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Abstract

Yunnan Province of China. In this study, siRNA deep sequencing was used to analyze the viruses in tobacco sam-

Flue-cured tobacco vein spot disease causes severe damage to tobacco production in Zhaotong City,

ples with necrotic and mosaic symptoms on tobacco leaves. The samples were collected from four different areas in
Zhaotong City and mixed into one sample for siRNA sequencing analysis. The results showed that the identified
viruses belonged to three genera, including Tobamovirus, Potyvirus and Polerovirus. RT-PCR and sequencing
were used to identify the species of the viruses. Four viruses were detected in the samples, including TMV, TVB-
MV, TVDV and three strains of PVY (PVYY, PVYN-Wi, PVYY™).
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(TVMV) MAEIRICIE B Tobacco necrosis virus
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THERAEREAR , [7] IF B2 AN ] SR 46 b 3 1) 400 A o
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1.2 A&
1.2.1 /) RNA I F 5 4 #f

W 4 A b SR AR ) B S R ) J5 o LU A1) i
HRA TR G HE Sk T A R 24wl #E 47/ RNA
TFEA3HT . SRIBURE S RNAL I 5E 8 RNA 9 i
N AR B R A A ) RNA AL # H NEB 1% 11-
lumina JUf J¥ - & WF & /9 Small RNA #2257 &
(NEB Multiplex Small RNA Library Prep Set for
Hlumina) & FCE G0 247/ RNA SCERHE. 3
FEAEESE UG - 8 Agilent2100 Xf SCZEHY insert size
HEATR  insert size £FA TS f#F Qubit2. 0 Fi¢
JtE i PCR OGS SCPE IR BE 647 2 1 o AORIIE SO T
o RIS R 19/ RNA SCEETE Hiseq 2000 7
S TR, f#i ] CLC Genomics Workbench 5 %
FEXPARTR /N RNA Y SR8 A T4 0 HE X 234
1.2.2 /) RNA | 5 45 £ 304F

A /N RNA P45 R 5 GenBank H 551 L
SIHTEE A BT A R TR I A K Al AR 9
Tobacco vein banding mosaic virus (TVBMV) g4 45

S5 Y TVBMV-8059F/TVBMV-9382R, R #E
SCHR AR TE 73 0 & B T 14 I AL S 7 R To-
bamovirus S FE B B E G B Polerovirust™ 1y
G DL RBACABRE 8 Chilli ringspot virus
(ChiRSW R ER1 9, LA T %5 PVY AH
FRAR B0/ RNA IR E5 R E™ (R D
K Promega /&) Access RT-PCR System
— PR S AT S )R PCR 473, I Bi A &y
50 pL, HiHp AMV/TIl 5 X Reaction Buffer 10 pL.,
10 mmol/L ANTP 1 pL, 10 pmol/L E{i#Fl T i 51
Y145 5 L. 25 mmol/L MgSO, 2 ul., AMV Reverse
Transcriptase 1 pL, Tfl DNA Polymerase 1 pL, &
RNA 1 pg. #Mil RNA free /K% 50 pl. J 2514
k45 C U5t 45 ming 94 CHIAEYE 2 min; 94 CAEE
30 s, MRIEAE 1Y) BOE IR KGR E 1 min, 68 C ZEfij 2
min, 40 MEFR; 68 CHEMH 7 min, ¥ RT-PCR 41
PO sEfE S| pEGM-T easy 2844 b, i it B4
SERESATINY . FFH DNAMAN Version 7. 0 #47
Fe o DF 4 K oy B, #EARR RS R T MEGA 6. 0
BRAE L L NJ (neighbor-joining) J7 ¥ 44 £, #E fL
#01 SCH R AERE ] Bootstrap #5ll (1 000 IREER) .

2 HBRESW

2.1 /NRNANMFLER

D 45 3 R BE 5/ RNA P34 35 094
242 25739145 GenBank FRAIE B 7 FIHEATRS EL L 45
RFWITF /N RNA JF51 5 13 FAEYIR A% 1 R
AR s A 7E 93 % ~100% Z 1], 31X 13 Ak ¥
TR AL 9 B S8 Tobamovirus, S HE Y Wi
B Potyvirus 1R EE M5 BB Polerovirus ,
HH A M5 5 J A 5 4R B AL M 3 Tobacco mosaic
virus (TMV) . FFhiE 95 Tomato mosaic virus
(ToMV) . BRMUR B g B Pep per mild mottle vi-
rus (PMMV) Hb &5 /£ M55 Rehmannia mosaic vi-
rus (ReMV) ; 22 Y S R UIE SR E Y N
Potato virus Y (PVY) JHE K AEM K5 Tobacco
vein banding mosaic virus (TVBMV) | B BKER
75 Chilli ringspot virus (ChiRSV) , Hip PVY IAF
PVYY PVYN  PVYNN PVYNW 4 ANpk £ 5 T GE R
R h 4% S e 7 e A0 3 SR R B B AL
Beet mild yellowing virus (BMYV) | Gl3E 8 255
Beet chlorosis virus (BChV) . & 3£ 7Y % J% 8¢ Beet
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western yellows virus (BWYV) | 25 2 J& # ¥ 75 1k
Y EE Brassica yellows virus (BrYV) . 36 % 1L K

7 Turnip yellows virus (TuYV) | M0 B KL% B
Tobacco vein distorting virus (TVDV)(F& 2),

®1 FAT RT-PCR ¥ R34
Table 1 The primers for RT-PCR

5|¥) % FR Primer name

2| ¥ %1 Primer sequence (5'-3")

FBE R/ /kb Fragment length

Tobamo6F6 GGAAAAGYGGTGATGTRACWAC 0. 2161
Tobamo6R6 GAACAGTTTKGCCTCAAAATTCCA
Lul CCAGTGGTTRTGGTC 0. 54071
Lu4 GTCTACCTATTTGG
TVBMV-8059F ACTGCGCTTTCGTTGCAAAT .
TVBMV-9382R ACGCCACTCACACCAAGTAG
ChiRSV1{ TGGGATAGAGCATCTGAGC 0. 65081
ChiRSV1r GAGTCATTTAGGTCATAATCAGTTT
PVYc3 CAACGCAAAAACACTCA(CT AAA(AC)GC 0. 66021
PVY{ TAAGTG(AG) ACAGACCCTCT(CT)TTCTC
PVY3-+ TGTAACGAAAGGGACTAGTGCAAAG 1 11550
PVY3— CCGCTATGAGTAAGTCCTGCACA
CP2+ CCAGTCAAACCCGAACAAAGG 0. 53097
CP1— GGCATAGCGTGCTAAACCCA
£2 NRNAMFLER
Table 2 Results of small RNA sequencing analysis
J& Genus WREEFP Virus species A ER AR/ ¥ Nucleotide similarity

B M5 55 )8 Tobamovirus

AR Y JR T8 Potyvirus

LA RN TR Polerovirus

WHEAE M3 Tobacco mosaic virus

Fhitb % aE Tomato mosaic virus

AR IEBRTE Pepper mild mottle virus
HEE AL MR Rehmannia mosaic virus

AR Y J%8: NTN #R R Potato virus Y strain NTN
AR Y i RE N R R Potato virus Y strain N
LR BE Y Y8 N-Wi Bk R Potato virus Y strain N-Wi
LA Y S8 O BRZ& Potato virus Y strain O

M e AE M T Tobacco vein banding mosaic virus
AR TEREE Chilli ringspot virus
R R AL B Beet mild yellowing virus

TR 2R T Beet chlorosis virus

VG ¥595 75 Beet western yellows virus

EEREY EAEEE Brassica yellows virus

B AR TE Twnip yellows virus

WHEL KSR EE Tobacco vein distorting virus

100
95
100
100
100
100
100
100
100
100
95
93
95
J5
95
100

2.2 HEZMHREERSWIE

FRAfE K K VT (4 . B 514 Tobamo6F6
H1 Tobamo6R6 X #% it i# 17 PT-PCR §" 14, 15 31 2y
0. 25 kb K/NE H A9 (K 1a) , [ H B 2575 ik
Frva ke BRI S5 A se AT I 43 4. Ty 45 2R 3k
HIP 14 B Bt /7N R 0. 2 kb, 2 Blast X441 5
TMV AR 7 50 AL fe s » 5 B 4TE A9 0O )1 5%
K43 S (No, HES18450) AHBIME Ky 100%% . HeiZ 7
H15 TMV el ai o 259 R G ems 451 iR

38 = B TMV 5 Y )i LK 43 8 1 (No.
HESI845O) X R I, S oM B M B RRIKRZ
(F 2a), ZEFFH, /N RNA TR B 6 1 (14 4
e T B TMV, HI T8 R et i )7
F2k H GenBank, J¥ 515435l 2 : TMV {5553 25 4)
(No. HE818435, HES18454), ToMV % i 4 & Wy
(No. FN985165) , ToMV_A\Z: 4441 E§41 (No. KJ207374)
BRIP4 B 253 254 (No. KR108207) , BAR
BEBUREERI AU B39 (No. KP345899) , b 5 4F -4 75
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Hi 45 254 (No. EF375551, JX575184)
2.3 DREYRSERSWIE

FH TVBMV 455344514 (TVBMV-9382R/ TVBMV-
8059F)Fl ChiRSV #5714 51 9 (ChiRSV1{/ChiRSV 1r)
B UERE f PR A TVBMV FI ChiRSV, £5 58 i
L RIE YR EIZ 1. 2 kb (Y H A TS E AR
B H A (B 1b.o) . [z H i R Btk A T sepe il
Dy, Wy 25 R 2 H i 7 BeR/hR 1324 kb, 5
TVBMV YNO. 1 4385 # (No. KF444434) i 4% 1 1R
FHRIE R 9950, 25 B/ RNA I 25 b iy 5
Y Wi BN TVBMV,
2.4 DREYRSAEAKRRKIE

R Rigotti F Gugerli™ F i, B 1 3 Xt 5[4
PVYc3/PVYI, PVY3+/PVY3—, CP2+/CP1 —, ™
& e BRI TP T IR 0 5 MR BE L)L SR A Access
RT-PCR System J2 I 5% {4 Mo 7 & i 47 5% 5%
PCR #8843 5175 5 25 1. 1,0. 51 kb % 0. 48 kb 1y
it (Bl Le) o N4 455 R AT se RN 1 o 00 25
B R BA/NE 1114 kb (i B & 5 0 4738
BTV 2% 4% 559 (No. AM268435) ALl 1k 98%,
S PVYN BRZ BRI 5. B/ k0. 532 kbi)
Hiy B 5 B iR dE TT138E-102-96 43 B 4)
(No. GQ85364 D) [ AU K 9976, 1 PVYN-Wi #k
RIIMEEE AT . BRI R 0. 438 kb 1Y H
)25 5 CARIE R T E HN2 432547 (No. GQ200836)
FEAAPE R 9900, S ThER 3 Y 75 A FE R 30 43 )7 91
FRAE Hu ™ 455 HIN2 2 25 9 i3 . HN2 43 B4 o5
A PVYO IR, Sop R 2R 7RI 5 R R
PVYN, fE L8458 BRI PVYYINAY,

MR, 519 CP2 +/CP1 — 45 5 1 46 1
PVY™-Wi R 2 . R W AR i A2 AE PVYN-Wi

M CK  TMV M CK TVBMV

bp bp
LU / 1300 bp
1 000 - L 750 bp—>
500 bp —>|
—
250 >
<200 bp
100 >
b

a: TMV; b: TVBMYV; ¢: ChiRSV; d: TVDV; e: PVY

&, 5149 PVYc3 Ml PVYL £ PVYN, PVYY™Y,
PVY? J PVYCkE &, PVYC I PVYC i ¥ 16 H
0.66 kb A B, PVYN F1 PVYN™ i § 34 4 0. 44 kb
F B A AR R BRSBTS A SRR
/NFg 0. 438 bp, FHH T PVYNNBRZR , IR G A B
BESFE S P AEEE A PVYYN R R A PVY? I
PVY“¥RZR. 5% PVY3+H1 PVY3—fgkaill PVY™
FHEEL PVYYYRRR 45 5 0k R UEZS 3L, il i
A B R SRl KO 1L 114 kb, R Ch E 4
PVY R, R 00 ) 300 i i AR fE 4 PVYY
WA, 25 Lk LR i A AE PVYN-Wi E 4
PVY ™A PVYNBE R .
2.5 DHREEMHFERRSHIE
FHECRE S # Rl 519 Lul i Lud™ , 3547
BRI PCR 714 . 7649 0. 8,0. 7 kb 1 0. 650 kb &b
A — S 45 (L 1D S TS A8 S5 A T m e
F Y . 745 526 0. 8 kb 451 Ay Ml A5 2 k44
FEZH DNA 25150, 7 kb 4547 TVDV Bi#
W23 BAA 0. 572 kb, 5 T HIE 19 2 i e B 70 15
#)(No. EF529624) J¢ S A B1 14 k1 100505 0. 65 kb 2%
Wty TVDV AT R 751 HAR R 0. 54 kb, 524
TR = H R L 43 BS99 (No. AF402621) J7 51 AL 1
99 %6 » 25 5 7R AR R i b ) S AR A 0 B R e B
JE TVDV, FJ0.572 kb 25451 0. 54 kb 435 %51 5
GenBank H1 AHSC PG EEHEALAY (LIE 1b) . 5 =R
A 73 SRR A — . Tt R ek A 11y
JF91 5k H GenBank, #5 8 44 Fr M ¥ 1 5 43 1l A
BMYV(No. EF107543) , BChV (No. EU022510) , BW-
YV (No. X13062), BrYV (No. KP178197), TuYV
(No. KR706247) TVDV (No. EF529624 , KP772232,
KP772233),

M ChiRSV M TVDV

bp bp
2000
1000
750 —>! 750
. 540 bp
500 > 500
d

bp

1100

510
480

B 1 TMV,TVBMV, ChiRSV.TVDV 1 PVY BJ RT-PCR &R
Fig.1 RT-PCR for TMV, TVBMYV, ChiRSV, TVDV and PVY



44 5 2 W B 7 PS5 /N RINA R 1000 i 48 o I 30 T 08 2 ik B o 7 o« 73 e
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JX575184 pe

= —KJ207374 MV .ReMV; B2 Y Ji g 45 PVY. TVBMV,
TMV-200 bp 100 FNos165 ChiRSV, H:# PVY ifFH PVY?,PVYY, PVYY™N,
W PVYN" Wi 4 A b 5 1B 3 9 75 R 0
gtzo TMV-1 258 bp BMYV.BChV.BWYV.BrYV.,TuYV.TVDV, H
KR108207 N . N e
. T001KP345899  a F/IN RNA 72 7 75 )5 91 % 55 , 76 GenBank w47
005 FE % H B SR e — B 4 1 90 S 0 75 9 1 U

KP178197 ~ . N — -
467 IKR706247 P R 5T 91 5k T B ) S [ o 2 4 1

44 N N . N
s EEIGETT HoR  TSEBR RE R A S 4 B i .
LEU022511(%772233 WFATH RT-PCR %} 4 A& 13 Rl 5 47 3
55| [TVDV-540bp WE, HXF PVY #RRWHEAT TR E . 45 5 51E B B 38 A
- b S, N 3 B3 ¥ Nz
ESLT;;;Z;Z P X IR 2 B A KR B MR S AL, I 1 SR BB 53 9
0.05 821KP772232 b

a: TMVI RGEBEALM; b: TVDVI R GEHEALR
a: Phylogenetic tree of TMV; b: Phylogenetic tree of TVDV

B2 TMVF#TVDV 5EEHREMRGEHLHSH
Fig. 2 Phylogenetic analysis of TMV and TVDV
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KAEE ZHE A T AT | o il R e
AL HAME R B Z AL, &t T E 2 A Y
K. nEMHRRETERZE Z R, H AT R IE 1
HZik 30 ZFp, Hoh TMVY 8 RAEM 5 Cu-
cumber mosaic virus (CMV)P?  TVBMVI!! &5
B2 B Tomato spotted wilt virus (TSWV)HY |
WA 955 B8 begomoviruses-™ |\ PVYNS | i B M\ i
7% Tobacco bushy top virus (TBTV)ON KM £
DX 6 7 2 i 4 R e s S P 2 P B I

2007 —2017 A= XoJ i 88 A DX 0 2 35 90 2 S
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TR EE Y R RTE 30~ 10002 (8], E
s X A R 0] LAGK F) 10096, 7 5 520 T 3% 4t X AR
B AT . F 20 e e 48 SR T Y 2
58 B L3S K6 B RT-PCR % 5E B9 7125 I K
TR W 58 25 RALR) BRAE potyviruses iy B 58717
AWFFER /N RNA T I 45 53 B FEAE i b
RNA J7 41 5 13 Fi At 95 7 A DL PR 45 i (9300 ~
100%0) 31X 13 Flve 9 75 20 1) Ja A 5 46 i 55
J& Y R M SR SN R R A 3 N

BEA TR AL I RE PR A AR S R B RN A 4 B,
#h TMV. TVDV.TVBMV HI PVY,H i PVY &
BAFERER, 02 PVYY-Wi, 4 PVYY Al
PVYNERFR . AR S AT 9 45 R I A XA 5 Jik
B i) F 2% o0 PVY., HA R R PVY &
ARG AR S WA 2 AR

TVDV J&5 0 5 A T F) 5 o 75 2 — » 78
IR MAE T £ 5IHE R E Tobacco mottle virus
(TBMV) 5254 G 40 B 5 | S R A B AR 51
LN TAERPERAR XEAS ) Sk e TVDV [ 0 5 AE
FRUS AFSR 8 Ak /N RINA VR B 5 46 0 5] 17 378 40
TEPKBERAL S A TVDV (424 B R K 2 TB-
MV, H_ &5 06 50 FH e rb ot 2R & 30 58 (LA T0U9 AE
ARAYHH L, X JE 5 B RHRIE TVDV 5 H Al 7 2
HIRYAHRE % T TVDV 16 M0 5 B0 % AT
TR Y R IR A R 2P

TVBMV H DA% Y f58:8} Potyviridae %%
Y JNEEE Potyvirus JHFE. 2004 — 2006 4E Tian
X e ] P R e 7 DX O B B AT A
WRI = F M E T TVBMV A7, Ao 5
WAL TVBMV 2 G BRBE 19 T 28 2 — A
WFoE /N RNA R4 R0 El] 7 TVBMV &
X LA BE .

AWFFE T ARIE R 4 R EE. Bk TMV LSy
I HALRR e B . TR X S R R AR
BRAURRE FH HORE 4 78 H 07 1 A 27 2% HosR) kA7 i
WA B ACR A AR, F 2R K AE T A REY)
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ST TR 2, DX 2 JOk BRE0 o 258 i 3 R B
SR H BTEACR AR AT RL EAE B X%



0740

5 4Ly

2018

DX SERABF H B9 T 1) 907 92 28 RO ™ R B S S AT
GEWiGEif s FAE DL OG5 Rl s LR SR B o 3
AR D RE TR A PR A A R T A
e . [ s A [] B 390 0 08 e AR A L ] 30 B
A AR T A A B IR M o PR A TH BR5E 3i
V7 B L KRS R4 S R 5 9 3 AT

Sk

(1] AR, @IER, XI/NE. LR B IKBER (PVY) I &4 #
HBBATIELT ] RBAREEAR, 1998, 4(1): 34 - 35.

(2] THEME, SR, BRIE. TRAT mE-b M0 B KBS 14 47 A A= JF [ i
FRIEHE SR ] PR 2000, 26(4): 26 - 28.

[3] REFEE, RIAE. BRTA, S5 50000 R0 & L K 2y
FPFABITELT ], MRERHE, 2002 (7 46 - 48.

(4] BB, RBTE, ERK. % 2E 16 A8 (X W
o RS L) ] R ER A, 1997(4): 1-7.

(5] K&, TH, &FE, 5. R0 KB A 0 ML A 1 B 5
[J]. PaEgAel 244k, 2013, 26(1): 181 - 186.

(6] SKAKIL, Dhokht, ¥5 5. % MELR SRV E T
@Sz WAL R, 2015, 5411) . 2624 - 2627.

[7] ROBERTSON N L, FRENCH R, GRAY S M. Use of group-
specific primers and the polymerase chain reaction for the de-
tection and identification of luteoviruses [ J]. Journal of Gener-
al Virology, 1991, 72(6).:1473 - 1477,

(8] Ffdte, woAGE, FRI. 5. BOBRBRERT 5 2 R0 ik (v 2
SE R AHATER#4R . 2012, 33(2) . 342 - 345,

[9] RIGOTTI S, GUGERLI P. Rapid identification of potato virus

Y strains by one-step triplex RT-PCR [J]. Journal of Virologi-
cal Methods, 2007, 140(1): 90 - 94.

[10] TAMURA K, STECHER G, PETERSON D, et al. MEGAS6:
molecular evolutionary genetics analysis version 6. 0[] ]. Mo-
lecular Biology Evolution, 2013, 30(12). 2725 - 2729.

(1] %0z, 5. HF, % oA e RSk R Lo i
0] *PEMER, 2013, 19(6): 106 -113.

[12] X055, BEEEy. ARG, S5 o/ AR Wm0 DA R e g 32
B BEF A I K SR AE M I S LT ). A B
4R, 2006, 36(4):310~313.

[13] B = Y. JrEr. 45 Rk LM 3 = i 4 B A2
HFFIHLI ] P EEERE, 2015, 36(5): 44 - 46.

[147 DONGJH, YINY Y, XU XY, et al. First report of Tomato
spotted wilt virus in tomato and tobacco in China [J]. Journal
of Plant Pathology, 2010, 92(S4). 121.

[15] T, fIERIE. 4730, 5. (R4 M0 A EUL XUE 7 7 T
RO FIRF B FAEL) ] PaRg L% 4. 2010, 23(5):
1515 -1521.

L1615 THR. 7% %6, S Y i o e I A RE 00 B 4 F A
U B A g ) 22 5 U (T ). AR 2013, 39(3) £ 56 = 60.

[17] BB B m SRR, 45 JARATION (TBTV) &35 )
FEWHEBIFRL] P EEER,2003(4): 23 - 26.

(18] BEZEME, P4, MR, 45, RS BRI 25 5 R 4138 4377 51 1)
SERERITLT ], AR R, 2003, 18(1): 58 - 62

[19] TIANY P, LIUJ L, YU X Q. Molecular diversity of tobacco
vein banding mosaic virus [ J]. Archives of Virology,2007,152(1);
1911 -1915.

GtiEs4E: | &)

CE3E 46 5O

[26] SOWA H. KAJT H, YAMAGUCHI T, et al. Activations of
ERK1/2 and JNK by transforming growth factor § negatively
regulate smad3-induced alkaline phosphatase activity and miner-
alization in mouse osteoblastic cells [J]. The Journal of Biologi-
cal Chemistry, 2002, 277(39): 36024 - 36031.

[27] EL AZREQM A, NACI D, AOUDJIT F. Collagen/pl integrin
signaling up-regulates the ABCCI1/MRP-1 transporter in an
ERK/MAPK-dependent manner[J ]. Molecular Biology of the
Cell, 2012, 23(17). 3473 — 3484.

[28] KIM S H, BARK H, CHOI C H. Mercury induces multidrug
resistance-associated protein gene through p38 mitogen-activated
protein kinase [J]. Toxicology Letters, 2005, 155(1); 143 — 150.

[29] SUKHAI M, PIQUETTE-MILLER M. Regulation of the multi-
drug resistance genes by stress signals [J]. Journal of Pharmacy and
Pharmaceutical Sciences, 2000,3(2) :268 — 280.

[30] ZFF. #hfite. 4TS DNA FHIRThae R % e [1]. itk
2013, 35(11). 1253 - 1264.

[31] ALEXANDER R P, FANG Gang., ROZOWSKY J., et al. An-

notating non-coding regions of the genome [J]. Nature Reviews

Genetics, 2010, 11(8): 559 - 571.

[32] WITTKOPP P J, KALAY G. Cis-regulatory elements; molecu-
lar mechanisms and evolutionary processes underlying diver-
gence [J]. Nature Reviews Genetics, 2012, 13: 59 - 69.

[33] FOLEY K P, EISENMAN R N. Two MAD tails: what the re-
cent knockouts of Madl and Mxil tell us about the MYC/
MAX/MAD network []J]. Biochimica et Biophysica Acta, 1999,
1423.M37-M47.

[34] HURLIN P J, QUEVA C, KOSKINEN P J, et al. Mad3 and
Mad4: novel Max-interacting transcriptional repressors that
suppress c-myc dependent transformation and are expressed
during neural and epidermal differentiation[]J]. The EMBO
Journal, 1995, 14(22). 5646 — 5659.

[35] YUANJ, TIRABASSI R S, BUSH A B, et al. The C. elegans
MDIL-1 and MXI-1 proteins can functionally substitute for verte-
brate MAD and MAX []]. Oncogene, 1998,17(9):1109 - 1118.

[36] £ 5. WkE). PRal F-. 34 bHLH 3¢ B 5 5005 0 A % D) Bg
[J]. #if%,2010,32(4) : 307 - 330.

(rtesm#: | &)





