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Abstract — Using differential display reverse transcription technique, the present study attempted to isolate and
characterize genes specifically expressed in cotyledons of Pharbitis nil Choisy cv. Violet during floral induction. A
total of 107 bands specific to the inductive condition were initially obtained with 80 primer sets of 20 different
arbitrary primers combined with 4 kinds of T12MN. In northern blot analysis with reamplified cDNAs as probes,
three ¢cDNAs were detected to be expressed specifically in the induced cotyledon tissues, and designated PnFL-1,
PnFL-2 and PnFL-3, the sizes of which were 228 bp, 317 bp and 272 bp, respectively. A search for sequences
similar to the deduced amino acid sequences was conducted using GenBank and EMBL database; sequence encoded
by PnFL-1 had 29% identity with the clone of Arabidopsis thaliana similar to reverse transcriptase (GenBank Acc.
No. 3047086), PrFL-2 shared 50% identity with hydroxyproline-rich glycoprotein of Glycine max (GenBank Acc.
No. 347455), and PnFL-3 had 46% identity with TAMU A. thaliana genomic clone T23E16 (GenBank Acc. No.
B67574). None of them was known gene in the plant system up to date, implying that the fragments may comprise

parts of genes which are associated with the floral induction in Pharbitis nil.

INTRODUCTION

Flower development in photoperiodic plants is evoked
by floral stimulus which is transmitted from the leaves
or cotyledons where it has been produced in the process
of floral induction upon perceiving flower-inductive
photoperiod. The induction of flowering, a complex
process, is still little understood. The physiological
evidences for the existence of both transmissible floral
stimuli and inhibitors have been shown’ and their
activity has been investigated by many workers?-,
Differential gene expression in leaves and cotyledons
during floral induction has been shown to play an
important role in the differentiation of the apical buds to
form flower buds. Qualitative and quantitative changes
in the mRNA populations after floral induction in leaves
of the long-day plants, Hyoscyamus niger and A.
thaliana have been detected”s. Qualitative changes in
several proteins and mRNAs in Pharbitis cotyledons
during the inductive dark period have been discussed in
relation to floral induction®®-%, Several cDNA clones
have isolated from Pharbitis cotyledons using different
approaches’s-2?, Using differential display reverse
transcription (DDRT) -polymerase chain reaction (PCR)
technique, Sage-Ono et gl.”? recently isolated and
characterized a cDNA clone whose expression was
closely related to the photoperiodic dark period. However,
they did not confirm that the clone is associated with the
floral induction.
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In this study we describe the isolation and characterization
of partial three cDNA clones expressed specifically in the
flower-induced cotyledons. As a result of northemn blot
analysis, these genes were expressed at the very low level in
the inductive dark period.

MATERIALS AND METHODS

Plant materials and culture condition. Seeds of Pharbitis
nil Choisy cv. Violet were stirred with concentrated sulfuric
acid for 30 min, rinsed and imbibed overnight in running
water. The seeds were sown in prewashed vermiculite in 12
cm diameter pots and grown in a culture room with Hoagland
nutrient solution at 26 = 1°C under continuous illumination
for 6-7 days. The irradiance from mixture of cool white
fluorescence lamps and incandescence bulbs was adjusted at
15w -m™. Six or seven-day old cotyledons were exposed to
16 h-dark period for one, three or five days for floral
induction. Control cotyledons were kept under continuous
light for the same period.

Messenger-RNA extraction. Cotyledons from either non-
induced or induced seedlings were ground in liquid nitrogen
with a mortar and pestle. Total RNAs were extracted from 5 g
of the powder using the single-step method by Chomczynski
and Sacchi?®. Poly(A*)-mRINA was isolated from total RNAs
using PolyAtract mRNA isolation II (Promega).

Differential display reverse transcription. Differential
display reverse transcription was performed by using RNA
map kit (GeneHunter)?. Reverse transcription was done in 4
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independent reactions using T;-MA, T\2MC, T;:MT and
T12MG primers, where M represents a degenerated mixture of
dA. dG and dC. Each reaction mixture was composed of 0.1
pg of mRNA, 2.5 uM T;MN primer, 20 uM dNTP and 300
U MMLY reverse transcriptase, and incubated at 37°C for 60
min. The reaction was stopped by incubation at 95°C for 5
min. One tenth volume of the mixture was subjected to PCR
amplification in the presence of a-*§ dATP using Taq
polymerase (AmpliTaq, TAKARA). Amplification was
carried out for 40 cycles of 94°C for 30 s, 40°C for 2 min, and
72°C for 30 s. and an additional extension period at 72°C for 5
min. The 80 different primer sets used for PCR amplification
were the combinations of twenty 5°-AP (arbitrary primer) with
the 3’-T;MN primers that were used for initial cDNA
synthesis. The amplified cDNA fragments were seperated by
6 % denaturating polyacrylamide gel electrophoresis in TBE
buffer at 60 W. The gel was dried and exposed to X-ray film
(Hyperfilm-$ max, Amersham).

Reamplification of cDNA. The differentially expressed
cDNA bands were selected after autoradiography and excised
from the dried polyacrylamide gel. The gel slices along with
the 3M paper were soaked in 100 pL dH;O for 10 min, boiled
for 15 min and spun for 2 min. The supernatant was transferred
to a new microfuge tube, added with 10 uL. of 3 M sodium
acetate, 5 ul of glycogen (10 mg/mL) and 450 uL of 100 %
EtOH, and precipitated for 30 min at -80°C. The cDNA pellets
were harvested after spinning for 10 min at 4°C. Pellets were
rinsed with 200 uL ice-cold 85 % EtOH and dissolved in 10
pL dH-0. Four microliters of each of the pellets was used for
reamplification with the same primer set and PCR condition.

Northern blot analysis. To confirm whether differentially
expressed cDNAs obtained are correct, northern blot analysis
was carried out using the radioisotope-labeled ¢cDNA as
probes. Five micrograms of mRNA were denatured in 2.2 M
formaldehyde and 50 % formamide for 10 min at 65°C. The
denatured mRNA was separated on 1 % agarose gel
containing 6.7 % formaldehyde, 2.0 M MOPS, pH 7.0 and 2
mM EDTA, transferred to a nylon membrane by capillary
iransfer with SSPE buffer. The nylon membrane was UV-
cross-linked for 10 s. Reamplified cDNAs were labeled with
a-?P dCTP by PCR method. The membranes were
prehybridized at 42°C for 4 h in 10 mL hybridization buffer
cotaining 50 % formamide, 5X Denhardt’s reagent, 5X SSPE
buffer, 0.1 % SDS and 1 mg salmon sperm DNA. The probes
were boiled at 100°C for 10 min, added to fresh hybridization
buffer and hybridized at 42°C for 16 h. Following hybridization,
the membranes were washed twice for 15 min at room
temperature in 6X SSPE and 0.1 % SDS, then twice washed
for 30 min at 42°C in 1X SSPE and 0.1 % SDS, and were
finally washed for 30 min at 42°C in 0.1X SSPE and 0.1 %
SDS. The membranes were exposed to X-ray films at -70°C

Cloning of PCR products and preparation of plasmid DNA.
PnFL-1 and PnFL-3 ¢cDNA fragments which were inserted in
pMOSBIlue vector (Amersham) transformed competent E. coli
strain MOSBlue, and PnFL-2 cDNA fragment inserted into
pT-Adv vector (Clonetech) transformed E. coli strain
TOPI10F’. The process was performed in accordance with

instructions from the manufacturers. Alkali lysis method® was
used to isolate the plasmid DNAs from the transformed
bacterial cells.

Sequencing and analysis of cDNA fragments. Nucleotide
sequencing of the cDNA fragments was performed using T7
sequenase version 2.0 sequencing kit (Amersham) according
to the protocols provided by the manufacturer. The individual
DNA sequences of cDNA fragments were analyzed with Blast
DNA search program through GenBank and EMBL database.

RESULTS AND DISCUSSION

To isolate genes expressed specifically during floral
induction, mRNAs were extracted from cotyledons
previously exposed either to non-inductive continuous light
or to one to three inductive cycles of 8 h light - 16 h dark
period. The mRNAs were then subjected to DDRT
experiment, One hundred and seven bands specific to the
inductive condition were initially obtained by the
experiment with 80 primer sets (4 T\.MN with 20 APs).
Figure 1 showed three bands among 107. These cDNA
fragments (or bands) were extracted from squencing gel,
reamplified and run on 1% agarose gel.

Using the reamplified cDNA fragments as probes,
northern blot analyses were performed to examine whether
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Figure 1. Differential display of DDRT-cloned cDNA fragments.
mRNAs isolaled from cotyledons exposed to continuous light (Lane
1), a cycle (Lane 2) or three cycles (Lane 3) of 16 h dark period were
reverse-transcribed and PCR amplified using primer sets of T)2MA,
T12MC and arbitrary primers, AP-3, AP-14 and AP-18. Arrowheads
indicate cDNA fragments detected only in induced tissues.
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Figure 2. Northern blot analysis of mRNAs. mRNAs isolated from cotyledons exposed to continuous light (Lane 1), a cycle (Lane 2), three cycles
(Lane 3) or five cycles (Lane 4) of 16 h dark period were hybridized with reamplified cDNA fragments. A, a cDNA expressed both in induced
and in non-induced tissues; B and C, cDNAs expressed less in induced tissues than in non-induced dssues; D ~ F, cDNAs expressed only in
induced tissues. Amrowheads indicate PnFL-1, PnFL-2 and PnFL-3 in D, E and F, respectively.

the cDNAs are expressed only in cotyledons under the
inductive condition. No signal was detected when we used
the blot containing 50 ug of total RNA. (Data not shown).
All blots used in this experiment contain 5 ug of poly (A*)
mRNA which was equivalent to over 150 pg of total RNA,
suggesting that very low levels of the transcript had been
produced. Seventy two cDNAs out of 107 were expressed
both in the induced cotyledons and non-induced cotyledons
(Fig. 2A), while 32 cDNAs were found to be expressed at
the lower level in the induced cotyledons than non-induced
ones (Fig. 2B and 2C). And only three cDNAs obtained
with AP-3, AP-14 and AP-18 were expressed only in the
induced cotyledons and were designated PnFL-1, PnFL-2
or PnFL-3, respectively (Fig. 2D - F). These results imply
that although the DDRT method is theoretically very

Figure 3. Agarose gel electrophoresis of cDNA fragments reamplified
by PCR. M, 50 bp DNA ladder; Lanes 1, 2 and 3 show PnFL-1,
PnFL-2 and PnFL-3 cDNA fragments, respectively.

sensitive, its practical outcome is not so promising. PrFL-1
mRNA, approximately 1.0 kb, was expressed only in

(A) PnFL-1

CCOATAGGTCACCGTATTA4GCAGCTGOGTATGAAACAGGATGCT ATTAGGCACATACGC
— P 1 G HR I K LRMEKQDAITRHTITR
GATCCAGATGCGGTAGCTGAGTTTCAAAATCTCGAAATCCAGTTGTCCCAGCTGGAAGCCTAA
DPDAV AEFOQOQNTLETIRQILSQOQLEA®*
GAGGATATTTICTGGAGGCAGCGACCAAAGCAACACTGGCTACGTGGAGCTTATGCTAATACA
EDIFV¥ROJQRPEKQHUWLRGAYANT
AAATTTTATCACAGGTATGCCTCTGTCOGE
K FYHRYAS VR —

(B) PnFL-2

AGCCGAATTACCCGACTATCTACACCTTCTTTCGGAAACTACCTAGTGTGGAAGTTAATT
—-+ 5 R 1 TRLSTPSFGNYTLV W¥KLI
TCCTGCTATTGATCATTGACACAGACTGCCACCTTTAAGACT AGACTCAATGTGTGTTTTTIT
5 LT=#*3PTOQTAT®PYXTRLNVYVCTEPFP
CTTGTCATCACCGATCCCASACCTCCAACGTCTTACCCATTACTTTATGATGTTAGTATCTTC
LviITDBPKPPTSYZPLILYTDYSZ SITF
TACCCACCACCTTCTGCTTCACCTTCTCCTCAACTCCACCGGCCTTTTGGAAGGTCAGGTTCA
Y PPPSASPSPQLHRPFGRTSGS
CAGCGCOGCGETGGEETCTTAACCAACAAAGGGTCT ITGACGGAACA ACTTAACGACAAGTCG
QR GGGVLTTKRSLTEDQLNMDEKS
GGTaa

G —
(C) PnFL-3

GCTGCCGGTCACTTAAGCTCGAGCATGRCCCTAGGETAGACTCGATCCCACGTACACATAC
«— vV A L SNSSTGPDSRIL* P AHTH
CAAACCCCCGATCCCTAAATAACATATATTACATTGTTAAATATATTTA4GCATACTTATCCC
NPPs®PNITTYLTVI=* 1 FEYZSYTP
CTCCTACAAGATATCCGAGTGTTCAAATATGTGTATATATATCT 443 TTCGCATATCCCTGCA
LI »*LSVLKYVYTYT]l=*4aYLS5T
TGGCATGTACTGCGTTGGTAAAAATTCTAATCTGTTCCACTAAATCCT AATCCCACGTTTTTT
GYMLVCGNKLNSLTTI®®S = P AFTF
TTTTTTTTIGTATTTGATCTCTTCTCGATTTAGACTCGATCCCAACCCR

FFVYYVLSSPRFRL®®POQAA «

Figure 4. Nucleotide and deduced amino acid sequences of cDNA
fragments. Single letters below the nucleotide sequences represent
abbreviations of deduced amino acids. Arrows indicate the directions
of translation. Asterisks (*) indicate stop codons.
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Figure 5. Comparison of amino acid sequences of PnFL-1, PnFL-2 or PnFL-3 with known proteins. Amino acid residues identical to each other
are enclosed in boxes. RT, a clone of Arabidopsis thaliana similar to reverse transcriptase; HP, hydroxyproline-rich glycoprotein of Glycine
max, T23E16, TAMU Arabidopsis thaliana genomic clone T23E16. Asterisks (*) indicate stop codons.

cotyledons exposed to a single inductive cycle (Fig. 2D).
The level of PnFL-2 mRNA, about 1.8 kb, was highest
when three inductive cycles were imposed (Fig. 2E). PnFL-
3 mRNA of approximately 1.8 kb was detected only in
cotyledons exposed to three cycles of the inductive dark
period (Fig. 2F).

To determine whether these clones are a part of new gene
identified to date, three cDNA fragments were reamplified by
PCR and subjected to nucleotide sequence analysis. The size of
PnFL-1, PnFI-2 and PnFL-3 cDNA fragments were found to
be 228, 317 and 272 bp, respectively (Fig. 3).

Figure 4 shows nucleotide sequences and deduced amino
acids of the cDNA fragments. To examine similarity the cDNA
fragments have with any genes cloned to date, the sequences
were analyzed with Blast DNA search program through
GenBank and EMBL database. As shown in Fig. 5, PrFL-1
had 29 % identity with the clone of Arabidopsis thaliana similar
to reverse transcriptase (GenBank accession number 3047086),
PnFL-2 shared 50 % identity with hydroxyproline-rich
glycoprotein of Glycine max (GenBank accession number
347455), and PnFL-3 had 46 % identity with TAMU
Arabidopsis thaliana genomic clone T23E16 (GenBank
accession number B67574).

Despite many attempts so far have been focused on gene
expression in the process of flower induction, a very limited
number of genes and polypeptides have been found to be
somewhat related to floral induction. A small heat-shock
protein gene has been found to be regulated by a photoperiod
that promoted flowering in Pharbitis’’, and a flower-inducing
substance of high molecular mass has been extracted from
Lemna, Pharbitis, Brassica and Glycine spp., which was a
polypeptide of about 120 kDa®. A polypeptide that induced
flowering in Lemna paucicostata 151 with amino-terminal
sequence of Len-Val-Gly-Asn-Thr was extracted?’.
Accumulation of germin-like protein mRNA in cotyledons of
Pharbitis was found to increase transiently during flower-
inductive darkness”. In recent reports of Sage-Ono et al.’37%,

they isolated from cotyledons of Pharbitis two ¢cDNA clones;
one designated PnC401 and the other encoding a homolog of
human translationally controlled tumor protein, and they
observed fluctuations of the transcripts were significantly
relevant to the flower- inductive process. The fact that cDNAs
isolated in the present study do not show any homology to any
known clones which are related to flowering leads to
postulation that PrFL-1, 2 and 3 are likely novel genes which
are functionally associated with the floral induction process m
Pharbitis nil. Purther investigation is needed for full sequence
analysis and characterization.
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