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W E [HN) AU TEA %R Apis melifera ligustica H4iffi a2 P450 K CYP6BD1 #
CYP49AL 7ERTR] H i T 9 B AH R H & AN R RE T e AU B b i 3 aA 8520, B e 0 T i e (3% P450 3%
HAEAS TR B R T A BEAME Y B B /R T [ A3k ]l 2 s 3 Hile T8 . 10 HIRI & 8
21 HEARERA 21 HIRWEBAEA, FIHZEE R PCR BRI AN % P450 JLK CYP6BD1 Fi
CYP49AL 7EMfE (filff . Wi, 2. J5R) h&bEm. [4R] JH CYPeBDL 7£ 3 Hi#A T . 10
HEATH e . 21 H R AR 4 45 BRI b (1 28 2K B AR S 238, LR I 21 HORAE A B P i ek
ERFERT 21 HfiE¥; 5 CYPEBDL FF M EL, FH CYP49AL 7 A [RI U AE T M it fi v (0 2 38 i P 401K
{A7E 3 B TR MR RBMx S, [ 48] N CYP6BDL il CYPA9AL 43 e RAEMEA 3 Hit T
RS BRI P R AR, 2 AN DIAE R A B S R B RSN IR M I R R AR, it — D RS
H B R AE 2> TAREEH a0 A .
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Expression of two cytochrome P450 genesin
appendages of Apis mellifera ligustica
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(1. College of Animal Sciences (College of Bee Science), Fujian Agriculture and Forestry University, Fuzhou 350000, China;
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Abstract [Objectives] To investigate the expression patterns of CYP6BD1 and CYP49Al1 in workers (Apis mellifera
ligustica) of different ages, and of the same age but with different tasks, in order to better understand the role of the cytochrome
P450 gene in processing exogenous substances. [Methods] Experimental colonies were constructed and quantitative real-
time polymerase chain reaction (QRT-PCR) used to measure the expression of cytochrome P450 genes CYP6BDland CYP49A1
was measured in appendages (antennae, front legs, middle legs and hind legs) of 3-day-old workers, 10-day-old nurses,
21-day-old foragers and 21-day-old nurses. [Results] CYP6BD1 was expressed in all appendages regardless of age or task.
Moreover, the expression profile of CYP6BDL1 in each appendage was significantly higher in foragers than in nurses of the
same age. Expression of CYP49A1 was generally lower than that of CYP6BD1, although it was relatively high in 3-day-old
workers. [Conclusion] CYP6BD1 and CYP49A1 were most highly expressed in the appendages of foragers and 3-day-old
workers, respectively, suggesting that these genes may play an important role in the degradation of exogenous substances.
These results provide new information on the role of these genes in hymenopteran insects.
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FWREEN R R A, BRI |
JE IR G R 2 LTI 25 R R R R B e 1 R
175 3 ™= & 19 @ M ( Neumann and Carreck,
2010; Potts et al., 2010 ), 4 T {14 H B s Rt
9 W i ) 2R R SR R SRR | AR A B A
VRV ST de fih v AR A 520 ( Evans et al., 2006;
Anderson et al., 2011 ), 5% A& BH 24 %5 b 5% f 3]
B FHE 97 15 2K VREE R DG 1 5 SR sl A MR T )
SUEERTNAT NI 1Y %34 (Johnson et al.,
2009; Dainat et al., 2012), KFt, ZHrAHEER
A T8 1A [ 2l 28U A SR AR 1k, A B T3
U MR 5T 2 e MR T A S R BRI G &R

A 7, % P450 ( Cytochrome P450, CYP)
2 HYREE 4y — 2 41 5 (AR 3E A, 17
T REBUEMIRAHL . 2B, 35L2/N
TRE A S AR . NIRESANEAL & AR
W, IR EER . REMWEEAHME . SNEHY
B CHPEARA SRR, effERRERE
B LA 5 A FE A W 5 1 RS 5 AR A Y
Ve (WA EFEEE, 2008; WIISC%:, 20105
Feyereisen, 2012 ). A[a]f Bt rp 41 fifg (5 %
P450 FEFHEA B X A, Wk Drosophila
melanogaster 145 88 1~, Z<{#x Bombyx mori
84 >, /N3P Plutella xylostella H1 156 4>, fij
V75 % Apis mellifera JER4H P HEEE T 46 4
( Tijetetal., 2001; Claudianos et al., 2006; Ai
et al., 2011; Lin et al., 2013 ), HRIF4HMI( R
P450 ERIET &AM 2 S, B AL A
M CYP2, CYP3, CYP4 DL K ZEkifk CYP
4 N6 S 32 (Feyereisen, 2006 ), CYP2 FlZk
Kifk CYP HAA miAsEE, 255 R d A 3
I (Feyereisen, 2011 ), CYP3 Z&—/~KAJ4>
%, fLE CYP6 Fil CYP9 K%, SHMNEMY AR
WG, Hrh CYP6 R A 2 MUK IES S
TR Y EAT B R A Atk 4E (Wang et al.,
2015 ), CYP4 4y 3 — 263V S5 WA SF AR
7 B H PR A P R Z AR RE A ( Bradfield
etal., 1991 ), 7EME#M H B A, 00754 iy B dee -
BRI 4/ NI FE AT R 344> CY P4 43 S I 3 A
( Oakeshott et al., 2010 ), SR P4 /5 28 W it L (A

A AE T 44 CYP4 4 A2 H( Claudianos
etal., 2006 ), CYP4 5 CYP6 &4 W A A 7E TR
R f s AR RER, S5 AR AR AL
f# ( Berenbaum, 2002; Feyereisen, 2005 ),

5T K I E P A A 3 P4S0 R ES 51
YL EWIA R, SRR B MR
DA S BRI BRI AR HUR) A A 2 A R A G
( Evans, 2004; Mao et al., 2011; Berenbaum and
Johnson, 2015; du Rand et al., 2017; Christen et al.,
2019 ), [, & B P450 KR Al L2 Ha&uE
SE R R MG, Flan CYP18AL, CYP4AAL,
CYP6AS3, CYPBASIL ( Malka et al., 2009, 2014;
Wu et al., 2017 ), 7ETHeMH TR, LR, P
W . 5 PAS A 2H 2 o] HLfigp B i PR ) 22 e s
57 54T, 2 B R A 0 TIPS R
Jitrh P450 [ CYPGAR. CYPBAS, CYP6BD,
CYPOQ W H Kk HA W& xER, WhHES RAEMEXS
A=y T AN IR PR AL A P B B A A ¢ ( Vannette
etal., 2015 ), Mao 5§ (2015) 7rHr T CYPAGI1,
CYP9Q1, CYP9Q2 fil CYP9Q3 7£ A[RHRfE T
fil AR R R A AR, SR 4 MR 5 TR
HRREAH C

FWE A S A0 AT R R B 2, HE
R A SRE R . Hit . LKAt &5)
T ”: (Evans and Wheeler, 2000; Ingram
etal., 2009; Malkaetal., 2009; Tobback et al.,
2011; Zayed and Robinson, 2012 ), YE& e
5T AT ARG I D T . 10 H &I 75 e Al
21 H A RAE M fil f e SR AL AT 2 0T, &
P CYPAGI1. CYP9Q1l. CYP6BD1. CYP49Al
A AR Z [ A 22 5, Hih CYPAG1L,
CYP9QL. CYP6BD1 7ENIH f7 T.1% | Wi & 14 FIR
AR f £ 1) 28 KR RGN, 1 CYP49AL
2 IAH B () 221880 (Nieetal., 2018),

T UL AR Mao 45 (2015) YA
58, AHIESEE OCHE R HIAE Y CYPEBD1 FiI
CYPA9AL K PKI 75 A [m] WA RE T84 1) A [+] B s v 1)
FeERit, ST TR AT B 1, AWFSTRSE
H A A R HRAE T8 (3 Hiy . 10 HRHHE
W 21 HIERSRARNE ), Jfd i 20 A e 1 1y 103K
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PBAEME Y (21 HIRWE %) DIHERR H
XTHRRE ST TR 5 A3 lffisl 3 Hig T8 10
HIERH A . 21 H R 0 FI 7 e 1 fk £
HIE . HRFIE 2, JFFIH qPCR #3ll CYP6BD1
FI CYP49AL SEH I RIBA . AR AR AE
5% P450 SLRD)RE S TR AR 4> T 09 X R 2R
FIRLSA, A IR H R U P4S0 LR KR )
L) RESE L BEIE SERT

1 #MREFEZE

11 #ulER

=M% % Apis mellifera ligustica 3k [ T4&
RSB F 7 e (B ) 137,
5 AHESaR H 7 B0 73 Ak

12 FEXBUFRIRAA

AL U . OIS . YO E
PCR 1% ( CFX384 Touch Real-Time PCR Detection
System ), ik 5B (Eppendorf ), DEPC
K( A T A 9)457) ) PrimeScript™ RT reagent
Kit with gDNA Eraser ( Perfect Real Time ) il
% (TaKaRa /A7 ), SYBR® Premix Ex Taq™ II

( Tli RNaseH Plus ) 17| & ( TaKaRa A ] ),

1.3 IRidEE

M5 BER R e, BRREIRGHS 2-3 Tk
TRl R L B ), AR Ry 34.5 °C,
AHXHREE A 60% Fo i i 1 SR A0 Hh 5 5% o B3P 24 h,
FHIGE AT s 2 0, I TR 28 A6 I Al
FAMEFHATIRIC, BRARIC 2 500 HlCE T4
AR, AT RE A | RO T 1 kY
OB 1 BREME . 1 SRR 1 ks, R T RE
PRUEA RS S RAEAS , R REZE R A T 41 g
BRI, SLlELebric 5 d, HRAARRFEI@
FITMAZE, (8 TR X A3 bric TR H i .

14 EmXEEHNE

TEN T AR, SREEVRICESE 2 RIW T
VBN 3 HIS THAEA; trid)ass 9 K, REE
10 HidmiE e, MR PG 2 B, A

UK A HL, 47 Sk 3R 2 47 2l B 3 B HL RSt
(B8 10 s 19 10 H ¢ pric THAE R 10 H RS
WERER FRICIESE 20 K, IR FARARRAY 5
WAE 21 HIRTE R RS RS eSS R AL
WY EE B AL T BOARIE T 94l 21 HRR4E
WERE S . BRI SRABE S AE 200 H T8, AT
HATBCE FWA T, IERAEAE - 80 °C VKA.
BUBRES S, BTk b, Ffs 155 T fil
. AR, TR JEE, AT 50 Nk,
JFBEE 3 MY EE

1.5 RNA 2EUE cDNA B& B

FHWCAMI A TP 2 R AE RO Ml L A2
AR, R TRIZOL B4 AR IR 414Uk T i
RNA #y#2H¢, F¥#|H NanoDrop 2000 %} RNA
WP SEATR , F R AR RS 500 ngpl BT
- 80 CUKHI& .

S S ROVAR R ECE (20 pL): #R4E
PrimeScript™ RT reagent Kit with gDNA Eraser

( Perfect Real Time ) {7 & ( TaKaRa ) Fi ¥ X

MAKZ , LG4 DNA v :42 °C/ v 2 min
Ji 4 °CLRAF; Bkt : 37 °CF v 15 min;
85 °C NN 5s; ZJF 4 CIRAF

16 WHEE PCR

DL e actin 3£ K ( GenBank %% 5% -5 .
NM_001185146.1) AHNZSHH, iH Primer 6
¥t CYP49A1,CYP9Q1 . CYP6BD1 H: X (1514,
51H 5 W2 1. M85 SYBR® Premix Ex Taq™ II

( Tli RNaseH Plus )il & FL il 5 WK & : SYBR
Premix Ex Taq I ( Tli RNaseH Plus ) 5.0 uL; PCR
WS, TSI (2 pmol-L ') 4£2.0 uL;
cDNA #i4z ( 500 ng-uL™" ) 2.0 uL; K&K 1.0 uL
BB AR . PCR BEFUITR: 95 °CF i
5min, 95 °C NN 5s, 60 °CF I 30s, 40
M BEZ st M 65 °CH| 95 °C,
5s 0.5 °C,

1.7 BESH

R 27T BB R AR ik B (Livak
and Schmittgen, 2001 ), [RIffdi ] SPSS 20 i
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x®1 gPCREI¥IER
Tablel Information of primer for gPCR

SR 48 W4 B 311551 PHIKIE (bp)
Gene name Gene ID Primer sequences Product size
F GACCGTGACTGACATAGCCAAT
CYP9Q1 410492 133
R CTCCTCCTGAAGCCTCTGTTGA
CYP6BD1 551560 F GCGGATTACAAGATACCAGGAA 112
R AACGGAGAGGATCTGGATGATA
CYP49A1 724860 F GGTTGTTATCGGTAATGGGC 148
R CTCTGGAAGGAACTTGTCGC
F CCTAGCACCATCCACCATGAA
actin 406122 87
R GAAGCAAGAATTGACCCACCAA

AT RN ZE T 22017k (One-way ANOVA ) X
FE TR A5 M b i Gk AT AT AT, Oy 25 5%
PE(E ] Tukey 355387, CZH] Dunnett’s T3 7
AT AT, P < 0.05 WA 25 7 W 2% . 7F GraphPad
HRR o B SR e b 2= 22 AR

2 ZRESH

21 AFBRgETHEMAEH CYPIQL, CYP6BD1,
CYP4oA1 EREHIRIEE

CYP9QL, CYP6BD1 M~ HL K 7 AR HRAE T

W 1y ik A R AR RS (B 1: A, B):
763 HiR T 10 HIRTE MM 21 Hk R
1) fl £ AR R S G I, R B0 Ml Ay v A T
o AT HERR H A =% TR ERAE ARG RZ A, kAT
SN T AR R I 21 H IR R %,
EL R[] H i 174 W 6 R SR 2 e fik A R R 1
Fikim, 455 oK CYPIQL1, CYP6BD1 7E 21 H
4 SR A 0 fik Ffy HP 9 8 8 = TR H O A I
B fl f b g F3A R (CYPOQL: P = 0.001;
CYP6BD1: P<0.001), CYP49A1 JE[N1E 3 Hi%
THeffrh Rl R, HY 10 HIBWEE .

Ag CYP9QI B304 CYP6BDI C 4 CYP4941
53 a & &
1 & 4 b b 1§03 1 §
7] T 7] 7]
w3 . @202 Wi
z52 7 E ZE
e g at
) ) . R=T =
& SRS & IR & R
) Qb \b \b ) Qb \6 \b ) Qb \b \b
N Vv Vv N Vv N VYo
N[ R B T e £ ANTEJHRBE T e ol £ N[ B T e £y
The antennae of workers with The antennae of workers with The antennae of workers with
different performances different performances different performances

B 1 CYP9QLl, CYP6BD1, CYP49Al AR EERBE TP HIRIEE
Fig. 1 Expression of CYP9Q1, CYPEBD1, CYP49A1 in the antennae of workerswith different performances

A. qPCR J5 A6 CYPOQL 1 4 AN I HARE T3 fi 1 rh AU AH XS K3k 45 B. qPCR J5 i A6 CYPEBD1 7% 4 AN A HAfE
Tl A R AR R Bk i C. qPCR Jr iR CYPAOAL 7E 4 LIASIRHARE T fik ffy P A AT 2234 L 3.d: 3 HIR T8,
10dN: 10 HIRWH&E®; 21dF: 21 HiRRER,; 21 dN: 21 HIgWHE S, EhEBE P EHRE2E, H EARA A
/NG FREFRIR BN R 7 20005 & 2 5% (P<0.05), THEIE,
A. Relative expression level of CYP9QL1 in the antennae of workers with four different tasks using qPCR; B. Relative
expression level of CYP6BDL1 in the antennae of workers with four different tasks using qPCR; C. Relative expression
level of CYP49ALl in the antennae of workers with four different tasks using qPCR, respectively; 3 d: 3-day-old workers,

10 d N: 10-day-old nurses, 21 d F: 21-day-old foragers, 21 d N: 21-day-old nurses; Data in the figure are mean + SD, and
histograms with different letters indicate significant difference at the 0.05 level by One-way ANOVA. The same below.
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21 H RAEMEFN 21 H W3 IH 75 M fok /o eIk 02y
FiE2ER (F=49.136; df=3, 8; P<0.001);
HER 21 HREERA 21 HIR W F M fl A h
HAEREES (P=0.042) (K 1: C).,

2.2 AFEHRBE THEHjEH CYP6BD1F1 CYP49A1
EFENRZEE

A CYP6BD1 7E 3 Hi T % . 10 HIRIHE
WEFN 21 H & RAEMERT 2 A R IB KR,
HIfEfEREMNZER (F=215399; df=3, §;

>

CYP6BDI

203
8 a
=
9% 02p b
fings b -
o & =
= o
o
g () 1 1
> Qz? & N
N v >
AR ERRE T i 2

The front legs of workers with
different performances

P<0.001); [FRF, ZIEHTE 21 H S RAERRT L
hR A EBREET 21 HIRWE &AL b E
A (P<0.001) (K 2: A), CYPA9AL7E 3 H
AT e 10 HIRM &M, 21 Hi RAEKEF 21 H
WA IR 7 e i P L DR R 0k B KR B AR A B
3 HIR TR T RAERERT 10 Hid
B 21 HIRRAEGM 21 HIRHE SR e n
FikiE (F=31.006; df=3, 8; P=0.000), {H
VLN F AR AE 21 H IR 21 HIRHE
WRT TP EES (P=0.792) (Kl 2: B),

[os]

AR
Relative expression levels

0.000 3 CYP4941

B a
0.000 2
b

0.000 1 be c
: i i T

0 1 1

> Qbé & \z?

N o b

ENGIL Y
The front legs of workers with
different performances

Bl 2 CYP6BD1 #1 CYP49A1 EAEERAE LRI B HHIRILE

Fig. 2

Expression of CYP6BD1, CYP49A1 in the front legs of workerswith different performances

A. qPCR J7ik#5il CYP6BDL 7 4 41N [RIMAfE T 4 mip &2 rf A X ik 5

B. qPCR J5 A5 CYPA9AL 7k 4 ZH A~ [Al U RE T 34 i 2 v i AE G SR A
A. Relative expression level of CYP6BD1 in front leg of workers with four different tasks using qPCR;
B. Relative expression level of CYP49Al in front leg of workers with four different tasks using qPCR.

23 AEBREETHEHREF CYP6BD1FA CYP49A1
EANRZEE

[ CYP6BD1 7£ 3 Hik T#% . 10 HIAWHE
HEFN 21 HS R R FR AR, B
WA R EEZER (F=133.469; d=3, 8;
P<0.001 ); [AIEF, iZFEHAE 21 HGREK 2
AR EE T 21 HRWE &t R 3Rk
i (P=0.028) (& 3. A), CYP49A1 K7 3
Hi T, 10 HIBE ., 21 H S REMEA 21
H I 7 e 6 3k e B IR S AV ARG e 35
ZHEHATE 3 HilR T R )RR B B &S T 10 H
WA E I 21 HISRAER 21 HIBHF 4 2
HF2ikiE (F=104.381; df=3, 8; P<0.001), {Hi%
FEHFFRIRFTE 21 H I R 21 H &5 i

hENRAEILEEZES (P=0.841)( & 3: B),

24 AEHREET /5 R H CYP6BD1FA CYP49A1
EENREE

JE CYP6BDL 7E 3 Hid T . 10 HRIHHE
BT 21 H R AR J5 2 i 23k B AR U
HYE e 25 (F=56.013; df=3, 8; P<
0.001); [FIRF, IZFEHTE 21 H i RAEK G 2 1Y
RABEHEEST 21 HRWEREEhRARE
(P=0.016) (Kl 4: A), CYP49A1 7EA[R]HRfE
() -0 I A2 1 BE TR 3 i 2 BN [R) i 2R 8
CYP49AL 7 3 H A T 21 H B RAERK 5 B
ARmnELE, HREST 21 HBRWEES
EHFREERRE (P=0.011; P=0.03)(& 4: B),
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A CYP6BDI B CYP4941
w 0.5 @ _
2 @ 0.000 5
5 04 a 5 00004 a
i 8 2o b i 8
#2031 T K2 0.0003}
®E KE
' 5021 c &% 0.0002} b
o " o —_ be
g 0.1k F 0.000 1} ¢ T
— d —
& 0L ! ! & 0 I i L
ARSI & SIS N
N Vv Vv N Vv Vv
AR HARE T /2 ANIFHRRE T #eh i2
The middle legsofworkers with The middle legsofworkers with
different performances different performances

B 3 CYP6BD1#1 CYP49ALl ZEAREEREE T B PHIRIAE
Fig. 3 Expression CYP6BD1 and CYP49A1 in the middle legs of workerswith different performances
A. gPCR J5 7&Kl CYPEBD 7E 4 2 ] HARE T84 v 2 i A AR X R 3k o5
B. qPCR Jr 4Gl CYPAOAL 7 4 LHA[RIHARE T rh & rh i AR X b i
A. Relative expression level of CYP6BD1 in the middle leg of workers with four different tasks using qPCR;
B. Relative expression level of CYP49Al in the middle leg of workers with four different tasks using qPCR.

0.8~ CYP6BDI B CYP49A1
Qa7 2 0.000 5~
[ a o
g 5 0.000 4
= 0.6 =
1 § b b 8 § 2
X2 — T 2 0.0003
KE 04 8
=8 = &
X 8 = & 0.0002 be
200 e -
e c 5 0.0001 c
= = -+
2 1A L l 2, . .
SRS S SO
S v W S >
ZNGLEA: RSy ARIHARE T 5 2
The hind legs of workers with The hind legs of workers with
differentperformances differentperformances

B 4 CYP6BD1#1 CYP49Al FE R EIEREE T /5 B HHIRIES 1
Fig. 4 Expression of CYP6BD1, CYP49Al in the hind legs of workerswith different performances

A. qPCR J5 A CYP6BD £ 4 ZH A [ HRAE T .04 J5 J& A X ik i
B. qPCR 7L CYP49AL 7E 4 4 AR RS T 0 5 2 W AR X ik .

A. Relative expression level of CYP6BDL1 in the hind leg of workers with four different tasks using qPCR;
B. Relative expression level of CYP49ALl in the hind leg of workers with four different tasks using qPCR.

3 itig

CYP6 Fl CYP9 Z kR E T CYP3 7%, HA
Pl | w2 REE | A2 a e Rl R A
) Ff S, LT BE 5 40 IR M AR A oG

( Feyereisen, 2011 ), Zhifk CYP KiEHEEF K%
HA R ERERAYIGE, 25 R AU S A A= )
g, BlnS 58 MENEG RS (Zh et al.,

2013 ),

CYP6 ZIRZHUL 0 2 5 YIRA #:4)
FiR A fbis4e (Wang et al., 2015 ), 58 & A
YAe Ry, AR KRS NEE B T Y AR R Y
EMI N5 p-F R ( p-coumaric acid ) ] PAfEHE
T e i) CYP6AS2, CYP6AS3, CYP6AA,
CYP6AS5 ., CYPIQ3., CYP6BD1 fift i KL M i 34
AT R TR 4 4 e e i B 7 (Mao et al.,
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2013 ), CYPIQ 5% 1l LGt AR R 4R 55 A il
FVR Y Mk 75 Z AU ( Mao et al., 2009, 2011 ),
TEARFE T, HEH CYPIQL Wy ka5 Mao
8 (2015) WIMFFEZ5 R AH—2, B CYPOQL 7ENI
G | TR Rl R R R R ARIR
R, CYP6BD1 fEA[RIHARE T4 4 NFff 3%
B CYPIQL AHARL, 3 th 5 i IR AT A i 5%
HEARE—3 (Nie et al., 2018), J T HEE H R
URNR, AEFZE S N T A ERE, RET 21
HiREREFR 21 HIBWEX, &M CYP6BD1
FEHTE 21 HRFEESHBTREE R E R T
21 HIAWEMerP Y RA s, WIZIEHE T RETE
R BT AT EIFEREREMEN . 5 CYP6BD1
A, CYP49AL J& TEpilk CYP B[, ZAE7E
TR T, MR BEEEMAZ RS 24 h
J&, CYP4OAL FEiRAFFUAelAr, il H2 b )
KR EAWIE (Lietal., 2014); FIHEH
JEZH2EAE 10-HDA 57 8 6 1 SR 0 ik ) o 2=
KT CYP49A1 I CYP9e2, F-Hiilllix Hifh
ML ATRES 10-HDA & i % (iFH T,
2017 )o AWFFELE R B~ CYP49AL JLINTE 3 H i
A B SRk i A, HLAEAS (R HR R T
JP A B E =R, nTRES 3 B TIEAE 51N
I BIAEC

il 12 B R GE AR B, A AN R S 1 J%
2o, AR AETE R IR AZ 4%, Ht 8 77K
TR AZ R T AR AR P450, S EXR
BRAYTEHE ( Maibeche-Coisne et al., 2005 ), 1%
) S F TR R SRS, iR B
SR BN FIEAZ S (Goodman, 2003 ), SEE
I ST 7 85 e T R A VS R AT A ) S I Y 28U
A fish f A8 A1 A2 A BT (Marshall, 1935), [
U, TR ARt A RSz 2R, AT HE
TR A ) S FNVEAE (AR B U (RIS B
A AR Il T WA Sk A fy 9 AERY (de Brito
Sanchez, 2011 ), H Je A8 vy i} 15 30 70 EA 464
Wil FH WSS B ) A6 T B TR R AE A R
Jei JE B AE R il 2 5 — R 308 0 D) = P T B
R BAER R, S T AR R T R AR M
BRI AL R ( Goodman, 2003 ). filiff FlIRT

R TR, S5 TS5 N . I
PRI ARSI, MAIAFE T 0 | B e | SREEE
X — R RS AR R o AR SRR B L R
B 2, AR IR A 2 5 R 00 A 1 A
CYP6BD1 FE R AL fli | il /2 s ik IR A, 7E
THErR R AU 2R CYPEBDA YA 5 fi
A TR 2, BEHTESR W) BN S rh R & B
W RIS AT AE I B R e Ji 72 %% ( Marshall,
1935), HEBSY T REBNEEYNISRE,
R R RS R S AMIR Y R B4 ik, T RE
FH CYPEBD1 J:[H =ik, i CYP49AL 7£ 3
H#s THef s . mie . he . FRPHAERSNER
ki, HE SR AT RE R 3 H s T e fE i i b
RESE T UT T BLEL g, A8 o A P i R A A B
—HHNFEEE; KRB TEREIFARATHE
TRESEA TR, T R ) B v T BB A A L
AT I CYPAOAL 1) %35 FH 4 5ik 4y e Xof e 7
PR AR ST R

R — DA R R ZU P450
(3R 25 S Rk A B TR B P450 LA Y 1) AE
( Pottier et al., 2012 ), AWFsE &£ CYP6BD1
F CYPA9AL 43 il FER AL N 3 H 1% T M 45 F i
R IR, BB BT T BB AE PR A A AR S 1 R e
DI EB A4 5 b K A E R, (AR 4
FHLE % A5 45 . Degirmenci 25 (2020 ) F1J 5L
PRI 20 4@ 5 ) 7 0 R BB M R 0 A2 AR AmGr3 [
AT DL S SR o %07 T AR B BA R 23k AR
CYP6BD1 il CYP49AL [ 5 AR (& T W g1 T/ %L
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