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UG L3 FF9) ecdysteroid A HFHE 5 ecdysone©]
20-hydroxyecdysone(B-ecdysone %+ ecdysterone 8.2 E2]7| %
hoz F4kglE+= @Al B 3F= ecdysone 20-mono-
oxygenase = cytochrome P450°.2 R IHO Ar} A E
(Spinacia  oleracea)*| <] = ecdysone 20-monooxygenase 7}
cytochrome P4509¢] B84 Jc}?

Ecdysteroid®] AAedel #odste faxe Sei7kA e
A B ot 19999 % (Locusta migratoria)*l~ ecdysone
20-hydroxylase 2 F7% %= cytochrome P450 family %A}
(G427l el opil=At MEVE HEoR FEYHAULY 2E
(spinach)ol A= 19983 ecdysteroid2] AJFHAdol] FoJsle Ao
2 ZAEE cytochrome P450 familye] 25 -8-2=46570 <]
olp| =AM E) 7t FE2YHSIIT e cytochrome P450
family fd2k20] Bol SHA7] mW=el o189 dIMES B
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dedl, o] ¥ES 2Fe mRNA FEolx 840l Vhs
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AEAR. AFE AFA okhE &4 AT <2 of
Avol|A 2| 5-Z (Achyranthes japonica Nakai) A9 A3 &%
o RNoLE S £ 345 A% HFE REE EEE
#2313, AAIskd HPLCE B3t L A3} ecdysteroid
ghao] 2600 pg/g(dry wi) o2 ThE 2R 3] & 7
o2 HriHo] AFE FEE WA RNA F39) o &3}

Degenerate primer AdA]. Degenerate primerS 4 A 3}7
#3led $-4 GeneBank EntrezE ZA3le] 747 & 4&9]
cytochrome P450 family 34 37019} steroid hydroxylase=
AdHA AE FAHA 1] 28] 229 ecdysteroid AEA
A fA RS MRS A3 fx1A1e] FASTA format
o= ¥ oujxAt A¥& CODHOPES] Block 1 Maker =2
I3} Dialign2 2273 ¥ Gene-Doc ZZI-2 o] &3]
54 E (multi-alignment)ol] &J8) A 29 A58 A8
th o] F ATl ¥ FEE AA s CODHOPES
primer A 238 9 FARIE Fat] AAE opr|At A
gol] 485 degenerate primerE A A 313t} Primer A2
BioneerAH(Seoul, Korea)ol] €133t}

RNA F&. A RNA®| FZ&& thiocyanate-phenol-
chloroform®H-& ARESIN T, RNA A3 spectrophotometer
(Perkin-Elmer, Germany)°l|A] 260 nme] 48 243l Al
ABIFZ, AE F A260/A280 nme] B]Eo] 1.5-2.0 HS e
ZHe zH= RNATHE cDNA 3ol ARt

RT-PCR. ©7}=(Gsingle strand) cDNAT 4155 f3HolA
£2]3 A3 RNAZHE M-MulV-Reverse-Transcriptase(MBI,
USAYE o|&sle] FAst. dd71et cDNA 4 primers
mRNA9] polyA tailol A2A<I oligo dT(18 men)oll <]
27 mer AES AT 45 mer2] FVIMEE AREITG
CAG GAA TTC GGG CAC TCG AGC TCA AGC TIT
TTT TTT TTT TIT TTT 3). Y49l 27 mer A€ oh&
#A42] cDNA HZ& £3+ PCRY reverse primers|E2 AN
3t7] A3l Frretact. @47t cDNA §AE 9t A
RNAZ 1-5ug #3 % 100 pmol®] primers 1w 7}k
70°Cel 57} WhSA]F)3L, 5Xreaction buffer 4 W/t 10 mM
dNTP 2 W& A7H & F37F 8wt =S 2ol255 7}
3oy 37°Cel] 587 WhSAIA T, o] HES-Eo| M-MulV reverse
transcriptase 40 unitsS F7F513 37°ColA] 60%-7F wk-A AT
olF ¥R FANTIZT HsiA T0°CeliA 1027 HMAISHAT
7} ol 28 F 70°Col E#EHEA PCR WES-o|
template 2 AM&3}4G k. PCRO+= Tag DNA polymerase kit
(MBI, USA)E ©]€3}92m 10XPCR buffer 5ul, 10mM
dNTP 5/, degenerate forward primer®} reverse primer(100
pmols/l) ZHz; 1ul, Taq DNA polymerase(5 units/ul) 0.5 ul,
template ¢cDNA 1 W& &3 F F FI7F 507t H=S
go| 245 AL o k8-S 33l%ith. PCR2 denaturation
FA4E o°ColA 30%7), annealing -2 3037}, extension
AL 72°CoM 1E7ke = sl F 30 cyceS FEITH
PCR AHEE 1.5% agarose gelollAd A71¥% 38l EAs14t).

¢DNA cloning. RT-PCR 2HE9] M2 ThE O Z24g &
249517] 918l pGEM-T Easy Vector(Promega, USA)E ©]-§-
sttt

RT-PCR 2H-& A71%9% 3} cytochrome P450 family 3
2] =718} FAFSE band?t BJEH, o] RTPCR A& &
T2 A2600mmolA FAs A& F 50ngE pGEM-T
Easy Vector E21d0l| o] &35t}

Hepmjokst LB wiRo)A] £2], A plasmid DNAS| E2
Y JRE F1l] 9sled pGEM-T Easy Vector®] EcoR 1
B2 A3 T oinsetE BRASATE ATES AZddlE
EcoR I (MBI, USA)E o83t E9d W8EE 15%
agarose gelollx] A7]|95sle] E2Y oF ¥ 1 78
3lsct.

DNA ¢71X¥ 24. DNA 29 d7IMYg AAelE chain
termination H'H-E o] &31H 2™ P AlFexpress AutoCycle
Sequencing  Kit(Pharmacia Biotech, USA)E AH&-3tATH
Sequencing ®F-3- primer= ALFred M13-40 forward primer
5-CGCCAGGGTTTTCCCAGTCACGAC-3'.v ALFred MI13
reverse primer 5-TTTCACACAGGAAACAGCTATGAC-3'E
AR2-8H9th, Sequencing HFE-& denaturation 78-S 94°CollA
1527}, annealing 82 forward primer AF&A] 65T, reverse
primer AH&A] 50°ColA 1527}, extension #& 72°CollA
4022 8l F 36 cycle2 FAAT TS FAAINI ¢
3] %289 (Deionized formamide/blue dextranyS ZFZ} 4l
H7he F oo5°Co] 238 WA EEelA 4 &
sequencing geloll T3l A7IX L& AU

Sequencing gel A= urea 28 g, acrylamide/bisacrylamide
final 6%, 10XTBE buffer 8mi, 10% ammonium persulfaie
400w/, TEMED 40WE E3et & & 597} 80mie] HES
go|24E Hrlsle] wHE 6% acrylamide/bisacrylamide gelE
A&l o sequencing 7171:= ALFexpress Auto Sequencer
(Pharmacia Biotech, USA)E AH8-3}51T}.
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HE fAizjo]7] Wi 54 o] A& dHEsi 54
ZAFS= PSI-Blast™ ©]-€35tt.
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AR HEH oAt MEH FEAE & F A A
TE B2Aggior 53 Eole Dialign2¢} GeneDoc L&
olg3lgitt. 2y tERE Al wE} A5 A=E
23] YRjshe olpleAt A, FARIAY X3 753 ohil
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Fig. 1. Agarose gel electrophoresis of total RNA extract from
seedlings of A. japonica.

o 1% agarose gelollA 271958 2AE A3} Fig 1904 7+
©] 2889} 18S ribosomal RNAZ} BR1Eo] A RNAZ} &
H AL & S 9o, ]2 Tyl DNA @A) o] 45}
AT

RT-PCR. RT-PCRO| AM8% degenerate primers AA5}7]

$15}] GeneBank Entrez® 7ZA8t SA7K] 42§84
Z M2 Y42 AE9 cytochrome P450 family 57329
ecdysteroid®} 72222 A8t brassinosteroid Aol F]
e AR ezl AE FHAY 239 ecdysone 20-
hydroxylase 2 FAHH= FAAE AAHATHY oFA
cytochrome P450 family F-3AFES 273 AL AE 9o
A ecdystermd Aol Belsle A A7 L] tisixe

4R Aol QPAT, FA FFA] cytochrome P4500] #Hod
She ReR eelA °‘7l wjiEo] ATt

Degenerate primer A7l A8 57 A4S £F7
FEHAE 2] 913t} CODHOPE®] Block Maker 2213
#} Dialign2 Z27% 2 GeneDoc TZI1HE o83 t}5H
4 5 AHH 4798 Fig 20 eIt Cytochrome P450
£ heme ¥ Fo]7] wjE<] heme binding P9 AFHAS
Ao R MAsIem, 2 & A0 B Y 3HNE
ST S
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Fig. 2. Muitialignment of amino acid sequence of plant cytochrome P450s and putative insect ecdysone 20-hydroxylase using GeneDoc
program. gil421741-Lycopersicon esculentum; dwarf, gil076315-Arabidopsis thaliana; DWAR, gi2935342-Arabidopsis thaliana steroid 22-alpha-
hydroxylase; DWF4, gi987267-Zea mays; DWARF3, gi5106554-Locusta migratoria putative ecdysone 20-hydroxylase.
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Table 1. Degenerate primer sequences designed based on the homology site of plant cytochrome P450s and a putative insect ecdysone 20-

hydroxylase

Degenerate primer Sequence Size

Forward primer

Homology site Leu-Pro-Pro-Gly-X-X-Gly - Trp - Pro

Primer (DPS1) 5'CTG CCT CCG GGT AAA ATG GGTTGG CC 3 26 mer

Homology site Gly - Trp - Pro

Primer (DPS2) 5'GGW TGG CCW YIN CTN GG 3' 17 mer

Primer (DPS3) 5'GCCCACCAGGCTGG CCNYTN 3 20 mer

Homology site Glu - Thr - Leu - Arg

Primer (DPS4) 5'GTC ATH WAC GAR ACN CTN CG 3' 20 mer

Primer (DPS5) 5'TGG GTG ATC TCC GARACN YTY TN 3' 23 mer

Homology site Phe - Asn - Pro - Trp - Arg - Trp

Primer (DPS6) 5 TTT AAT CCT TGG AGA TGG 3' 18 mer

Homology site Phe - Gly - Gly - Gly - X - Arg - Leu - Cys

Primer (DPS7) 5'TTT GGA GGA GGG CCA AGI CTITGT 3' 24 mer

Homology site Tyr - Met - Pro - Phe - Gly - Gly - Gly

Primer (DPS8) 5'TAC ATG CCN TTN GGN RBN GG 3' 20 mer

Reverse primer

Homology site Phe - Gly - Gly - Gly - X - Arg - Leu - Cys

Primer (DPS9) 3'AAA CCICCICCC GGTTCC GAT ACA 5 24 mer

Primer (DPS10) 3'CGA ACT CGA GCT CAC GGG CTT AAG GAC §' 27 mer
171¢] degenerate primer(Table 12] DPS9)$} @7t cDNA
4] oligo dTO FAE 27 merd] AE-L o83l A&t
primer(Table 1¢] DPS10)E ARE-3}] RT-PCRE AAIEHTE.
2 A3}, heme binding FG] A4FFHU FGGGXRLC
YMPFGGG oh)i=At MEE 7122 AZ% DPS74 DPS8E
forward primer® 3}3, DPS10& reverse primer® 3}] RT-

500bp — PCRE AA|3l5e o, 4%-8 #E9] w7l cDNA library

Fig. 3. Agarose gel electrophoresis of RT-PCR products. M: DNA
marker. Lane 1: PCR products amplified with DPS7 & DPS10 primers.
Lane 2: PCR products amplified with DPS8 & DPS10 primers.

5% inosineS AME-3}9ITH(Table 1).

©71e ¢DNA libraryollA] cytochrome P450 family -f-2<}
9] screeningS 95lod forward primer2A] cytochrome P450
family -F72te] FEFHE o183l AlFet 870e] degenerate
primer(Table 12 DPS1-8)Z AMEF L, reverse primer &1
cytochrome P450 family §-374}] o5& o3l A=t

oA DNA7} AEEE A7z ERNE + U
(Fig. 3).

RT-PCR 2B 1.5% agarose gelollA] A7|9%S A,
DPS7 primer$} DPSI0 primerE ARE-3F 739 100-500 bp<]
PCR 4HEg BRI 4 U132, DPS8 primeret DPS10 primer
& AMgF 9= 100-800 bpe] PCR 2HE-S 1T + QU
. olFA gt 2719 bandEel FAHE AL
FGGGXRLC® YMPFGGG AE%-9o] thall A degenerate
primerE AAIE W oAb G| degeneracyE Lt 4
B0l A &2 7] dAl ofH Er1= AF 75T inosine
& AME-8IH 7] W Eol degenerate primere} E-o]ido] A
DNAER ] SZ=U7] wiiEeltt. 89t cytochrome P450
family 252 heme binding FLNA polyA tail 7}A]<]
Azlel Fs= 150-300 bpe] bandEE FRIFHe] ol5L &
2 3t

Cloning & insert 8%l. RT-PCRE ©}&3le] A& PCR At
EESHE O dHES Esr] S8t pGEM-T Easy
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Fig. 4. Agarose gel electrophoresis of digested DNA with EcoR 1
restriction enzyme. M: DNA marker. Lane 1-15: DNA clones
amplified with DPS7 & DPS10 primers.

Vector F24E A58 Y. Z8]3 XL FBlue competent cell
ol transfomation ¥+ ¥ X-Gal3} IPTGE ©] &3} white/blue
2y AMue AAg & pGEM-T Easy Vector®] RT-PCR
AHEEo] ELE‘/‘Q 749_3 AR = 3040709 Sk F2UES
g=signt. 5 512 B8], A plasmid
DNAE & ? pGEM T Easy Vector®] EcoR I 992 A

M123 45678 810M12131815M

3kb —

500bp —

Fig. 5. Agarose gel electrophoresis of digested DNA with EcoR I
restriction enzyme. M: DNA marker. Lane 1-15: DNA clones
amplified with DPS8 & DPS10 primers.

3lod 1.5% agarose gelollX A7|95% A} dlFEe] 3F F

2Yolx F29¢HE RTPCR 4HeS Q1 F ot @7t
¢DNA library A9kA] DPS7 primer?t DPS10 primerE A}
3] A2 RT-PCR AHEEE pGEM-T Easy VectorZ2 2
g+ 7 oﬂ—t— 200-500 bp2] RT-PCR 4HEE©] vectorol] S
B Ag gelgt & 9lom, DPSE primer?t DPS10 primer

of. of, oto an
Nlo o n

Table 2. Sequences of DNA and deduced amino acid of the partial genes cloned with DPS7 & DPS10 primers

Clone DNA sequence

Deduced amino acid sequence

Length of DNA Length of amino
sequence acid sequence

Clone 1

Clone 2

Clone 3

Clone 4

Clone 5

Clone 6

Clone 7

Clone 8

Clone 9

5’ -tttggaggagggccaaggctytotgcaggatateagttgac
taagttasatattetcatottogtgeatttggtagtaacteatt
ataattggtogttggtacaaccagatgaatecattgttatggac
cetetcoccattoccateteasggaatgecctttagagtgtetee
taasactccaattacataa- 3

5 '-tttggaggagggccaaggetgtygacaagacgegtgaacag
aggtacgttcacatgoatgaacaacctotactecttttetoott
getecttaatccaaaggggacttageogggetectegaccacaa
geatggectotaggettcgagaacaatetatetetogagtgeee
gaatteetga-3°

5§ '-tttggaggagggccaaggetgtytictictottgoticteg
agtgeeegaattoctgaategaattecegeggecgecatogegy
cSgggagcatgegacgtagggoccsat togecctatge-3”

5'-tttggaggagggccasggetygtyttoggttotgcagagate
atattctacaaasattaacttitccagtcaaaagetcaagagat
catattttttaagaagttgs-3’

5'-tttggaggagggccaaggotgtgtotgatoctegoottact
tatgagattcgaageatttgggttteatggtiga-3’

5° ~tttggaggaggyccaaggotgtyggagatattectggagtt
cgatttaaggttgteaaggttgctogtotticectKogtagete
teth Vgaag caaggtottaggtgtaaty
tgtttgactacttcaattttgctactttas-3’

5’ -tttggagyagggccaaggctytygygtaattitccaaaaaa
ggasatgtag-3’

5’ -tttggaggagggceaaggetgtyttgtettetitetogea
atga-3'

5’ -tttgghggaggeccaaggetgtgtagggcScagtga~3’

FGBGPRLCAGYQLA
KLNILIFVHLVVTH
YNXSLVQPDESIVM
DPLPFPSQGMPFRYV
SPKTPITStop

FGGGPRLWTRRVNR
GTFTCMNNLYSFSP
CSLIQRGLSRAPRP
QAWPLGFENNLSLE

C PN S Stop

FGEGPRLCSSLASR
YPEFLNRIPAAAMA
XGSMRRRAQGFAL

Stop

FGGEPRLCSVLQARS
YSTKINFSSQKLKG

SYFLRS

FEGGPRLCLILALL
MRFEAFGFHG Stop

FGGGPRLWEIFLEF
DLRLSRLLVFPXVA
LXXXEEGKTKVLGYV

MCLTTSILLL Stop

FGGGPRLWGNFPKK
E M Stop

FGGGPFPRLCLSSFSAQ
Stop

FGGGPRLCRXAQStop

192 bp

186 bp

123 bp

105 bp

75 bp

159 bp

51 bp

45 bp

36 bp

62

41

35

2%

53

17

15

12
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Table 3. Sequences of DNA and deduced amino acid of the partial genes cloned with DPS8 & DPS10 primers

Clone DNA sequence Deduced amino acid sequence Length of DNA Length of amitio
sequence acid sequence
Clone 10 5'-tacatgccqttggquawgg'qccaaguttgaggaagthact YMPLGMGPRLRKST 63bp 21
aagetgettoctectattttag-3 KLLLLF Stop
5’ -tacatgecgttgggaatgggecctggtyytogtgatggagge YMPLOEMBPGERDGE
agaggtgggagaagtgattogagttatggtogeagggataggggs RGGRSDSSYGGRDG
aggggt: atgatagttatgatggtgatggttgtygy GROGRDRYDSYDGD
asgtatgyaggttaccagtocaagaattitogaggtagegatygy CEKYGOYQSKNFGG
Clone 11 gatagaggccScageccaaggeccasatDYagaagtcttBggatt GDBDRGRSPSPNOK 339 bp 113
caRagt +gggagtagkagh SWDGTQSRDGSHNX
getcagSagRagth HeacctaDgteocgly GRSREXSRSPERFN
tagRgKtttgccHtgtRaVtBegtyngtKatgtigggBgeceghte PGPAKXFHEMDIXGR
gtga~3’ Stop
5 -taf:atgccattqggaagggggcccaaqattgaggaagtogac YMPLGRGPKIEEVD
Clone 12 taa-3 45bp 15
Stop
5’ -tacatgcegttyggaatgggecctagtagtogtyatggagac YMPLGMGPGGRDGG
agaggtgggagaag tegagttatggt ggggga REGRSDSSYGGRDG
Clone 13 ageuy ---f-- gatggtgatggttgtogy GRGRDRYDSYDGD 249 bp &3
aagtatggaggttaccagtccaagaattttggaggtggegatggy CEKYGGYQSKNFBG
1 S gy DYagaagtcttBggatt GDGEDRGXSPRPXKXR
ggactcaatceeagggatcaRagy ttga-3° SLXIGLNPGBIXXStop
5'-tacatgecgttoggaactggtoccttgggtgaagggotogac YMPFGTGPLGBGEGLD
aaggttt tggagetttt tggeetegetgat KVYPGGAFDPLSBLA
g tgcettrg 99 t DDPDAFAELRVKEL
Clone 14 gosaggttggctatygttetecatgttoggaticttcgtteaaget ENGRLAMFSMFGFF 282 bp o4
attgtt gggteccat t VQAIVTGKGPIENL
getg: g gogctts te SDHLADPVANNAWA
gtteotggRaagtga-3’ YGTNFVPXKStop
AR8-3} reading framedl| S1Edh= 971 2 oluiat AEL Table 29

R
fru
ol
e

$-olE 300-800 bpe] RT-PCR AMEE©] vectoroll
o

2YE AE AT 4 AYohEFig 4, 5). WA RT-PCR
AMEES 1.5% agarose gelold A719% 31992 ] Eolel o

FHo] AHEE°] pGEM-T Easy Vectoroll F24H Aoz
AEo] o5 AMES BAHE F U

Partial ¢cDNAS] 97] 2 o}u)=4 X¥. pGEM-T Easy
Vectorl] E29H insert DNAY] G714 8S F714E 2HH
< B3k ERIsIth. DPS734 DPS10 primerol] <Jsfad Al
B fAEe] ZFE9ME DPST7 primer F7INEE 23H3laL
YE M= ohE FERE2H001-009) 97l G71Mdoe] gl
AL, T FL el FAAL AR TE F2M El
=30th. 282 DPS8F DPS10 primerdl] oJsix Autel 4
59 S84 DPS8 primer F7IMEE E3SIL SlE A
2 08 FEFHAH010-014) 570¢] G714 Fol ERIFEA, o]
£ 59 Y AL M2 OB S804 I

ol#3 HE fAA F7148E Expasy?| translation toolS
o)g3le] olnit MY R WHEHY. 1 A3}, DPST primer
7MLl sFshe of|At AMFelM FA] FETIAY] B
29l open reading frame®] Z7|&= 12-642 JEREC™ | DPS8
primer 71X B0 sB3k= oA A FelAM FA ZETHA
o] BHEAQI open reading frame?] 7] 15-1132.2 tleks)
A Vet M2 OE Mg 7 2859 ¥4 open

3o “gelsisitt.

gil{1076315 : 39
gij987267} : . 38
gill421741 : : 39
gi 2935342 : : 39
gi|5106554 : : 38
Clonel . 34
Clone2 : 34
Clonae3 . 34
Cloned : 34
CloneS : 24
Clonel( - 20
gi11076315 : : 67
gi | 987267] : 65
gil1421741 : 63
gil2935342 : : 64
gi{5106554 : 76
Clonel 63
Clone2 60
Clone3 40
Cloned -
Cloneb -
Clonell : -
EDDKAVRFPAVPFPNENTLAGVPIRVSRRPFAELVRPA

Fig. 6. Multialignment of cytochrome P450s and cloned partial
gene using GeneDoc program. gil421741-Lycopersicon esculentum;
dwarf, gi1076315-Arabidopsis thaliana; DWAR, gi2935342-Arabidopsis
thaliana steroid 22-alpha-hydroxylase; DWF4, gi987267-Zea mays;
DWARF3, gi5106554-Locusta migratoria  putative ecdysone 20-
hydroxylase, Clonel-5 & clonelO-cloned partial gene.
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Table 4. The number of residues that match exactly, similar or conservative substitutions and gap character between the two sequences in

multialignment
A B C D E F G H I I K
A 1 67 25% 38% 44% 14% 25% 11% 11% 14% 14% 10%
2 0 37% 44% 56% 32% 41% 16% 17% 25% 17% 16%
3 0 16% 5% 4% 14% 19% 23% 40% 49% 64% 70%
B 1 18 65 29% 27% 13% 28% 15% 12% 15% 12% 9%
2 27 0 42% 44% 27% 40% 24% 18% 21% 15% 15%
3 12 0 11% 13% 14% 8% 7% 38% 47% 63% 69%
C 1 26 20 63 45% 11% 23% 10% 12% 11% 12% 6%
2 30 29 0 62% 28% 36% 17% 15% 7% 17% 14%
3 4 8 0 1% 19% 14% 19% 36% 46% 61% 68%
D 1 30 19 29 64 19% 31% 10% 15% 14% 17% 15%
2 38 31 40 0 32% 49% 17% 20% 25% 17% 20%
3 3 9 1 0 18% 15% 20% 37% 46% 62% 68%
E 1 11 10 9 15 76 14% 10% 6% 7% 7% 9%
2 25 21 22 25 0 27% 17% 10% 15% 13% 14%
3 11 11 15 14 0 17% 21% 47% 55% 68% 73%
F 1 18 19 16 22 11 63 14% 14% 15% 15% 10%
2 30 27 25 34 21 0 25% 22% 22% 15% 13%
3 14 6 10 1 13 0 4% 36% 46% 61% 74%
G 1 8 10 7 7 8 9 60 16% 11% 13% 9%
2 12 16 12 12 13 16 0 25% 23% 13% 11%
3 17 5 13 14 16 3 0 33% 43% 60% 73%
H 1 8 8 8 10 10 40 30% 25% 13%
2 12 12 10 13 8 14 15 0 35% 27% 18%
3 27 25 23 24 36 23 20 0 15% 40% 60%
I i 10 10 7 9 6 10 7 12 34 26% 13%
2 17 14 11 16 12 14 14 14 0 32% 18%
3 33 31 29 30 42 29 26 6 0 29% 54%
J 1 10 8 8 11 6 10 8 10 9 24 29%
2 12 10 1 11 10 10 8 11 11 0 37%
3 43 41 39 40 52 39 36 16 10 0 37%
K 1 7 6 4 10 7 7 6 5 8 20
2 11 10 9 13 11 9 7 8 7 10 0
3 47 45 43 44 56 49 46 26 20 10 0

A:gil421741-Lycopersicon esculentum; dwarf, B: gil076315-Arabidopsis thaliana, DWAR, C: gi2935342-Arabidopsis thaliana steroid 22-alpha-
hydroxylase; DWF4, D: gi987267-Zea mays; DWARF3, E: gi5106554-Locusta migratoria putative ecdysone 20-hydroxylase, F: Clonel, G:Clone2, H:

Clone3, I: Clone4, J: Clone5, K: Clonel0

1: The number of residues that match exactly (identical residues) between the two sequences.
2: The number of residues whose juxtaposition yields a greater than zero score in the current scoring table (similar residues or conservative substitu-

tions).
3: The number of residues lined up with a gap character.

cDNA clone¥} € 241710 %54, DNA 97IMES ©
A3k ojn]i=Al A/9E NCBI®] Blast®t PSI-Blast T2 180]A]
A Z2AE AABIE T 2 A, 482 cytochrome P450
family -F-32537} o} & AFFAIS Hol:= clonel DNA ©
He HE9, Jede] e Flo= EEE clone2, 3, 4,
5, 10 DNA @3 6718 42 4 AAJTh(Table 2, 3). 2L
o] 67l9] &H Z clonel, 5, 102 ecdysone 20-hydroxylase®.
FEE fAARE 40 e AeE El=E

NCBI®] Blast®} PSI-Blast T2 189] 54 XALE Sl
cytochrome P450 family -§-3253 4540l e Ae=w &

H e7lle] E2Y FAAELS degenerate primer AAA] A
S8 7K faRe) REAR ollgt A2 UEHE @
F A5 Az B8 o 49 Fg 69 BE¥E A

HoA B A 7o) clonel & clone2] FEZ <! open
reading frame2] Zo]& 241E9] cytochrome P450 famﬂy iRl
A} 2 F729] ecdysone 20-hydroxylaseZ 57 FRAEL]
FEZ9] open reading frame ZHol2} AR 74_& Folx]o]
cytochrome P450 family -84 7Fs/do] &2 2o 4
e}t 53] clonel> NCBI®| Blastst PSI-Blast 22170
A AEAL A9 W AE9] steroid hydroxylaseZ Y
A cytochrome P450 family -FAREH 450l & Ao=
gel=)-S #at o} cholesterol monooxygenase(side-chain-
cleaving)9t= AFEAle] = ALZ FRIFO] ecdysteroid A

4 B 5049 7Fsel Be ASR FWHAT
Fig. 6] th54% Ao wet 4548 A= ads] <A
gh= olmleat N, SARAY X3 7PsE opulwal A
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2 gape] HIEE Yepo] FdiF7} stk (Table 4). 2 2
3, 2159 cytochrome P450 family --AAFE7H)] 483 X
She oplxat MY IS 2545% WS UepiieH, 4
E9| cytochrome P450 family -F+AAFEF 239 ecdysone
20-hydroxylase 35+l 28 B2 11-19%5 v}
BTt 12 21E2) cytochrome P450 family -FFAAE7:
o] fAFAY 28 7FsdE ofreAt M HIES 37-62% A
& UEilE AL AT F AYen, cytochrome P450
family RS 2359] ecdysone 20-hydroxylase 53 F&
FAAR = 27-32% H=E AT ddiFes 229
H F84E 5 clonel2 2E2] cytochrome P450 family -
AAE Ags] dAske o=t ME HlEo] 23-31%2 W
B} AEe] w2 A0 FAHHENCH, clone2, 3, 4, 5, 10
& 6-15% AEE 5o 4FA0] Yol AT AT gap ¥
& ERit, o] B AER A0l de o=
FAEAJE. 223 KAV X8 7Fsd ofa At AE o]
48 HH, clonel2 2]E9] cytochrome P450 family -5-A4=
7 3649% BEE Ho FEH0] & ZeE FAHEUeH,
clone2, 3, 4, 5, 10& 14-25% AEE B F5Ao] & A
o2 FAHAY. Bk oz} F24YE FHAAE 5 clonel
Z%9] ecdysone 20-hydroxylaseZ A== F3xle} &3
AR3l= ofrlAt ME H]&o] 14%, FARIALY X8 7Fsst
olu| At MY H)go) 27%E AR oR EA Uehto
clone28} 10%= &3] dX|ehe o =AM B FARHAY X
3t 7F5 3l oAt AE HIgo] AR & HES HY
gap HIES v AEd0] e AR FAHI
olge AAEL S & o, clonel ecdysteroid A
d B /AR 7Feel o w2 AoE Ao,
clone2=. ecdysteroid A4 Fd F-AAY 7FeAo] Jde A
o2 A7 283 clone5e 10 5221 open reading
frame?] Zole 27 ZAT ecdysteroid AT F&E S
7FsAdel e Acw FTRHUCH, clone3F 45 cytochrome
P450 family F+331d 7FsAdo] e Ao dATHATH

#HAle| 2
B d7E 3ERY 37/ @FAHE: 295055-
5) ¥ AFiely oldoiYd g A -AlE 9] Ao o8] A
FHOH, AR Yol A==

x =1
N2
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Isolation of Genes Involved in Ecdysteroids Biosynthesis from Achyranthes japonica Nakai

Kyung-Hwan Boo, Somi Kim Cho', Hyun-Byung Chae, Kyung-Hwan Boo, Seong-Beom Jin, Do-Seung Lee, Dae-
Woon Kim, Moon-Jae. Cho* and Key-Zung Riu* (Faculty of Horticultural Life Science, College of Agriculture;
'Subtropical Horticulture Research Center; *Medical School, Cheju National University, Cheju 690-756, Korea)

Abstract: In order to isolate genes involved in ecdysteroids biosynthesis in plants, total RNA was isolated from
Achyranthes japonica Nakai, and RT-PCR was performed using degenerate primers selected based on the results of
multi-alignment of four cytochrome P450 genes from plants and a putative ecdysone 20-hydroxylase gene from an
insect. Fourteen partial cDNA clones showing unique base sequences were obtained, out of which six showed
homologies at the levels of nucleotide and amino acid sequences to the other cytochrome P450 genes known to be
involved in the ecdysteroid biosynthesis. Of the six clones, four showed relatively high homologies to a putative
ecdysone 20-hydroxylase gene isolated from an insect.

Key words: ecdysteroid, gene, Achyranthes japonica, RT-PCR, Cytochrome P450
*Corresponding author



