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Expression Patterns and Isolation of Genomic DNA of a Metallothionein-like
Gene from Citrus (Citrus unshiu Marc. cv. Miyagawa)

KIM, In-Jung*
Department of Biological Sciences, Korea Advanced Institute of Science and Technology. Taejon, 305-701, Korea

ABSTRACT A cDNA clone encoding metallothionein-like protein (CitMT45), which was reported by Moriguchi et
al. (1998), was isolated from Citrus fruits cDNA library through differential screening. Our cDNA clone has longer
5 untranslated region, compared to it isolated by Moriguchi et al. (1998). RNA blot analysis showed that the mRNA
was abundant in fleshes than peels, leaves, and flowers, as a single transcript. However, regardless of tissue types,
the blots showed the similar expression patterns in the process of development with some different profile. These
results suggest that CitMT45 may play important roles in the development and/or senescence of various tissues of
Citrus. A genomic clone corresponding to CitMT45 was isolated and found to have three exons and two introns. A
primer extension analysis suggested that the transcription of CitMT45 gene was started at three start sites with
different degrees. The 5’ -flanking region was shown to contain a putative metal regulatory element (MRE) and low-
temperature responsive element which suggests the possibility of metal-and cold-regulated transcription,

respectively.
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;‘I_ = 2) ¥ (Moriguchi et al. 1998; 2000; Kita et al. 2000)& 4
o7 EAQESE A7t &us 18T A, oA
olell thet &7t mlulgk AFolch Hte] & AT
e e A= O gy, gy 5 7+2 2 5E ADP-glucose pyrophosphorylase (Kim et al.
2ler, A& (ripening)elghs thE oA #EEA] G, 2001a)9} phytoene synthase (Kim et al. 2001b)¢] FHA-E
A7k o sy g S0} Wy Yehde A7IE SAH2 Raate] 159 WHPLS Hasuth
7172 Qith (Biale 1964). o|5 ol e A& F2 A B AdApas 7 AN £8% 7eE Bl
Lo A HEEE FA] s ErkE (Davies and 9= SAXEL 27| Y3l differential screemng% 8 &
Grierson 1989; Pear et al. 1989)8 FA o2 @ A+A3% of Il ¢DNA $#4A-23 © ZHE metallothionein-like
Zo] 2EET, v} (Clendennen and May 1997), 7191 MT) $A22 Bastgct o) MT gide 22 23S
{Ledger and Gardner 1994), 9] (Hadfield et al. 2000) 5 73 3L, S&3 42, 53] 59 thekst Ay Eol A 2A
2 8 AEZME ArAdzEc] BiET vk 57 Qi cysteined %ol TR e THFoIth MT
e Yol AL 22 AFEAA PAEHE FAEEA, A cystemeO] ZA) 5= B2kt central domain®

e . Z7) ool wa} type 137} type 2, type 32 T8 (Reid
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o F249 TEI F08 4US VL HIHATL, B
Rol QoIA izl 229 B B w3l HARETHHHY
#HAJo] B EHSTE (Robinson et al. 1993; Lohman et al.
1994). J2]3 32F, vlojels, 2k W3 59 A5 Ee
ZEF 20 o3 thekgt DAl oA AEA A B2y
th (Evans et al. 1990; de Framond 1991; Buchanan-
Wollaston 1994; Zhou and Goldsbrough 1994; Charbonnel-
Campaa et al. 2000).

upeba B Az e el MT 23 247|123 ¢
el Ay 715 g ARE 47 A MT 34
FHPFS o 229 B wgt ZARIEL Al
DNAE ¥gjstd F7IMES #4383

ME o
S

ZAMEE g FAZA (Citrus unshiu Marc. cv.
Miyagawa) 5% A3t 4eHEQl a2 A
sl on, 4, ¢, 2 59 AL AFs B AR
Atk AL HLEsh Aze) ek theel SHAR U
o] 235Gl mini-green (MG, 27 0.8~ 1.5 cm), 44
% 25%; small green (SG, 47 2~3 cm), 24 % 55¢; full
green (FG, 2174 4~5cm), 24 % 90Y; breaker (BR, %7
6~7 cm), A4 & 130%; full yellow (FY, 37 6~7 cm),

A F 1609, A= A7]¢ wet v STAIR ol A
ZH3stgek L1 (o] 4~7 cm), L2 (Ae] 7~9 cm), L3 (Ao]
9~12cm), L4 (12~15cm), L5 (Z°] 15 cm °]2A).

cDNA X X248l 2441t Differential screening

RNA< hot phenol RNA #2] (Verwoerd et al. 1989)
o met FY @Ale] #4de Ko ERE FEo3ith Poly
(A)" RNAE PolyATract mRNA isolation System II
(Promega)& ARt &3tk #2¥ mRNAZFE
Zap-cDNA synthesis kit®} Gigapack II gold cloning kit
(Stratagene)E ALt 7hE #H4 cDNA library & A28}
%t} Differential screeningoll ARE-E probew Y3} 4o
Al #2% mRNAZRE A3 cDNAE A FHdL
9l [aPP)ICTPE EAIGILE o9} 7to] qHE0)zl cDNA
library &} probeZ o] &3l FA+e] plaque lift method
(Sambrook and Russell 2000)E A8l FH{Eo|d &
AAE 2T 1 ~2A)17F E9F 42°Coll A 30% formamide,
5x Denhardt’s 28, 5x SSPE, 100 pg/ml denatured salmon
sperm DNA Z§to| A prehybridizationdt 3, probeE 4
I 24X7F £435} (hybridization)E 4=3) 3}tk Filter+ 2x

SSC, 0.05% SDS &gt 42°C, 1587 E50Fd
A3 %, 0.2x SSC, 0.1% SDS Ealol Al 42°C, 1087} 23]
o 68°C, 15%7F 33] Al sHirh

Northern blotg S5t dsi2M

RNAE 5949 34 (MG, SG, FG, BR, FY)3 ¥ (L1,
12,13, L4, L5)e 2Ry Fsdth 4 MG ©AE A
35t2, v A] DAl = 35 (juice sacs/pulp segments)
3 F3E el 42l disid 2EHEE AR &
A3t APS 949 differential screenings U3 ZANA
85}tk Probes= differential screeningel] 2js] #z|€
CitMT45 cDNAZ MAMIEA 949 [0 PldCTPE EA]
3hed ALE-EHATE

Hi= DNA 22| & FEA23 24, Southem blot 244

FE]¢] DNA £8+ Dellaporta 5 (1983)9]
ﬂs}‘ﬁﬁ} o] DNAZEH in vivo excision®]
7}-‘——6}3’_ AF] DNAS) 717} #op 2& o] 41§ A-Zapll ¥
HE AM3ste] Al DNA 4228 Azt =g
subcloning ©AE Z0]7] 9&l, Southern blot 235 Hl&
o2 2YE DNAZE Xbalo® HAeret &, A-Zapll WE el
Xbal F-$]0l 1483} Gigapacklll gold cloning kits (Strata-
gene)dl| packagings}ith A3 432 92l northern blot
o4 AT A3} UG 2NN S

Southern blot #4128 Als DNAZE EcoRl, Sacl, Xbal 2.
2 Adst & 0.7% agarose AolA] A7|9G =51tk DNAS
Hybond-N membrane (Amersham Pharmacia)ol] %7 3,
s APL U9 differential screening® TUE 274

A FEtgrh
Primer Extension £

2070 €714 antisense primerE ¥AE F, T4 D
polynucleotide kinase 2} [v-32P]ATP—‘“= AHE-GHe] ?j_?_}-% ®
A4t mRNA (1 ug)E DA 2RE 223 5, 9ol
X EAE primerst E43AZTH MMLV AL RS
(Promega)E AHg-3te] cDNAE #4438 F, 6% sequencing
Ao B4 514t} (Sambrook and Russell 2000).

27IMe 24

DNA 2] °§71 B2 Sanger 5 (1977)¢] dideoxy chain
termination X0l Wl Sequenase 2.0 kit (Amersham)&
4%¢#€@4%4.]W*%%pmmﬁf%%ﬁﬁiA}
£ 5= T7 promoter primer2} T3 promoter primer& ARE-3}



o oF woie] GrIMES AASG L, AE5FHOZE primerg
FAsted A F7IMEE ZAAsATE BHE FIMEL
PCGENE =2 7% (IntelliGenetics Inc., Release 6.60)3}
Clustal X (version 1.64b) T2 1< o] &3t HA|51ATH

3 9o @
Differential screeningS £8t metallothionein &AL £2|

7+ 9 cDNAS} #8 ¢cDNAE probeE AML-3lo], 35
c¢DNA #73x2-3)2] differential screeningS E38] 12719
clone-g £ ¥ 47148 s B4tk 11 2 1 F ¢
clone®] Moriguchi £ (1998)¢] #g]sle] B I3 MT £
2t (CitMT45) 9} ORF&= ¢hd3h FUsh drIME S Hole
FARAS Btk o2 AL 3 UTR (untranslated region)£]
2ol 54 Moriguchi 5 (1998)& 83 bpe} ZHe MIS By
(GenBank accession No. AB008101)3}53 2}, 2 &3] 2
;A £33 clone (GenBank accession No. AF320905)2
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Figure 1. Phylogenetic relationship of the Citrus CitMT45 to other
variovs fruit-producing plants MT. Phylogenetic analysis is based
on the deduced amino acid sequences of MT from various species.
The tree was generated by Clustal X (version 1.64b) and TreeView
(version 1.6.1). The cDNA sequences used for amino acid transla-
non was retrieved from GenBank. The respective accession number
i~ described next to plant name.
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269 bpe] UTRZE, 186 bp®] ZAel7t 71 A& HejFEt: A&
7bA BIE gREe MT FAAELS ¥w3 70 3 UTRS
7H 3 Qlerng 2 AFd o) ¥ cloneo] A& A
o % A5 Moriguchi 5 (1998)9] ¢ja] Ez¥ cDNA
9] 3UTRY] Zo|7t &2 AL o8 79 F4H = poly(A)
signalz ol EA3h= Aol AALe] FHo] dofytAn, B
Afol] of3f H2]E cDNAQ 361} 3761 Ato]] H7IA
do] H7] A7} Bol, o] HX|oAA GHAtel €Jg cDNA A
o] dolxt7] WY ASE FAHHUG

B AFelA Eejsted 2% E714E AFHEZRE Lo
CitMT45 f2#19] olmlicit ME-E & 74 A4 459
MT e g o] ofm|icit ME 3 v wste] 7 AFFE 24
(Figure D3}S o, Kiwie] MT ©h]& (GenBank acces-
sion No. L2781} 718 294 AE7}) 7W7ks Ao = velwt
ok S o] AFre HA A AEERE EE MT &4
AEe 2A 642 2FOR PEE & LS vAET)

23 TEYY DAY YA TN

Moriguchi S (1998)] o5 7-2-9] MT Sz} wan
Aol FHFoA dF o]Foz ot Fu) A e
et e WHEAZ o] FoR]%] gttt Metallothio-
nein 4-&xte] WrEL y- g o3 SEHT= B (Lohman
et al. 1994; Buchanan-Wollaston 1994)7} 17] wfj&o, 5]
o} Qo] k3 k= g wWE FAAe] S AN H
7b ek E8F Al DNAO) tigh At o FofAA] ot 7
o G MT FAA 9] Hdel g AddE si4s)
= H %2 ARE AFIA £

wep B AgoldE 3o wEsge BE CitMT4S
o WERAS sHulsh Yol wARoIHe] BARYH 1T
&ttt (Figure 2). o]& fa] €< 7)ol wet BEHAE
W, B e 7 FHHs 358 FElsle DY
st (Figure 2). 1 A3 CitMT45 3212 23
£33 A9, o 59 2ZALE BE ZHA o] FoiX L
g HFE F Utk TEHFS HARolA TP Bokon,
theol ), Yo Folsith wavtAld] wWE FHAY U
o 3489 79, FG (24 ¥ 9029t FY (B4 F 1602) &
AdA HA2E Jepliglev, #99 Zfods FY @A (2
A F160)oA HI TS LERNSITH (Figure 2A). 919
Az Z7)7F A weh wEeo] F7hEAt (Figure
2B). #A9 Ao o MT f329] 48 $71 e E
WFE (Giritch et al. 1998), A}z (Reid and Ross 1997), vlu}
1} (Clendennen and May 1997), 7191 (Ledger and Gardner
1994), A& (Wiersma et al. 1998), L% (Davies and
Robinson 2000) oAM= B 75Tk

olgldt A#E Fall CitMT45 T2 g 39

1}

o}
=
ARG EdlolA FLE JTUL FIEAL Ue Ae & F

o
=

go o
Morr g



234 - Korean J. Plant Tissue Culture

A B

Fruit Leaf
L1213 L4 L5

Flower

MG SG FGBR FY

Flesh

18S rRNA

Peel

18S rRNA

Figure 2. Northern blot analysis of CitMT45 gene expression in five
developmental stages of edible parts (fleshes) and peels of fruits,
and leaves (A), and in flowers (B) of Citrus. Total RNA (20
uglane) was separated on a 1.2% formaldehyde gel, transferred to
Hybond-N membrane (Amersham), and hybridized with cDNA
probe. The same blot was hybridized with an apple 185 rDNA
probe.

Slth A MT @A 340128 KlaH, 3
Soh BALY B =

1%5& 7 QgL %}a%x% 21t} (Robinson et al. 1993).

g e t =0l Aged s 34
Ro g F&ol2o At 8L wheat (Lane et al. 1987)%}
pea (Evans et al. 1992), macroalgae (Morris et al. 1999)o A
ZAE AT

k2 CitMT45 RXA2| M= DNA 22|

CitMT45 §3249) Als Hode +25 EA4s17] sls)
Ax FAEPozRE T DNAE lﬁfa]s}aq RAPSERoS
AAsEE 89 Als DNA (GenBank accession No.
AF320906)= =17]7} 3498 bpEA, Z7]7} 127 bp, 48 bp,
378 bp?l 3719] exons} ¥ AF F-27F GT/AG 3
o YRS 146 bp et 187 bpe 2719] intron 2 o]F o7
CitMT45 542} K ge] A%, promoter X H9& E3sl=
1,466 bpe] AANA] A& B92] 5 -upstream S} 1134
bp2] 3'-downstream A ¥ 07 FAHAULE (Figure 3). ]
3+ 3 exon/2 intron®] 2= Posidonia® Pomt2a (Giordani

1 asetcctta tataatt atttt Ccoaaatatcatigetgtiasag
RFT1
121 tattgatactcctategttactttttatt aatat ttggacattaatasasagaasataattasattatcaatttaaccctagasaa
¢ MRE RPT3
241 tattaagtt tocatttgea tattttttaagggttasattgat, Lottt
RPT2 RPT1
361 ttattaa tattgt. taacggtaggogt
481 taatg tactaatttt tecgog ttreggateeg
LTRE
601 144 tt ttcaacccgasasatcegggtttecgya
721 castgaatcaatattaa taaasaat taattaasaaataatataaaaattaastatec
841 gggtcogggttecggatgtocgggt ttta gggtteaaccey
961 goceggattatecgggticgts tttgatcta tataccatgtttacat
1081 aacgtt tacaagtctasactat tagatagata tegagtcte
1201 tg: tgacat CCAAT: tcasaatt tcgagay
1321 gegtgtgctocteot tggttgy 1944 CCAAT ggattgctcteca TA

1441  AATAgeatctegetgoaggtottgaaCaTatCatcacaGCAAAGCARAGCAAGTTTCETACAATAANGAGCCCTCTATTTCCAGTTTTAAATTCCAAGTTCTAAGCTCAATCAACATGTC

M S

1561 (RAERAINERG M cTococToAcAseAGCCAGTOTET

tga grogtigtytt geatggttgtggage

DTCENCDCADRSQCV

“GAGCTATGCTGCTGACTICETCGAGACTGACTTGAGY

gatttet

1681 tea

KKGSSYAADFVETDLS
1801 ta
1921 tettggecttggtt TTTGTCAGCACCGTTGTTGTCATGBACGTTCAGGCTGCTGAGACTGAAGGTAA

FVSTVVVMDVOQARAETET GHN

2041 CTGCAAGTGCGECCCCACCTGCECTTETCTGAACTGCACTTGTGGTAGTCACTAATAAGCAAACACATGCAGCAAAMATAAGAAGCTGCAAGTGTGCCTARATAT TG TGGCGGTTAAGA

CXKCGPTCACYNCTCSEGSH-
2161 ATAATGTAAGGGTGATTAAAAAAAAAGAAAAATTCTCTACTTCGTTTTTATGATGETCTACTACTAGTS

TGTGCETOTTGTGTCACCCATCACTCGTAATG TTTTETGTT

2281 TCCTTCTTCATAATCATSTAATATATGGCCATGGCCATGACCGTGGCCT TTAATTTTAATGTATTATTGT TAGTCT: teteoe cate:

2401 ttet tag tatatagtaccaaa t
2521 t T ttegacat 9 trrtrrttrtttttggtttiteccctotgeta
264) ctast teaat tactatatttcatttttctggaaa
2761 gggctegtagetgattatatctte gl g at t ctttett

2881 grgcat tgttttac taataa gct tttatttccaac
3001 taatgtt 1243 tatcactttasa
3121 asattet ttaagt tatgctaattiga
3241 aat £}

3361 geetet atacat ct ct tgac g 19-°3

3481 tteggeotgtgateogegg

Figure 3. Nucleotide sequence and deduced amino acid sequence for the CitMT45 genomic clone of Cirrus. Uppercase letters represent exons,
and lowercase letters indicate introns, 5 -upstreams and 3'-downstreams regions. TATA and CCAAT boxes are represented by uppercase let-
ters in bold. The potential promoter elements are represented both by underlines and letters above: MRE, metal responsive element; LTRE,
low-temperature responsive elemenents. The other underlined letters indicate repeat sequences (RPT1, RPT2, RPT3) and the poly(A) signal.
An antisense 20-nucleotide primer for primer extension analysis is shaded. Transcription start sites are represented by uppercase letters in bold
with dot.



et al. 2000), ¢ OsMT-2 (Chen et al. 1998), cotton?]
MTI1-A (Hudspeth et al. 1996)2] 39} Hls=3jt} 2t
Er}E (Whitelaw et al. 1997)9} <} 7] (Zhou and
Goldsbrough 1995), ¥ (Hsieh et al. 1995), S (de
Framond 1991), pea (Evans et al. 1990) 5] A EA A &
Y O B2 MT #3349 AstE2e 2709 exondt 7]
] inron® 2 o|FojF i HIHATE o|HF 0|7t F=
rjo] thE|ME oFR7EA e Aol v

CitMT45 327 Als el B copy® EAst=AE
delfl7] 93] Southern blot £41S 43815 A7}, EcoRI Al
2EE A9 tE ANBAAE @Y bandE EAFUT
(Figure 4). Moriguchi 5 (1998)% |2} U3 AFE Lo,

El SI Xl

(kbp)

Figure 4. Genomic Southern blot analysis of CitMT45. Genomic
DNA (10 ug) was digested with EcoRI (EI), Sacl (SI), and Xbal
+X1) for each DNA sample. Size markers (kbp) are indicated on the
left. The blot was done with previously isolated CitMT45 cDNA
probe labeled with [o->"P]dCTP.

Figure 5. Primer extension analysis. Autoradiogram of the primer
extension products separated on a 6% sequencing gel. Lanes: P,
primer extension products; G, A, T, C, sequencing ladders.
Sequencing ladders were obtained by priming sequencing reactions
with the same 20-nucleotide primer and the isolated genomic clone
as a template. The arrows point to 3 closely spaced transcription
start sites.

Z+2 Metallothionein F-X Xt « 235

Rl

CitMT45 §Ax7F sht & 2 12 copyR &A%t
AAsATE I8 B A7) Alis DNAS £e9h #4
23 EcoRI® % bande WA intron Well EcoRl Ad
917} ZA) (Figure 3)3te] AAE 2R 3|45 o], CitMT45
FAAE Ax Wl 9L copyE EABTY ABWE &
AL

o o

Promoter X|242| &17|MY £M

Primer extension S0 oJ3ll AANA] E$E& AAS 2
2, 3709 AN B8 4T 5 AT (Figure 5). o]2g
o HAPRAl Flell i AL o HEANA €
MT SARAME B7E AT} (de Framond 1991; Charbonnel-
Campaa et al. 2000). AAPRA] F-9]2] upstream F¢o A
Alell 223 292 FATE AMEE A5 HILE B £
AVsFATE AANA] F-919] oF 28 bp upstreame]] Al B4
o] element8] TATA boxZ =R H = F71-Yo] &A1t
A, F719 CCAAT boxZ FAHHT AEE A&t
(Figure 3). 9424 H¢ (metal regulatory elements,
MRE)7} ZA8d, CitMT45 f3#ke] Ldo] F&o]2of
3 2AHE SR FHT 4 JOEE, MRES NI
gAEEL da 5E MT £429 MRE @7]x1gH] et
HEdwolo] 2] TGCRCNC' 9 #AG7IMHe] dHA
9Jt}h (Thiele 1992). AA7HA] A& MT fF37olA ezl
MRE¥E pead) PsMT, (Evans et al. 1990)¢} tomato2]
LeMTB (Whitelaw et al. 1997)¢] ¥ ZALolATt BT EHA
t}. CitMT45% 3hte] MRE7ZE AAPHA] B9j2HE -1183
I -1189 Ajojel] ZA)3H, S TGCACAC 39 dG7AES
BoJZr} (Figure 3). 6WA 97]7} AQl AL CitMT459] =
< o HAF ZAom FAETH (Thiele 1992). 1|
MRE %ZZo] 325 (15 bp, 17 bp, 40 bp)¢] 243t inverted
repeat7} ZA It} Inverted repeat®] E3]= pead] PsMTA
(Evans et al. 1990)0| M= BRI EQTh 1y o]& F Y=
G4 Ao F FAfEoforsl Foltt T Qo H7]4E o]
5 CCGAAA 3 91 #2882 X9 (low-temperalure respon-
sive element) (Dunn et al. 1998)% AANA] BY=ZHE -
78334 -788 Aol FAHECH (Figure 3). o]2|gh A=
CitMT45 § 48] o] B4l 23 LEdstel 2. 4
N 8745 Wl o8 2UHT UL 5L AN ET
I8 EviEY] LeMTs (Whitelaw et al. 1997)| A HI1H
G-box like motif$} ethylene-responsive enhancer element
© #EE F A
ojfdt ATAAES Fall HEY CitMT45 S 2 & 45
el 93k J-S @Yelal UdF AoE FHEM, o]
d 712k 7] YsiME promotere]l 25
2ol s =AY
87 gitk e diE FFEAM Y] HFAY5 mE Eg

=2

W rr o o
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g BANATA T 22

ALgE], A GEE Fole

8ol A8 + 28 A

Aol AHE L Sl

H Q

Differential screeningS £3] Moriguchi £ (1998)¢] ¥
g FAAS} A4S YeplE CitMT4S 574412} ¢DNA
£ Felalsith B dEdA #2dt cDNAE Moriguchi 5
(1998)°) ®2)& cDNA9| vj3} 71 3 UTRE 7A 3 JUAth
o3t FHu), 5o A) CitMT45 §42}e) w3 EA-& northern
blotg 53 F3y3 Ay, dadAe] met Srteke vlsd
WE FAT F Ao H, H), Y £o8 T 89
o) ®otth o)59 WAZ A Ui JEE A7) H= Am
DNAZ 533t A3}, CitMT45 Als 2= 3709 exond 2
N9 intronoE FAEe] YT, primer extension £4-E
E3| CitMT45 A7) 2@l 379] oA HAEH I 9]
< ¢ F Utk AAPHAIES ] 5 upstream ] %o A
TATA box$ CCAAT box B ol)g}, F&o)e3 25
3ol o3k FA) 23 292 4R cis-elementE YA
=g

ﬁ%‘—‘:— He7)eR AE71E/MEA (GT)l s
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