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Molecular Cloning of Differentially Expressed Genes in First Trap Leaf of
Dionaea muscipula by Fluorescent Differential Display
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ABSTRACT Fluorescent differential display (FDD) is a method for identifying differentially expressed genes in
eukaryotic cells. The mRNA FDD technology works by systematic amplification of the 3’ terminal regions of
mRNAs. This method involve the reverse transcription using anchored primers designed to bind 5’ boundary of the
poly A tails, followed by polymerase chain reaction (PCR) amplification with additional upstream primers of
arbitrary séquences. The amplified cDNA subpopulations are separated by denaturing polyacrylamide
electrophoresis. To identify the genes involved in the development of first trap leaf, we applied a FDD method using
mRNAs from leaf base, first trap leaf and flower tissue, respectively. We screened several genes that expressed
specifically in first trap leaf. Nucleotide sequence analysis of these genes revealed that these were protease inhibitor
(PI), myo-inositol-1-phosphate synthase and lipocalin-type prostaglandin D synthase. Northemn blot analysis
showed that these genes were expressed specifically in first trap leaf (in vivo and in vitro). FDD could prove to be
useful for simultaneous scanning of transcripts from multiple cDNA samples and faster selection of differentially
expressed transcripts of interest.
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2E 47] YaAs A first trap leaf o] W SHRE
gAsl= Zlo] ujf £83lth DD-PCRE F 7] & 1 9]
2] RNA sample Z2E] JAAIEo] ZZ 5 (DNASS vlY
st A, 23 9 718 Bol3ez ddde e B4
8l= mRNA XEYoz <4z Uv} (Liang et al. 1992;
Roland et al. 1998). DD-PCRE Aoz cDNAEE mRNA9]
3" H79] W]AAR]Y (Untranslated region)ol] F2 vehl=
o] Z2 (2F 100~400 bp) ESTs (expressed sequence tags)S
o]t} (de Obeso et al. 2003; Gotoh and Oishi 2003; Halitschke et
al. 2003; Kao et al. 2002; Louie et al. 2003; Tamasloukht et al.
2003). o] ¥PES 7Y BHH Ao, 2RA AR H AT x}]ﬁﬂ/ﬂ
o] 27, false positives2] &Eo] u]$ Zo} & ExAS
o] 9t} (Liang et al. 1992; Ito et al. 1994). 0] & ZE-3}7] 4
8l H /IR fluoresent differential display (FDD)+ DD-
PCR P ETE HEET B AIZS Hod & Qe 202
RIS T (lida et al. 2002; Ito et al. 1996; Wang and Chen
2002; Zhao et al. 2001).

2 AFelA FA2IAEE first trap leafo] T Bo)Fog
Foke HARRS U] ol T 49 23
THe 7 394 dAFE ol&std 779l leaf base,
flower tissue 2 first leave trapoll A} W& o] Zo)7} Y= &
A2 FODYOE Pelst] 1 542 2

B2 A LE (Dionaea muscipula)®] leaf base, flower tissue
2! first trap leaf9] sample-2 first trap leafo] £&o] HHE 4
312 ekokd suler AEA S F3& H3 Ade] Us 3
A AAFERE ZHzE Z23lit) (Figure 1). 232 83
A first trap leaf S Z2HE ZZ9o] & A= HA3HA
E2Z AA} Ha] EFFEEL do] Earol 33 A
T, 8718 AAS AAAAR FH3] total RNAE £
s

.Xi

&2t differential display

&34 differential display (FDD)&= TtoE (1996)°] Byt d}
He 7t WEHAA F3351AT) Total RNAE ATAWY
(Gonzalez et al. 1980)2.2 #a]3}959.2H, DNase A2] & LiCl
2 AA st cDNAE 2.5 pg?] total RNA, JAALE A (Super
Script 11, Gibico BRL), Z#] 2. oligo-dT primerE AR2-3}e] 3t
A3t} Second strand= FDD-PCR2] A cycle2 Y2 A
Zte primerE (Table 1) & s} AREEl) PCR3IG I LH, 1
9] cycle2 rhodamine Xisothiocyanate (XRITC)7} E2]8

primer$} ¥2l¢] primerE ARE-sled FDD-PCRE &)} th
PCR AHE 10 uLE 22 &9 dye &3} £53le 90Coll A

B2 AANT F 99 34 Pl AN o) F 3L
£ 4.5% polyacrylamide geloll loading&}ed 1600VE 2.54]7F
A7 FESNRT ANAEZ Biocraf)ZHE Holdl plae S
fluorescent image analyzer (FM-Bio, TAKARA)¢| A&}

Flower tissue ———— 7
!

;First trap leaves

1

} Leaf base

Figure 1. Plant materials used for fluorescent differential display
(FDD). Flower tissue, first trap leaves and leaf base were detached,
cut into 2 pieces with a pair of scissors and quickly floated on water,
immediately frozen in the liquid nitrogen and stored at -80°C until
use for RNA isolation.

Table 1. Sequences of upstream primers used in FDD-PCR

Primers Primers
No.
No.
No.
No.
No.

No.

Sequence
5'GATCATAGCC3” No. 17
5°CTGCTTGATG3” No. 18
5‘GATCGCATTG3” No. 19
S’"CTTGATTGCC3” No. 20
5’AGGTGACCGT3” No.21
5‘GATCATGGTC3” No. 22
S5'TTTTGGCTCC3” No. 23
5°GATCCAGTAC3” No.24
5'GTTTTCGCAG3” No. 25
5’GTTGCGATCC3” No. 26
5"GATCTGACAC3” No. 27
5'CTGATCCATG3” No.28
5'TGGATTGGTC3” No.29
5"GGAACCAATC3” No. 30
5'GATCAATCGC3” No. 31
5'TCGGTCATAG3” No. 32

Sequence
S’"GATCTGACTG3”
5S'TCGATACAGG3”
5"TACAACGAGG3”
5'GATCAAGTCC3”
5"GATCTCAGAC3”
5’AGCCAGCGAA3”
5'CAAACGTCGG3”
5°CTTTCTACCC3”
5'CAGGCCCTTC3”
5"TGCCGAGCTG3”
5°'AGTCAGCCAC3’
5’AATCGGGCTG3”
5°'AGGGGTCTTG3”
5"GGTCCCTGAC3”
5"GAAACGGGTG3’
5'GTGACGTAGG3’
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scanning 3t th. Gel image+= software (FM-Bio analysis ver
5.0, TAKARA)Z EA4 3¢ c}h

cDNA cloning

A719F3 &, acrylamide gel 2FE LFgo] Aohp=
DNA S9ES 225 S5k plaest 2& 272 gl
A sted FAG & signal patterng Fto} H2 wjA#HOE §
2514t} 18] fluorescent image analyzerell 3HH T scan-
ning¥t ¥, Aol7F vhs I} 9% bandE ZE ZE} 200
UL TELold] 3087 AAAA DNAS 223t Gel 27t
< 15000 rpm .2 537+ P4lw-Elste] A AS & DNAE o
G20z AANA 20 UL FFFE Yol S31515Th DNA @
A2 A HA SZo| AU E primer2 FEAA A%
&, kit (Prep-A-Gene, Bio-Rad)® AA| 5t pGEM T-vector
(Promega)®l] cloning3t$ich &R S| AL E. coli 575
XL1-BlueZ heat shock H'8 o 2 3 ZA3kAZ T} Inserte] &
012 colony PCRZ sl oy, AFs A7]1E 717 plas-
mid+ alkaline lysis WY 0 2 F&3}o] AML-3IE T

suA
o

Differential fragment2| co-migration &0l

Plasmido] AYE DNA ©@Ho| 7]& Eo|goz wds}
= ZARIAE 2187 95t probeE DIG labelling kit
(Boehringer Mannheim)Z %48} AlME-815th FDD-PCR 4F
E7} cloning® DNAE A7]9£3 &, 32 9 glass plate S
Holdl o+ gel ¥ nylon membrane (Hybond-N,
Amersham)S 27, 71 o] 3#¢ Whatman 3 MM filter
papers} & A Holll glassE 22 2417k ¢t DNAS
membraneol] transfer3}$3t}. Hybridization 2 detection< DIG
labelling kit2] A= st Wbl wka} AA8ch

Northern blot 24

Northern blot 2412 9%} total RNA= ATAHM (Gonzalez
et al. 1980)c.8 EF3Ft 20 uLe} total RNAE 1%
formaldehyde/agarose gelol| Al Z7)%-53%t &, nylon membrane
(Hybond-N, Amersham)ol] transferA]Zith. RNA7F Rold
membrane$ filter paper $}o &#EX UV transilluminator 2
287} cross-linking A Zt}. Pre-hybridization-2 60 XSSC, 5%
dextran sulfate, 0.1% SDS £9-& € 60CoA] 2A)7F E<t
Tl on, Adtd plasmidZ5 8 PCR(SP6, T7 primer)o]]
98 Z=Z3 DNAS pz labelling 3} probe 9} overnight .2
hybridizationA] Z] T} Membrane®] A]#&-& 2 xSSC, 0.1% SDS
Soogz Ada 589 23], 0.5x%SSC, 0.1% SDS&d o 2
65 CollA 1587} 0.1 XSSC, 0.1% SDSE&H 02 65CollA 15
B2 AARE F, Xeray film (Kodak)ol] ZH3A1A bandE <1
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Plasmid DNAE AA3 %, automatic DNA sequencer
(ABI373)5 o]23}o] dideoxynucleotide chain termination ¥t
W (ABI PRISM Dye Terminator) ©.2 §7]A 8-S A s1gth
AARE 71482 Blast (http://www.ncbi.nlm.nih.gov)&-A] 5}
2, oA 2 tEd g ) BlaE GeneWorks systemS
ol25tod STk

4% % 1%
FDD-PCRQ| 774

A Z]SE first leave trapol| A 5+ A3l FAALS B
3t7] $1%F FDD-PCR 2715 A3}7| 9J8ted 222 cDNA sample
% o83l INTP 5%, template cDNA %, extension A7+ 5
ZARSISETE 1 23 50 uM dNTP, 1 gL cDNA template L
3 189 extension FZA3 A 713 e ¢ signal pattern

A< & AUArh wEbA o] FDD-PCR 2734 AHE
a3t

4y e W o n

424

FDD-PCRO|| /&l first trap leaf £E0|X gts{ AL £2|

S X2-E leaf base, flower tissue % first trap leaf ZH-F]
E2]8 RNA¢ XRITCS. 2 FA¥ oligo-dT primers} 32702
oz A &5k primerS Z3$ete] FDDE AAlE signal&
AZE Az 7\ Eol3oF ZAsl= cDNA fragmentEo]
ZZ )t} (Figure 2). ©)5 % leaf base £-0)% 9] band: 67)
9o ™, first trap leaf £0)%¢] bandv= 17712 v}elytth DD-
PCRé] & F AAA FAE A¥st7] st 12 FDD-
PCRE F3)5td Adtd 7)B50] bandES AME-3le] 23
FDD-PCRE #=8§3}ic}. 1 A+ first trap leafoll AT+ 7}31A|
WHEE type (Figure 3A, 3C), leaf baseo| A= <FatA] Ly
2, flower tissuedll <= YHER] FOu, first trap leafol e 7
A A¥ 5= type (Figure 3B), first trap leafol] double band =
7F&HA HHEE = type (Figure 3C) 2.2 Wrolgch 22 A+
A5-2 FDD-PCRYPE 9] FA4-H 22 PCRY low-stringency 2}
false positived] A& & &3} Ut} (Liang et al. 1992;
lto et al. 1996). °|& E-3}7] Y3l first trap leafl 5] 3]
bandE template 2 ARg-3le 7+ ZZAFNA AFFAZ 2
A 17709] band F 270 SEERA] 49k} (Figure 4).
wetr ZZ=H DNA fragmentEE E. colid] HEAZAA
cloning3t$th. T3} cloningd Eo]z<¢l ¢#o] Az} FDD-
PCReY Yetd A& 9He] A7)7t Z2AE Yoty
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Hurg 7719w
(1996)

$18} co-migration testE AA|E}e] B A}
B3} FYL BT BINLE ZASAT To 5

No. 2 No. 5 No. 9 No.10 No. 14 No. 21
\BCDEABCDEABCDEABCDEARBCDEABCDE

Primers
Organs

Flgure 2. Screemng of first trap leaf spec1ﬁc transcripts by the FDD.
After cDNA synthesis with GT15VA anchored primer (5°-
GTTTTTTTTTTTTTTT(A,C, or G)A-3"), the FDD-PCR was
performed in combination with 32 arbitrary primers (Table 1).
Organs were leaf base from plants grown in in vitro (A), leaf base
from plants grown in in vivo (B), flower tissue (C), first trap leaf
from plants grown in in vitro (D) and first trap leaves from plants
grown in in vivo (E). Then, 10 yL of PCR products were mixed with
an equal volume of dye solution and denatured. Each four microliters
of each samples were subjected on a 4.5% denaturing polyacry-
lamide gel and electrophoresed at 1500 V for 3 hr. Signals were
detected by the FM-BIO image analyzer at the 16-times reading
mode. After 32 trials of FDD-PCR, 17 bands were selected for
further analysis. Arrowheads represent specific bands in first trap
leaf.

g g
E =
£ £
£ S
2 P & P
i N -
A
B
C

Figure 3. Expression patterns of differentially expressed genes in
different organs of D. muscipula. After 32 FDD-PCR, 17 bands
expressed differentially were selected for cloning. BL; leaf base, TL
(in vitro); first trap leaf from plants grown in in vitro, FT; flower
tissue, TL (in vivo); first trap leaf from plants grown in in vivo. (A);
TLS5, (B); TL9, (C); TL13

o olzzoz 9 zzqo]m dEE= FH271 15,000~
20,0008 =2 ZA3-g u), FDD-PCR 3} lanef ] Z=Z 5=
band”7} 1007) & ]{}3}0# 150~2007) FDD-PCRE 4-3) 3}
oF 100% cover & 4 Aokl sFch B Ao A first trap
leaf 50]F o2 WEsl= §H FE ) ALEH primer
4 32702 FDD-PCRY] o|Zd]| wa} A 4.7~63%%
cover H Ak & = Qloh

First trap leaf £0|&s! FHXRS] EM

Northern blot 244

FDD-PCR &40l 9js cloning® 15702] ¢DNA fragment
£ OS2 leaf base (LB), first trap leaf ol A 7hjjujek 2]
EA 52 (TL, in vitro)} 334 AAF g2 (TL, in vivo) &
HEl 2238l total RNAE /\}-&8}04 Northern blot £241& A4
SR L A TLSY TL7E BE 7130A ZEEy 3394
A9 first trap Jeafel] 4 7VJ 73stA A= en (Figure
5A), TIA, TL8, TLI3 % TLI5SE first trap leaf Eo0]& o 2 2g
=}, (Figure 5B), TL1, TL3, TL9Y, TL11 ¥ TLI2%= 7))
ok NEA (TL, in vitro)&} 334 AAF (TL, in vivo)2] first
trap leaf o] o2 WHHT} (Figure 5C). TL2, TL6, TLIO

Figure 4. Reamplification of DNA fragments screened by first FDD
using GT15VA anchored primer (5-GTTTTTTTTTTTTTTT(A,C,
or G)A-3") and 32 arbitrary primers (Table 1). fifteen bands were
selected for cloning. DNA fragments were eluted from excised gel
slices, and reamplified under same condition used first FDD. Lane
A; GT15VA +No. 1, Lane B; GT15VA +No. 3, Lane C; GTI15VA
+No. 5, Lane D~G; GT15VA +No. 9, Lane H; GT15VA +No. 12,
Lane I ~K; GT15VA +No. 17, Lane L; GT15VA +No. 23, Lane M
~0; GT15VA +No. 30
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2 TLI4w= 71l E AEA el first trap leafoll A= 2E S
2 o= WA, 334 AT first trap leafel] A7 o] 2 02
e okAk-S BT} (Figure 5D). First trap leafel] Mut 713k
signals }.0]:= DNA fragment+= 5" RACER S full length
cDNAE cloningstd F27te] 224 2 AE WollA of
H 7158 A E A A EAEIT 259 FAWY
A AYA EHAA FFeteAd oig 712AE7 2
o 2 Azt o]@l 74o] FDD pattern#} Northern blot 2 7}
7} AFoldiAl UEhd o)f-E% pseudo-transcripts$t FDD-PCR
SEAE o AOIERH dod rhe s A 4 stk
LS AFAEC] o8 frAtgt A¥eMx FDD pattern}
Northern blot 237} Aojshe Bt (lida et al. 2002; Wang
and Chen 2002; Zhao et al. 2001).
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membrane bound O-acyl transferase A #}ele] AL zHzt
86%, 80% = }EsttE Membrane bound O-acyl transferase
FAAE MEZES P dydz 484 Ut
(Micchelli et al. 2002). 752] 3" @t o] 220 bpe] HE ¢
718 €2 allatotropinol] #HE {42} F5/do] ¢ =%
t}. ol Ab vl Ho| M Spodoptera frugiperda?) allatotropin
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AR} 90%] AEAS E¥th Allatotropinge 30l A
methyl farnesoate®} A3 2= hormone A FAJol Fe3}
= Aoz dHAJ B3 allatotropine- Lacanobia oleracea
o] H-3o] Al proteasedl] 93] HaHE AOE HIEH
2t} (Rachinsky and Feldlaufer 2000; Audsley et al. 2002).
W&t TLS AR 2545 A= SEY first trap leaf
o AHE LFEEHYH ST TR YL = @
WA= AgFch TL8 DNAY 3° @389 310 bpt
lipocalin-type postaglandin D synthase 9} =-¢- -FAFSIH O™,

LB
81 TL (in vitro)
TL (in vivo)

Figure 5. RNA gel blot analysis of TL5 (A), TLS (B), TL12 (C) and
TL14 (D). Total RNAs were extracted from leaf base (LB), first trap
leaf [TL (in vitro)] and [TL (in vivo)], respectively for total RNA
extraction by ATA method. Thirty five microgram of RNA per lane
was subjected to hybridization with ?2p-labeled DNA clones.

Table 2. Sequence analysis of differentially expressed genes by FDD-PCR

cDNA Size Expression

GenBank/EMBL and dbEST match

clone (bp) tissue* (% identity/overlap)

TL 1 240 TL No match

TL 2 270 TL# No significant match

TL 3 350 TL Arabidopsis thaliana membrane bound O-acy] transferase (MBOAT) family (Atlg12640) 5” (80-86%107nt)

TL 4 400 TL No significant match

TL 5 220 LB,TL  Spodoptera frugiperda mRNA for allatotropin (AJ488180) 3 (90%155nt)

TL 6 450 TL# No match

TL 7 500 LB.TL Enterobacter gergoviae GTPase (bipA) gene, glutamine synthetase (glnA) and nitrogen regulatory protein (ntrB)
i genes, (AF072440) 5° (85% /147nt)

TL 8 310 TL Danio rerio gene for lipocalin-type prostaglandin D synthase-like protein, (AB071602) 5° (99%115nt)

TL 9 454 TL No significant match

TL10 326 TL#
TL 11 275 TL
TL12 210 TL
TL13 350 TL

No significant match

No significant match
No significant match

TL14 240 TL# (NM13361 7) 5” (90%/124nt)

TL15 470 TL No match

Arabidopsis thaliana myo-inositol-1-phosphate synthase (At4g39800), 5°(82%220nt)

Rattus norvegicus serine (or cysteine) poteinase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin),

* Expression tissue: TL; first trap leaf (in vitro and in vivo), TL#; first trap leaf (in vivo only), LLB; leaf base
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dH= myo-inositol-1-phosphate synthase A2} &2 A%
A& B9th Insol-1-PE phospholipidS FAEH= o] gL3)
™, plasma membrane phosphoinositide®] 7]@Z o] &Hc}
(Chun et al. 2003; Facchini et al. 2003; Torres et al. 2003).
Insol-1-P synthase 2] 982 duckweedoll A ABA<| &l =7}
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