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Abstract: Amino acids-derived cyanogenic glucosides catalyzing by plant cytochrome P450 enzymes are plant secondary
metabolism, which is related to plant defense and anti-stress. A gene of cytochrome P450( namely MoCYP71, GenBank
ID is MK172858) from Malania oleifera was isolated and cloned through analyzing the transcriptome of M. oleifera, then
its function was analyzed by bioinformatics analysis, and the expression of MoCYP71 in different developmental periods
of fruit was detected. The results were as follows: MoCYP71 gene has 1 572 bp, encodes 523 amid acids, and its se-
quence of cDNA has 88% identity with the CYP71 ¢DNA of Coffea eugenioides (XM_027319282) and Coffea arabica
(XM_027213456) ; The relative molecular weight of MoCYP71 protein was 58 976.54, the theoretical pI was 8.10, the
molecular formula was CygsH, 0 Nsos 05,,S,, , the instability index (1) was 40.84, and the protein belonged to an instable
protein; There had no siginal peptide in this protein sequence, and the protein exists in the secretion pathway and con-
tained two transmembrane structure, located in the protein sequences of 20—37 and 311-333, and the transmembrane
sites anchored in the organelle membrane; MoCYP71 had all the conserved domain of CYP family, containing proline-
rich region (PPSPPRLP) , K helix region( KETFR) , I helix region( GGIDTS) , PERF domain( PERF) and the main
identified feature heme-binding region (FGAGRRICPG) , and the protein MoCYP71 and the CYP71E protein in Theo-
broma cacao, Durio zibethinus, Sorghum bicolor( GenBank ID is E0X92908.1, XP_022773875.1and AAC39318.1, re-
spectively) clustered into one clan; The expression level of MoCYP71 gene reduced gradually in the first three months
after blossom fading, particularly, 1st month the fruit after blossom fading> 2nd month> 3rd month, however, its ex-

pression level increased sharply in 4th month. The present study had a important significance to defense to insect pests,

40 %

tissue ripening and secondary metabolism digging in Malania oleifera.

Key words: Malania oleifera, CYPT71 gene, cyanogenic glucosides, bioinformatics analysis, gene expression

5k B ( Malania oleifera) > J& T & 5 W B
( Olacaceae) , HF& EFEA 1Y S0P & WS ALY , 1L 5%
T = 7R SR A PE PY AR (X ME R S5, 2007)
TE RSk R IL A A R e B b 2 5 A
PR AR ETREEFRATRLEY
(Tang et al., 2013) ; X /& R A 9 W o F2 P 75
Mo, R amAa b i kiaw
(Gleadow & Moller, 2014 ) , i 3@ % 1% % At 9 h
R EE BEFa 2 Mo A7 7 T 40 i 1 X = 7 ( Morant et
al., 2008) , fH S A 1Y) 5 3 B iR AR R, SUH B
S % i 1 R RN AR 0 DR A L 42 F (Anne
Vinther et al., 2008 ; Jorgensen et al., 2011)

ALY & — X N B B AR L &9,
SRR Y S I GO R b ) 41 € aa3
SECH TR 1 355 P T BEL VBT 200 f P i, 71 R L R A M
Az i (Nelson, 2006a) . HUH A9 AE W) G gk 42 1 IR
TE &= 3 ( Sorghum bicolor ) W' [ Bl ( Jones et al.,
1999 ; Gleadow & Moller, 2014) , & % h & 1 2 1
A E RGE R TR T 3 A S5 A IR A 4 W R
A W) RE 1) 22 DI BEAN I (A 3R P450(CYPT9AT Al
CYPT1EL) Fl—A> AT %5 1) UDP G- % ¥ Jk e % il

(UGT85B1) ( Halkier et al., 1995; Bak et al.,
1998; Jones et al., 1999) , HH CYP79A1 1 574
TS R AL p-#2 28 W 5 ( p-hydroxypheny-
lacetaldoxime ) ; CYP71E1 17 365 p-34 32 2 5 i
AL p-FR 7K NG, CYPTIEL X 44 4-¥2 30K
Z T B5 B %A B ( 4-hydroxyphenylacetaldehyde
oxime monooxygenase ) ( Xie et 2017 )
UGT85B1 T 53 7£ p-#2 3 % & BN ( p-hydroxyman-
delonitrile ) - ¥5 i1 85 28 4 35 A= 1 %5 28 1F ( dhurrin)
S ) CYPTIEL B )& T CYP71 Z % (Xie et
al., 2017) ,{H CYP71 ZRJi% i 3 PR A 7 K8 1)
REAL BT DR fb 1Y 2 B A i 5 20, X1 i AE
YL’ IF (Arabidopsis thaliana) CYP71 ZK % H 1Y
52 AR 3 T CYPT1A I CYPT1B FA L5
% ( Paquette et al., 2000; Nelson et al., 2004 ),
CYPTl KX JG M I R 2 W+ &
(Jorgensen et al., 2011) , KL X} CYP71 Rt FH A
B HAR ) BE € AATE —E IR E, B AT, BFSEA
53 LRI IT ( Bak et al., 2001) . K& ( Guttikonda et
al., 2010) 55 Z ALY 0 B A5 B 2 50 CYPT1 K
FEH L H 1 R K55k B (Malania oleifera ) 77 1]

al.,
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CYPT1 SENAHRIE . AR ERERK 3 A M5
S RS SR AL Y, MG S A A i R
345 CYP FEH (54 MoCYPT1) , %l RT-PCR %
RIEHERIFZ I 4K DNA, I FLE W15 B2E 5
BT 8 7 o L v A Dy B AT T, P RGE )  3 A
RS AR A & B Rk, ik — B i 5T
Sk SRR S R A AR T AR A R 4B R 6
Ak A= Wy A SRR e A B AL ) 25 5 L

1 #HEF®

1.1 #F#

MAERK T A SCIN T/ B IHEE S 2 iR
Mrask S Bl REALWE 1A 2 4 34
A4 AR, R R A I A Sy % B 0K
R RE A A PR A B S = T
-80 CkFHH &M .

1.2 #HRES TS RNA 12E

WAE G 3 A B 55 Sk AR 50 5% B4R R
PEATHE SN | 38 53 X 7% S 4H Unigene 51745 3
Blast, Jf ¥ # Unigene #£ NR. NT. Swiss-Prot,
KEGG ,COG GO % $4i 72 i it A7 i B A4 A, 3+
Homr kR R L AT R CYPTL BN, %8
Qiagen Plant RNA $2 Ui 7] £ 156 B 45 14 25 B 42 Bt
ik LSRN F A B RNA L FH 1% B3 RE 15 46
JrAFE i RNA 588 M, BT pg 75 & ke %
SR RNA #5147 5% 515 3 cDNA K cDNA PRAFAE
=20 CoKFEH &M .

1.3 53R MoCYP71 HEE =&

X R Sk SR SR 2 B Ay BT, AR AR R A
o HLAHA S8 B IF i B S AE Y CYP JE IR, DAARAR (Y
CYP B:HJP 4, it & AR R % 6+ A 5 54
( MoCYP71F: 5'-ATGCACTTGAGCTTCCAAAG-3")
&AL % R 5519 (MoCYPTIR: 5'-
GGTATAATTGGGATGCATAG-3") o Dhgrk B 5
cDNA AR, ] Hiki & ff B3R G W17 PCR 97
B, R PKORI 8 R H B R B R R pOMT Ak
b B4k TP PCR G2 AR5 % MoCYPT1 3 (1)
PR e e, 3% g A Ty | d5e 2438 3 3 91 L X
SERAG MoCYPT1 J:H 4K ¢DNA, I K A PR A7 1E

-80 C VKA .
1.4 MoCYP71 MR BF 0

JH ORF Finder( https ; //www.ncbi.nlm. nih. gov/
orffinder/ ) Xf CYP71 K& [} 4T Bl 4K 13 HL & A%
51, H ProtParam ( https://web. expasy. org/prot-
param/) . CDD ( https://www. ncbi. nlm. nih. gov/
Structure/cdd/wrpsb. cgi ) . TMHMM ( http://www.
cbs. dtu. dk/services/ TMHMM/ ) 4§ 43 HT MoCYP71
AR BRAG PR BT | R ST 5 AL Sl T B2 5 25 4 B, O
DNAMAN Fb % A 56 2[R VR 7 31) , #fi &8 MoCYP71
PRSP A, KRSk R MoCYPT1 32 5 NCBI
e HABR Y Y CYP AT 2 E X, I
JH MEGAT 1 &8 A 4% 1 ( Neighbor-joining ) 14
Iy T RGN
1.5 5358 MoCYPT1 EEA LR HRKIK N

A3 S BUR Sk ORI L) RNA 2 wg, O FE 5
A cDNA 55— 55k, DAATF L2 cDNA g #
B2, 145 5 519 TMoCYPT1F (5'-ACCGCCGTCGC-
CCAATCTTC-3") #1 TMoCYP71R ( 5'-AACAGAG-
CATGAGGACTTGG-3") #4792 )t 5E i PCR 43 #T,
Jf-LA elongation factor 1-alpha 3& K E Ry NZRE
FLR B R R R 40T 20 5 1 PCR A R im A 2%
SYBR Green master mix ( 7% ROX) 12.5 uL. 5%
TMoCYP71F Fll TMoCYP71R 4% 0.5 pL.,cDNA 1
L, 2 PCR water nucle-free £ & 25 pwL, PCR
BB 25 B S, BUE PRI BE 95 °C, F{E] 10 min;
IRJe AEVERLBE 95 °C I IE) 15 s 3 de ), 1B ORAE fif
HEEH 60 C L, BFH R 30 s, 3k 40 MBI, S 4S
WA R AR B C a2 T

2 HREHM

2.1 753k 8 MoCYP71 EE M =&

i IR 7 Sk R SR 2 B 1 A T, RS — A%
FE W) 4 B €5 2 P450 AH OGS DNA J¥ 41, Jf LI R
FERH 147 5 519 MoCYP71F 1 MoCYP71R, LA
Bk RAL L cDNA AT PCR 373, 315
— 2K 1572 bp i) cDNA 531 (1) K HAr 4 A
MoCYP71 %X ( GenBank & 5% 5 & MK172858)
¥ MoCYPT1 KK 9 ¢DNA J¥ % 7£ NCBI | # 47
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Blast [t %f, % 8% & A 9 cDNA JF 51 5 o ik
( Coffea eugenioides, XM _027319282) . /N & i mE
( Coffea arabica ,XM_027213456) ' % A% 42 47 41 ffd
3R P450 FE[H 1) mRNA J¥ 51 £ 4 88% i) — Bk,

10000 bp
6000 bp
4000 bp
3000 bp

8000 bp
5000 bp

2000 bp

1000 bp

Bl 1 MoCYPT1 B:H (¥ 5i b Jr B
Fig. 1 Cloning fragment of MoCYP71 gene

2.2 MoCYPTl EE R EEBWENBEEFESH
MoCYPT71 LN 7] 4 i 523 A& R, ¥
FEWR TN TE NCBI i 47 Blast [bXf, & 3% & H
515 5 (Sorghum bicolor) H1 4t 4-35 4% £, [ 5 H4.
S4B ( Bak et al., 1998) (4-hydroxyphenylacetal-
dehyde oxime monooxygenase, EC:1.14.14.37) ) 4
il 1 % P450 H H ( GenBank # 3% 5 K
AAC39318.1) B—E kN 58% ,4-F27K T fi5 24
AR T CYP71 K%, MoCYP71 W 4&¥1{5 B 2%
SRR BN, ZE AWM ST R R
58 976.54, # i 45 ML A1 pl ky 8.10, 4 T X H
CogrsHaigaN700 0708, , ANFUE R AL (1) Ky 40.84, /&
—FPANRRE B 5 R A RS 5 K, A e T 4)
WIEAR &G A B S5, 4 BT 20 ~ 37 1
311 ~333 o {2 Jik 2 Ay 155 S 6t /K BB e, il o T 4
Moes b Bk A MoCYP71 B SR A%
( Manihot esculenta) TR IT ( Arabidopsis thaliana)

B CYP71 % J% % H ( GenBank % 3% 5 7 % K
048958 .Q6XQ14 F1 Q9LVD2.1) #17 [a] J§ % 41 kb
XF, & MoCYP71 28 1 ELAH W) 4 Jif 8 % P450 1)
P sFa e (K 2), A RS £ KX
( PPSPPRLP ) . K #2 Jig¢ ( KETFR ), K I #2 Jig
(GGIDTS) .PERF 5 (PERF) I CYP # i 52 % Y
HRIEUI 25 K4 385 1 21 2 45 53k (FGAGRRICPG )
BB I TIRERY T AT ( Theobroma cacao) \HH ¢
ﬁ'ﬁfj’\ﬁﬂﬁ(Actinidia chinensis var. chinensis) AR
4-Y2 2K T B SO ( GenBank % 5543 51k
E0X92908 . PSR86236 #l AAC39318 ); Kk ©
( Glycine max) M§( Prunus mume) F1#5EL ( Persea a-
mericana ) 55 J& T 7% W& 5 70 48 B 79 2 11 ( GenBank
B S0r 0h AF022157 . AB920492 Fil P24465) ;
% B ( Cichorium intybus ) . ¥ ft % ( Artemisia
annua) 3% N B % ( Hyoscyamus muticus ) Fl A &
( Nicotiana tabacum ) %5 W) Wi 28 & H
( GenBank %% 5% 5 73 %l 4 E1B2Z9 . BAM68808 |
ABS00393 Fil AAD47832) ; K % 1€ ( Catharanthus
roseus ) \JUFE IF (Arabidopsis thaliana) | W) H 3% ( He-
lianthus annuus) F1 KB K A (Ammi majus ) 55 B9 15|
W) T 19 A= W0 G 2 11 ( GenBank 5 545 43
W1k ADZ48681 . 049342  AEI59779 Fl Q6QNI4 )
5k BB MoCYPT71 B H — il H#0 F R Gt
R, B3 25 3 R n Sk RS ] ) AR R Bk
IR SESE I 4-F2 2K C eI BN AR (CYPT1EL ) 2R
FR N — 3, 1Z4 h A i e 458 s
AN 4- B FEIE RN
2.3 MoCYPTl EEEARRI X BRI H
HIRIE DT

DA TR & & B 0 Sk SR AR 52 it 19 ¢ DNA
FHEEAR , LURE 5 A I 514 TMoCYPT1F il TMoC-
YP71R ¥l MoCYP71 JE N () BLAK 35 &l 4 &5
RBIR :MoCYPT1 J PRI AE AN [] & & I 30 1 Sk SR
RS Rt A ik Ut R (L) R A B S
M MoCYPT1 BERIAE AN ] ¢ 1 Aof 40 2R 5 v e ik
W TS IS, MoCYPT1 B [H 26 3k 5038
BEAS, AEWEIE 1A H (F1) >2 A~ H (F2) >3 4 A
(F3) ,HfEE WG 4 > H (F4) i Rk & 2R
Ham .,
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MHLSFQSPNAMAAIPLSSEWLLPLFILLLPLLSLLFLKPKN-KELKAAKLPPSPPRLP]I
—————————————————————————————————————————————— APR].PPGPAQLPIL
——————————————— LPPQWLSILAVFLLPILTLLLFRGKDDNQKKGLK]L.PPGPRQLPII
———————————————————————————————————————— KHSKRRWVRQPPSPPGLP] I

JHE R E X Proline rich region - X2 * **.1.

GNLHQLGKLPHQTLWKLSQEYGPVMLLQLGSVPTMVVSSADMAKEILKTHDLDFCTRPSS
GNLHLLGPLPHKNLRELARRYGPVMQLRLGTVPTVVVSSAEAAREVLKVHDVDCCSRPAS
GNLHQLGGQPYVDFWKMAKKYGPVMYLQLGRCPTVVLSSTETSKELMKDRDVECCSRPLS
GNLHQLGELPHQSLCKLSKKYGPVMLLKLGRVPTVIVSTPETAKQVLKDYDLHCCSRPSL

*hkkk Kk * L. KERXK X kK *k ok, * * * kK

PGPKRLSYNYLDVAFSPYSDYWREIRKLFVFELLSAKRVQSLWYAREAEVDNLITAVAQS
PGPKRLSYDLKNVGFAPYGEYWREMRKLFALELLSMRRVKAACYAREQEMDRLVADLDRA
VGPGQLSYNFLDVAFSPYSDYWREMRKLFIFELLSMRRVQTFWYAREEQMDKMIEILDGA
EGTRKLSYNYLDIAFSRFDDYWKELRKLCVEELFCNKRINSIQPIKEAEMEKLIDSIAES
* kK% LKL L U kk K kK% *%k Kk I 2,
SPN--PVNLSEKIFILADSIVGTVGFG-KRYGGMQFKN-QKFQDVLDEAMNMLDSFSAED
AASKASIVLNDHVFALTDGIIGTVAFG-NIYASKQFAHKERFQHVLDDAMDMMASFESAED
YPN--PVNLTEKVFNMMDGIIGTIAFGRTTYAQQEFR--DGFVKVLAATMDMLDNFHAEN
ASQKTLVNLSDTFLSLNVNVICKAVEFG-VNFQGTVLNN-DKFQDLVHEALEMLGSFSASD
*- . . . * % . * . . .. *- * *
FFP-AVGWIVDALTGLRARLEKSFONLDGYFQMVLDAHLDPSRPKTEH-EDLVDVLIGLT
FFPNAAGRLADRLSGFLARRERIFNELDVFFEKVIDQHMDPARPVPDNGGDLVDVLINLC
FFP-VVGRFIDSLTGALAKRQRTFTDVDRYFEKVIEQHLDPNRPKPET-EDIVDVLIGLM
FFP-YVGWIVDWFTGLHARRERSVRDLDAFYEQMIDLHLQKNREESED--DFVDLLLRLE

* * * * * .* * .. .* e e *. * . * **-*_ *

I #2JiE T helix
KEQGGSGAFRLTKDHVKAVLMNTFIGGIDTSYVTMVWAMAELMRSPRVLKKVQAEIRSRV
KEH--DGTLRFTRDHVKAIVLDTFIGAIDTSSVTILWAMSELMRKPQVLRKAQAEVRAAV
KDE--STSFKITKDHVKAILMNVFVGGIDTSAVTITWAFSELLKNPKLMKKAQEEVRRAV
KEEAVLGYGKLTRNHIKAILMNILIGGINTSAITMTWAMAELIRNPRVMKKVQSEIRAQI

*‘ . *- *.**... .* * **--*‘ * % .**'. *‘...* * *.*
K 12jie_K helix
G-KKPR--VEADDVAKLDYLKMVVKETFRIHPAAPFLIPHQAMRRCKIGAGEHAYDVLPD
GDDKPR--VNSEDAAKIPYLKMVVKETLRIHPPATLLVPRETMRDTTICG----YDVPAN

GPNKRR--VEGKEVEKIKYIDCIYVKETFREHPPVPLLVPHFSMKHCKIGG----YDILPG
GKNNKTRIISLDEINHLSYLNMVIKETCRLIHPVAPLLVPREVISEFKING----YTIQPK

* * T * * Ax *x % * *

PERF, PERF region Ifl 41 % 45 448 Heme-binding region
TRVMVNAYAIGRDPKSWINPWEFCPERFHGSEIDFKGQHFELIHFGAGRRICPGMMMGST
TRVFVNAWAIGRDPASWPAPDEFNPDRFYGSDVDYYGSHFELIHFGAGRRICPGLTMGET
TTIYVNAWAMGKDPTIWENPEEYNPDRFMNSEVDFRGSDFELVHFGAGRRICPGIJAMGTT
TRLHVNVWAIGRDPEIWKDPEEFLPERFMDCDIDVKGQDYELLHFGSGRRICPAVYMGIT

* * % *x ok k% * * ok * kA * * *k Hhkk kkkkkx *k* ok

TVEFTLANLLYCFDWAMPSGMNREDVSMEEEGGITIHKKTPLYLVGKRYNWDA
NVTFTLANLLYCYDWALPGAMKPEDVSMEETGALTFHRKTPLVVVPTKY-——-
AVKYILSNLLYGWDYEMPRGKKFEDFPLIEEGGLTVHNKQDIMVIPKKHKWD-
TVEFGLANLLYHFDWKLPEGVAVEDIYMDEASGLTSHKKHDLLLV-—-————-—

* * Kk kkx * * * % * * K %

Mo. 773k CYP71 ZE M ; Sb. = 3% ( Sorghum bicolor) CYP71 2 1 ( AAC39318.1) ; Me. K 2 ( Manihot esculenta) CYP71 & [
(Q6XQ14.1) ; At. #UEFIF (Arabidopsis thaliana) CYPT1 ZEH( QILVD2.1) ,
Mo. Malania oleifera CYP71 protein; Sb. Sorghum bicolor CYP71 protein( AAC39318.1) ; Me. Manihot esculenta CYP71 protein( Q6XQ14.1) ;
At. Arabidopsts thaliana CYPT1 protein( Q9LVD2.1).

B 2 4 FEY CYPT1 & EFH 4 XT3 H7

Fig. 2 Sequence alignment and analysis of CYP71 proteins in four plants
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3wk MoCYP71 2R H 5 HAWALY CYPT1 B H M RSk

¥§ Prunus mume AB920492

| kR Malania oleifera MK172858

FAEFRIRBE Actinidia chinensis var. chinensis PSR86236

181 H ¥ Helianthus annuus AEI59779

A B Glycine max AF022157

AR R MEEE

Phenylacetaldehyde oximemonooxygenase

FPersea americana P24465

10— W E Cichorium intybus E1B2Z9
. #EHILE Artemisia annua BAM68808

R R EE Hyoscyamus muticus ABS00393

ik 2 8 s B

Terpene monooxygenase

Y8 E Nicotiana tabacum AAD47832

B 8] Theobroma cacao EOX92908

SRR EMEE
4-hydroxyphenylacetaldehyde
oxime monooxygenase

= 3R Sorghum bicolor AAC39318
K &FE Catharanthus roseus ADZ48681
LB 3T Arabidopsis thaliana 049342

WS 2K 42 1L B
Indophenol hydrolase

KBIKFAmmi majus Q6QNI4

AL

Fig. 3 Phylogenetic analysis of MoCYP71 protein in Malania oleifera and CYP71 proteins in other plants
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F1. 1st month bearing fruit after blossom fading; F2. 2nd month

HXRILE
Relative expression level
N
133
T

F4 L

bearing fruit after blossom fading; F3. 3rd month bearing fruit
after blossom fading; F4. 4th month bearing fruit after blossom fa-
ding; L. Leaves.

Kl 4 MoCYPT1 R T a5k AR 2 77 Bl 10
At Frrf Sk i
Fig. 4 Expression level of MoCYP71 gene in the different

developmental periods of fruits and leaves in Malania oleifera

3 W54 #h

l

w Sk R 00 95 il e B B4 AR e R A

64.98 % (FE I, 2008) , FHEH*%HH%%&@@%
JnFE Z B4 B (Rustler et al., 2007) , FUH &3

TL‘?ZT?ET*E%EPE‘Jﬁ’\if’ﬁlﬁifﬁ%,,\ﬁi% i
S AN AR PASO FRINAE I (CYP) Ml fb 2 HE TR
JE 1 (Bak et al., 1998) , H:Hh CYP79 K& LN
U7 1R B 5 7 IR 28 Ak R T IURH 7 Y T i ( Gleadow &
Moller, 2014) , CYP71 {8 b 1 Ji5 A= Bl AH R 19 50 H
(Bak etal., 1998), HHJ, .47 CYP79 Al CYP71E
FifE 7 25 352 (Bak et al., 1998) . A %% ( Jorgensen et
al., 2011) (4L 5 ¥ ( Taxus baccata) ( Luck et al.,
2017) M 5 EHAY G MNIRGE, 24 ik, H
KA RTEFRR TS 5EEEWE NN CYP Kk
SR HE

ABIETE Moz Sk RSB AR AT CYPT1 KR %
N MoCYPT1 i 2 W) 1 B 2 7 M e B S I 1Y
B HARRE Y 40 (R P450 K 1Y 2 F1 AL
PR S AR I UL A LR B S A 4
HH ALY CYPTL & A/ BF 5T 45 2R AU
( Boutanaev et al., 2015 ; Sharafeldin et al., 2017) ,
A P8 B — B T CYPT1 Gy s 2
533, R E P —BETE 40% 8 Wl — K% 5
T 55% @ [fl— WA, 5 T 97% W& 25 £ 5 [N
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2017) ., AWtsEi e R0 CYPT1 8 H 53 B
4 A HAR R AL D) BE 1Y 43 52, 42 R CYPT1 %
AR A W 0 1E Ak it B2 P 2 Ak 2 B (Jorgensen et
al., 2011) ;iR MoCYPT1 5 Al W] |
H AR R B | B AR G 4R IR LR T U 4]
it () 25 1 3R O — 32, MoCYP71 2 (1] Rk 4-F2 0k
IR T T BN AR LA 1L ) RE T RE A K 450K
LT NG A R 43208 NG s HoAx oy 320 o R
TR Jl L T A TR IS L o Al S | P S R Akl
PR IR0 HT s MoCYPT1 JLH 75 AL S B 3 4
F RS S 5L S50 i 3 3K i 4 T R AR, 1 7E 5 4
AN 35 i SR D S sk SRR
SEMEBAEAE —E KRBR, 28 L TR, MoCYPT1 [
ZHEHNAEYWE N . SR RBAA XS
CYPT1 BN Z 5SHL A, TELIEEY L Brh 2
JE Wb 1 5 4 ( Gleadow & Moller, 2014) A 57 45
B3 merh CYPTIED 232355 MoCYPT1
FE IR, RUFE BT CYP FE P 3% K % i ke
0%, T AE B 2 B 0 BR T ) B 42 ( Bozak et al.
1990; Jones et al., 1999; Gleadow & Moller,
2014) , MR 2L A0 B, SRCH AT K A R R
{555 B ) 0T (Irmisch et al. 2014) LR Y 4
LU TS YR E  MoCYPT1 R 78 57 3k SRR
SEARTR] I ) Gk IRUE ] T X — B4, A
FEIE A X i S SR S ALY 4 B 43 B OF e B S 3
MoCYPT1 JEDH X HE R A7 AR WA B 2% 43 Hr I 46 DUl
FLAEARTR 0 2R 52 % & i T B4R 3R 5k, sk
SR 1) BT AL ) A S SR B 9 B S
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