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Abstract [Objectives] To verify the interaction between cryptochrome (Cry) and iron-sulfur cluster assembly 1 (IscAl)
protein in eukaryotes, and to study the role of these two proteins in the development and reproduction of brown planthopper,
Nilaparvata lugens, so as to provide a basis for investigating the synergy between these proteins in magnetoreception and the
physiological regulation of the magnetic field in insects. [Methods] The interaction between N. lugens Cry1/Cry 2 and IscAl
was verified using yeast, two hybrid technology. The RNAi (RNA interference) silencing model of Cryl/IscAl gene was
established in 3™ instar nymphs and 1-day-old adults and the silencing efficiency of these two genes detected by RT-qPCR.
The duration of the nymph period and the oviposition rate of silenced individuals were measured. [Results] There is an

interaction between Cryl and IscAl in N. lugens but not between Cry2 and IscAl. The RNAIi silencing model of the Cryl/
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IscAl gene was successfully established in 3" instar nymphs and 1-day-old adults; the silencing efficiency of these two genes

was > 70% on the 2nd, 4th and 6th day after dSRNA injection. There was no change in the duration of the nymph period after

Cryl/IscAl gene silencing but oviposition was significantly inhibited. [Conclusion] Cryl interacts with IscAl in N. lugens

and plays an important role in the reproduction of this species.

Key words cryptochrome; iron-sulfur cluster assembly 1; magnetoreception; Nilaparvata lugens
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dtfeekia) B ARG, X $6m )1 2 B AT K- F1
M Horar, I LABCYYES BORMEH] . WH9E R4
5 B BUAE N 9T 22 Sl W T T LA b 1% 33 7 1)
Fi ( Camlitepe and Stradling, 1995; Boles and
Lohmann, 2003 ; Lohmann et al., 2004 ; Wiltschko
and Wiltschko, 2005; Dennis et al., 2007 ; Guerra
et al., 2014; Veronika et al., 2014; Xu et al.,
2017 ). HLREZER T W] LA sh W A 617 0 ) 5
ALt , SR ARARTR 2 A4 Ui A B AE AR 25
PR — BN o WFFE R IR o X - ) HE
FRNG % P2 A AR R R BE 520 ( Brewer, 1979
Strand et al., 1983 ); BRI 2245y 55 e
( Denegre et al., 1998; Valles, 2002 ), 7EEH
RS R B, Hok B AL AZ 2 RE  1 52
( Proli¢ and Nenadovic, 1995; Raus et al., 2009;
Wan et al., 2014 ),

H A A YRSz s, 2R DT
JURILER TR I RESZ ML L DCHO/ Y
F FH 3 X6 SR 2 ML) R R 1 B 1 A 0 48 P A
R BT RGBT WG RS2 HLTRA S A= R 9 1
o W T 00 A R 4 SRR BT R 9 A T Aol A= 37
RG2S (Kirschvink et al., 2001 ), TGk
B R R % 2% 52 ML TR DN Sy S A2 O AN
SR E MR, ANTR B B SR TP iU A
e, AT E AR Iy T IO T L 7153
F7 A — X I s X ) [ FR X, TR AR A AT
DASZNA B B A BERAS , 2R WTESE — ]
2 BRI E B (Ritz et al., 20105 FRAL
%4, 2013 ), e ZE ( Cryptochrome, Cry) fE
R G R TA  T OGO Y B H X
B2 (Gegear et al., 2008, 2010), FEHEHIFTHY

AR, 2015 AFEE R0 R bhl A BATE R S i
FP R T —MBEAEAREN Cry MEKImE
1 (Iron-sulfur cluster assembly 1, IscAl, X
#{FR A Magnetoreceptor protein, MagR ) £ %1k
B EAE AWK, ZE KA, 8k
Al RER RGN 251, A4 i w1k 2 1 AR e
AR (Qineral., 2015).,
bR ENE TOURM R, iR
A — 4% 1 fiR( Flavin adenine dinucleotide, FAD )
SEATESZ BRI 5 7T A28 H i 2EXT (Ritz
et al., 2010), SIPRIBIEER 200 2 2%
— R EORIURR, VR AR AZ B BT AR
FNRIEN, XERIE ARG | MR AER
(Cryl ); 7—FX AR, 1E APt ¢
[K-F Cycle/Bmall fy#l§I A+, 253k NA4:
Yreh o SR Y , X SRR AL R B AR T BURR A
% (Cry2) ( Griffin ef al., 1999; Zhu ef al.,
2005 ), TERHMBAYFRONTR T, RAEAR
EAWMENS S5HT, s iR e R E
P 356 PR 18 3 3k KT 2 1 52 i B RO R RN A B
(Wan et al., 2014), (B2, KXFRIEORER
Ho R B A AR AR R AN TG 4E R 4R
FE—FhZobifh B, EAEET L&A Fe-S
JF, AR L85 ( Meyer, 2008 ),
[ e BB S AR | R R bR R e AN R SRk
BRI AETPTEE/EM (Jensen and Culotta,
2000; Kautetal., 2000 ). e iIRIFSE 3 B4R G
TR 1 Y H - A s 1 A B - A A A
AFLA ] 3 f XS A — DS R G,
ML A i S B - — S A B (Xiao
et al., 2020 ), At HATKT Cry/lscAl 7E4EH)
WEIEAZ A R h BRIV E ], R EEAR TR RS T
TR B, i = PR EAX AR ) S TR
I H B AL B R & e R Fh b ) 2 RUAT iy 22
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S, WERh B i) B AR (0 3R B 1 S R A AL
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A5 DL R R RS R EL Nilaparvata
lugens NWFFERTG, FIHBEREARAE R GiAE HA%
A oo R EBRAE B R B 1 Cry1/Cry2 FIERHR
EEE A IscAl BAHEAEF#EAT T 90k [FEE, 45
I Cry1/IscAl PLERfE# G EE By A A ™ R 4
PIE/R Cryl/IscAl 7e4 CEUR B A FE L R
RARMAERT, S 5 B 28 I RE IRz T RE AT 5 12
HESLRE

1 MRE5AEE

1.1 #HREH

R DR A A AL R AR R A R
BEAELT B IS o SRS IR A A
XHEJE 80%+5%, HEL (26+1)°C, JJHMI L14
D10, HEKAS N S @hh Ff TNT, ey
10-15 em /KA R4S CEVEIHA LS Pir i (19 i
3, M)A 2 d SR 1 UOKREH

1.2 R

RIS h B HIE N B RE N Tk
FFE (TWIRIEY ), s TS (L g
PRI S TRARAF ). - 80 CHEMKIR
VK ( HA Sanyo AF ). #ai/KRZRSE (fEE
Milli-Q A F] ). 5% B0 HL(FEE Eppendorf
oA RS (2E WPL/ZAH] ), PCR Y
( & ABI A H] ), BRIk &5 ( 52 Bio-Rad
o)) EER UG R GE( 2 Proteinsimple 23 F] ).
P PCR AL (3£ ABIAH] ),

SN o Sl o RO R 7.0 P T 7l - 7.0 =
(PEMEREAN ] ). DNA BRG] & ( RARAEL
vEl ), Peasy-T3 #fk (4303 ). Y2HGold
JAZ AN (IR AT ). Trizol ( EH
Invitrogen A H] ), G #AF] & ( HA TaKaRa
/A7) ). Fast SYBR Green Master Mix ( 35 [H
Thermo A7 ). pGADT7. pGBKT7 #4& ( HA
Clontech A ] ),

13 BEBNRZWIEFHEE

131 FixFHMEHE MHE NCBI {15 Kl
Cryl/Cry2 Rl IscAl ST, Bt W iy)
{3745, ( Cryl: EcoRl/BamH1, Cry2 fl IscAl: Ndel/
EcoR1) W59 (£ 1), MHE KAl cDNA e
IR FE R B FF A FEHE ( Open reading frame,
ORF ), il i [l [ 2 /) 77 =0k ORF i BLayli%e
BB LML pGADTT Ml pGBKT7 4844 (1K 1)
I, HJ# pGADT7-Cryl ( AD-Cryl ), pGADT7-
Cry2 ( AD-Cry2 ) #l1 pGBKT7-IscAl ( BD-IscAl )
FARER, TR T

1.3.2  HEE CKRIT IES P BRI L E A
#| Y2HGold Bz 84T maRis . il
HHALA 43 H . pGADT7+pGBKT7 ( 5% ); AD-
Cryl+pGBKT7. AD-Cry2 pGBKT7. pGADT7+
BD-IscAl ( #MEATH #IE KM ); AD-Cryl1+BD-
IscAl. AD-Cry2+BD-IscAl (iIo4H ). Ak
BANF . 50K Y2HGold [z S 40 - 80 °C
MR VKA T B O T ok Eaidk, BBk S
Fok EFEATHA, 100 °C& ¥k 15 min ¥ Carrier
DNA b5 POECE Tok s SRJ51H 50 uL B2
Fil Ak 1 SRR AZ 25 A0 AR U A TS R 9 B A T
$i 5 pg. Carrier DNA 5 uL F1 PEG/LiAC 250 pL,
FEMAT 3 WM HFE SR S), 42 °CIRIA 20 min;
ZIE B 10 s £ BV sJa mbiEom
200 pL ddH20 H&¥, JHRT SD-Leu-Trp #il
SD-Leu-Trp-His V-4, T 29 °CHid%.

1.4 ETF RNAI HEYRBHEEEELMER
EEAEETRERNNE

1.41 dsRNAARSEST RIEE CE Cryl Al
IscAl #:H Y cDNA J¥H, &it51y (£ 1) &
B dsRNA, I3 i o il 56 1 O X048 K m ik
P3EAUTER . WATES B RT . B eR
PR IR 0 1 4B KL 3 825 FPIALEE 1 K
PR, AR TR KR T BB R b, 1)
A TR E A AR, R RE; SR
Je e AT ST HES AT IR BB A L 5 2 )5 R
FH AR SO 48 G EUM 2R 1 XA 2 X 2 P
EASE B A T 5 5 R o S 4 R BV T
KAEE R IR
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x1 REHAASY
Table 1 Primers in the experiment

CIE/EA S gl FHi
Primer names Sequences (5'-3") Usage
AD-Cry1-F GCCATGGAGGCCAGTGAATTCATGTCGGATGAGATGAG Cryl ZHREEAS Y
Primers of Cryl gene
AD-Cryl-R CAGCTCGAGCTCGATGGATCCGGTAGGAACGCATACGTGATCA 100010 00us recombination
AD-Cry2-F GACGTACCAGATTACGCTCATATGACAGGTGAGGTGGTTCCAT  Cry2 JEH R J5 H 4514
AD-Crv2.R TATCGATGCCCACCCGGGTGGAACTTGTGCATAATGAACCGCTT  Primers of Cry2 gene
Lrys- C homologous recombination
TGATCTCAGAGGAGGACCTGCATATGGCTGGACGAGTTTTA ,
BD-IscAl-F ng CTCAGAGGAGGACCTGC GGCTGGACGAG S Iscar FHEHFEEAS Y
CGCTGCAGGTCGACGGATCCCCGGGAAGACTGAAAAGCTTTC Primers of IscA[ gene
BD-IscA1-R homologous recombination
GCCGCAG
NI-Cryl-dsRNA-F  TAATACGACTCACTATAGGGGTGGGGTTCCACCGCTAACTTA Cryl ZERVUERG 1Y)
Primers of Cryl gene
NI-Cryl-dsRNA-R  TAATACGACTCACTATAGGGCCTCGTAGGCACGCATATTGAA silencing
Nl-IscA1-dsSRNA-F TAATACGACTCACTATAGGGAGAGCAGCACTGGTTTTGACAC IscAl FEHULERG Y

Primers of IscAl

Nl-IscA1-dsRNA-R  TAATACGACTCACTATAGGGGCTTTTGCATCTATTATGACGC . -
gene silencing

GFP-dsRNA-F TAATACGACTCACTATAGGGACGTAAACGGCCACAAGTTC St REZHE Y
GFP-dsRNA-R TAATACGACTCACTATAGGGTGTTCTGCTGGTAGTGGTCG Primers of control group
NI-Cryl-gPCR-F ~ ATGTCCGATGAGATGAGTG Cryl KOG E T

Primers of Cryl
gene RT-qPCR

Nl-IscA1-qPCR-F  AGACTCATATAGACGATGTTAA IscAl FEHPECE TP

Primers of IscAl
gene RT-qPCR

Nl-Actin-gPCR-F ~ CCAACCGTGAGAAGATGACC WSEET|Y)

Primers of internal
reference gene

NI-Cryl-qPCR-R TATGAAGATTGGATAGAAGTTGTG

NI-IscA1-qPCR-R CCTCCAATGTCCTCTAAC

NI-Actin-qgPCR-R  GATGTCACGCACGATTTCAC

Hind ||
(738)

™

Hind ||
(6 544)\_

m HA epitope tag A c-Myc epitope tag
HA RAHR% c-Myc FRAAREE

B 1 pGADT7 #1 pGBKT7 #ik &L
Fig. 1 Vector map of pGADT7 and pGBKT7

1.42 RT-QPCRIMEAZZEMM 4T dsRNA 3R, XFEMIEAT RNA #2838, [ ¢cDNA
HRE, FEESESE 2 K. A 4 KRFIES 6 K J5i % ABI Q6 Real-time PCR system X & [K
HOREAS I TR AR . FEANAEBRFEALIOCRE 5 3k, & RIBAEFEATREI . NS IR KEL B-Actin
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A ( GenBank accession no. EU179846 ). i
FNWFIP I 1,

15 ERERRBEEEHRARSIT

P75 dsRNA ( dsGFP:15 3k ; dsNI-Cryl:17
ks dsIscA1:19 3k ) SRR 3 134 K ELA R
MMETEHAL 4.5 cm, B 15 em AUBLES I Thit
TSR o BEHRAS HOiCAE 2 MR 4R AL 2 1 K A
B S CEURCE, KRS T AR B 8 7RI A
DMENGSCE TR, Mg BT 48, DARE s
TCELE AR K TR IE R B o R AR S T g
5o BRMEL M CEFUKRE T ARG B,
MRAEKFE RO, S — R i . R il
PUE AR IC 3 B, RS H IR Ak A7
M3 0% B A R 22 0 A Y

16 EREMBRBEEPEST

XEREES 1 KA CEUL BT dsRNA 78
SHE CRAFEE 20 SkMfEdy, 40 kMl ), %M
1 : 2 BYMEME B BEF TR, 1735 T5 1.5 shdik
AR R A, AR O SR 12 em
FEAT KRG T AEAE R B0 B R4 K EURTZK
TP PG LA TIREE , TE5E 5 ORI, G445 %
VAL KRR L, B e 0 2
G XTI R S S A T O A KR 1
W, RS T AR, eitET S d i
DIEE . 55 10 KRBT, F CEA BN LG,

pGADT7-T+pGBKT7-53 ( FHM:XTHH )
AD-Cry2+BD-IscAl
AD-Cry1+BD-IscAl
pGADT7+BD-IscAl
AD-Cry2+pGBKT7
AD-Cryl+pGBKT7

pGADT7+ pGBKT7

TEARUESE T A, Seit 5-10 d =on
B MR 1-5d F15-10 d PRIR 202 il

17 HESHT

BdE R SPSS 20.0 #1742 114387, GraphPad
Prism 7.0 #1748, Kl DOV 8ebn il iR 25 3R
N o BEPR FRIK B AT U R TR R Oy 22 53
i, FEENE R WRE Student-£ test $EFT04, P <
0.05 MA WEMESR.

2 GBRE59H

21 BEBREASHMERRLE

M 2 MOZE ST AL, Ak T BH T IR
pGADT7-T+pGBKT7-53 HIEER: 7 SD-Leu-Trp
F1 SD-Leu-Trp-His AY°F-#i_E¥fgE K, RISk
BBEERE R ; #5467 pGADT7+pGBKT7. AD-
Cryl+pGBKT7. AD-Cry2+pGBKT7. pGADT7+
BD-IscAl MR RE R #SEZE SD-Leu-Trp P-4 /=
K, HEER/N—3, Ui RE AR B4
FEEXT Y2HGold bR K Jomt:, iRk
A K AR A MHIVEH . AD-Cryl+pGBKT7., AD-
Cry2+pGBKT7 . pGADT7+BD-IscA1 44 {LBEEE
B 7E SD-Leu-Trp-His L ANREAE K, R ik
3 HAMARRIB RS B A AHE H IS Y2HGold
PR B i 5 L R L3548 T AD-Cry 1+BD-IscAl
AD-Cry2+BD-IscAl HEREE 4] LITE SD-Leu-

B2 HENESE Y2HGold 7E SD-Leu-Trp E4 ( A) 7 SD-Trp-His 47 ( B) £KI{EFR
Fig. 2 Growth of co-transformed yeast cells Y2HGold on SD-Leu-Trp (A/C) and SD-Leu-Trp-His (B/D)
a: JFVRRE; b FoRE 10 f%; o BB 100 %5 d: FikE 1000 £,
a: Original concentration; b: Diluted 10 times; c: Diluted 100 times; d: Diluted 1 000 times.
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Trp “PAR EAEK, B H A4 T AD-Cry1+BD-
IscAl BYF#RFEBEFE SD-Leu-Trp-His ~F# 4=
K, i AD-Cry2+BD-IscAl HYEFEEE JCIEAE SD-
Leu-Trp-His i B4, EH] Cryl # IscAl 1Y
A IS T Y2HGold BERFEY His )55
, M HAELE SD-Leu-Trp-His “FAk A=K ;
M Cry2 Fl IscAl [URlG & FARBERAS Y2HGold
PRERETRT Y His #5518, Jo¥A7E SD-Leu-Trp-His
Tt EAEK EAREERBE Cryl 5 IscAl Z[H]
FEEMEAER.

3 BB dsSRNA
1.5 ‘A Injection of dsRNA at 3rd instar
E 1 dsGFP =1 dsNI-Cry!
I < ok sk *k
AT N e
= &
2%
E9 05¢
SE ﬁ
Q
P 0 1 Il I_—j N e
2 4 6
KH (d) Days (d)
151
'S C  dsGFP = dsNl-IscAl
(3
g]g < *% *% *k
" é 1.0F — —
< 8§
Z <
Q
EZost
<8
é 0 L Il ljj 1 il
2 4 6

K¥ (d) Days (d)

22 EHERBRHE

Cryl WUTBRRCREE R, 2 HURR
S dsRNA J5 Cryl SR YREAS 1A 50T ER . 75 1
TS dsNI-Cryl J555 2 RUTEBRACE K 70%, 45 4
KN 6 RUTERFCRIEE] 80% (& 3: A); B
HIUTERBCR R E] 80% (1K 3. B )o Xt IscAl K&
(TR SCRAG I 25 R 2B, 123 P B BE WA 4L
DIER . TR RIS R, IscAl FER B TTERRCR
¥35%8]90% (Kl 3: C, D).

BB 1 RS dsRNA
1.5 B Injection of dsRNA at 1st day of adult

K [ dsGFP =1 dsNI-Cryl
I} < ** sk **
et 5T
< 2

g
%30&
S

(]

M 0 P | 1 I;_r_l 1 I___l;|

2 4 6
K¥ (d) Days (d)
1.5¢

e |D dsGFP = dsNl-Iscdl

Q
% z %k skok |i|
Kz of = = =
<

~
23
S 05F

>
S

~ 0 1 I P i |

2 4 6

K¥ (d) Days (d)

3 Cryl ZE IscAl ERE BT ZR
Fig. 3 The RNA.I efficiency for Cryl and IscAl

A. 3 TS dsRNA J5 Cryl mRNA FRikt; B, B HUCHEE 1 K4 dsRNA J5 Cryl mRNA F£ikfE; C.3
I HUVITEST dsRNA & IscAl mRNA Kikdt; D, HUPAEES | RTEST dsRNA J& IscAT mRNA ik,
A. The relative Cryl mRNA level after injection of dsRNA at 3rd instar; B. The relative Cryl mRNA level after
injection of dsRNA at 1st day of adult; C. The relative IscA] mRNA level after injection of dsRNA at 3rd instar; D. The
relative IscA1 mRNA level after injection of dsRNA at 1st day of adult.

X kK FREM S dsGFP J5 Cryl/IscAl {HITHE (n=3), **FIRIEFFIXESE P<0.01 KFEEFEE,
The relative expression level was quantified with regard to the Cryl/IscA1 value injected with dsGFP (n = 3).
** indicates significant difference of gene expression at the 0.01 level.

2.3 ERIAMXBE CE SRR

ZRAR R T EZT R, Cryl FEHRVTERXT
¥y KECE R T TCEH B IscAl FERUTERXS

iy REE B AN TC I s (& 4),
Z W Student’s t-test 3BT AP, Cryl Hi
IscAT JE D<A TURRO e 6 mU R ™ B B AT 2 My
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Wi, SXFRRAIAHLE, RS dsNI-Cryl e CEE
1-5 K. 55 6-10 KDL S 7= O i i 35 1 T %
TS dsNI-IscA T B9 CELES 1-5 KA ™ O i
T, (HARAREMZSR, T8 6-10 KLU
A 7= B e 25 B S RERAEG (TR S ),

ns

8 —
ns
—_—
——

6L p——
wa
8

4 -
&
K

2 -

0 dsGFP dsNI-Cryl dsNI-IscAl

A Genes

B 4 Cryl/iscAl ERMEE 3 #4%E RBIRK HHH
Fig. 4 Developmental durations of nymphy
from the third instar to the adult of BPH
after Cryl1/IscAl gene silencing

ns KRABFABERTRE, TEE,
ns indicates no significant difference among the different
groups. The same below.

*kk

-
150 - — 4sGFP .
2 ==1dsNI-Cryl —
& B dSNI-IscAl .
100
4 ns skkk
I T
“ 50
'ﬂiﬂ
s LLE il
0 1 I__:__| 1
1-5 6-10 Iy
1-5 1-5 Total
PHLERE (d)

Days after emergence (d)

B 5 Cryl/iscAl EERBKE#E CRA~NE
Fig. 5 The number of eggs of BPH after
Cry1/IscAl silencing

#EFORPEIIRAE P<0.001 /K 25 B,
*** indicates significant difference of number
of eggs at the 0.01 level.

3 itig
T VA W R M R 0 B T, TR

BT A A IR ML B A X R
fEREAMERBEEDZECH 2 i
ZARE N, (BRHEZ RS T —E
= AE B AE Y P ) SE R o AR i e R
WAL RS, fE AL AR NS T & Z M H
1, TRIEFIESE T HAE B UL & A G i

PR WA A8 2R G0 FH T FAZ AR W vl e 2R
HEZS SR, B B Uk . @ e me b,
YR N FIRE T, AR E R T RIS
T AR AE RN I SRS s R, PR RE 3T
RGN RB B TRA 97, faEN
RERS R /K- R35 , BV 8 1 22 Bl A BAE AR
SR 45 A LU B IR RE A I iR ( White,
1996; Gietz and Woods, 2002 ). fEiZ&R ST,
A AFAEAREAE TR 22 9 A RROS T Uidie 2 5E
L, TS ATE SRR B 5 EA K Ak bk
ik Cryl+IscAl @& & HEEREFE T LIZE SD-
Leu-Trp-His 35583 FAK, MiFKiA Cry2+IscAl
RGO CEEE SD-Leu-Trp-His 137
AR, £ Cryl 5 IscAl fAEMEAER,
1M Cry2 5 IscAl ZIATCAEAEH] . Xy
I 0S DR TR, 38 HL e fb A B 3
ik 34K AD-Cryl+BD-IscAl #l AD-Cry2+BD-
IscAl W £ W 5 pGADT7+pGBKT7 . AD-
Cryl+pGBKT7., AD-Cry2+pGBKT7. pGADT7+
BD-IscAl HJE#HFR7E SD-Leu-Trp-His -4 LAY
HRAED, X BATE SD-Leu-Trp-His “F-# | LA #%
BT Rl A R A RB BRI EE T ALK, Ha
TERETR AR, HEBR T & 10 [ 3R BE
HREEMEN . CAMREY FAD 45850 fig
J& Cry 5 IscAl EHMEAEHK—H 2 (Qin
et al., 2015), Ail, FHX T4 KA Cryl
Cry2 MEASHWMN ER, 76 2 FiZEA Cry &
HHIFEAE FAD 45688 (Xu er al., 2015), T
AW A EA Cryl 5 IscAl ZEIfFAEEAE,
WD FAD 15MEQ S AE Cry2 Tl REfFERAE, &
5 IscAl TRk RAEAMEAER, Btk AR
HEBR Cryl 5 IscAl Z A1) BEAFAE & VE
R, A JE T AR By T T R AH S HIESY

Az Ay 5 DKL IR L 3l ) 1 A B ek AR R
AATEER VR (258 35, 2013 ), 7EMFELEN
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Y8 TR ERRER NS Bmall/Clock/
Perl/Per2/Cryl Fl Cry2 J£[H ( Ratajczak et al.,
2010), JfH. Perl/Per2 ¥l Bmall H:P{7EHon4s
AR R IE ( Kennaway ef al., 2003 ); [A]
B} Clock S5UP#IRY % B M ( Shimizu et al.,
2012 ), TR AP Bh 3L R 5 AL 5l o3 W i A 2% D) A
Ko AIRIHVUIER Cryl FER A KA HHE
TR, BUAESE T Cryl FERTER dAE s p
REEVEN, [ BRAE AR E A2 5t
B A AR AR SR B TR . A ARl R B,
Cryl FERUIBRIG# CELW A U % &4
AR PR TR AT A I R %ot L e D ) R e A
BB AR Cryl SRR LH (Wan
et al., 2014 ), ALK IscAl FERPUERE
M QAW PO & A B E R AR A, S X R
FHLE, DUBR AR 77 B i b 2Pk TR, R IscAl
5k A A FE L UIAR G o R B VR 2k
KRR E, 25T HENMREE R, FHEe ]
T SO T 1 P W A e R A A B TR AR AR K1
FER (Kauteral., 2000 ), ItAh, A=#p4:#Y
AP T AR EE LR B OGSl s 72 A AL
il A E. 38 ( Wijnen and Young, 2006 ), 5%
& B BR AR B PRI A o R AR AR o R AR
WA, S AR Y e S O PR IR Y, ST
WAL A 5 A . Kosmidis %5 (2011 ) 7606
PR 5 J5T A L e SRR AR I, (A5 5 Bk
BREAME, SECRRER AR,
Mandilaras Fll Missirlis (2012 ) BFkmiizE =T
PGB, R SRR AER AL Agerh
BB E AU e R T REUT R
AR, T e REVESE . 2R RS 55
T g e G B B A R AT DR TR R I T
Vet — 2D HR5%

AN, T R R AL B AUESE Cryl #
IscAl A Z A EAEH, RUZHEER K
A AETE TR — {5 5 i b s AR DBk 45
WoR, PIEE TR A RS CE IR T
K%, 10 IscAl B BISEIHG , 76 6-10 d B4 H
B, HEMAEAS 538 1 IscA T FEPRmT GEA T %
g, EBYFEEE TN Cryl ZEEN S T8 K
A AR FERTE o E B R S LT RE NS S

T E M — T .

ZE LRTIR, AWFSEUESE T KER LR E
F Cryl S48 1 IesAl Z M fAAEAH EAER,
TR R NAATERN PR R G RIEEG A
[fl; [, JRAEYIRN Cry #EH/IscAl B HE
TR A7 A R R AT U R A AR AL T 7 B A
YIS e e . [FIRTIFGE IR LB, Cryl 1648
REW B R A EEEH, N Cryl 4%
ARG CEVE S TR s B TG o TscAl &
FIEE KA 5 P A T 6 4 e R A 0 3% %o 48
REVE S R PR AL TR T 1]
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