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Abstract - Wound inducible P450-Esg cDNA, one of cytochrome P450 gene family, was isolated from shoot of Euiseong
garlic cultivar. P450-Esg cDNA possesses highly conserved heme-binding domain in the nucleotide sequence, and 1,419 bp
of open reading frame (ORF) coding of 473 amino acids. Based on the nucleotide sequence analysis of P450-Esg homologous
from twelve garlic cultivars, two domains, one domain between 472 to 510 bp, and the other between 1,210 to 1,249 bp from
start codon (ATG), showed various nucleotide polymorphism among cultivars. Sequence of heme-binding domain in
P450-Esg homologous, which is located at the domain between 1,210 to 1,240 bp from start codon, showed various
nucleotide polymorphism as well as amino acid sequence polymorphism among twelve garlic cultivars. Anther domain,
between 472 to 510 bp from start codon, showed exactly same amino acid sequence in the twelve garlic cultivars, but there

were various single nucleotide polymorphism to the cultivars.

Key words - cDNA, Cytochrome P450, Garlic cultivar, Polymorphism, Nucleotide sequence

A

re.

Seluete] AulE vhae FRgold Wolksa B Al
2 EAdol| wheh ZA] AR IAF o AL =T,
ZF Aol A A= AL Q= Rk FHe] nhsgel oig
TAAY Aoy A #elel el °L£’4? Ll
A9] Itk (Hwang, 1993; Bae et al, 2010; Kwon and Oh.
1999). A7 nh=o] F-5 w5sl] 13 e, el - A
B4 (Hwang, 1993; Lee, 1974), A3 (Cheshmedhiev,
1973; Harn et al, 1996) % A3}84(Etoh and Ogura,
1981) "ol AlmElom, A AlAA & Auf= L gl
sl Thdel Wol7h EAlgthE AV o] 2 ¢
4 2tHKollmann and Shmida, 1977). $-2luzke] A
Wehse B G B Go] Folo] FHE: AHdo] =

Ak Aoz not AE ol FIeF Bl f4
thekyo] A Aoz =AHr),

5 WATAZHE—mail) : skwon@andong.ac kr

584 -

Cytochrome P450(P450)2 A|¥A7]3#2] microsome

F-9lell EAehE g AR Aol dojuh= thekdt &
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and Luster, 1991). A1EoM+= o, 153 &5 Hul], &2
o}, dlukelr] FolA P450 A we R, olel &
s frAlE AESolu wEo] tig 714 de] SolA
| sk, Aol As - HAEA 2EH A} 22 59
5147700 oS w HEdos ugE= EYS shx
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A WML E BAstal ke He o8akd vk A
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Axx2] 2 P450 cDNA g4

Fo] elute ks 1S 25T £ 10 Aol X4
ato], 25 Ft Ak whEo] Aol Fad 45 o] &3k
5 mmIHAo R JAE APt dAAE & & 9A
f\lﬂOl ZAafstd A-g AFete] AAA L] o] total
RNA 323 % poly(A) 'RNAS FZ3IHGIBCO, Life
Technology). RT—PCRS $|3+ forward primer= P450
42 Wl heme—binding domain(hb—domain)<] A+
Hol EABh= o =AM A(EFLPF)S vlge® tizsl
skl om, 5 dwtol] BamHl §-915 X33 9714 4[5
GCGGATCCGAGTT(T/O)(T/C)T(G/A/T/C)CC(G/A/T/C)
TT(T/C)—3']& AF&3I AL, reverse primer+= £coR1 §
A7} 328+ oligo(T) primer(5'=CGGAATTCTTTTTTTT
TTTTTTTTT-3)2 A8l Fig. 1). B4% P450
AR} ©H-2 cDNA librayollA £k 9171 E g8 9
g TEHE ARSIl om, B E BE P450 ¢cDNAE ¢
71Md B4E AAssith

AR AN
FAxFe] WS Northern blot2} RT-PCRHEPH o2 &
tal

AF3AT). NorthernitA2 7} A=A =5 E 353 to

v P450 -4 o]

Heme-binding domain

@an -3’

Forward : 5’ GCGGATCCGAGTTTTTACCATTT 3 Woundlng

“BamHT 0 10m 2h 6h
§ 5 <

Reverse : 5'-CGGAATTCTTTTTTTTTTTTTITT-3
EcoR1

Fig. 1. Primer design for cloning wound-inducible Cyt. P450
cDNA in garlic shoot cell. A forward primer including
BamH1 site is based on amino acid sequence of EFLPF and
reverse primer is oligo (dT) including EcoR1 site. Box is
RT-PCR product showing wound-inducible bands (arrow).
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Fig. 2. Expression of garlic P450-Esg gene in shoot, callus
and wounded shoot. Cultivars, Euiseong (ES), Namdo (ND)
and Mongolia (MG). probe for northern blot was P450 cDNA
isolated from Euiseong garlic (P450-Esg) shoot treated with

wounding for 6 hours.

2] P450—-Esg 449 v 2495 $13) Northern blot
S e 7353]”‘5 Fig. 2¢} 2t} WA, 232l <4
F(ES), HAEI HEF(ND) 2 a9l =5 (MG) S
olg-sto] % éﬂﬁ:ﬂiﬂ% callusE P|ulgh Az} 2 Aol A
= s WA koo callusellAe A FE R
Foll A 74 signalE BAvh et A HAA o A E
Z & 3A 7k 6A7ko] A3l Aol M= P450—FEsg &7
A7} 733k A HEE AT

& - 21E-2] microsome F-9lol] EA5]= P450 whil A
AlEEo A dofub= thekst TR ’&ﬁ}t{}%—% Fufeh=
FaeA, tAbg Fol AAelel g oA AR
Z o] el 27842 Qe sk Ziﬁi i vk
(Hoshino et al, 1995). A G974 thefst AE#H 2o =
=9 W, 15, 7, v, ge) sfukeb] S 22 A
Eo|A P450 AP B o), mhs A EEREE o
FAAE g AlEle Bt fick(Donaldson and
Luster, 1991). 3HH P4509] &al= A= A EFo
Eﬂ%"ﬂ gk A7IEe Solgeo] A, AEo] B
1_ 31_7401] lr—o:lo m] A{Eﬂxq_i ulang EH 7].7(
Aoz od#A 9t Donaldson and Luster, 1991; Kwon
and Chappell, 1998).

#Hz o3F vhsolA B P450-Esg fr:127} B A
HjF A& SolA o= WHFrh= o= njfo] o] {7}
£ hsoAe B R A8 A=A (wound—
inducible) AR A= FA= Ty wEbA] P450—
Esg f+34F= probe® o] =iujo} g-ZolA 53 12%
o] wh= frEOl| AAE 7FeE F Z7F9] ¢DNA library =5
E] Aol HolH o W EE P450-FHAE ot 97

SEREERRLT R

0 atttagcaaaattgcgccacttaaccattattctccagacageatcgtctaataatccaccacgtatcteccata
76 atgcagttatgcagcttggtgtccattttectcttectagetgtectattgtggttgaggatatggaagtactee
FSLVSI L FL W K

151 aatagccaaagcaagaaattgccaacaggtccatggaaaataccaatcctaggaagtateettcatatgattggt
NSQSKXLPTGPWI KTIPTILGSTILHMMIGEG

226 ggagaaccgcaccatgtcctcagagatttage tatggaccacttatgcaccttcagttaggtgaaatt
VLRDLAKEKXKYGPLMHLA QLGETI

301 tctgcagttgtggttacttctagggacatggcaaaagaagtgctaaaaactcatgacgtegtttttgeatctagg
AVVVTSRDMAKEVLZE XTHDVVFASR R

376 cctaaaattgtagccatggacatcatctgtaataaccagtcagatattgectttageccttatggegaccactgg
PKIVAMDTITICNNQSDTIAFSPYGDHW

451 agacaaatgcgtaaaatttgtgtcatggaacttctcaatgcaaagaatgttcggtetttcageteccatcagacgt
RQeQMRKICYVMELTLNAKNVRSFSSTIRR R
CP L EER IR R0 ac te tatecogteagat et tetteaggtoaactag LU Ciaaa e Rt}
DEVVRLTIDSTIRSDSSSGELVNTFTA QR

601 atcatttggtttgctagctccatgacgtgtagatcagcatttgggcaagtactcaaggggcaagacatatttgee
I I WFASSMTCRSAFGQVLZ KXGQ@DTITFA
676 te: taataggattagc ttggatgtggtagacatcttecctacatacaagtttett
XKKIREVIGLAEGLDYVVDTIFPTTYZXKTFITL
751 catgttctcagtgggatgaagegtaaacttttgaatgcccaccteaaggtagacgccattgttgaggatgteate
HVLSGMEKRIKLTLNAHLTE KV YVDATIVETDVTI

826 aacgagcacaagaaaaatcttgcagctggcaaaagtaatggcgecattagaggacatgtttgetgecggaacagaa
EHXKIKN G KSNGALETDMTFAAR

901 acttcatcaacaacaactgtctgggctatggctgaaatgatgaagaatccaagtgtattcaccaaagetcaagea
TSSTTTVWAMAEMMEKNEPSVF FTZE KA AAQA

976 gaagtgcgagaagcctttagggacaaagtttettttgatgaaaatgatgtggaggagctgaaatacttaaagtta
RDXKVSFDENDVEELZE KT YTLZXKTL

1051 gtcattaaagaaactttgagacttcatccaccgtctccacttttggtece tgc tacggat
VIXKETLRLHPPSPLLVPRETCRETDTT?D

1126 ataaacggctacactattcctgcaaagaccaaagttatggttaatgtttgggcattgggaagagatccaaaatat
I NG YTTIPAZXKXKTI XKVMYVNYVWALGRDTPIKTY

1201 agggatgacgcggaaagctttaagccagagagatttgagcaatgotcggtggatttttttggtaataattttgag
FGNNTF

1276 tttcttccctgtcatttggtttagctaatctttacttgccattg

F L G 6 RRTICTP FG6LANLYTLTPL
1351 gctcaattactctatcactttgactggaaactcccaaccggaatcatgccaagagacttagacttgaccgaatta

AQLLYHFDWI KLPTGIMPRDLTIDLTEHTL
1426 tcgggaataactattgctagaaagggtgacctatacttaaatgccactccttatcaaccttetegagagtaatac

6 I TIARKGDLTYTLNATPYQPSTR RE =*

1501 tatattggcatactcattataaatttccttcatcaacctctatattgttcaataatcaatcttetggtgttatag
1576 gctttatcgatttccaatacatgtcattgaagaatgtatcacattccatatagatggtgaacgcaccaattaate
1651 gtgccatgattttagegtatcttgteccatcat

Fig. 3. Nucleotide and predicted amino acid sequences of
P450-Esg cDNA isolated from Euiseong garlic. ORF, 1,419 bp
nucleotide with 473 amino acids, from starting (atg) codon
to termination (taa) codons are underlined. First domain,
between 472 bp to 510 bp from start cocon (ATG), showing
nucleotide polymorphism among cultivars, and second domain,
heme binding domain of P450 gene, between 1210 bp to
1,240 bp from start codon, are highlighted.
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=
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ATt 1 A¥ 12F vhsellA] 242 &4 P450 4
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AAE, MAE, AHE, AAE, FUF, GYES hb-
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A7IM Gl A 2pol g Hole H4-% =
©] hb—domain®] 79A] o} =41 isoleucine(E Y
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o
o
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i
32 T
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3l z}o]Z Wyt oAl WA ofn| Akl arginine(R)S
FPshs A7 DoIME bgE BE F& CGGel w0
SET {AsHA AGGR! Aoz YERGTtH Table 1).

W oo tol| A vls AujF o 25 e BAlE P450-F-A A1
hb—domain< 30 bp2] Bl A -2 97| E o= &+

st F7to) Thke 7149e] Wolg welFa gl
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Fig. 4= P450 ¢cDNAC] hb—domaindl] E#5H= DNA
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Soff glow, 4TS E3 U A 1078 A2 Al

Table 1. Nucleotide and amino acid sequence of heme binding domain in Cyt P450 genes identified from twelve garlic cultivars

DNA and amino acid sequence of heme-binding domain

Cultivars
Amino acid DNA (5' to 3"

Euiseong FGGGRRICPG TTT/GGC/GGT/GGA/CGG/AGA/ATC/TGT/CCT/GGA
Samchuk -M—-----  --- [-==/ATG/=-=/===/-==/==-T/-== /=== /-~
Seosan ~  ————------ e e il O e e e e ¥ e e
Yechun-rA 0 —--m——-——- i e e e it e e e e
Yechn-B 0 —-—---- S—-- -—=/-==/===/===/===/-==/TCT/=== /=== /—--
Euiseong-norang --M—----- == [===/ATG/-== /=== /=== /==-T/=== /=== /---
Jeongsygn - —-———-——- e e e e e e e ¥ e S
Yookback 0 o——m——————- -==/===/==-G/--- /A= /=== /-=T/=== === /==~
Danyang = 0——-=-=- S—--- -==/-==/=-==/-==/===/--=/TCA/=== /=== /---
Daeseo ——A-—----- ——=/-==/--C/-==f=== /=== =-T/== /=== - - -
Namdo ——A-—-—---- -—=/---/-CA/---/===/===/=-T/= == /=== /=—~
Mongolia --M-—----- —=- [---/ATG/---/--=/=-==/--T/~-==/===/—--
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271% 07 BEEU) A28 &3 107]9) A% GD

SHel S S5 . AHEE,
gholl whh Zxbe) frdxAZE oAl B 9] AT1E(sub—  ANRE, FEFTO] XPH AnFoE ARFEAG
group) O.2 BRFEY, 4%, dd-AF, AAFe) £ SUEN JuFe A2aF ToE FE o 2%

& &5k e Blo® EFEAUTH

1 ES P450°] &dle FHAE A&l wEd tigh 417

YA el Solio] s, A&l ~EH a2z 39S

S W deEen BEHE B4 /R Zlow A ol

[ zz (Donaldson and Luster, 1991). ¥ Aol & A2E A

. " 2 nhs oY E {EF= PASORAA] EAlstE

ND hb—domain®] Q7)Ao A A|ukEol| ule} Eold o2 2}

sc olF HolE s 2& gtk 12y hb—domain

,—[EY o Q7N Aolzi WA YA EE FUE B

L— e ] FEG Aol o} & 4 QIodvk & 472-510

8 bp FeellA AuiEe] TS DA 7IT A (single
I DY

nucleotide polymorphism, SNP)#41& AAjsl Ayp=
Table 2%} 2t}

31 AA) o] 1Akl aspartic acid(D)E DNA 7] GAC
FQal= Fo| YL, MAEE, =", SHE A

HEE, FEEOIUIL, GATE F9sh= Fo] 4123,

0 008 008 o012 016 929
Fig. 4. Polygenetic tree of garlic cultivars based on the

nucleotide sequence of heme-binding domain in Cyt. P450

o et

)

cDNA isolated from garlic shoots treated with wounding.
Cultivars, Euiseong (ES), Samchuk (SC), Seosan (SS), Yechun- AH-AF, AH-BE, 34T, QIR AT Ao
A (YA), Yechun-B (YB), Euiseong-norang (EY), Jeongsun £ H3tH(Table 2). -+ HAY o}n] Ak serine(S) 9] 7-5-
(JS), Yookback (YK), Danyang (DY), Daeseo (DS), Namdo T3S 97) TCCRE Ik vhi, vk 11702 Al
(ND) and Mongolia (MG). S TCT2 FRaks Ao vehidd. v W) opi

oot

Table 2. Single nucleotide polymorphism between 472 bp to 510 bp domain from start codon (ATG) in cytochrome P450
genes from various garlic cultivars

DNA and amino acid sequence of heme-binding domain

Cultivars
Amino acid DNA sequence (5' to 3')

Euiseong DSIRSDSSSGELV GAC/TCT/ATC/CGG/TCA/GAT/TCT/TCT/TCA/GGT/GAA/CTA/GTT
Samchuk = —-------———- e e i by e e e e e S N N
Seosan ~ 00l—-—--------- e e i e e Al e e e &
Yechun-A ------om-m—- e Ve e i e e e e e e e bl
Yechun-B = —----mm—m-—- e Ve e e e e e e e e G EE R S
Euiseong-norang =~ ------------ e e i e e e e il ey
Jeongsun 0 ——-—-—--—-—-- -—T----/--A---/--//——)==-C /-
Yookback = ------------ e e e Ve e e e e R A Ve
Danyang = -—--—-—------ il e e e e e e BN
Daeseo = 0——-—-—---—-- e e Al -V i e e e il b b
Namdo = ------------ --- [--Cl===/===/===/==/—==/==/--=/-==/--C/---/--G
Mongolia = ------------ il e e e e e Vb b e e e el €
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Akl glycine(G) S i‘%?ﬂ w7
WYl b)Y, A ‘jd A op] =4kl serine(S)
S TCT9 TCAZ FrolxH, 1194 o)Akl glutamic
acid(E)¥= GAA®} GACZ L}TO% ZIe}. v e opr] 2]l
valine(V)2 @=Ed% &g GTGE sk U4
107182 GTTZ FYshs AoZ YEiT

ofi frdztel] E3FE = AVIAE T 5% FH
A &L opr ks st = 242 1E d7IMY
YeRl= 74971 ol o] @432 9719tk d (SNP)
O = 7o) Folup WEE FHtshet] Wol ARE-Eo]A]
$FH Drabovich and Krylov, 2006; Morita et al, 2007).
o] WL o o] WolF-& sAsh=tl A3 genome
A& A 8HA] il 53] Alghe Fte] A7 drto s
T o] ThseithE HollA SR fol o] g
oy, SNPE %8 183} markerZ o] &38tg]:= B
A&7} o] oA AL Q)

s SAE A O}b A=A o] HA I -t
= 430 ve A WolFo] EAfshs Aow Uy
A 2tH(Hwang, 1993; Kollmann and Shmida, 1977).
A FAEE el mE Q=i vhae] Rl g5et
7V AL = AR, Uit et oAt s
A= AESHA 88 S 9JE marker?] 7o)
TH AL = Aot Uik rles R
A markerE /N@sh= A2 T4k vlsle] -
gju} nhsol| tiek A S SEshe AFdol A=
HE 7Hd o' dekEnh wpebA 2 ATt A
P450 F72te] SNPri7 = =l A3t 2 a9
l"i_rﬂ T e T8 " EA, v ]

< grale olgd g s Flojtk

JME= CGGEF CCAR A

L

L

o)
=

PO el

N
o r“

P X
ol
o
g

>

=LoofN a2 ofN )y o
2ot @ fo oo orroz{ or

rNto

i O
lo,

—{o
rﬁ it

A 9

JAE nh=o] FEEFE A (wound)ol] S0l o=
Y= cytochrome P450 FAx~9] el P450—Esg
cDNAE EH519it}. PA50—Esg: 1,419 bp9) open reading
frame(ORF)—% 7FA1aL 47378) o ieike: ZH polypeptide
£ Qe ZoR Yesth auiel FEENE g
27H4 AuE o= FE P450—Esg FrAF Ak 97144
S sk A3 AFFE(ATG) oA 472~510 bp 2 1,210~
1,240 bp F-91¢] #7]olA] AulET el Zfo]E Hol= 7]

v P450 -4 o]

M AE v 218190 cDNA 1,210~1,240 bpe] H-$1%=
P450 AN A FEZ o F 2ed7 heme binding domain
o 7y Aol FHE AlES VIR ofue}
ofr] ik Aol QlojA e ol Al Blol& Kt ¢cDNA
472~510 bp F-9lo1A A shk= 137 ob|ite] S
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