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Abstract: Present research highlights for the first time the expression of ¢cDNA clones of
genes involved in programming the apical meristem cells towards somatic embryogenic
pathway influenced by external environmental stimulus like cold-pretreatment. Differential
display was used to isolate the genes which are expressed specifically in embryogenic tissue
induced by cold-pretreatment of thin sections of vegetative shoot apices of mature trees of
Pirues roxburghii. We have developed a rapid method which employs magnetic beads to
capture mRNA from cell lysates. Of the 56 cold-enhanced embryogenic-associated cDNAs
identified, 20 were cloned. Nine of the 20 fragments which generated single bands on
re-amplification were selected for clonmng and further analysis. During reverse northern
hybridization, all the 20 clones selected generated a positive signal when probed with labeled
c¢DNA from cold-enhanced embryogenic tissue, but no signal when probed with cDNA from
the non-embryogenic tissue (control treatment). All the 20 clones thus contained inserts that
were specific to cold-enhanced somatic embryogenesis. This approach allows us to perform
differential display and construction of ¢DNA libraries from the small amount of
embryogenic tissue and outline a PCR-based method for confirming differential expression
of large mumber of cloned bands in cases where RN A quantities are limiting.
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INTRODUCTION

Somatic embrvogenesis has become the i visro model for studying gene expression during early
embryo development because of the difficulty in isolating early-stage zygotic embryos in vivo
(Goldberg et al., 1994; Bishop-Hurley ef af., 2003). Differential gene expression in somatic cells is
involved in developmental program switching and confers on the somatic cells, the ability to
manifest embryogenic potential. However, very few of the molecular events involved in the
transition of a somatic cell to an embryogenic competent cell are known thus far (Xu ef al., 1997,
Bishop-Hurley et al., 2003; Stasolla ef af., 2003; Goncalves ef af., 2005a, b; Lorenz et al., 2005,
Mathieu ef af., 2006; Pullman ef of., 2003). Various model systems have been widely investigated in
order to understand the mechanisms of gene regulation during somatic embryogenesis using mature and
immature zygotic embryos as the starting explants for the establishment of embryogenic culture
system. The first evidence of differential gene expression during this developmental process was
reported in the 1990s (Dong and Dunstan, 1996a) and to date, some genes that are activated or
differentially expressed during the induction and development of somatic embryos have been cloned
and studied by the use of various molecular techniques (Dong and Dunstan, 1996b, 1997, 1999).
Nonetheless, most studies have concentrated on the later stages of embryogenesis, although most vital
genes are expressed at high levels at the time of somatic embryogenic-culture-initiatation. No reports
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of gene expression studies for somatic embryogenesis using vegetative shoot apices or secondary
needles of mature trees of pines are available in the literature, although somatic embryogenesis
protocols using explants (shoot apex and secondary needles) of mature trees of different pines were
recorded and well established (Malabadi and van Staden, 2003, 2006, 2005a-d; Malabadi er al., 2004;
Malabadi and Nataraja, 2006a, 2007a, b).

The comprehensive and integrated mechanisms controlling plant gene expression during somatic
embryogenesis using vegetatative shoot apices of mature trees of pines remain unreported. We believe
that the identification and isolation of the vital genes of somatic embryogenesis and elucidation of the
transcript expression patterns is a prerequisite for understanding the precise mechanisms controlling
the differentiation of somatic cells and the detailed steps by which these genes direct somatic
embryogenesis. It ultimately will provide deeper insight into understanding the enigmatic
reprogramming of cells in higher plants and well surely provide novel target genes for the improvement
of somatic embryogenesis ability, as well as other aspects of genetic engineering. The aim of our
investigation was to isolate genes expressed due to cold-pretreatment of explants during initiation of
embryogenic tissue derived from vegetative shoot apices of mature trees of Pinus roxburghii, for which
no previous published reports are available in literature. This will certainly help in understanding
cold-enhanced somatic embryogenesis of pines including other higher plants.

MATERIALS AND METHODS

Origin of Embryogenic Tissue: The embryogenic tissue was mitiated on DCR (Gupta and
Durzan, 1985) medium supplemented with 22.62 uM 2, 4-D, 26.85 pM NAA and 8.87 uM BA
(initiation medium) according to our existing previous protocols (Malabadi er af., 2004,
Malabadi and Nataraja, 2006a, b; Malabadi and van Staden, 2006). For the following experiments of
gene cloning, two types of plant material, 1) embryogenic tissue initiated by cold-pre treatment.
2) control (non-embryogenic tissue induced without cold pre-treatment) have been used for the
isolation of total RNA.

Isolation of Total RNA

Total RNA was isolated according to the protocol of Salzman et @l (1999) with slight
modifications. The integrity of RNA sample was verified by examining the integrity of 288 and 188
ribosomal fragments after separating 15 ug of total RNA on 1.2% agarose gel containing 2.9%
formaldehyde following denaturation of samples at 100°C for 2 min in formaldehyde and formamide.

Separation of Poly (A) " RNA

Paly (A)" RNA was seperated from total RNA using Oligo (dT),; magnetic beads (Dynal, Oslo,
Norway) following the manufacturers instructions with slight modifications. First pass poly (A) RNA
was pooled and passed over the beads a second time before use as a template for cDNA synthesis.
Paly (A)" RNA from this second purification was precipitated with 2x vol of ethanol and 0.1x vol of
3.0 M aqueous sodium acetate (pH 4.8), washed with 70% (v/v) aqueous ethanol and
resuspended in LoTE buffer (3 M Tris-HCI, 0.2 mM EDTA, pH 7.5 at 25°C) to a final concentration
of about 1 pg L™ (Lorenz ef al., 2005).

Differential Display of mRNA

Differential display was performed, based on the original method of Liang and Pardee (1992) with
slight modifications according to Stratagene protocols (Stratagene, La Jolly, CA, USA). Here total
RNA was isolated from cold-enhanced embryogenic tissue and from non-embryogenic tissue (control).
A total of 2.5 uL. (5 pg) of freshly diluted poly (A)™ RNA were reverse transcribed in a 50 L reaction
volume contaimng 5 uL of 10x first-strand buffer, 3.0 pL of 10 mM dNTPs, 2 uL of 1.4 ug pL~" of
Linker-primer, 35.0 pul. of DEPC-treated water, 1 puL of RNAse Block Ribonuclease inhibitor
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(40 U pL=1). Finally 1.5 pL of Strata Seript RT (50 U pL™") was added to the above reaction. The
contents of the samples were gently spin downed in a microcentrifuge. Reverse transcription was
performed by incubation at 42°C for 1 h and stopped by inactivating the Strata Script MMLYV reverse
transcriptase at 75°C for 5 min. The produets of reverse transcription were stored at -20°C for recent
use or at -70°C for longer use.

The amplification of ¢cDNA samples was conducted in 20 pl reaction volumes. PCR was
performed in the presence of the same linker primer as was used in the corresponding reverse
transcription reaction, as well as a single arbitoary primers (P1, P2, P3, P4, P5, P6, P7, P8, P9 and
P10) (Clontech Lab, Inc., Palo Alto, CA, USA) as an upstream primer. The PCR reaction mixture
contained 1.5 uL. ¢cDNA template, 2.0 uL of 1.4 ug pL.~! of Linker-primer, 2.0 pL of 0.5 uM arbitory
primer, 3.0 uL, of 10 mM dNTPs, 2.5 U Tag DNA-Polymerase (Roche) and 1x PCR buffer. Reactions
were made up to volume using DEPC-treated water and were overlaid with mineral oil before PCR to
prevent evaporation. Amplification was carried out for 40 cycles at 95°C for 30 sec, 42°C for 20 sec
and 72°C for 30 sec, followed by an additional extension period of 5 min at 72°C. Control reactions
were included for each of the RNA isolates in which 1 uL of non-reverse transcribed RNA was used
in the reactions with each of the above primers and arbitary primer (Clontech Lab, Inc., Palo Alto, CA,
USA) in order to ensure that any amplification products detected were not due to amplification of
contaminating genomic DNA.

After amplification, the samples were separated on a 6% polyacrylamide (19: 1 acrylamide:
bisacrylamidey 8 M urea sequencing gel in 0.5x TAE buffer. Immediately before loading, 2 pL loading
buffer (95% v/v formamide; 20 mM EDTA; 0.05% w/v bromophenol blue; 0.05 % w/v xylens cyanol
FF) were addad to 4 pL aliquots of the amplified cDNAs and the samples denatured at 75°C for 2 min.
Gels were run at 70 W (constant power) for 2.5 h or until the xylene ¢yanol dye has migrated through
the entire gel. The gels were dried and transferred on Whatmans 3 MM chromatography paper without
fixing and exposed using Hyperfilm-Pmax (Amersham Biosciences) autoradiography film for 5 days.

Following development of the filim, gel slices containing the differentially expressed bands were
excised and placed in 0.5 mL PCR tubes containing 100 uL. DEPC-treated water. The samples were
incubated for 10 min at room temperature and then boiled for 10 min at 99°C. The tubes were overlaid
with 2-3 drops of mineral oil to prevent evaporation. The tubes were centrifuged for 5 min at maximum
speed in a desktop microfuge and the supernatant liquid was transferred to 0.5 mL PCR tubes. Samples
were stored at -70°C until further use. For reamplification of the cDNA isolated from the gel, 4 puL. of
the elute was PCR amplified in the presence of the same primers as were originally used during
differential display. The reamplified fragments were electrophoresed in 1% agarose gels stained with
ethidium bromide and visualized under UV light. Following reamplification, cDNA fragments were
purified from the agarose gel with a QIAquick Gel Extraction Kit {(Qiagen Inc., Valencia, CA) and
cloned into pBluescript II vector (Stratagene, La Jolly, CA, USA). Transformation of XL10-Gold
strain cells was then carried out according to the vector manufactures instructions.

Synthesis of cDNA

The cDNA was synthesized following the protocols contained in a ¢cDNA synthesis Kit
(Stratagene, La Jolla, CA, USA). All libraries were constructed using 5 pg of second-pass poly (A)*
RNA as input for first-strand ¢cDNA synthesis. The reaction was primed using an oligo-dT primer
tailed with the recognition sequence for the Xhol restriction endonuclease. After second strand
synthesis, EcoRI adapters were ligated to the 5°-end of the ¢DNA. The ¢cDNAs were then double-
digested with Xhol and EcoRI The digested cDNAs were size-fractionated by electrophoresis through
1% agarose gels in 10 mM Tris-HCl, 5 mM sodium acetate, 0.5 mM EDTA, pH 7.8 buffer at 25°C.
The ¢DNA ranging in size from 900 bp to 10 kb was purified from the agarose gel with a
QT A quick Gel Extraction Kit (Qiagen Inc., Valencia, CA). The gel-purified cDNA was quantified by

335



Am. J. Plant Physiol., 2 (6): 333-343, 2007

UV absorbance and concentrated by precipitation with 2.5x vol of absolute ethanol, 0.5x vol of 7.5
M ammonium acetate and 5 ul. of 5 mg mL™' glycogen (Roche biochemicals, Gmbh,
Germany). The ¢cDNA was washed twice with 70% (v/v) aqueous ethanol and dissolved in
LoTE buffer (3 M Tris-HCI, 0.2 mM EDTA, pH 7.5) at a final concentration of 0.25 pg uL™".

cDNA Library Construction

The plasmid vector for library construction, pBlueseript II vector (Stratagene, La Jolla, CA,
USA), was digested to completion with EcoRT and Xhol, followed by treatment with calf intestinal
alkaline phosphatase. Ligation reactions typically contained 0.5-1.5 pg of ¢DNA, 25-50 ng uL.=! of
the pBluescript 1T vector DNA, 0.5 ul, of 10x ligase buffer, 4 units uL.™" of high concentration
T4 DNA ligase in 10.0 pL reaction volume. Ligation reactions were incubated overmight at 16°C. Fully
ligated samples were extracted with phenol: chloroform (24: 1 v/v), precipitated as described
above and resuspended in LoTE buffer (3 M Tris-HCI, 0.2 mM EDTA, pH 7.5). These concentrated
plasmid libraries were used in 1-3 puL aliquots to transform XL10-Gold ultracompetent cells
(Stratagene, La Jolla, CA, USA) with the ligation reactions. XL10-Gold is a McrA~ and McrB ™~ strain
and does not restrict methylated DNA (Stratagene, La Jolla, CA, USA). Transformation was done
according to the existing protocols of Stratagene (La Jolla, CA, USA). Colony forming units (cfin) were
determined after plating 5-25 pL of a 107! dilution of transformed cells on LB agar plates
supplemented with 100 pg mL ™" ampicillin.

The color selection was seen when plating on LB agar plates containing 100 ug mL ! ampicillin,
80 pg mL~! of fresh 3-gal and 20 mM IPTG. Colonies containing vectors without inserts will be blue
after incubation for 12-18 h at 37°C. Colonies with vectors containing inserts will remain white.
Further enhancement of the blue color was obtained by placing plates at 4°C for 2 h following
overnight growth at 37°C.

Amplification of pBluescript cDNA Library

The primary ¢cDNA library was now being plated and screened. However, amplification of the
primary ¢cDNA library is desirable to produce a large and stable quantity of the library. This was
achieved following manufacturer guidelines of Stratagene (La Jolla, CA, USA) by amplifying the
plasmid libraries in 500 mL bottles of 2x LB agarose supplemented with 100 pg mL =" ampicillin, using
the semi-solid amplification method. Finally 6 serial dilutions were performed with 100 pL of the
amplified library diluted in 900 uL of LB medium. 10 uL of the 107° and 107° dilutions were plated
onto selection plates. Amplification of a primary library containing 1x10¢ total transformants was
resulted in a stable library of at least 1x10%total transformants. Remaining amplified library was stored
at -80°C until further analyses.

Screening of cDNA Library by PCR

c¢DNA libraries were scresned using M13 primers (Clontech laboratories, Inc., USA) to determine
the percentage of recombinant clones. This was done by using two gene-specific primers for verifying
the target gene in the clone. During screening, 15 isolated colomes were picked up with sterile
toothpicks and inoculated each into 50 ul. of TE buffer in a separate 1.5 mL microcentrifuge tubes.
Tubes were boiled for 5 min and a 25 pl, PCR reaction was set up for the screening. PCR reaction
mixture (Clontech laboratories, Inc, USA) consisting of 2.5 pL of 10x PCR buffer, 0.5 uL, of 10 mM
cach of ANTP mixture, 0.5 uL of 20 uM sense primer, 0.5 uL. of 20 uM anti sense primer, 19.5 L
of water and 0.5 pLL of Tag DNA polymerase). Finally to this reaction 1.0 pL of boiled colony lysate
was added. The PCR contents were mixed well and all the samples were overlaid with an equal volume
of paraffin oil prior to undergoing following amplification ¢ycles (Hybaid Thermal Reactor, Hybaid
Ltd., England). The PCR was initiated with a denaturation step of 94°C for 30 sec at the beginning of
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the cycling regime. This was then followed by 25 cycles each comprising of 94°C denahring
temperature (30 sec), a 68°C annealing step (2 min) and a one cycle of 68°C extension step (5 min).
After electrophoresis, 5 uL of PCR product was electrophoresed on a 1.2% TAE/agarose gel with
DNA size markers at 70 V for approximately 5 h. Typical bands of 700 bp in size were seen for clones
containing inserts and gels were used for following Southern blot hybridization.

Southern Blot Hybridization

Southern blot analyses were performed to verify the screening of the cDNA libraries. The gels
were depurinated, denaturated, neutralized and fragmented plasmid DNA was transferred to a nylon
membrane (Roche Diagnostics GmbH, Mannheim, Germany) by capillary transfer. Double stranded
probe for ¢cDNA inserts (700 bp or 0.7 kb) was labeled with digoxigenin-11-dUTP in the PCR
conditions following the protocols of Roche biochemicals. For Southern blot hybridization of cDNA,
the above anchored and arbitory primers were used (Clontech laboratories, Inc., USA).

In the secondary screening procedure, plasmid DNA was isolated from recombinant colonies
using the alkaline lysis method of Felliciello and Chinali, (1993) and quantified spectrophotometrically.
Plasmid DNA was purified from selected clones, digested with EcoR 1 and Xhol to release the cDNA
inserts from the plasmid and electrophoretically separated by agarose electrophoresis. This DNA was
again transferred to nylon membranes using the downword capillary transfer method as described
above. Again inserts showing a signal for the induction of embryogenic tissue by cold pre-treatment
c¢DNA and no signals for the non-embryogenic tissue were analyzed further.

Reverse-Northern Blot Hybridization

Reverse-northern analysis was performed according to a method modified from Mou et af. (1994)
to confirm that the inserts were cold-enhanced embryogenic-tissue specific. Duplicate positively
charged nylon membranes were cut to size and wet for 5 min in 0.4 M Tris-HCI (pH 7.5). Ten
micrograms of each plasmid to be blotted was placed into a sterile microfuge tube. To this added
100 pL denaturing solution (0.25 N NaOH, 1 M NaCl) was added. The plasmid DNA was then
allowed to denature for 10 min at room temperature. Fifty microliters of the denatured plasmmd
solution was loaded into each of the corresponding wells of the manifold over the duplicate membranes.
The negative vector sequence was also included as a negative control on both membranes. Once all
wells had been loaded, the samples were left for 30 min before vacuum was applied. The membranes
were neutralized by placing them onto filter paper soaked with 0.5 M NaCl/0.5 M Tris-HCI (pH 7.5).
After 5 min, the membranes were air dried and cross linked using UV illumination.

For the synthesis of probe for reverse-northern-analysis, ten pg of total RNA was used. First
strand ¢cDNA was prepared from total RNA isolated from embryogenic tissue specific and control
using the method as described above. The RNase inhibitor was not included in the reaction and
anchored primer was replaced with oligo d(T) primer. All other reagents described previously. The
reaction was incubated at 37°C for 60 min. The reverse transcriptase was then denatured by heating
the reactions to 95°C for 5 min, where after 2.5 ug of random primer mixture was added to the assays.
The reactions were heated at 90°C for 10 min and then held on ice for 5 min. A 50 pL cocktail mixture
for random priming was prepared as described above. Reactions were terminated by adding 1 pL of
0.5 M EDTA (pH 8.0). Each reaction was made up to 100 puL with TE buffer and unincorporated
nucleotids were removed by column chromatograpy using Roche Sephadex G50 mini Quick Spin
columns. The elute from the spin columns was then used directly as the probe.

The membranes were pre-washed in hybridization bottles in a HYBAID mini hybridization oven.
The chemiluminescence’s detection of hybridization products was performed according to
manufacture’s (Roche biochemical’s) instructions.
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RE SULTS AND DISCUSSION

In the present study of differential displawzens expression, two different treatrent cordiions
wele selected to 1anlate geres which ave differertially expresse d dring induetion of exabrymgenic fissue
frore e getatiee shoot apices of matwe trees of Pines roxburghii. The resulted embrimgenic tissue due
to cold-pretreatirent was subeultored on mainterance wedinw and produced somatic erwbnms on
rnatiration rmedintn. Somatic ernbryos after successful germiration prodnce d plantlets accowding to our
previons protocols (Ivklabadi and Mataraja, 20064, b). On the other hand for the control teatrents,
non-ermbrogeric fissue failed to produce arsy clesvage polyerbrymony and somatic erbiyos on the
rnafration e dinn.

Dring the isolation of BIA saraples, it was consistently observed that approximately four
tirnes the araount of BMA was isolated from cold-e nhance d erbrymogende tissne than was isolated from
the control saraples. Cold-enbanced embrogendc tissue yelded an average (meary of 81091 pe
BM& per grar fresh wi ermbryogenic tissue, as cormpared with 234+ 62 pz BENAz fresh wt of the
control group (Fig. 1. The measurement of steadystate mBMA& levels by BIA blot analyses 15 a
nsefil approach to studies of differential gene expression. The isolation of intact total BMA canbe a
difficult and tedious step in this analysis. & corventional method for BI& isolation has several
lirnitations. Isolation of BI& from plant issues is further corgplicated by high levels of rhonuclease
activity and by complex cell wall coraponents which are solubilized upon extraction. Wblecular
Investization of manyinterestivg phenoraena in plants has been prevented by difficulties in e xtracting
high-guality BM& for tissue s containing high lesvels of phenlic corapourds, ¢ abohedrates and other
nnidentified corapounds. Plenolic compourds are readily oxidized fo fore covvalently linked uirines
and avidlyhind mucleic anids. This rende rs BHA unable for such fandarnental procedures as reverse
transcription and cD & libeary constroction. In the method presented here, phenolic corpounds are
bound to soluble PVE and then eliminated by ethanol precipitation of the EMNA. Proteins and
cathohyrdiates are subsegue ntly removed by phe nol extraction and LiC] precipitation respectively. In
our present irvestigation, the BM& prity estimated spectrophotoree tically save ratin for OD.
2600220 of 1.5 to 195 and more than 2.0 for 2600230, indicativg that there was no siznificant
cortarnivation with proteine and polveaccharidesin the BN& extracts. When eultured fissues such as
etnhrymgenic cultired cells, calli or sormatic exabiyns ave used as souree of BIA extraction, increased
polyeaccharide conternt has to be considersd in the BMLA extraction strategy. In this peotocol
polymac charides wee removed by the addition of sodinr acetate while washing the crade RIA pellets.

Fiz. 1. Azarose-foroaldehsndk denatuing gel electmphor sis of BIA . Total BM& was extracted from
cold erhanced embryogenic tissue and control (nor-embryogenic tssue) dermeed fror
vegetative shoot apices of mature trees of Pinus roxburghii. Lanes & (control, non-
errhryogenic tissue), B (cold enbanced erabrymgerde tissue) re presents total BITA (255, 153
distinet bands)
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This step has improved the final yield of good quality of RNA. Further as described above, this
isolation procedure has the advantage of disrupting whole tissue samples rapidly and completely, while
simultaneously inactivating RNase, even when it is present in greater abundance. The nuclear and
organelle disruption that accompany membrane solubilization liberates nuclear RNA and genomic
DNA, both of which co-purify with cytoplasmic RNA. The efficiency of protein denaturation
(including disruption of RN Ases) may be enhanced by the inclusion of 4-mercaptoethanol, a reducing
agent which breaks intra-molecular protein disulfide bonds. Incorporation of denaturing solution
prepared by mixing saturated phenol with chloroform are organic solvents that very efficiently
denature and cause the precipitation of proteins (Maniatis ef af., 1982; Wan and Wilkins, 1994,
Lefebvre ef al., 1980). Chloroform stabilizes the phenol, imparts a greater density to this organic
extracting material, improves the efficiency of deproteininzation of the sample and facilitates
removal of lipids from the RNA preparation. Large RNAs were efficiently precipitated with LiCl
(Salzman et al., 1999; Maniatis ef af., 1982; Wan and Wilkins, 1994; Lefebvre ef @l., 1980). The
contarminated polysaccharides were removed by addition of one volume of ethanol. Then RNA
(Fig. 1) was concentrated by precipitation with sodium chleride and ethanol and collected after
centrifugation. Figure 1 shows the presence of two narrow bands due to the 283 and 185 RNA,
indicating good quality of intact RNA from cold-enhanced embryogenic tissue.

Magnetic bead separation of RNA has been employed in mRNA isolation and the isolated mRNA
has been used in differential display (Xu ef /., 1997, Goncalves et af., 2005a, b, Lorenz et al., 2005).
The Dynal Oligo {dT),; beads (Dynal, Oslo, Norway) can bind to 2 ug mRNA mL ™. When a small
amount of tissue is used, most of the Oligo (dT),;is wasted and may interfere in the subsequent PCR
reaction. In our experiments also we reduced the bead quantity from the manufacturer’s
recommendation of 50 pL sample™ to 15 uL sample™, an amount that is barely visible in the tube
during the isolation. If a large amount of tissue is used, the amount of Oligo (dT),, beads (Dynal, Oslo,
Norway) can be increased. This method relies on A-T base pairing. Short sequences of oligo-dT are
covalently bound to the surface of the Dynabeads and will hybridize to the poly A tail of the mRNA,
allowing simple and rapid magnetic isolation. This allows the detection of mRNA by RT-PCR from
highly specialized cells. High quality, full length mRNA is necessary for meaningful results in any gene
expression study. Therefore, choosing the optimal mRNA sample preparation method is essential.
Magnetic separation with Dynabeads Oligo (dT),, is a rapid method to obtain pure, intact mRNA
without any DNA or tIRNA contarmination.

The construction of ¢cDNA libraries is fundamental in discovering new genes and assigning gene
fimction. cDNA libraries constructed directly into plasmid vectors are convenient for plasmid-based
finctional screening, Expressed Sequence Tagged (EST) sequencing, normalization and substraction
techniques. The ¢cDNA was synthesized following the protocols contained in a cDNA synthesis Kit
(Stratagene, La Jolla, CA, USA). All libraries were constructed using 5 pg of second-pass poly (A)*
RNA as input for first-strand ¢cDNA synthesis. The reaction was primed using an oligo-dT primer
tailed with the recognition sequence for the Xhol restriction endonuclease. After second strand
synthesis, EcoRI adapters were ligated to the 5°-end of the ¢DNA. The ¢cDNAs were then double-
digested with X0l and EcoR1.

During the synthesis of cDNA, messenger RNA is primed in the first-strand synthesis with the
linker-primer and is reverse-transcribed using StrataScript™ reverse transcriptase (StrataScript RT)
and 5-methyl dCTP. StrataScript reverse transcriptase is a novel Moloney murine leukemia virus
reverse transcriptase (MMLV-RT) without any detectable RNase H activity. Cloned StrataScript RT
is purified from recombinant E-coli containing a genetically engineered mutant MMLV-RT gene. A
point mutation in the highly conserved residue of the RNase H region results in the loss of undesired
RNase H degradative activity without affecting the desired reverse transcriptase function. The result
is a nuclease-free mutant of MMLV-RT that can produce larger yields of full length ¢cDNA transcripts
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than wild type MMLV-RT, which possesses substantial RMNase H actiwity. The use of 5-methyl
dCTP during first-strand synthesis hemimethylates the cDNA which protects the cDNA from
digestion with cetain restriction endonucleases such as Xbef Therefore, on Xkof digestion of the
cDNA, only unmethylated site within the linker-primer 15 cdleaved.

The digested cDNAsz were size-fractionated by electrophoresis through 194 agaroze gels in
10 mM Triz-HCL, 5 mM zodium acetate, 0.5 mM EDTA, pH 7.8 buffer at 25°C. The cDNA ranging
in sze from 900 bp to 10 kb was purified from the agarose gel with a Qlaguick Gel Extraction
Kit {Qiagen Inc, Valencia, C4). Further cDMNA was cloned using pBluescript vector, which iz a
high-copy-number pUC-based plasmid with ampicillin resistance and the convenience of the
blue-white color selection. This wector 15 driven by the Jec promoter, which 15 represented in the
presence of the Laef protein and 15 inducible by isopropyl-4D-thio-galactopyranoside (IFTG). In
hacteria expressing the lacZAM 1S mutation and Jack, such as XL10-Gold cells, colonies containing
wvector without insert wall be blue in the presence of 3-bromo-4-chloro-3-indoyl-&-D-galactopyranosde
(X -gal) and IFTG. Ampicillin-res stant colomies contamng vector with insert will be white and can
express the promoter sequences are present in the N-terminal portion of a JecZ gene fragment.

Differential display was conducted using 40 different primer combinations (one linker-primer as
was uged in reverse transcripfion and 10 arbitory primers, PL-P10). Typically, approximately
65 cDMNA bands ranging in size from 100 by to over 1000 bp were resolved on the acrylami de gel s per
primer combination. Duplicate samples were thus run in adjacent lanes. The overall number of such
fragments was very low Such hands were easily distinguished and were disregarded during the analvsis
of the gels. Fifty-six cold-enhanced embryogenic tissue specific fragments (2% of the total number of
cDMA bands generated from total RMA isolated from cold pretreatment induced embryogenic tissue)
were uged for the identification along with 110 cDNA fragments specific to the somatic embryogenesis
(4% of the total). All the differentially expressed cDMA fragments were excised from the gels and the
DMA eluted and re-amplified.

Amplification of the primary cDNA library 15 desirable to produce alarge and stable quantity
of the library (Fig 2). This was achieved according to the avalsble mstructions of Stratagene

e d

Fig 2: Screeming of cDNA library by Southern hybridization. After electrophoresis, 5 pL of PCR
product was electrophoresed on a 1.2% TAE/agarose gel. Typical bands of 700 bp in size
were seen for clones contaimng inserts and gels were uzed for Southern hlot hyhndization The
chemiluminescence detection of hybridization products was performed according to
manufacture’s (Roche biochemicals, Germany) instructions
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Fiz. 3: Rewerss-Northern blot hybridization analysis of the cold enbanced somatic erbryogenesis
cDH s representative of different types of gene expression patterns. 20 out of 24 clone s bave
ingert fragment. For hybridization, a fresh Easw Hyb Solution contaiving denatured c D Az
specific for cold-enhanced erdoryogenic tissus was used as a peobe. This Sgure suwrnmarize s
the results of several Morhern hybridization expetiments confitrning the clores have insert
fragments

iLa Jolla, C&, TUSA) by amplifying the plasnid lbravies in 500 ml bottles of 2x LB agarose
supplersented with 100 pg ml~ arpicilling using the serd-solid arndification rethod. cOMA libearie s
were screened using W13 prire rs (Clontech laboratories, Inc., USA) to determine the percentage of
recornbinant clomes. This was done by using two gere -specific pritners for verifying the farget zene in
the clome. Southern blot analyses were pediormed to verifythe screening of the cDH & libraries. In the
secondary screening procedure, Wastnid DA was prifie d from selected clones, digested with EooRS
and fhol to release the cDMA inserts from the plasmid and elec trophoretically separate d by azarose
gel electrophoresiz. This D& was again transferred to nydon memwhbranes using the dowroerard
capillary transfer method as described above. Again inserts showing a signal for the induction of
errbryogenic tssue bicold pre-treatrent c DA and 1o sizhals for the non-erabryogerdc tissue were
avalyzed further. Of the 56 cold-enbanced ewbryogernds tissue specific fragments, 20 could be
re-amplified to prodwe a single band of the correct size on agaross: gels (Fiz. 3). Hine produced tao
bands, whilst a frther 11 generated multiple bands. Thirty siz c DM &s cold notbe re-aroplified. Mine
of the 20 fragments which generated single bands on re-araplification were selected for clorning and
further analysis. Curing wvese notbe m hybridization, all the 20 clones selected generated a positive
signal when probed with labeled cDHA fror cold-enbanced embrmgerde tissue, bt no siznal when
probed with cDHA frorn the non-erdbryogende fissue (control treatment). &1 the 20 clones thus
contained inserts that were specific to cold-enhanced somatic erdbryogenesis (Fig, 3).

In conclusion, the package of proce dures we havee pressnted offers a fast, sensitive and reliable
approach fo the isolation and study of the expression of marsy genes that are differentially expressed
duting induction of emwbryogendc fissue in P oroxburghii. This work presents ondy preliminary
experiments of gene expression. Chr prelitminary studies identified several differe ntially expressed
B As which might be homologous to regulatory proteins. The mBIA mdcro-preparation was
effective when the FI& sarnples contained inte rfering material that othe reise rendered them poor
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templates for the RT-PCR reaction. In addition, little starting material was necessary for RT-PCR
reactions; however, we think our procedure could be scaled up to prepare larger quantities of cDNA
for many purposes. Present study has shown that somatic embryogenesis follows a unique
developmental pathway regulated by temporal and spatial patterns of gene expression. Further studies
of sequencing and searching through the databases, clustering and blasting are under study and will be
presented in detail very soon. This will certainly highlights the identification and characterization of
genes in programming the somatic cells towards effective somatic embryogenesis. This set of cold
enhanced somatic embryo-specific genes is an important resource for understanding the genetic
interactions underlying somatic embryogenesis signaling and regulation responses and may contribute
to the characterization of the process of somatic embryogenesis in plants.
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