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Abstract: [Background] The infection of entomopathogenic fungi is a complex process resulted from
the joint action of multiple genes. The Isaria fumosorosea isolate IFCFO1 has high pathogenicity to
Plutella xylostella. However, there are few reports on the genes related to the pathogenicity of
1. fumosorosea to P. xylostella. [Objective] This study aims to explore the genes related to the infection
of 1. fumosorosea to P. xylostella, so as to reveal the pathogenic mechanism of I. fumosorosea and
provide reference for the application of /. fumosorosea in the control of P. xylostella. [Methods] We
performed high-throughput RNA sequencing to compare the transcriptomes of I. fumosorosea pure
culture (control group) and the mixed samples of 2nd—3rd instar larvae of P. xylostella infected by
1. fumosorosea for 4, 8, 12, 16, 24, 30, and 36 h (treatment group) and mined the differentially expressed
genes (DEGs) between the two groups. The functional modules and signaling pathways involving the
DEGs were analyzed by bioinformatics method. [Results] A total of 28 384 DEGs were screened out,
including 274 significant DEGs (118 up-regulated and 156 down-regulated ones). The significant DEGs
screened out in this study, especially the up-regulated ones, were related to the infection. We conducted
GO annotation to analyze the DEGs and found 36 GO terms, which included 18 biological processes,
9 cellular components, and 9 molecular functions. There were 171 DEGs enriched in 132 KEGG
pathways, of which 66 DEGs were significantly enriched in 14 pathways. Further analysis showed that
many DEGs were virulence-associated genes during the infection. [Conclusion] The findings generated
from this study provide a bioinformatic database for screening the pathogenic genes related to the
infection of /1. fumososea in P. xylostella and lays a theoretical foundation for elucidating the mechanism

of 1. fumosorosea infecting P. xylostella.
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Table 1

RNA-Seq sequencing metrics from transcriptomes of pure culture of Isaria fumosorosea and the

mixture sample of Plutella xylostella infected by I. fumasorosea

FE BRI Metric

X B840 The control group

AL PR The treatment group

Reads 2% Total reads 11 631 931 12 346 987
Pl EEXT BB Total base pairs 569 964 619 60 5002 363

FFE 1B E 45141 Reads A BL Total mapped reads
5632 ICHL Perfect match
ME— DUt Unique match

10 763 155 (92.53%)
9337 635 (80.28%)
8330 969 (71.62%)

44 653 (0.36%)
20 830 (0.17%)
39 042 (0.32%)

T WIRZL. SfBE SR B G oA AR BT B @R AR YYD SRR A TR A e AL

Note: The control group: pure culture of I. fumosorosea; The treatment group: the mixture sample of Plutella xylostella

infected by 1. fumasorosea (the same as follow).

A
+ 4433k Containing adaptor (66 169, 0.56%)

— R F& Low quality (205 140, 1.72%)
| %N Containing N (3 194, 0.03%)
% 585 Clean read (11 631 931, 97.69%)

B

- 323k Containing adaptor (64 196, 0.51%)
W T Low quality (184 658, 1.47%)

= 2N Containing N (3 194, 0.03%)

3 J€J5 Clean read (12 346 987, 97.99%)

E1 #EFHEEEREQAQ)MFRRNFEHRMBECERBB)NFREITHE

Figure 1
Plutella xylostella infected by 1. fumasorosea (B).
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i 9%, TEALFRAI T, FEHAT 35 EAE 0%—10%11)
read k2, H 3 339 4%, Y 64%, 1M EELE

Classification of raw read of pure culture Isaria fumosorosea (A) and the mixture sample of

90%—100% 2 [f] i) read £t 2>, R 6 55,15 0.1%.
SRRV T AR Th B AR AR

ﬁﬂ, TZHRE R A AR 225 3 DX A I
(A 2)o
23 EEERFEEFRBTFIZ

MR e S 2 A T AL 45 3] 28 384 MRIBE R

LR, Hih s BRIk 274 S (FDR<0.001
Fll Log, ratio>1), FIHFEIKFEA 118 4>, TR
IR 156 (A 3).
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90%—-100% (9 796, ~35%)
= 70%-80% (2 181, ~11%)
v 50%-60% (1 644, ~6%)

% 30%-40% (1 691, ~6%)

1 10%-20% (2 033, ~7%)

< 80%-90% (3 024, ~11%)
= 60%—70% (1 877, ~7%)
© 40%-50% (1 508, ~5%)
©20%-30% (1 935, ~7%)

- 0%-10% (2 643, ~9%)

£ 90%-100% (6, ~0.1%)
1 70%—80% (25, ~0.5%)
= 50%—60% (53, ~1.0%)
-~ 30%—40% (160, ~3.0%)
= 10%-20% (1 133, ~22.0%) = 0%—10% (3 339, ~64.0%)

= 80%-90% (15, ~0.3%)
~ 60%—-70% (56, ~1.0%)
= 40%-50% (80, ~1.5%)
= 20%-30% (339, ~6.5%)

B2 AEAMMEERBA)RERENDFER
EEABMERBEERIT

Figure 2 Distribution of gene coverage of pure
culture Isaria fumosorosea (A) and the mixture sample
of Plutella xylostella infected by 1. fumasorosea (B).
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3 GIEFMEED A KIEEERBEER
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Figure 3 Number of differentially expressed genes
between transcriptome of pure culture Isaria
fumosorosea and the mixture sample of Plutella
xylostella infected by Ilutella fumasorosea.

24 ERRIEFEFER GO MEREMHES
V2

X 22 SRR IR AT GO HhReid oA .
LKW, DEG /1T 36 4~ GO 4Hrh, &
9L . 9 AT EHEER 17 N EY
i, DEG Hhfig EZE ALYt AR
40 Jf ok 2 (cellular process) . A — A4 ¥ o &
(single-organism process) . X i i #2 (metabolic
process). =¥t FEIE Y (regulation of biological
process), 2L 534S (A 4 i (cell) B 240 B 1F
(cell part) . & (membrane) . f&i44:(membrane part),
DLy F S RE A AL 1 (catalytic activity)Fl
2545 (binding)% GO term F . DEG 7E4M g3 72 |
RS R . 255 LI e A 57, 70, 57
58 ANFE A, & W B 00 o A0 3 5o 90 5 45
ARSI TF F B R s RAE (K 2),
25 ERFEEFEMNBREZMHEESN

A BN 0, TR A 2 e /N SR (B 5 25 S ARk
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*2 AEFNERRIEHOKBECERBEREPERREER GO ZRHE
Table 2 GO secondary classification of differentially expressed genes between pure culture of Isaria
fumosorosea and the mixture sample of Plutella xylostella infected by I. fumosorosea

GO %H ZE S AR R
GO term Number of DEG
H: W24 33 2 Biological process

H: W5 Biological regulation 15

AL RY, . 2 a4 ¥ & A= Cellular component organization or biogenesis 11

2033 75 Cellular process 57

& JE& )i Developmental process 17

&7 AR Ak Establishment of localization 20

K 44k Localization 20

i3 #2 Metabolic process 70

Z YR FE Multi-organism process 3

Z Y il 4 ¥ %€ Multicellular organismal process 13

H Wt RE GUH 1Y Negative regulation of biological process 2

H YT BEIE Y Positive regulation of biological process 1

H Y FE Y Regulation of biological process 15

%8 Reproduction
HFE 14 F2 Reproductive process

XiJ il 4 52 % Response to stimulus 11
{75 1% i# Signaling 3
B 130 #E Single-organism process 38
I 4> Cellular component
4ififg Cell 31
YR AF Cell part 31
A ifg 4 X Extracellular region 1
15> F 5 A9 Macromolecular complex 15
Ji£ Membrane 22
5B 4 Membrane part 17
JiEE () &5} A ¥ Membrane-enclosed lumen 3
4 i # Organelle 27
Ay 7533584 Organelle part 13
437 Y1 HE Molecular function
PrE AL Antioxidant activity 2
254 Binding 57
fiEfLiEPE Catalytic activity 58

Jifg i 47 75 Enzyme regulator activity

15 843 T4 )&+ Molecular transducer activity

KR 45 & 5% 5% IR 7% 7 Nucleic acid binding transcription factor activity
ZARIE M Receptor activity

LERE 4y FIE P Structural molecule activity

32 15 P Transporter activity

0 00 M o =
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fEfR Yl fi T, 2R RBEN F L FELEED
FUREREACH . 2O A T R A0 S B0 1
KIGFFRE IR 3 Mg Ah, X 3 4~
BRI RN Z T ERERIEREN, FRE
FERFEERECIR R 45 N EFIEFE A 34 4
TR, HERRR AT IR A A
B 19 NMEFFFEFPE 13 NEETIHE; mEr
FNEOR M R ERLm BEAY 10 422 R

o 8 AT AL HAR A i E R A E
Z T T REEEEHGER 3),
2.6 ERRIEERPSREMEXHERD
TEAR YA G 22 J 3Rk B v, $5 IR 2R 1
V RILT . 22 MREFN .. RmEN .
ikl . EEMIEE . BKEN 2 FEERM
W ERRIL, Kb ERMEHIE>5 5, Hip
PR M R IRZERAEBORK, 5153 4% 40
MOREAN R 11, BRI K A Bl . AR AN & 5 222
MR AR . 22 RE AN, EAR A,
WEIEMENLEE S5 8 11 CSRL, R E B, 1T 2K
JUT iR . GPI #iE & & 222 R M & M lAE IR
2, BIRESMGEAE 2-5 520, BERER
B-related #E4E R FMEKE A WAFFEZE T 3RIB,
Hog Rk i 22 BN GR 4). 28 Bk, Ul
A 30 S 5 DR AT i 5 RO 0 o A X /NS Bk ) £
YeBE I

R3 AEFNERDEBHECERAEFEFESREIEAZEEZ E£8) KEGG BI(0<0.05)

Table 3

Significantly enriched KEGG pathway (0<0.05) of differentially expressed genes in the

transcriptomes of pure culture, Isaria fumosorosea and the mixture samples of Plutella xylostella infected by

1. fumosorosea

J¥%  KEGG i # N IR ofi i % 1D
No. KEGG pathway Up-regulated Down-regulated (Q-value  Pathway
DEG DEG 1D
1 Starch and sucrose metabolism 11 34 1.18E-05 ko00500
2 Arrhythmogenic right ventricular cardiomyopathy (ARVC) 5 0 1.18E-05 ko05412
3 Hypertrophic cardiomyopathy (HCM) 5 0 1.18E-05 ko05410
4 Phototransduction-fly 5 0 4.50E-05 ko04745
5 Dilated cardiomyopathy 5 0 4.50E-05 ko05414
6 Influenza A 7 2 1.05E-04 ko05164
7 Leukocyte transendothelial migration 5 0 1.36E-03 ko04670
8 Focal adhesion 5 0 2.15E-03 ko04510
9 Tight junction 7 0 2.15E-03 ko04530
10 Vibrio cholerae infection 5 0 8.42E-03 ko05110
11 Viral myocarditis 7 0 8.42E-03 ko05416
12 Phagosome 7 0 8.49E-03 ko04145
13 Amino sugar and nucleotide sugar metabolism 6 13 4.94E-02 ko00520
14 Pathogenic Escherichia coli infection 2 8 4.94E-02 ko05130
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R4 HEFNRPPRENBPEERBAEREATLEIERERENERNERRIEER
Table 4 Genes associated with infection and virulence in DEGs of pure culture of Isaria fumosorosea and
the mixture sample of Plutella xylostella infected by I. fumosorosea

F% LA Genes Tk EFHE R PiA FDR
No. Log, ratio Up-down- P-value

(tre-group/con-group) regulation

1 FEJH 8 H Calmodulin 15.288 469 7 Up 4.42E-12  1.09E-09
2 V 2L T i Class V chitinase 8.737 313 5 Up 9.20E-11  2.04E-08
3 22 5 BR #E (1§ Serine protease 6.567 388 5 Up 8.54E-09  1.56E-06
4 Yl 8 H Cell surface protein 6.251 886 7 Up 7.55E-10  1.52E-07
5 kR S8 Peptidase S8 5.544 668 5 Up 3.02E-11  7.20E-09
6 MR ;12 7 1 Sucrose transporter 5.378 2324 Up 1.23E-29  6.35E-27
7 i 7K 2 H 2 Hydrophobin 2 5.256 186 9 Up 5.48E-30 2.94E-27
8 i i i 4135 Extracellular membrane protein 4.527 860 2 Up 3.25E-06 3.83E-04
9 FAKF K f# 1 Zn-dependent hydrolase 4213751 6 Up 8.68E-06  9.05E-04
10 JESMARS AR S EEA 3.627 395 8 Up 4.50E-23  1.88E-20
Extracellular serine-threonine rich protein
11 22 5 FRFE 17§ Serine protease 3.006 920 6 Up 6.31E-08  9.90E-06
12 FEIFZE A Cyclophilin A 2.965 463 5 Up 3.89E-63  2.76E—60
13 WEIEMENLEE: #2  H CSR1 2.627 047 7 Up 2.24E-12  5.62E-10
Phosphatidylinositol transfer protein CSR1
14 3E¥FE B Cyclophilin B 2.381438 1 Up 3.49E-25  1.62E-22
15 11 28 JL T Fifi§ ChiA1 Class III chitinase ChiAl 2.124 708 3 Up 3.41E-06 3.95E-04
16  GPI#E® & 2AMRME LR 2.075475 1 Up 1.04E-36  6.05E-34
GPI anchored serine-rich protein
17 BR3¢ B #E4E 2 Ricin B-related lectin 1.831 689 0 Up 2.06E-06  2.52E-04
18 i 7K 25 H Hydrophobin 1.624 874 0 Up 3.92E-08  6.33E-06
19 WSC 454418 2 1 WSC domain-containing protein  3.152 351 0 UP 2.18E-08  3.67E-06
20 WSC 45 #3858 11 WSC domain-containing protein —2.190 329 8 Down 5.48E-11 1.27E-08
21 WSC 45 #3858 11 WSC domain-containing protein -2.171 579 4 Down 2.60E-06 3.12E-04
22 WA 1 Hexokinase-1 —13.409 887 62 Down 8.52E-06  8.92E-04

W 22 TR AR RO AR R, BUR
A IFCFO1 MR 227 AL TR a]
B, PRI — 2 B PR 22 A R Y AU b i
b AE AR D o B R B €8 AR A2 L
il 70 A [ st () a5 P 2 400 R 800 4 G 35 TR A 38
FRIE, AT ST 78 ZR AT BONR €1 R 16 2 Si 2 5

3 L& #

AR EE AR A IFCFO1 X /N2 ik
B0 1 2 R E A WA . 9 R
FEN 1x10° N1 F/mL ALF/NERE, 3 i
MWL, EIERMIG 4 b ERTE LM

5Tk, MG 8-16 h BT HZ 55 F# 1,
= 24 h B RARTE MLAE N 3658, = 36 h i3 &
M B FILH 2H 8 T . R ) KR g = AR 1)

Femb ., A RNA-Seq 43 A 5 A 445 540
RYNRIRA R I BOR SRR R IR, b
4l 1% F% 1 BN G0 R A R R TS R T HU X, ik
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55 BUR e A A AR G/ N B AR G 22 R SR
IRFEA

A S XoF B 4 A B A 2 S R B R AT
HARTT 28 384 P2 RN, R H G2 GL
AF A AR R R R LR R Ok SE A 5
P — 250} 22 SR IR IL IR AT Bk 22 S dT
ARG 274 N EBEEFRILN, H LREE
IRHEEA 118 4>, THRIAERN 156 4~ Mk —
o i s i 2 2 BRI B I Re, (A
WEGO %} i 25 22 5 Rk B H 1T GO Yk
o, 274 AR 36 MANFEITIRELL, JEF
34 GO (EY ot 12 | il oy | 43T PhEE).
WA R, N FZEEER MR, [
R . &AL TE X LA GO &KHET,
434G 57.70.57 il 58 LA [l R F KEGG
ST EEXE DEG iFAT D REE AT, RBA
171 4~ DEG M e 132 @, &F 14 4
25 A H(0<0.05), APk AREREC T
RIELNEFAZ TR 2 MR s 2R
HEWEZE, 550h 45 8 19 MEFER. B
BUFFERM, X 2 FAEHR AR EE A KA
B A R IR AR, $RUR X AT g R B
PR R A AE (2 e AT T el R v Ay R R A R ) R
T SR BB — o S

ARG B, B R A A4 G /N ik
1 FE H A U8 8 F (calmodulin, CaM)F&[H g 2%
JAZIE CaM MEN B AE Y BB Ca™ (5 1,
Z 541N ZF Ca’ iy B R, AIE(E
ST EREE . A K AN R R
R R R B, BRI AR A B R
4 1 BbBEAS 7E Ca’ fEFI N5 CaM JE ik
EMEEY, DMERZE S ET S CaM
HEMEAER, £ CaM M~ S5 S5 A&
WENAEYG R REER, W CaM 5
BbBEAS 454 nl RE5 T A AR 8 Ak 4 78

b, DT 52 i BR A (50 A A0 G 2 e A
AW, CaM FE RS 40X IR 5T AR 1R 1) s 1o Hp
HAEBAEFR, BT R0, 728 R0 b8 %
FFE . A H0. /T, CaM Bl 1 Bk4
I P R A B BbMetE 35 1P i 98 &
B, X S ER TR CaM JE[F F92+5% F89+1F41+
E AR JE A TS A R AR TR A Y IE R kAR
DNA G, HEWr A EEIRE CaM 1Y C smBRoik
SR 3 RN R U HIE A 92 RN AR
e 6 S BR T B Bom v B mEAE AP, X
B E A R 2 CaM TUEBREEAL T HAFSE CaM
HRERZARKKEE KA RS R IEE,
SEIRRI, UUER CaM N5 T 224 K iR 5 1
A TR R (WT)AH ELREAIG 40%, R 2R & Rt FRAR
2y 34%, B CaM 78 R 22 A4 K ek A= ARt ad A&
v HLA BRI AR ST CaM 3 AR B
o R0 G /NS kit A v 2Rk i i G
CaM H& FITE B €15 76 B0 1o 78 o 4
7 5 HAN L ) B2 5 s AR BAE A OC, 5K
S E R YN R AN & (s
SR E A G, BARIE A i — 25

KEGG a5 ik B3, H RGNk
MBS RSB P S T 5 B EE AN
SEH WJUT BRESEEA, LT B O g B A
B R BRI R R R,
2SO M 5 A3 AT T HUAR LA AR AR LA
B LHILT JREEERI SR, 45 R RUIH
B 5 HIUT BB M B E AR OEE SR A
TR, BUR AR RAE Y N R ILT
AL N 2 BRIk, DAL T o A B
o R AR /NS i AR T VR R 20
LA O] BB A e A i LT Bk iR R
HARRE R4

Ak, S Arid & B AN B 1 A X — B 1A
b, PO TR A BRI A
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AR R R PR AR AT, R M R I AT AR Sy T
FLTA AR 0 i (I S AR AR Y AR
S VAT 1 5T ORI B A R A B 2 1 Y
—NEEHLH, MR . k. [F5 %
TR GRgE N E A Z FP AM Eh RE AT O AR
R e 2R 8 M A A 1 R DN AT 4 R A
& (Metarhizium anisopliae) %t 27 3 B B ) ZAL AT
450 25%0% . BIFFE A Bl ek B it frs o
%) 3% Bz I8 fifk 2 1 A B T I ik 27 E Y e B
O RE ST 1, AT AR AT A e RE )y, 4k
AAEF IR E] P AHIFIT & B 22 E R B il
TEBUMA 45 R AR g/ s o Rt vh B 2% BRI R
ik, RN IZM AN LR BN (R R AR Y A
Fad R R E AR

AV RRIE, BKEAERRERTE
o R A A E AR . Bk E PR KT
HEPTZ . REZHEMER, fEaFEE
WA Z ML h AR EEMEN. &
T BE PR R BR R X BR A R B 2 D EiKE
L[N HYDI R HYD2 #E47 T IIRERTSE, 45R%E
B, HYDI ZE¥RfAEEm s HF, ZE
HAFREHKFTZ FLEEWEN, HiZE
IR 2F ERR RS AR 1 HYD2 4%
Z 5% ar R IRHEN, AT HYDI 7R
BRA R B AR 5 T R 7 R Y K AT 2 A
), (R SR U R 1 8 TP, A
5 & IR 7K A 1 DR 7 L TR 4 /D S i el
ol 3 ERERIR DT K AR 1 R N A B
AR T FL B AEEEEN, H
HRATREA fr it — 05T

AR BN A E M BUR R — R AR
B, Bk, 2N ERME R, i
i, HETERPFFELR D, EHREE R R
PARE IR H R 2 LR R, S 1 e 40 A
Fx sy BVE S RE R, HUAE B SRk —

B2 1R 11K 58 X SE RE T ) T i s o SR
AW LIS ok A G iz i i RERE i s
A HAEBUE 8 AR g /N SR R v R
F R SRR EE A AT e S 5 B R A
XP/NE S Bt R, AR Re A Rk —2
Wit

Water-soluble carbohydrate (WSC)%5 #4152
— KA E TSR XKD, Hate
TEFLA . WeE. MR LW FLsh Y h R T Ltk
80 Flt WSC 454388 FH1(WSC domain-containing
proteins)™ "o BRAECRI A YIE B AR ED
HER R BRI R A A A R B T 13 M
& WSC ity E R, Mg Es WsC
H T B PR R 58 AR bk I 2 R 43 AT R R
13 > WSC Z5 43885 11 X 4 7 241 JfL B (1) 5¢ 2Pk
AN RE+ o EEL; Hp, Wsel, Wse2 Fi
Wsed FEGZIEF AR, Wsed Fl Wsed
B 5P, Wse2-5 Fl Wsc8 X Bkl (115
TR R TS v it 8 ) A S AR T s ) B 0
RI, BRI m bR AR 2 AR BE (R UL 85 1 T RS,
JIT A R 53 AT R 4 I s 3 S 42 4 I 5 g g O oK
ZFIEE R, B WSC 25 F 38 & 1 7EBR T
TR AR AT EABE AL 8 3 2R A 2= A
R RIKZ 8 WSC HE [Hid 2 5IRHEUA
b . BUA TR LS T P P 58 i W38 S g o A
WF A B (45 A4 Y /NS0 Mk Y 22 S 3Rk ik
R, K45 3 4 WSC 25kl ke, Hrp
1 %2 BRI, 2 SRR R FRE, HEm
WSC 45+ B ER 1 DR A7E B0 0 43 o 3 4 44 /N
Stk B b AT BB AR HE 2 R E A LR YA
HAKIh e ik — 20 5%

Jihh, ZEESAES . WA T R
EA R ERERRED . KA
WREER B BHER, S 5OE . = 5k
FH B R T LR 5% 8 2 111 LA Je 2 5 il i 28 11 o

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



MRS BUW (b Rt (Isaria fumosorosea) = e /N I 1518 53 A 987

77y ) R Tt B A B RS A R 1 L R Ah 22 2R O
MR e A A 11 S5 VB AE SO A DG K 3 B 2 H R
Tk, (HENM IR A FFiE— L5 . LA,
A ST G 0 25 e 3R Ok L Y B AR TE B
oA SR A AR YL /)N S5 g ok A e ) IR A B ] A 2R
ik RIBRATER AR qPCR HoARBE—
HIGIE

AR s A R, FRAT N AL A
12 346 987 4 M Jp4irh, {LAEE R 4.5 T1 4
FEA, 2005 AR 0.36%, XA~ Hu il B
BUR G R TFCFO1 78 HAR Yo /N 1y 454~
TRAREA T BT 5 W APk /b, [ E 15 B B
KA €0, R A A5 e /NS i o R A b T — > R Y
Bt MM LI, TERRE R OK RS
24 h WA BFSE Y, IZBESRAE 31 025 1> SAGE #r
Zerp RSB R 17 ASRIE TR T, 2005
EERF I 0.55%; Fihb, TERTR R YLK
FE 36 h IR AFES P, RS N)TE,
R 30 24 | 43 e 41 2. 7% A RS 1 41 . b
WU, IR R A R, TR
D TR A By A i T o ) AR, T AR H
HIT 3 TG — P 7 ¥k AT DA 0 0 2 B R e 2 2
FHTE 55 A it AR i LT, T X LR A 7
DTF o SR R 2 A g it B TR A TR 3K
AL F AR IR MR, X AR 2 R e A
12 Y 75 5 B A 36 DR SR B 5 v A 10 E B 04D
ELER 98 A IBORA () 5 i AR IR 43 R U8 T3
s I L TR 1 B S AR L ] o D T - BT R TR S R R
A PAR D —EB 5y, A AT BEH T 5 N 3= BN R i
T S 43 B IR R A A R A st U

DAAE: i 38 0T He AR T B0 73 1 DL Y
o, AR SR R AR G SR B rh s i R R R
B B bk B A0 AL A 3 R A A PR
VS B TR R Y B P A R N R R

WA FR BT S A ARIRES T & RMIRR IR A7
R ZER, LN R AW SfAE—EZ5.
T3 WA R ARG R B 7E A SRR T R Y
A B R IL R SRR 0L, XTER B R Y TE
F2 R R SR B ) SE R R G B AT Y, i
M A K — 10 cDNA (%, 4 EST J¥51
ME 5500, L3R8T 4739 & —JLH T4,
o 80% )7 4 2 R At 5 10 R e B aok 1 4
PRI R 3, U B2 7 v A T S M s e T
ETE R Y s R ARt (L R ks 00 . LA
SRV, RIS S 0 IR AL N B B S
WIEAE T 2 Yo7 TARE I IR S0, TR
FATE H AR TR YT F R Wt i
S84 I B A A PR D L TR DR A R 1B L
BT, DA AR IR (& /NS k4l B Bz /1
EL AR G SR B 5% . R/ SR k4 R 3k R 4
TG A5 57 ) 1) 80 00 1 o A6 6T /N 52 i B0 2o A
TR R SRR G A e — 2B 05, DA 42
b S5Z B B € 4 AR AR G /N S i ok A v BE DR Y
FIRIEM

AR5 X 15 B 7 BOIH €245 AR A0 PR PR AR % /)N
S WA [F] B ) VR A5 ot AR 1 2 S 2L 4 A
WAG T — L 5 R AUARERE AR | B SR
iz A E Y. H5ERER. K
A AR ) G AR  TTTE 1R G B BU A G i 5
K BFFE 25 R o S SO (R At ) JE R Y
EHE . PRk sh 3 K D) A8k PR B0 GIE F 1L T
WHR. HAN, RATERA T — Lk WHIE 1)
ARG R YA A JE N, X S PR e EL TR (R e
A ER R VE A i — AR
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