DSE A
AMF+DSE HEWReB i e L ZMR_ R, (HEA
[vi] Ak B X A 2 AR R R e R R — Y 2=
5o AMF+DSE Ab B 2 5 % o 25 o T s
fl AMF g% DSE #4b3, FH] AMF 5 DSE fi
M EAL R YR T (R 2).
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B BN

E 1 =EHEELFERA)REZ L HAER(B)
Figure 1 Field disease symptoms (A) and symptoms of potted disease (B) of ginger wilt.

A B
100 -, 20 -
S 5ol 01
3 50
M 5 60 o 250+
iz g =g a0l
& £ o2
v 40 £ 230
2 20l S0
A 10|
0 0
CK AMF  DSE+AMF CK DSE  AMF DSE+AMF

2 EZEEFHEAREOMFBBFERB®)  EPARNG TR &AL M2 5 B35 (P<0.05). Hft - F
P{EEbRER

Figure 2 Disease incidence (A) and disease index (B) of ginger wilt. Different lowercase letters above the
columns indicate significant differences at P<0.05. Values are means=SD.

x2 AELEITEZRA AMF 7 DSE EFERIF T
Table 2 AMEF and DSE colonization in ginger roots

A3 AMF JEFi 4 DSE 5E 5%
Treatment AMF colonization (%) DSE colonization (%)
CK 0 0

AMF (Glomus reticulatum) 40.50+6.85 0

DSE (Chaetomium globosum) 0 21.50+£5.78
AMF+DSE (G. reticulatum+C. globosum) 55.10+5.27 24.60+3.33

2.3 $EM AMF 1 DSE STEZAKELZEH o, PS8BS T 13.72%. 10.04%
A Hl 24.21% (P<0.05), 25t 43 ) 4 Xf BE 33

TR AMF, DSE 2 #03ER inT 23.49%. 19.11%H1 49.19% (P<0.05) (¥
AMF #1 DSE J5, M. A5 # BEE 3), 1 B AMF+DSE 204 40 3 (1) R Ak 45 00 F8 bk
M ETEMEREESA —En, o HEES TR,
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Rx3 FRLENEZEKLFTHFN
Table 3  Effects of different treatments on ginger growth

b3 B LI b I G Mo b TE e S 3y

Treatment Plant height Leaf number  Aboveground fresh biomass Overground dry weight Tuber weight for ginger
CK 28.67+2.57b  8.33+0.58b 30.60+3.82¢ 8.71+0.72bc 26.45+3.48¢

AMF 33.234£5.17ab  10.67+2.08ab  38.86+5.26ab 10.24+1.08b 34.57+9.00b

DSE 31.8742.90ab  10.25+1.32ab  36.46+9.96bc 9.63£3.06bc 32.70+6.67b
AMF+DSE 37.83+2.33a  11.33+1.53a  47.65+2.20a 14.80+2.62a 52.06+10.25a

A B oS [\ )/ INE - BERR 22 57 1 3 (P<0.05)

Different lowercase letters in the same column indicate significant differences at P<0.05.

2.4 BIHEX AMF M DSE EERMFM WA DSE AR A [ 2 SR EH 5
MK 3R 4T LA, AMFALRIEE  AMF+DSE IRA LRGSR N 67.7%, A

H 35.5%, MRAEFARE AMF WL, W 4 AMF #1 DSE HLRIEY%5H . AMF 5 DSE 3t

745k ; DSE BRI N 15.8%, WA [WRYAEHE BE TP 3, % 4).

B3 SEZRARERER
Figure 3 The infection of AMF and DSE in ginger roots. A: R.S. B: AMF+R.S. C: DSE+R.S. D:
AMF+DSE+R.S.
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R4 EMHEHEX AMF 1 DSE B4 ZRAM
E; ul‘]

Table 4 Effect of Ralstonia solanacearum inoculation
on roots of ginger colonized by AMF and DSE

b AMF 5EFH% DSE S5
Treatment AMF colonization (%) DSE colonization (%)
R.S 0 0

AMF+R.S 35.504+4.36 0

DSE+R.S 0 15.80+5.65
AMF+DSE+R.S 46.10+5.27 21.60+3.43

2.5 AMF+DSE A& 3 B E AN
ARSI LR, #F AMF. DSE
XF AR 22 MR bR Y RS T B0 T A ) R
AMF+R.S, DSE+R.S. AMF+DSE+R.S 4B
A B AN A T B IR T A AR (R.S)AY
F#R(E 4), AMF+DSE Ab B4R bR 5 R B 50
Xt R AR 88.2%, FKBI4F AMF 1 DSE ¥JRE
SR S ER PR E s, KAl AMF+DSE
20 G A 3R T A TR T RSO AR AT
2.6 HEiREREIEMN
K 5-9 ATLUE Y, BeRh R i A= 22 nt
A SOD., POD., CAT. PAL #l PPO JF& 44 AN [F]

|
|
|
1 i
0

i)
Number of bacterial wilt (x10° CFU/g)

B M T AN R R i b P . i B 10 AT RLUE
e, R E R ER A2 MDA WK 28.68%
(P<0.05).

TEAREAR A FETT, AMF, DSE f1—
H AR B AR 2% SOD i1 22.57% . 11.89%
1 24.98% (Kl 5); &7/ POD JEME 17.28%.
13.72% 1 35.43% (K&l 6); #&/%& CAT itk
21.54%. 10.53%F1 22.43% (& 7); #&%E PAL i
V£ 8.57%. 8.92%Fl 18.26% (&l 8); i/ PPO Ik
PE 4.14%. 2.55%H15.74% (18 9); K&K MDA ¥
FE, BRI 23.41%., 21.04%F1 23.73%.

TER R AL PR, AMF, DSE fil—
HHAE R R EZE SOD i1k 10.87%. 9.85%
1 15.76% (K 5); #&& POD i 1.15%.
17.47% 1 18.19% (K&l 6); #&%& CAT %k
13.26%. 3.64%H118.11% (K 7); & PAL &1k
13.01%. 12.56%F0 23.64% (/& 8); #&% PPO i
PE 0.14%. 0.67%F1 14.93% (& 9), FEARES:
MDA ¥ B (19 B Wi 2 0 A 3.38% . 9.31% Al
25.79% (& 10),

1 .

AMF+R.S

4 EEREFETRDEHENMERE

DSE+R.S AMF+DSE+R.S

K AR /NE R oR &AL P22 5 18 25 (P<0.05), R IH]

Figure 4 Ralstonia solanacearum population in rhizosphere soil of ginger plants. Different lowercase letters
above the columns indicate significant differences at P<0.05, the same below.
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Figure 5 SOD activity of ginger under different treantments.
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Figure 6 POD activity of ginger under different treantments.
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Figure 7 CAT activity of ginger under different treantments.
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Figure 8 PAL activity of ginger under different treantments.
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Figure 9 PPO activity of ginger under different treantments.
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Figure 10 MDA concenration of ginger under different treantments.

2.7 AMF-DSE WHEZMFEZE., Xa &t iedueR, ULTEMEE P R

LA ) & TXHE, AMF Fil DSE B g4t % &
HiZ% 5 ATRLAEH, HEMR s R & T, HEHES PRI EZESR, AOLEEEMAAL

AMF #1 DSE JLFIfEARMSRILH iR SEEREE.
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&5 M AMF M1 DSE MEZMHZREZE . AERRFHFN
Table 5 Effects of AMF and DSE on chlorophyll content, photosynthetic rate of ginger

b B RS SEn s K e P S P LT

Treatment Chlorophyll content Net photosynthetic rate Total P content Stomatal conductivity
(mg/m?) (umol/(m?*-s)) (mg/pot) (umol/(m?*-s))

R.S 1 516+66.72¢ 4.85+1.23d 14.3£2.08¢c 0.031 4+1.38d

DSE+R.S 1 723£102.13b 5.93+1.63c 15.2+2.58bc 0.042 5+0.59¢

AMF+R.S 1 738+59.65b 8.82+0.96b 16.8+1.22b 0.056 2+2.25b

AMF+DSE+R.S 2 026+93.42a 11.34+1.38a 20.5+0.82a 0.069 4£1.24a

[RIF A A [ /NG T B3R 7R 22 53 .35 (P<0.05)

Data followed by different lowercase letters in the same column are significantly different at P<0.05.

3 WibE4£&#®

FAFRATTFEXT T PR A iR X E AR
PR - S B AR L B A i R B, Rt Ak
FRORAET AR T R — AR B A (] Bz J2% 240 e vh
HA5 AMF 1 DSE 45 i 0, AHF5E
o FR RIS A T H: AMF il DSE, 7658 455
T e % W 0 5% B Az 22 AR Y [R] B A SR Y
AMF W2z, i+, e IEE5H), LI DSE
A A PR T 2 MR A2 5, R AMF #
DSE Rt R A KIfmlaf e i FAEZER R, B
BRIV AE A 5 R PT AR 9% HL 3 T e TR
FEA[ 5N AMF FIDSE iR B4, IEB T
AMF (Glomus reticulatum)® DSE (Chaetomium
globosum) 415 T 7 BE W63 1 AH B A UEXT 5 1 4%
PSR AERARK AR, I HAREMEE
R TR ) B, BRI 2R 1Y AR 6

AR FT T AMF A1 DSE 3[R £ F %o A= 22
MR HE i B R AR AR S L PO RE D . R
B, eAHEE . P . B EE S M
MDA ¥ BRI FZ MR, 45 5 3 B P IR 1R )
AMF . DSE K = #FSLREI/EASREAE—E R L
Rk A K, gk P ORI A A R Gt
17, (HR BTG RIS oR , KRR MDA W, W
D RGEE, AL AMF+DSE 204540 B A 50UR
AW . X UL AMF # DSE B aI/E I RES 42

AR FEPUE, XA BEE AMF Al DSE
I3 [ 355 B 0 G b A 3 R e R 4y, [
IR T A R A R 25 R AR R,
FYITE 32 B I B AR e i, HT A A BT PR 7
AT 5 T GG g g, LUR AR 2
o JEL TR A5, AR B E R AR FRARH
AR LE R R, AMF fil DSE B9A7AEX AT 340
SOD. POD, CAT #l PPO %k, F#fik MDA ¥
i, i =3 R A£7ERT SOD. POD. CAT Al
PPO 1Pk s . MDA AR, Ul B B 1A A
%I, AMF 1 DSE fEi7 A= ZARR I A 4 B A
fif SOD, POD, CAT. PPO FI PAL Hyi&MEH
F, YESRAE PR BT . AR P B B A
P A ) ) A AR P R . X R W] AMF
(Glomus  reticulatum) + DSE (Chaetomium
globosum) 3G HAZAEKML R4S, "TLIAH
PRI VE P A 2R A A A, B AR B
AR AEH]
AWFFEAENL 2 55 AF T RIRTE T Hefh AMF
I DSE X 2o 52 Wi ) AR BRAE AR AL, 7EZ2I
o i A= Dy B iR W58 v B — € IS5 (e SR
WAL, A HORTE AR SR N RS
T AMF+DSE W& R, WUH T —F AMF
(Glomus reticulatum)#1—® DSE (Chaetomium
globosum), B AR AT LUAG B il 2296005 1) A& A
HA—ERAERTTE ), AH R4 R R H 8] 5
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k. T2 S5 5 KR INEAATE R R 2 5, A
#E— 25 A H ) 25 0 T JF e as i o DA ik A A —
A, IR oA IERIR . b, A
I FEAR PR AR ALK, X T 4R AMF
I DSE 215 51 A 220 N AH TR 5L A i R ik
SG— RN 3T FEEAR TR, T — IR T
ST AL BIRESE, RS A AR AMF 5
DSE 53 MY HTR B0 22 5 AL, IR
F 92 mF 5¢ Ot 8 it B A W 4k X S N (real-time
fluorescence quantitative polymerase chain
reaction, RT-qPCR)%E A= W45 AR X Hids 5& K 17
RS UE, #R15F AMF 5 DSE 2 = fH 51 29 0%
F9 0 FAILHR L 455 B DR B AR 25 DR
TERbRA
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