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Isolation and characterization of genes encoding 16.9 kD heat

shock proteins in Oryza sativa’
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Abstract. Using rice heat shock cDNA pTS1 as a probe, two 16.9 kD HSP genes were isolated from a
size-selected genomic library of rice. The DNA sequences of the two rice genomic HSP genes,
designated as Oshsp 16.9A and Oshsp 16.9B, were determined and analyzed, Oshsp 16.9A containd the
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homology in terms of nucleotide sequence in the coding region, and 99.3% homlogy at the level of the
deduced amino acid sequence. Multiple copies of heat shock-like promoter sequence (HSE) can be
identified upstream from the putative TATA box, TATAAATA. The initiation site of transcription
for the Oshsp 16.9A and 16.9B, was were identified by the primer extension method is located 131 bases
upstream from the coding region and 26 bases downstream from the TATA box.
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Introduction

When living organisms are exposed to elevated
temperatures, a set of proteins known as heat shock
proteins (HSPs) is induced. In eukaryotes, HSPs are
divided into three major classes based on their molecu-
lar weights and degrees of homology: HSP 90 family
(80-90 kD), HSP 70 family (70 kD), and low-molecular-
weight (LMW) HSPs that range in size from 15 to 30
kD (Lindquist and Craig, 1988). All plant species
examined thus far exhibit a rapid accumulation of
HSPs after heat shock in a manner similar to that ob-
served in animal systems, although LMW HSPs are the
most abundant class observed in plants (Mansfield and
Key, 1987). The LMW HSPs in plants are more diverse

'This paper was presented at the Symposium on Botany, in com-
memoration of the restoration of the Institute of Botany,
Academia Sinica, in Taipei (December 7-11, 1992). The abstract
of the paper will also be published in the Institute of Botany,
Academia Sinica Monograph Series No. 13 (1993).

in size and in amino acid sequence than the high-molec-
ular-weight (HMW) HSPs, and can be subdivided into
four multigene families (Vierling, 1991). The HMW
HSPs of plants, in contrast to those of Drosophila (Ash-
burner and Bonner, 1979), represent a relatively small
fraction of total HSPs accumulation (Key et af., 1981).
Following HS stress in soybean, some HSPs are rever-
sibly enriched in subcellular fractions of nuclei,'mito-
chondria and ribosomes (Lin et al., 1984). The precise
physiological role of HSPs is still unknown, although
their accumulation and aggregation closely parallel the
acquisition of thermotolerance (Lin et al., 1984; Lind-
quist, 1986).

The expression of HS genes is regulated primarily
at the level of transcription. The 5’ flanking promoter
region of HS genes contains positive control elements
that are homologous to the heat shock-like promoter
element (HSE), originally identified upstream of the
HS genes in Drosophila (Pelham, 1982). The tran-
scriptional regulation of HS genes is probably mediat-
ed by the binding of trans-acting proteins to the HSEs
(Paker and Topol, 1984; Wu, 1984). Almost all plant HS
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genes sequenced contain multiple HSEs in the 5’ flank-
ing region of the gene (Nagao and Key, 1989). Further
analysis indicates that the HSEs are best described as
contiguous arrays of variable numbers of 5bp sequence
nGAAn or nTTCn arranged in alternating orientation
(Xiao and Lis, 1988; Amin et al., 1988).

Genomic and ¢cDNA clones of plant LMW HSPs
genes have been isolated and characterized from a
number of species including soybean (Czarnecka ef al.,
1985; Nagao et al., 1985; Raschke ef al., 1988; Schoffl et
al., 1984), maize (Goping et al., 1991), Arabidopsis (Ta-
kahashi and Komeda, 1989), wheat (McElwain and Spi-
ker, 1989) and carrot (Darwish et al, 1991). Conserva-
tion of these sequences clearly suggests that LMW
HSPs may play an important role in plants coping with
HS.

Since rice is one of the most important food crops
grown in Taiwan and the field temperature may
approach heat shock conditions during the summer,
heat shock responses of rice were studied. A LMW HS
cDNA, pTS], that encodes 16.9 kD HS protein has been
isolated and sequenced in our laboratory (Tseng et al.,
1992). In this report, by use of pTS1 cDNA as a probe,
two 16.9 kD HS genes from rice were isolated and char-
acterized.

Materials and Methods

Plant Materials

Rice (Oryza sativa L. cv Tainong 67) seeds were
germinated in rolls of moist paper towel at 28°C in a
dark growth chamber for 3'days. The induction treat-
ments of harvested seedlings without endosperms were
performed in the incubation solution containing 5 mM
potassium phosphate buffer (pH 6.0), 1% sucrose and 50
ug/ml chloramphenicol.

DNA Isolaiton and Southern Analysis
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hours. Hybridization was performed at 42°C overnight
in 50% formamide, 0.1% Ficoll, 5x SSC, 0.1%
polyvinylpyrrolindone, 20 mM sodium phosphate (pH
6.5), 0.194 SDS, 250 ug/ml denatured salmon sperm DNA
and *2P-labeled pTS1 ¢cDNA probe. Probe pTS1 DNA
was labeled with («-**P) dCTP (3000 Ci/mmol, NEN)
by the random primer method (Feinberg and Vogel-
stein, 1983). Then the filters were washed twice in 2x
SSC, 0.19 SDS for 10 min at room temperature and
twice in 0.1x SSC, 0.19 SDS for 30 min at 55°C.

Construction and Screening of Size-selected Genomic
Library

Total rice genomic DNA was digested with EcoRI
restriction enzyme, and the DNA sizes between 2.0 and
4.0 kb were eluted by NA-45 DEAE membrane (Schlei-
cher & Schuell, Dassel, W. Germany) from the agarose
gel pieces. The eluted DNA was then ligated into the
EcoRI site of the cloning vector 1gtl0 to construct the
genomic library. In order to isolate HSP genes from
this genomic library, cDNA pTS1 was used as a probe.
Approximately 20,000 plaques in 20 plates (85-mm)
were screened. Filters containing plaque lifts were
hybridized and washed as described in the Southern
analysis. Positive plaques were identified by autoradio-

graphy.

Restriction Mapping of the Positive Clones
LambdaMap System (Promega, Madison, Wiscon-
sin USA) was used to determine the restriction map of
the positive clones. Included in the system were two
synthetic 12-base oligonucleotides which are comple-
mentary to their respective cos sites of lambda DNA.
Once kinased with (y-*?P) ATP (3000Ci/mmol, NEN)
and T4 polynucleotide kinase, these probes were
hybridized to fragments of recombinant lambda DNA
which were partially digested with a restriction

enzyme. The hybrids were then separated by agarose
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clease 1l as described by Henikoff (1984). DNA
sequences were determined by the dideoxynucleotide
chain - terminaiton method (Sanger ¢f al., 1977) using
(e **S) dATP (1000 Ci/mmol, NEN) and the T7 DNA
polymerase sequencing system (Promega)

FPreparation of Poly (A)° KNA from Rice

Total RNA from the control (2 h at 28°C) and heat
shocked (2 h at 41°C) rice seedlings were prepared by
the method of Lizardi and Engelberg (1979). Poly (A)
RNA was purified from total RNA by aoligo (dT) cellu-
lose chromategraphy (Aviv and Leder, 1972).

Primer Extension

00 ng of the oligonucleotide SGGACGTATG-
CAAGTCTTGTTTGTTGS (synthesized by DNA
synthesizer, Applied Biosystems), which is complemen-
tary to bases 40 64 downstream from the TATA
seruence of the Oshsp 16.9A gene, was labeled at the 5
terminus with (y *P) ATP (3000 Ci/mmol, NEN) and
T4 polvnucleotide kinase. The labeled primer was al-
lowed to anneal with 5 gg of poly (A)" RNA. Primer
extension was carried out according to Sambrook et
al. (1989). Primer extension products were electrophor
esed in parallel with sequencing reaction which had

been primed with the same oligonucleotide
Results and Discussion

Sothern Hvbridization Analysis

Fig. 1 shows the results of Southern hyhridization
analysis at high stringency (42°C in 50% formamide
condition). Multiple bands of homology to the pTSI]
probe were observed when rice genomic DNA was
digested with BamHI, EcoRI, HindIll or Pstl. Three
bands of 19.0. 14.0 and 9.4 kb were evident in the
Bamlll digest. Five prominent bands of 9.5, 5.9, 3.4, 25
and 1.7 kb were observed in the EcoRl digest. Five
bands of 18.0, 4.3, 4.0, 3.3 and 0.5 kb were evident in the
HindllI digest. Three prominent bands of approximate-
ly 18.5, 14.5 and 9.5 kb were observed in the Pstl digest.
The multiple fragment polymorphism clearly indicates
that these LMW HSP genes belong to a multigene fam
ily. This is also known in soybean LMW HSP genes
(Nagao and Key, 1989),

Sereening and Isolation of Positive Clones
Among the five bands generated from the EcoRI

Fig. 2
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Fig. 3. Maps of restriction sites of the four positive clones. 1, 2,
3, 4: four positive clones.

digest (Fig. 1), the 3.4 and 2.5 kb bands showed strong
positive signals. The DNA sizes between 2.0 and 4.0 kb
were eluted and cloned into EcoRI site of Agt 10 vector
to construct the size-selected genomic library. About
20,000 plaques (in 20 85 mm-plates) were screened with
pTS1 probes. Four positive clones, namely, 1, 2, 3 and 4
were isolated. The recombinant phage DNA of the four
positive clones was extracted and digested with EcoRI.
Southern hybridization analysis of these positive clones
is shown in Fig. 2. Clones 1 and 4 contained 2.5 kb frag-
ment, while clones 2 and 3 contained 3.4 kb. The restric-
tion sites of these four positive clones are shown in Fig.
3. Clones 2 and 3 exhibited the same restriction map,
indicating that the two clones were identical or very
similar. The restriction maps of clones 1 and 4 were
different, and the hybridizing signal of clone 1 was
stronger than that of the clone 4 (Fig. 2). Subsequently,
clones 1 and 2 were subcloned into the EcoRI site of
M13mpl8 vector, and their DNA sequences were deter-
mined.

Nucleotide Sequences and the Deduced Awmino Acid
Sequences

The nucleotide sequence of the two genes is
presented in Fig. 4 along with the derived amino acid
sequences. The sequence has been published in the
Plant Gene Register section of Plant Physiology
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(Tzeng et al., 1992) but included here for discussion.
The predicted open reading frames encoded polype-
ptides of 150 amino acids with calculated molecular
weights of 16.9 kD for Oshsp 16.9A (clone 1) and Oshsp
16.9B (clone 2). The cDNA pTSI used for screening
these two genes had been sequenced (Tseng et al., 1992)
and found to match Oshsp 16.9A between nucleotides +
15 and +819. There are no introns present in the Oshsp
16.9A gene. Comparison of Oshsp 16.9A and 16.9B
genes revealed that they shared 98.8% homology in
terms of the nucleotide sequence in the coding region,
only 5 nucleotides were different. These were located
at +500, +501, +554, +578 and +581. The deduced
amino acid sequence of Oshsp 16.9A and Oshsp 16.9B
was the same except for the 124th amino acid, i.e., Leu
in Oshsp 16.9A and Met in Oshsp 16.9B. The amino acid
sequence of these two genes exhibit 99.3% identity.
The deduced amino acids of Oshsp 16.9A also exhibited
striking homology to LMW HSPs of other species. The
Oshsp 16.9A showed 71.9% and 68.7% homology to two
class I HSPs of dicot, Gmhsp 17.5-E (Czarnecka et al.,
1985) and Athsp 17.6 (Helm and Vierling, 1989) respec-
tively, and 83% to a monocot (wheat) class I HSP C5-8
(McElwain and Spiker, 1989). Analysis of LMW HSPs
genes of plants indicates that most of the LMW HSPs
belong to four multigene families: two of them most
likely encode cytoplasmic proteins, one encodes a
chloroplast-localized protein, and one appears to en-
code an endomembrane protein (Vierling, 1991). This
classification is primarily based on the percentage of
amino acid identity and similarity between LMW
HSPs. Class I cytoplasmic LMW HSPs include soy-
bean HSP17.5-E, Arabidopsis HSP17.6, pea HSP18.1,
and wheat HSP C5-8. The homology among these
genes ranges from 68.2 to 85.19 (Vierling, 1991). The
amino acid homology of Oshsp 16.9A to class I LMW
HSPs is high (68.7 to 83.0%), suggesting that rice
HSP16.9A protein belongs to class I LMW HSPs.
Within the class I LMW HSPs in general, there is a
high degree of sequence conservation in the carboxyl-
terminal portion of the proteins, while the amino-ter-
minal shows significantly less identity (Vierling, 1991).
The amino acid sequences alignment of class I cyto-
plasmic HSPs from four species are presented in Fig. 5.
In the carboxyl-terminal, two thirds of the amino
acids, 69 out of 106, were identical. In contrast, the
amino-terminal showed a low degree of homology,
with 16 out of 53 amino acids being identical.
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(Oshsp16.9l\)

-1661
~1607
-1553
~1499
~1445
-1391
~-13137
-1283
-1229
-117S
-1121
-1067

=1013

gtctcaaggattcatttccacatgtataaaqgctaqcttcggacggatcgttat
cactttagtgtttcacctCCacatatacttattgtaagccgccgtthchttg
taacctcaacccgttatagtgaagacatttgctgcctggcacccqtggcttttt
ttctcttqctttqagaggattttccacgttaaatcttatgccttatgtgattga
tctattgctatttatcgtttatttqtctathttttctaacccttcttactaac
tgaatttaatacggtcaattcaatcatgagtctcttaaccgaattaacattaqc
tanaactcnqatnantaautatttttthtcccnnﬂnnnannnqtacqqqntqq
tatatatgtatgagacnaagqaaqtatcatqcttqaégéiatuuaattaaaucc
nctntuttqqttacttqqtqttatutatantttqttqttqtqattgtlcacttt
tgaaatatgtcctaaaacaagattcattgttgattgcgtttcttttagtatcct
caaattttqatcatgacccaaqaccgaaccqaatqtatgcccagttgcccaccc

ctaacgttattatqggqtgaaaagatgqttttgcccttaagagcagqtataata

716
770

824

137

ggctgagthgccggtttcatgtattcctttgtgaqtacttgagtaatcgcctt
cttaqttcttqctcgttqagggﬁ&gﬂﬁtaaagagcttttcagqttqcaaacatc

atgcaaacgtttttgaattc

(0shsp16.9B)

-1620
-1566
-1512
-1458
-1404
=1350

aane

gtctcaaqgattcatttccacatgcacaccttcatatatacctattgtaagccg
ccgttcggcgttgtaacctcaacccgttatagtgaagatacttgctgcc:qgca
cccgtggctttctttctcttgctthagaqqattttccacgttaaatcttatgc
cttatgtgattgatctattgctatttatcgtttatttgtctategttttctaac
ccttcttactaactgaatttaatacqqtcaatttaatcatqagtctcttaaccg

aattaacattagctaaaactcagataaataaatattttttcqgtcccaaaaaaaa
10xa

o

=959
=205
~851
=797
-743
~-689
=635
-581
=527
=473
-419
=365

-311

~257
-201]

=149

68

122

176

230

aqaqcachggctacagatctqtaqtcagctgcaqcacqgactccaatacgtaa
tgtatgtatqataqqtqqaaccaggtattaatagtacaqtaaqcaactattgta
tgaattqactattacattagctatagatgattttaagttagtagtgqqctatac
cattaaacttgctctaattgttttatgccagagctataattttatcctttcttt
tgaggaataaattttatactacggagtaacttattccgcgactaacqgttgaat
atctgttattaaactaacaatctcatctttttacttatacttatatttatcaat
caaaatttaaaatttcaactttaaatttgaagttqattttaggggttttgatca
aaa:tcattttcaaqtctttactttaagatcactaaaaacacgtatatacaagt
tttattaataaattattcttttttttttggcaaatatgctgtttgcaaatgtgt
tataggcttgtagtaacgqggtgtéatacaaaatcctttauacgtccgtattta
tcatgctgaatgaataggttggcaagtgtttaaaaaaaaataggttgqcaagca
gtgggtcgctgattaatcattcgtcgttgtgcagaaqcatctcgtcttgcagct
acctqattaaqtatatqtqattaacactqgacaaatziggaacaaaaatggaat

HSE
ccggctggtcetttctaaatactccagtttaatacagtacacatcaaatctaaqt
aggcaatcattgatttcatccagaccagcacttgggagtgtggagactagtctg

gactgggaagcaaagccttttctagaagggagcagatcaaatcaggagcaccga

HS| HSE
aacaaaagtaqatgactcgaqacgcctcaagaacqtccattgcqcagctcccgq

acaacaaacaagacttgcatacgtcccaaactcccaaatcgccctetttgcaat
cacttcttcegttecatttcagtagecccacaacttcgecatcagaaagegaaage

tagagcaaccATGTCGCTGGTGAGGCGCAGCAACGTGTTCGACCCATTCTCCCT
M § IL, VR RS NV F D P F § L

CGACCTCTGGGACCCCTTCGACAGCGTGTTCCGCTCCGTCGTCCCGGCCACCTC
D L W DUPVF D SV FR S UV VP AT S

CGACAACGACACCGCCGCCTTCGCCAACGCCCGCATCGACTGGAAGGAGACGCC
D N D TAATFANARTIDWIKET P

15

33

51

-1242
-1188
-1134
-1080
-1026
-972
-918
-864
-810
-756
=702
-648
=594
=540
~486
-432
=378
=324
-270
-216
~162
-108

-55

-

23

taaaattaaaaccactatattggtcacttggtgttatatataatttgttgttgt
gattgttcacttttgaaatatgtcctaaaacaagatttattgttgattgegttt
cttttaqtatcctcaaatttﬁgatcatgacccaagaccgaaccgaatgtatgcc
cagttgcccacccctaacgttattatggggtgaaaagatggttttgecccttaag
agcaggtataatagcaagctataagccagctataaacatattttaaaaagataa
aagaagatagagaagagcagcgggctacagatctgtagtcagctgcagcacgga
ctccaatacqtaatgtatgtatgataagtqgaaccaggtattaatagtacagta
agcaactattgtatqaattqqctattacattagctatagatgattttaagttag
tagtgggctatactattaaacttgctctaattgttttatgccagagctataatt
ttatcctttcttttgaggaataaattttatactacggagtaacttattccgcga
ttaacggttgaatatctgttattaaactaacaatctcatctttttacttatact
tatatttatcaétcaaaatttaaaatttcaactttaaatttgaagttgatttta
ggggttttgatcaaaattcatttttcagtctttactttaagatcactaaaaaca
cgtatatacaagttttattaataaattattcttttttttttgqcaaatatgctg
tttqcaaatgtgctataggcttgtagtaacqggg:g:;atacaaaatcctttaa
acgtccgtatttatcatgctgaatgaataggttggcaagtgtttaaaaaaaaat
agqttgqcaagcagtgggtcgctqattaa:cattcgthttgtgca;;;:catc
Esgtcttqcaqctacctgattaagtatntgtgattaacactgqacaaaggsgga
acaaaaatt:ggtccgqctgqtctttctaaaCactcgaq;ttaagigagtacac
atcaaatctaaqtaggcaatcattqatttcatccaqaccaqcacttqqqagtqt
qgagactaqtthqactqggaaqcaaaqccttttctaqaagqqdﬁcaqatcaaa

HSE
tcagqagcaccqaaacaaaaqtaqaancthaqa:qcctcaaqaacqtccatt

caccgaggaacacacaacaaacaagacttgcatacqgtcccaaactcccaaatcg
A

coctothtncaatcanttettacatrtoratirnaataacccacaacft aneal
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487 AGGTGAAGGCCGGCATGGAGAACGGCGTGCTCACCGTCACCGTGCCCAAGGCCG
VKAGMMENGV LTV TV P K A E 137
1135 ggatattagatcgatggtgtcactatcaatgataacaactta

ACCTOARCAAAANAr A ArAMAL A AA A S s e

595 acgggaqtttqtcgagqtcaaggcqtgtcatqcatgttcactctgaactgtttg 1243 tgtattcatgccaactatctaattggtqaaattaaattataaaagactaaacta

649 cggtgtttcactcgggtttgatqqt:tttactagtcctatgnactgtgtattct 1297 aaattgctaqatatacatg:qcaagtgaataataatattctttctaggtcaata

703 tttgtactthttgtgagcgcqtttgcacqaagcaataaataaaaataaaatca 1351 atacttgccattttggataaqaaCattatctcagaaaacaactctgaccac:aa

757 gcttgtttgtatattgatcatgcatgtgtgctcatgtcgatcgcggcaqccacq 1405 ctgtgagttttaggctatcaaacaBCCttgaccacgagtcaaatattgtgagtt
811 caatgcgtgtgcacaqctqcacaggthaataaatagagtgtacacqttqccgq 1459 ttgggctatcaatagttaattaagctqctaQCtactgtctqgctgtccatgctc
865 cqataactaqctaaactccaqtggtchqttaatcttctctgcttgcggtttta 1513 acataggatggtgtcacaangcaagttaatttggtgtcactcattgcaaagtaa
919 ttgatcgtt9ttctagtqcccttqaachgaactgcttgcttgtaaggagggta 1567 aaggaataatgaagacaagacacaagccattggtgtcatgtqacaccaatqqtt
973 ttaatatggcgctccaatggaccttactccccattattgttgtgchgattqct 1621 gcacactqgctccqCCCthchtcagcgttgqctcatcttgtcagaqacntcg
1027 tggtgqctgtctctatqatcaqgathaaaggaggaggcgccaggqgcqgagcc 1675 atactctgttgagaggaagaaqggagatcatactqaagaaaattcathttctc
1081 aggattttagatcgatggaqqatgcaaaqgaqgcgtcaaccaggqgcagagcca 1729 a

Fig. 4. DNA sequence of rice heat shock genes Oshsp 16.9A and Oshsp 16.9B. Putative TATA boxes and polyadenylation signals is
designated by dashed underlines. The sites of transcriptional initiation are indicated by filled triangles. The HSE-like
sequences and A/T-runs are underlined. EMBL accession numbers: M80938 (Oshsp 16.9A) and M80939 (Oshsp 16.9B). From

Tzeng et al. (1992).
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Fig. 6. Identification of the site of transeription initiation for
Oshsp 169A and Oshsp 16913 by the primer extension
method. Lane 41 and lane 28 show the primer extension
products of heat shock and control, respectively. The
lanes designated G, A, T, C are from a DNA sequencing
reaction in which the same primer was used. The tran

scription initiation site is indicated at + 1.

cleotides located between the TATA box and the initi-
ation of transcription is a common feature of many
cukarvotic genes, which is related to accuracy of tran-
scription (Schoffl ¢f al., 1984). Two weak bands were
seen below the major band (lane 41 of Fig. 6), which
might result from the cross hybridization of RNA tran-
scribed from closely related genes encoding HSPs in
the same LMW class (Czarnecka ef al.. 1985). There
were no primer extension products in lane 28 (Fig. 6),
indicating that the genes were heat-inducible. Once the
transcription initiation site was determined, the 5 flan-
king sequences were searched for putative transcriptional
regulatory elements, such as TATA-like motifs and HS
consensus elements (HSEs). The TATA-like motif,
TATAAATA, was present in the two genes from 26 to
33 bp upstream from the transcription start site. Multi-
ple copies of HSE could be identified upstream from
the TATA like motif. There were tandem overlapping
HSEs, (from -55 to -88) proximal to the TATA box,
which is the typical feature of class 1| LMW HSP genes
(Nagao and Key, 1989). Among these HSEs, 6 or 7 out
of 10 nucleotides matched to the HS consensus,
CTnGAAmTTCnAG, as defined by Pelham (1985).

139

Usually the HSEs of plant genes are not perfectly mat-
ched to the IS consensus (Czarnecka ef al, 1985
Nagao ef al.. 1985); however, a perfect match is not
required for Tunctionality. The exact nature of the
HSE is not clear. A deletion analysis of 5 upstream
sequences of the soyhean HS gene, Gmhsp 17.3-B, in
transgenic tobacco plants indicated that two overlap-
ping HSE-like sequences, located proximately to the
TATA box, were required for heat inducible transcrip-
tion of the native gene (Baumann ef al. 1987).
Sequences other than the TATA proximal HSEs have
also been shown to be required for full expression of
the promoter in plant HS genes (Czarnecka of al.,
1989). Further upstream from the putative promoter
regions, Oshsp 16.9A and 1698 genes contain DNA
sequences very rich in A+ T (69% compared to only
359, within the coding regions) starting with runs of
“simple sequences” such as (A), and (T),, at nucleotide
position 388 and 509 (Fig. 4). Runs of “simple
sequences”. (A), (T), or (AT), have been observed in
most HS promoters in sovbean (Raschke of al.. 1988).
Czarnecka ef al. (18990) demonstrated a binding of
nuclear proteins to scattered AT rich sequences of soy-
bean Gmhsp 17.5 E gene promoter, It is possible that
such sequences contribute to the transcriptional regula-
tion of HS genes.

The significance of these upstream elements in
gene regulation is being studied in our laboratory, using
polymerase chain reaction (PCR) technique to amplify
different DNA fragments.

Analysis of 3" Flanking Region

The 3" untranslated region (UTR) of Oshsp 16.9A
and 16.98 shows a low degree of homology (44%).
When the 259 nucleotides of 3" non-coding sequence of
16.9A were aligned to match that of 16.9B, only 116
nucleotides were homologous, Since the homology of
JUTR in Oshsp 16.9A and 16.98 is low, we may deter-
mine the locations of these two gene in chromosomes
by in sttu hybridization using 3'UTR DNA fragments
as probes. Localization of these genes in chromosomes
may be helpful to resolve their role in HS response.
The role of 3UTR in affecting gene expression
remains to be determined. However, the effect of the
FUTR in two hsp70 - adh ¢DNA gene chimeras were
examined (Yost ef al, 1990). Bath constructs were
driven hy the hsp70 promoter and contained the adh
coding region. They differed in having either the adh
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3J'UTR or the hsp70 3’'UTR. While transcripts with the
adh 3'UTR were very stable during recovery from heat
shock, transcripts with the hsp70 3'UTR were unstable,
and decayed in a manner similar to the endogenous
hsp70 transcripts. Thus, the 3’UTR of hsp70 message
plays a critical role in regulating its degradation (Yost
et al., 1990). The putative polyadenylation signal,
AATAAA, located between +791 and +796 in Oshsp
16.9A, and between +737 and +742 in 16.9B (Fig. 5).
Oshsp 16.9A gene contained the sequence of pTSl1
cDNA. In the pTSI1 cDNA (Tseng et al, 1992), the
AATAAA sequence located in the region 20 nu-
cleotides upstream of the site of poly (A) tail. A com-
mon feature of mRNA in higher eukaryotes is the pres-
ence of a sequence AAUAAA in the region from 11 to
30 nucleotides upstream of the site of the poly (A) addi-
tion. Since some plant HS genes do not have AATAAA
polyadenylaiton signal at the end of the genes, it is pos-
sible that other sequences may act as signals for poly
(A) addition in plants (Schoffl et al., 1984).
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