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Abstract:--Four cDNA clones and two genomic clones of different
members of a PI gene family have been isolated from Atriplex canescens. The
sequence of the coding regions are very similar however promoter sequences and
AU-rich sequences within the transcribed regions suggest different levels of
regulation. Gene specific oligonucleotides reveal some of these differences and will
facilitate gene regulation studies and, as part of a broader program, the assignment
of physiological roles to individual family members. An Loblolly Pine mRNA of
unusual structure encodes a protein similar to a number of chitinases. The 5' UTR
of this mRNA accounts for almost half the molecule and possesses numerous
inverted repeat and uORF, features found in many translationally regulated
mRNAs. RT-PCR results which suggest additional transcripts possess some of
these sequences. Cloning and sequencing of these gene fragments along with in
vivo studies of the reported genes will illuminate the types of gene regulation
which operate in pines.

Keywords: Gene regulation, Reverse Transcription-PCR, sequence specific
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INTRODUCTION

The study of plant gene expression in response to environmental stress has resulted in the
elucidation of a number of biochemical defense and repair mechanisms (Skriver and Mundy 1990.
Keen 1992 ). The application of that knowledge, through the isolation of genes, their modification
and subsequent transfer into plant cells, has brought spectacular successes (Chrispeels and
Sadava 1994). As recognition of the efficacy of biotechnologies has spread, the desire among
researchers and corporate enterprises to avail themselves of new opportunities has broadened the
field. An increasing numbers of researchers now conduct molecular experiments with plants and
with their arrival, the less highly publicized technical problems of gene transfer and expression
have begun to surface (Matzke and Matzke 1995 ). The recognition of the complexities of gene
regulation has led researchers to seek more fundamental understandings of gene expression. In this
paper we discuss the regulation of two gene families whose members display variable responses
to environmental and hormonal cues. The sequence and structural features of the genes and
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mRNAs suggest tiers of regulation which would allow rapid modulation of protein synthesis in
response to stress.

METHODS

Plant material and water deficit stress treatments. Saltbush (Atiplex canescens (Pursh Nutt.):
Whole plants were desiccated after growth in germination medium (GM) for 4-6 weeks. Plants
were left to desiccate on Whatman 3MM paper at 22°C and 60% humidity under dim light
following published protocols (Yamaguchi-Shinozaki and Shinozaki, 1993 a and b). For ABA
treatment, plants were removed from GM and grown hydroponically in half strength either MS

media or MS media supplemented with 10µM ABA for 14 hours.

Loblolly pine (Pinus taeda L.):Seedlings were full-sibling, resulting from the cross of S6PT2 and
S6PT3 sources from east Texas. The seeds were sown in 5-liter cylindrical containers filled with
a fitted clay medium adapted for pine seedlings (Meier et al. 1992). The seedlings were
randomly separated into 7 groups, and water was then withheld from the seedling groups in
staggered fashion. Seedlings were harvested pre-dawn on the same day at which point the water
potentials were taken. (Chang et al 1995).
Molecular methods and cDNA library construction. For Atriplex a cDNA library was made
from the leaves of seedlings with water potential - 0.94 MPa (Adair et al 1992). The pine library
was made from the entire root tissue of an 8-month-old seedling with a water potential of -1.1

MPa (Cairney et al 1993). In both cases the vector was the Xgt10-derived vector, Lambda-ZAP

(Stratagene, La Jolla, CA).
Reverse Transcription-Polymerase Chain Reaction. One microgram of total RNA was used
for Reverse transcription using MMLV Reverse Transcriptase (Promega, Madison, WI). One
tenth of the reaction products were then used for PCR. Conditions were, 94°C, 15 s(econds), 50-
55°C, 15s, 72°C 30s, 35 cycles. Reaction products were transferred to membranes, probed with a
labelled cDNA and the membrane scanned and signals quantitated.
DNA sequencing and homology comparison. DNA sequencing was performed by the dideoxy
chain termination method (Sanger et al. 1977). Standard molecular methods were used in other
cases (Sambrook et al. 1989). For comparing the putative proteins encoded by these pine cDNA
clones with similar proteins from other organisms, sequences were aligned using the LaserGene
program (DNASTAR, Madison, WI).

RESULTS AND DISCUSSION

Halophytes which survive long periods with little moisture, possess both physiological and
biochemical adaptations which permit them to prosper under conditions where most plant would
perish. A study of halophyte physiology may shed light on novel molecular mechanisms of
stress tolerance or may reveal a source of new genes. In parallel projects we have chosen to study
gene expression under water deficit in the woody desert shrub, Saltbush (Atriplex canescens) and
the commercially important conifer, Loblolly Pine (Pinus taeda L.). In both cases cDNA libraries



were constructed from water stressed plants and differentially screened to isolate clones of genes
whose steady-state mRNA levels fluctuate under water deficit. Details of clone isolation have
been reported elsewhere (Adair et al 1992, Cairney et al 1993. Chang et al 1995).

An Atriplex clone, p23-3, isolated from a cDNA library by differential screening was shown to
encode a protein with strong similarity to Proteinase Inhibitor-I (PI-I) from soybean and potato
Figure 1). The clone proved distinctive in hybridizing to a broad mRNA band in Northern
analysis. This signal appeared be divided between two principal bands, of about 0.5 and 0.7kb,
suggesting closely related transcripts. By rescreening the library four additional cDNA clones
which hybridized to p23-3 were isolated. DNA sequencing showed them to be 95% identical at
the nucleotide level. They appeared to part of a multigene family. Most of these clones were
around 0.4 kb however clone p8-3 was 0.65 kb and differed from the other clones, principally, in
possessing a longer 3'UTR which contained a AU-rich region.

Since the translation product of these mRNA molecules was essentially the same, the presence of
several transcript sizes within a given organ begs questions about their role. Several explanations
are possible;

1. The PIs may differ in subtle but significant ways, fulfilling different roles in the cell, their
cognate genes responding to different cues.

2. These transcripts may be produced in different cell types within an organ, each with a
appropriate stability and translational efficiency.

The altered cytoplasmic conditions of water deficit may favor one transcript over another. A
number of AU-rich sequences have been identified in the 3'UTRs of transcripts. These sequences
have been assigned roles in mRNA instability (Green 1993 ), translational enhancement (Gallie
1993) regulated/cytoplasmic polyadenylation and deadenylation (Bachvarova 1992).

Attempts to purify the protein and determine its function are underway, this paper
discusses advance made in the study of PI-I gene regulation.

Genomic Southern blots gave a complex pattern indicating many copies of the PI-I genes. To
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shed light on the transcriptional regulation of these genes genomic clones were isolated. Two
clones, pG 12-95 and pG 18-1 were sequenced. The coding regions and introns of both genomic
clones were determined on the basis of nucleotide sequence comparison with the cDNA clones.
Neither genomic clones matches a cDNA exactly; their putative exonic sequences show 95%
identity to the cDNAs. Both pG12-95 and pG18-1 contain one intron of 931 and 422 bp in
length, respectively. The first exon of both clones are identical in length. coding for 17 amino
acids. Therefore, the introns of both genes vary at the 3' end in length.

Preliminary analysis of the promoters reveals a number of motifs which have been identified in
other plants as transcription factor binding sites. These include ABA-Responsive Elements
(ABREs).A number of unusual repeat structure are conspicuous, their function is being
investigated. There is no AU-rich region in the second exon of pG 12-95 however pG 18-1, while
differing in sequence from the other clones, contains a 3'AU-rich sequence identical to that of
cDNA clone p8-3.

Multigene families contain many pseudogenes and sequence analysis alone cannot distinguish
these from transcriptionally active form. Transgenic studies would indicate the inducibility of
these genes however with large families of genes such experimentation is laborious and time
consuming. We have sought a swift,sensitive and specific assay of gene expression through the
use of specific oligonucleotides and Reverse-Transcription-PCR (RT-PCR). Oligonucleotides
specific to each transcript and suitable for PCR were designed. Each should amplify a product of
a characteristic size, facilitating identification. Preliminary assay using the cDNA and genomic
clones showed that these primers displayed fidelity either with single templates or a mixture of
templates.

RT-PCR experiments were carried out with RNA from Atriplex seedlings water stressed for
varying periods of time. Each transcript showed some level of induction however the magnitude
of the response and its' triggering point were greatly different. The same individual patterns were
observed during ABA induction. These results suggest that our technique is sufficiently sensitive



to discriminate between individual members of a multigene family and at present these
experiments are being repeated to establish levels of confidence with the assay. Such a technique
will be of great use in determining which members are induced under different circumstances.
Such assessment, in combination with other biochemical and physiological data, would allow
workers to chose the most appropriate protein for their purposes from among a family of similar
polypeptides. In gene regulation studies pseudogenes or genes whose level of induction is low,
specific to a tissue or environmental signal, could be identified.

As part of a parallel project, examining gene expression in response to water deficit in Loblolly
Pine, a cDNA library was constructed from the roots of five month old pine seedling which had
been deprived of water for 11 days. The library was differentially screened using polyA+ RNA
from control seedling (water potential, -0.4MPa) and stressed seedlings (-1.3MPa) and examples
of inducible and repressible clones were selected (Cairney et al 1993). One clone, pLP6, is
strongly expressed in the roots and stems of well-watered plants but mRNA levels decline
rapidly as plants dehydrate. The same pattern is seen in needles although the absolute level of
gene expression is much lower. A single transcript of 1.5kb is dectected, the same size as the
cDNA suggesting that almost all the information in the mRNA is present in the cDNA clone.

The nulceotide sequence of pLP6 consists of 1488 nulceotides, concluding with a polyA tail. The
longest open reading frame commencing with an ATG could encode a polypeptide of 216 amino
acids, which has a predicted molecular weight of 24.2 kD and PI of 5.05. However this open
reading frame does not start until nucleotide 721 almost halfway through the mRNA (Figure 3).

To demonstrate that pLP6 is not a "double clone" fortuitously hybridizing to an mRNA of
similar size we repeated hybridization using a 500 bp 5' probe generated using a convenient
EcoRI site and found a similar hybridization pattern . To eliminate any possibility of an
abundant mRNA masking, the expression of a rare transcript, we performed RT-PCR using
primers near the 5' terminal of the cDNA and from within the open reading frame. A fragment of



predicted size was amplified and cloned. The sequence of approximately 150 nucleotides from
either end of this molecule was determined, this is identical to the corresponding region of pLP6
(data not shown). These results confirm that pLP6 is derived from a single mRNA molecule.

The polypeptide encoded by pLP6 shows strong homology to a number of Class I Chitinases
from bean, tobacco and poplar (Broglie et al 1986, Shinshi et al 1987, Parsons et al 1989)
however the simililarity is only with the carboxy half of these proteins. The signal peptide,
cysteine-rich chitin binding domain and Glycine/Proline rich "hinge" region, all located in the
amino terminal portion of the Class I chitinases (Collinge et al 1993, Raikhel et a 1993) are absent
from LP6. Neither the putative catalytic site nor the carboxy terminal sequence involved in
translocation to the vacuole is present. In addition the pLP6 protein has a carboxy extension of
69 amino acids not present in any of the chitinases though no homolgies with any sequence in the
gene bank could be detected. .

Since chitinases are wound-inducible we wounded 12 seedlings with pliers and chose seedlings
from this group for assay lh, 2h, and 6h after wounding. The water potentials of these plants
were assayed and gene expression was compared to unwounded control plants harvested at the
same time. Steady state RNA levels of pLP6 are greatly reduced 6h after wounding. Similar
results have now been obtained for roots and needles (data not shown).

At present we have no information on the function of the putative LP6 protein. The
physiological function of chitinases has long proved elusive however recently, with the
elucidation of the biochemical nature of Nod factors (Denarie and Cullimore 1993) and the
demonstration that a protein capable of rescuing a developmentally blocked carrot embryo
mutant was a chitinase (De Jong et al 1992), a role for chitinases in development is being
suggested. It is possible that the LP6 protein fulfills some role in develpment and to investigate
this possibility expression in early embryos is being investigated. The unusual structure of pLP6
may be explained if the protein is a `proto-chitinase', such gene variants have been suggeted
(Shinshi et al 1990).

The sequence of the 5'UTR of pLP6 revealed several inverted repeats which could form stem
loop structures of moderate to high stabiliy (-11kcal/mol to -17kcal/mol). In addition eight
upstream open reading frames (uORFs) were identified. Both these feature are found often in
genes exhibiting post transcriptional regulation (Gallie 1993). The 600 nucleotide 5'UTR from
Cauliflower Mosaic Virus posseses extensive secondary sturcture and several uORFs and
recently a novel translation mechanism, a "ribosome shunt", was proposed to control expression
of the downstream cistron (Fiitterer et al 1993). At present we are cloning copies of the LP6
5'UTR into plant expression vectors to determine whether reporter gene  expression can be
influenced by this sequence or truncated and mutated variants.
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CONCLUSIONS

Sequence anaysis and preliminary regualtory studies show stress genes are regulated at several
levels. In vivo analysis and additional environmental and hormonal treatments will illuminate the
relative contribution of each step and provide information for efficient biotechnological
applications in forest species.
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