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Abstract. Using rice cDNA pTS1 encoding a 16.9 kDa heat shock protein (HSP) as a probe for Southern hybridiza-
tion analysis, we observed five prominent bands of 9.5, 5.9, 3.4, 2.5, and 1.7 kb in the Eco RI digests of rice genomic
DNA and found them to contain six individual genes. The 5.9 kb DNA fragment was further digested with Hind 111
to generate three fragments of 3.5, 1.7 and 0.7 kb, and we found, using p7S! cDNA as a probe, the 3.5 kb fragment
contained a putative low-molecular-mass (LMM) HSP gene. The DNA sequencing of 3.5 kb fragment revealed
encoding of a presumptive 16.9 kDa HSP (149 amino acid residues) with predicted pl value of 6.42. The nucleotide
sequence of this gene was highly homologous to the coding regions of two rice class | LMM HSP genes, Oshsp
16.94 and Oshsp16.9B, sharing 93.1% and 94.3% sequence identity, respectively, as published previously in our
laboratory. The deduced amino acid sequence of this gene is similar to those of the Oshsp16.94 and Oshsp16.9B
genes with a difference of only 11 and 10 amino acids, respectively. It was hence designated as Oshsp16.9C (accession
no. U81385). We used 3' UTRs (untranslated regions) for analysis of Oshsp16.9C gene expression since the 3' UTRs
of these three genes showed very low sequence homology.

Keywords: Heat shock protein; Heat shock gene; Low-molecular-mass heat shock protein; Oryza sativa L.

Abbreviations: HS, heat shock; HSP, heat shock protein; LMM, low-molecular-mass; UTR, untranslated region.

Introduction

Heat shock proteins (HSPs) have been induced during
thermal stress in all organisms ever examined, ranging from
bacteria to human beings (Schlesinger et al., 1982), and
they appear to be involved in thermoprotection (Lin et al.,
1984; Chou et al., 1989; Krishnan et al., 1989; Vierling, 1991;
Jinn et al., 1997). The HSPs are usually divided into high-
molecular-mass (HMM) proteins of more than 30 kDa and
low-molecular-mass (LMM) proteins of about 17 to 28 kDa
(Lindquist and Craig, 1988; Vierling, 1991). In contrast to
animal systems, plants synthesize more abundant LMM
HSPs than HMM HSPs. The LMM HSPs superfamily is
unusually complex, consisting of at least five gene fami-
lies (LaFayette et al., 1996; Waters et al., 1996). The role
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of LMM HSP in heat stress is not completely clear yet.
However, the sequence conservation of genomic and
cDNA clones of plant LMM HSP genes isolated and char-
acterized from a number of species suggests that they may
play an important role in plants coping with HS.

We have been studying the physiological function of
class I LMM HSPs in soybean and rice (Lin et al., 1984;
Chou et al., 1989; Jinn et al., 1989; Jinn et al., 1993; Jinn et
al., 1995; Yeh et al., 1995; Jinn et al., 1997; Yeh et al., 1997).
We have isolated and characterized three cDNA clones:
pTS1 (encoding a 16.9 kDa HSP, Tseng et al., 1992), pTS3
(encoding a 17.3 kDa HSP, Tseng et al., 1992), and pYL
(encoding a 18.0 kDa HSP, Lee et al., 1995), and also five
genomic clones, Oshspl16.94, Oshsp16.9B, Oshspi8.0,
Oshspl17.3, and Oshspl7.7 of rice class | LMM HSPs
(Tzeng et al., 1992; 1993; Guan et al., 1998, respectively).
The Oshspl6.94 contains the sequence of pT.S/ cDNA.
The three cDNA clones are highly homologous in their
sequences except for the 3’ untranslated regions (UTRs),
which show a low degree of homology. Because of the
abundance and complexity of these proteins, we have tried
to isolate and characterize additional genes for rice class I
LMM HSPs for the purpose of studying their differences
in gene expression under heat stress. So far, we have iso-
lated and characterized all the genes for rice class | LMM
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HSPs in our laboratory by use of p7'S/ cDNA as a probe.
Here we report the nucleotide sequence and deduced
amino acid sequence of a third rice gene, which encodes
a protein product of about 16.9 kDa and was designated
as Oshsp16.9C.

Materials and Methods

Plant Materials and Treatments

Rice (Oryza sativa L. cv. Tainong 67) seedlings were
germinated in darkness at 28°C for 3 days in rolls of moist
paper towels as described by Lin et al. (1984). Three-day-
old rice seedlings without endosperms were incubated in
a medium containing 5 mM potassium phosphate (pH 6.0)
and 1% sucrose before treatment at control (28°C) or heat-
shocked (41°C) temperatures for 2 h. Seedlings were
harvested, frozen in liquid N, and ground to a fine pow-
der with a mortar and pestle. The powders were subjected
to DNA or RNA isolation as described below.

DNA Isolation and Southern Blot Analysis

Total rice DNA was isolated according to Malmberg et
al. (1985). DNA was digested with Eco RI and Hind 111
restriction enzymes, separated on 1% agarose gels and
transferred to Hybond-C extra membranes (Amersham,
Buckinghamshire, UK). Filters were prehybridized in 50%
formamide/5X SSC/0.1% SDS/20 mM Na phosphate pH
6.5/0.1% Ficoll/0.1% PVP/250 mg ml' denatured salmon
sperm DNA at 42°C for 4-6 h followed by hybridization at
42°C overnight in prehybridization solution with 32P-labeled
probes (~5 x 107 cpm). The coding region of pTS1, 3’ UTRs
of pTS3, pYL, and Oshsp16.9C were labeled with (o-3*P)
dCTP (1000 Ci mmol', Amersham, Buckinghamshire, UK)
for probes using the Prime-a-Gene Labeling System
(Promega, Madison, WI, USA). Filters were then washed
three times in 2X SSC/0.1% SDS at room temperature for
10 min with final washes in 0.1X SSC/0.1% SDS twice at
53°C for 30 min.

Construction and Screening of Size-Selected
Genomic Library

Total rice genomic DNA was digested with Eco RI re-
striction enzyme. The DNA sizes between 5 and 7 kb were
eluted and further ligated to the Eco RI site of AEMBL-3
vector (Promega, Madison, WI, USA) for library construc-
tion according to the standard methods (Sambrook et al.,
1989). The size-selected genomic libraries (~10° plaques)
were screened with rice p7'S1 probe under the same con-
ditions described in DNA Isolation and Southern Blot
Analysis. Positive plaques were identified by
autoradiography.

Restriction Mapping, Subcloning and Sequenc-
ing of the Positive Clones
One positive clone (5.9 kb) was isolated and subcloned

into a pGEM-3Zf(+) vector. The restriction map was de-
termined using different combinations of restriction diges-

bot 422- 01. p65 86

Botanical Bulletin of Academia Sinica, Vol. 42, 2001

tion of suitable enzymes located in the multiple cloning
sites of the vector. For this 5.9 kb clone, nested deletion
sets were generated using the Erase-a-Base System
(Promega, Madison, WI, USA) according to the
manufacturer’s protocol and DNA sequences were deter-
mined using the Sequenase Version 2.0 DNA Sequencing
Kit (USB, Cleveland, OH, USA).

Preparation of the 3° UTRs of pTS3 and pYL
c¢DNAs and Oshsp16.9C

The 3° UTRs of pTS3, pYL, and Oshsp16.9C were pre-
pared by polymerase chain reaction (PCR) using the PCR
kit (Perkin Elmer Centus, Norwalk, CT, USA). The primers
for PCR were 5> AGCATTGGGCTAATCT 3’ (the 5” end
primer) and 5 ACAACAGGTTTTACCG 3’ (the 3’ end
primer) for p753,5” AGAAACTTCGGGTGTG 3’ (the 5’ end
primer) and 5> TCACTTCCAACATAGC 3’ (the 3’ end
primer) for pYL, and 5> GAAGGAGAGAAGCTATATAC 3’
(the 5’ end primer) and 5> TAGCTCATTCATTCAGACTC
3’ (the 3” end primer) for Oshsp16.9C. The PCR reactions
for pTS3 and pYL were 40 sec at 94°C, 40 sec at 50°C, 40
sec at 72°C for 32 cycles; and that for Oshsp16.9C was 30
sec at 94°C, 30 sec at 42°C, 30 sec at 72°C for 35 cycles
followed by 10 min at 72°C for 1 cycle. The PCR products
were gel-purified, ligated into a pGEM-7Zf(+) vector, con-
firmed by sequencing, and used for labeling as probes.
The lengths of PCR products were 158 bp, 141 bp and 187
bp for 3° UTRs of pTS3, pYL, and Oshspl16.9C,
respectively.

RNA Isolation and Northern Blot Analysis

Total RNA was isolated from control and heat-shocked
3-day-old rice seedlings according to Chang et al. (1993).
RNA samples were separated on 1.2% formaldehyde
agarose gels and transferred to Hybond-C extra
membranes (Amersham, Buckinghamshire, UK) as
described by Sambrook et al. (1989). Filters were
prehybridized in 50% formamide/5X SSC/0.1% SDS/20 mM
Na phosphate pH 6.5/0.1% Ficoll/0.1% PVP/250 mg ml"
denatured salmon sperm DNA at 42°C for 4-6 h followed
by hybridization at 42°C for overnight in prehybridization
solution with 32P-labeled probes (~5 x 10¢ cpm). The 3’
UTR of Oshsp16.9C was labeled with (o~*2P) dCTP (1000
Ci mmol”!', Amersham, Buckinghamshire, UK) for a probe
using the Prime-a-Gene Labeling System (Promega,
Madison, WI, USA). Filters were then washed three times
in 2X SSC/0.1% SDS at room temperature for 10 min with
final washes in 0.1X SSC/0.1% SDS twice at 53°C for 30
min.

Primer Extension Analysis

Poly (A)" RNA was purified from total RNA isolated
from heat-shocked 3-day-old rice seedlings by oligo (dT)
cellulose chromatography (Zurfluh and Guilfoyle, 1982).
Ten pmole of the oligonucleotide 5’-tgttggtttgtcgtgatc-3°,
which is complementary to 65-82 bases downstream from
the TATA sequence of the Oshsp16.9C gene, was labeled
at the 5’ terminus with (923?P) ATP (3000 Ci mmol!,
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Amersham, Buckinghamshire, UK) and T4 polynucleotide
kinase using the Primer Extension System (Promega,
Madison, WI, USA). One pg of the poly (A)" RNA
samples were annealed with 1 pmole of the labeled primer
for primer extension reaction according to the
manufacturer’s protocol. Primer extension products were
electrophoresed in parallel with the sequencing reaction,
which had been primed with the same oligonucleotide.

Results and Discussion

Isolation of a 5.9 kb Genomic Clone Encoding a
Putative Rice Class I LMM HSP

Five prominent bands of 9.5, 5.9, 3.4, 2.5, and 1.7 kb in
the Eco RI digests of rice genomic DNA were observed
by Southern hybridization analysis using rice p7S7 cDNA,
encoding a 16.9 kDa HSP, as a probe (Tzeng et al., 1993).
The 3.4 and 2.5 kb fragments have been shown to contain
two rice HSP genes: Oshsp16.9B and Oshsp16.94, respec-
tively (Tzeng et al., 1993). In order to isolate other genes
of rice class | LMM HSPs for expression analysis, the same
probe was used to screen a size-selected rice genomic li-
brary established in AEMBL-3 vector. A 5.9 kb Eco RI
fragment from the positive clone was isolated and
subcloned into a pGEM-3Zf(+) vector. The 5.9 kb DNA
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fragment could be further digested with Hind I1I to gener-
ate three fragments of 3.5, 1.7 and 0.7 kb, and we found
the 3.5 kb fragment contained a putative class | LMM HSP
gene as observed by Southern hybridization with p7S/
cDNA (Figure 1). The restriction map of the 5.9 kb frag-
ment was determined, as shown in Figure 1C, to contain
two Xbal 1 sites, one Sac 1 site, one Xho I site, one Bg/ 11
1site, and two Hind 111 sites.

Identification of a New Gene Encoding a Puta-
tive Rice Class I HSP

The sequences of three cDNA clones—p7S/ (encoding
16.9 kDa HSP), pTS3 (encoding 17.3 kDa HSP), and pYL
(encoding 18.0 kDa HSP)—of rice class I LMM HSP are
highly homologous in their coding regions. However, the
3> UTRs show a low degree of homology. Thus, we used
the 3> UTRs of pTS3 and pYL cDNAs as probes to
identified the possible corresponding genes, since the
Oshspl6.94 has been shown to contain the p7S/ cDNA
(Tzeng et al., 1993). The results of Southern blot analysis
suggested that the 5.9 kb fragment was not recognized by
either the 3> UTRs of pTS3 or pYL (data not shown); hence,
this 5.9 kb fragment contained a new gene of putative rice
class I LMM HSP which has not been characterized
before.

E E E X Xh
BHBHE HNR S SSEOXhHE X HE

E
A

Xh Xb S B Xh Xb

(‘ 1 kb

Figure 1. Southern blot analysis of rice 5.9 kb DNA fragment probed with the coding region of p7.S/ cDNA and the restriction
map of the rice 5.9 kb Eco RI fragment. The clone of rice 5.9 kb Eco RI fragment in pGEM-3Zf(+) vector was digested with Eco RI
(E), Bg! 11 (B), Hind 111 (H), Sac I (S), Xba 1 (Xb), Xho I (Xh) or subjected to double digestion with Bg/ Il and Eco RI (BE), Hind 111
and Eco Rl (HE), Xba I and Eco RI (XbE), Xho I and Eco RI (XhE), or Sac I and Eco RI (SE). Panel A: ethidium bromide staining;
Panel B: Southern blot analysis; Panel C: restriction map of the rice 5.9 kb Eco RI fragment. The molecular mass markers (M) are

shown and indicated.
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-932 gaattcaaactcaaatgtgtttttctttcaca
-900 agttgccgttaaaaatatgttccgcaagagactcactgctcccagtgaaagcagtgaatt
-840 gaagcattcccgaaacccactggaatgatctagtactcactctacgatgtacagtgaagt
-780 aatacttcaaaactggtgtaatttggtatgccaaaaggactccatagtttcacgatattt
-720 ccaaacggttcaggatcagtactgcccatctgectggggcccacactagegggcaattgg
-660 ttctcgtagtttctcgttctcaatcaatcattccatactcgctatccectceccatcacaga
-600 ataaatgcaacaatatgcaacaatgagttttcgtgtacaaatttaatcgttcgtcttatt
-540 taaaatatttttaaaaaaactaaaatacaaaagtcacgcataaagtactattcatatttt
-480 ataatctaataacagtataaatactaatcgtaaaaaaaaattcaaataagatggacgatc
-420 aaagttgaacactgaaattcatggctgcttttgttttgggactgagggagtacacgataa
-360 gatttgatcgcaatcaaagtaacctacatcaaagaagcaagatatgtgggggaaaaatga
-300 atactctagagcaaattaaggtgagccccgctttgtagaggctgatggagtactggagtg
-240 acggaagcgaagcagatcgagtgtgctgtaaagcgaaacgagcaagaaccagagaagtcc
-180 agagatttcaggacagattagttgtgaacctataaatatcctgcctcattccccaaccte

-86,
-120 catccatcgagccaagactgaagcatttgatcéaggtccaaacaaacactcgttccaaac

-60 ttcctccaatccacttcatacaaagaaacctaagcagctagcgatcacgacaaaccaaca
1 ATGTCGCTCGTGAGGCGCAGCAACGTGTTCGACCCCTTCGCCGACTTCTGGGACCCCTTC
M S L VR R S NV F D P F A D F W D P F 20
61 GACGGCGTCCTCCGCTCCCTCGTCCCGGCGACCTCCGACCGCGACACCGCCGCTTTCGCC
D GV LR S LV PATSDIRDTAAF A 40
121 AACGCCCGCGTCGACTGGAAGGAGACGCCGGAGTCGCACGTCTTCAAGGCCGACCTCCCC
N ARV D W KE TP E S HV F KAUDTL P 60
181 GGCGTGAAGAAGGAGGAGGTGAAGGTGGAGGTGGAGGAGGGCAACGTGCTGGTGATCAGC
G V K K E E V KV E V EEGN UV L V I 8§ 80
241 GGGCAGCGCAGCAAGGAGAAGGAGGACAAGAACGACAAGTGGCACCGCGTGGAGCGCAGC
G Q R S K E KE D KN D K W HR V E R S 100
301 AGCGGGCAGTTCATGCGGCGGTTCCGGCTGCCGGAGAACGCCAAGGTGGACCAGGTGAAG
S G Q FM R RFRULPENA AIZ KV D Q V K 120
361 GCCAGCATGGAGAACGGCGTGCTCACCGTCACCGTGCCCAAGGCTGAGGTCAATAAGCCC
A S M ENGVL TV TV P KAZEV N K P 140
421 GAGGTGAAGGCCATTGAGATCTCTGGCTGAgaaggagagaagctatatacgtcgtgetgt
E V KA I E I s G * 149
481 gctcgagtccggtcgtgtcaggtccatgtgeggecgagtectegtgtetgtgtggecagttgt
541 gtcgtggcctccgeccaatgtaatgtattctggttagaccggagcacaacattggtteggt
601 ccttggaattgtcccatggcgtctgaatgaatgagtaaataaagtgtccgaccgatttge
661 acaagtgtcattcacttccgttcecttcgectgagacgtgtatgtttcatttaaagectgt
721 tcactttaattttaaaaaaaaccttggttttgacaacttgccaaaattttggtagtattt
781 ttatatagttactaaaatttgacagcaaactaaatgtagctatattttttggcaacttta
841 ccaaaatttgataaggttaaaaatggcatcaaagtgaatatgccctcacttccatttcat
901 tacggggtatgcttggtttatcgccaaaataaacccaaagtttgacaatgctaaattttt
961 tagacgtgtgtgtgctccgtacgtcatcctgtttgttttccaaatcatcggecccagcaaa
1021 aaatcttgggggctcctagcgcgegttgecgeccagaagatcaagtgeccgagegegtggage
1081 tgactaggagttgtttcccttttgctacgttcaacccatgtaagtgctecccctectactg
1141 atactaataatgtgattagagttaatcgcatgattaactctaataaatacagtactagct
1201 aacatgaagatttaaattttagattcggagttgaaacttttgaaatttgaaactaaaagt
1261 ttggaattttggacttgaaagctctaga

Figure 2. DNA sequence and corresponding amino acid se-
quence of the rice gene Oshspl16.9C. The sequence of coding
region is capitalized. Arrow indicates site of transcriptional ini-
tiation (-86). HSE-like sequences are underlined. A/T-runs are
in boldface. Polyadenylation signal and putative TATA box are
designated by dashed lines. The GenBank accession number is
U81385 for Oshsp16.9C.

Sequence Analysis and Characterization of the
Putative Rice HSP Gene

The 5.9 kb fragment cloned into a pGEM-3Zf(+) vector
was subjected to sequencing. The DNA sequence be-
tween the Eco Rl site and Xba I site (as shown in Figure
2) of this fragment revealed an open reading frame pre-
dicted to encode a polypeptide of 16.9 kDa (149 amino acid
residues) with a pl value of 6.4 and was hence designated
as Oshspl6.9C. The GenBank accession number is U81385
for Oshsp16.9C. The coding region of Oshsp16.9C was
compared with those of Oshsp16.94 and Oshsp16.9B as
shown in Figure 3. The base composition in the coding
region of the Oshsp16.9C gene is 20.44% of A, 35.33% of
G, 14.00% of T, and 30.22% of C. No intron is present in
the Oshsp16.9C gene, just as in the Oshsp16.94, Oshsp
16.9B genes and other class I LMM HSP genes of rice.
According to the results of nucleotide sequence compari-
son (Figure 3A), Oshsp16.9C shares 93.1% and 94.3%
identity with Oshsp16.94 and Oshsp16.9B, respectively,
in their coding regions. The composition of 149 amino acid
residues deduced from the coding sequence of Oshsp
16.9C is 25 strong basic (+) amino acids, 26 strong acidic
(-) amino acids, 52 hydrophobic amino acids, and 26 polar
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amino acids. The deduced amino acid sequence of
Oshsp16.9C is identical to those of the Oshsp16.94 and
Oshspl6.9B genes with a difference of only 11 and 10
amino acids, respectively (Figure 3B). Within the class I
LMM HSPs in general, there is a high degree of sequence
conservation in the carboxyl-terminal portion of the pro-
teins while the amino-terminal shows significantly less
(Vierling, 1991). The deduced amino acid sequence align-
ment of Oshspl16.94, Oshsp16.9B, and Oshsp16.9C genes,
as shown in Figure 3B, showed that only two or three out
of 100 amino acids were different in the carboxyl-terminal,
whereas, eight out of 50 amino acids were different in the
amino-terminal.

A.

Oshspl6.9A ATGTCGCTGG TGAGGCGCAG CAACGTGTTC GACCCATTCT CCCTCGACCT 50
Oshspl6.9B ATGTCGCTGG TGAGGCGCAG CAACGTGTTC GACCCATTCT CCCTCGACCT 50
Oshspl6.9C ATGTCGCTCG TGAGGCGCAG CAACGTGTTC GACCCCTTCG CCGACTTC-- 48

* * * ok ok kk

Oshspl6.9A CTGGGACCCC TTCGACAGCG TGTTCCGCTC CGTCGTCCCG GCCACCTCCG 100

Oshspl6.9B CTGGGACCCC TTCGACAGCG TGTTCCGCTC CGTCGTCCCG GCCACCTCCG 100

Oshspl6.9C -TGGGACCCC TTCGACGGCG TCCTCCGCTC CCTCGTCCCG GCGACCTCCG 97
*

* *% * *

Oshspl6.9A ACAACGACAC CGCCGCCTTC GCCAACGCCC GCATCGACTG GAAGGAGACG 150
Oshspl6.9B ACAACGACAC CGCCGCCTTC GCCAACGCCC GCATCGACTG GAAGGAGACG 150
Oshspl6.9C ACCGCGACAC CGCCGCTTTC GCCAACGCCC GCGTCGACTG GAAGGAGACG 147

*x * *

Oshspl6.9A CCGGAGTCGC ACGTCTTCAA GGCCGACCTC CCCGGCGTCA AGAAGGAGGA 200
Oshspl6.9B CCGGAGTCGC ACGTCTTCAA GGCCGACCTC CCCGGCGTCA AGAAGGAGGA 200
Oshspl6.9C CCGGAGTCGC ACGTCTTCAA GGCCGACCTC CCCGGCGTGA AGAAGGAGGA 197

*

Oshspl6.9A GGTGAAGGTG GAGGTGGAGG AAGGCAACGT GCTGGTGATC AGCGGGCAGC 250
Oshspl6.9B GGTGAAGGTG GAGGTGGAGG AAGGCAACGT GCTGGTGATC AGCGGGCAGC 250
Oshspl6.9C GGTGAAGGTG GAGGTGGAGG AGGGCAACGT GCTGGTGATC AGCGGGCAGC 247

*

Oshspl6.9A GCAGCAAGGA GAAGGAGGAC AAGAACGACA AGTGGCACCG CGTGGAGCGC 300
Oshspl6.9B GCAGCAAGGA GAAGGAGGAC AAGAACGACA AGTGGCACCG CGTGGAGCGC 300
Oshspl6.9C GCAGCAAGGA GARAGGAGGAC AAGAACGACA AGTGGCACCG CGTGGAGCGC 297

Oshspl6.9A AGCAGCGGGC AGTTCATGCG GCGGTTCCGG CTGCCGGAGA ACGCCAAGGT 350
Oshspl6.9B AGCAGCGGGC AGTTCATGCG GCGGTTCCGG CTGCCGGAGA ACGCCAAGGT 350
Oshspl6.9C AGCAGCGGGC AGTTCATGCG GCGGTTCCGG CTGCCGGAGA ACGCCAAGGT 347

Oshspl6.9A GGACCAGGTG AAGGCCGGAC TGGAGAACGG CGTGCTCACC GTCACCGTGC 400
Oshspl6.9B GGACCAGGTG AAGGCCGGCA TGGAGAACGG CGTGCTCACC GTCACCGTGC 400
Oshspl6.9C GGACCAGGTG AAGGCCAGCA TGGAGAACGG CGTGCTCACC GTCACCGTGC 397

* okx

Oshspl6.9A CCAAGGCCGA GGTCAAGARAG CCTGAGGTGA AGGCCATTGA GATCTCCGGT 450
Oshspl6.9B CCAAGGCCGA GGTCAAGAAG AARAGAGGTGA AGGCCATTGA GATCTCTGGC 450
Oshspl6.9C CCAAGGCTGA GGTCAATAAG CCCGAGGTGA AGGCCATTGA GATCTCTGGC 447

* * ok *  ox

B.

Oshspl6.9A MSLVRRSNVF DPFSLDLWDP FDSVFRSVVP ATSDNDTAAF ANARIDWKET 50
Oshspl6.9B MSLVRRSNVF DPFSLDLWDP FDSVFRSVVP ATSDNDTAAF ANARIDWKET 50

Oshspl6.9C MSLVRRSNVF DPFA-DFWDP FDGVLRSLVP ATSDRDTAAF ANARVDWKET 49
*k Kk * ok x * *

Oshspl6.9A PESHVFKADL PGVKKEEVKV EVEEGNVLVI SGQRSKEKED KNDKWHRVER 100
Oshspl6.9B PESHVFKADL PGVKKEEVKV EVEEGNVLVI SGQRSKEKED KNDKWHRVER 100
Oshspl6.9C PESHVFKADL PGVKKEEVKV EVEEGNVLVI SGQRSKEKED KNDKWHRVER 99

Oshspl6.9A SSGQFMRRFR LPENAKVDQV KAGLENGVLT VTVPKAEVKK PEVKAIEISG 150
Oshspl6.9B SSGQFMRRFR LPENAKVDQV KAGMENGVLT VTVPKAEVKK PEVKAIEISG 150
Oshspl6.9C SSGQFMRRFR LPENAKVDQV KASMENGVLT VTVPKAEVNK PEVKAIEISG 149

o *

Figure 3. Comparison of DNA and deduced amino acid se-
quences of three rice HSP genes Oshsp16.94, Oshsp16.9B, and
Oshspl16.9C. DNA (A) and deduced amino acid (B) sequences
of Oshspl6.9C compared with those of two other rice genes
for 16.9 kDa HSP, Oshsp16.94 (M80938) and Oshsp16.9B
(M80939) reported by Tzeng et al. (1992). Dashes indicate in-
sertions or deletions to allow for maximal alignment, and stars
(%) indicate sequence difference.
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The 5’ upstream sequence obtained was about 932 bp
(as shown in Figure 2), which contained a putative TATA
box (TATAAATA), 142-base upstream from the initiation
codon ATG, and multiple copies of HS consensus
elements (HSEs) upstream from the TATA box. The
initiation site of transcription of Oshsp16.9C, identified by
the primer extension method, was located 86 bases
upstream (-86) from the deduced start of translation and
56 bases downstream from the TATA box (Figure 4). The
weak band was seen above the major band (Figure 4),
which might have resulted from the cross-hybridization of
RNA transcribed from closely related genes encoding
HSPs in the same LMM class (Czarnecka et al., 1985; Tzeng

PEGATC

@

>R O00-HOOPOHOHPOHHA-HAPO 0

Figure 4. Identification of the site of transcription initiation
for Oshsp16.9C by the primer extension method. Lane PE
shows the primer extension products of HS. Lanes G, A, T, C
are from a DNA sequencing reaction in which the same primer
was used. The transcription initiation site is indicated by an
arrowhead with a star ().

&9

et al., 1993). There were tandem overlapping HSEs, (from
-19 to -48) proximal to the TATA box, a typical feature of
class I LMM HSP genes (Nagao and Key, 1989; Schoffl et
al., 1998). Among these HSEs, 5 to 9 out of 10 nucleotides
matched the HS consensus, CTnGAAnnTTCnAG, as
defined by Pelham (1985). The arrangement of HSEs on
the 5 upstream sequence of Oshsp16.9C was compared
with those of Oshsp16.94 and Oshspl16.9B (Figure 5).
There are 8 HSEs in the upstream region of both the
Oshspl16.94 and Oshspl6.9B genes, but there are 20 in
that of Oshsp16.9C. Some HSEs even locate downstream
the TATA box and transcription initiation site of the
Oshsp16.9C, but whether these HSEs are required for heat

CH

Figure 6. Northern blot analysis of rice RNA probed with the
3> UTR of Oshsp16.9C. Total RNA (15 pg per lane) isolated
from 3-day-old rice seedlings after 2 h of 28°C (C) or 41°C (H)
treatments were subjected to Northern blot analysis.

1793 1'2172{;\7;\
Oshsp16.9A | / mna ATe
! % U A

(-132)
-1752 (-161)
TATAAATA
Oshsp16.98 | (M1l (01 ATG
7 Ul A
(132)
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Oshsp16.9C I nﬂ n |I| nﬂ ﬂﬂ n ” D ' ATG
I 1 1] UL A

(-86)

Figure 5. The arrangement of HSEs on the 5° upstream sequences of Oshsp16.94, Oshsp16.9B, and Oshsp16.9C. Schematic
alignment of about 930 nucleotides (lines) upstream from the coding regions of three rice HSP genes, Oshsp16.94, Oshsp16.9B, and
Oshspl6.9C, relative to their TATA boxes (TATAAATA, as indicated). The sites of transcriptional initiation are indicated by filled
triangle. Putative HSEs (CTnGAAnnTTCnAG) are indicated as boxes. Number in parenthesis indicates position relative to the first

ATG. All sequence elements and their spacing are drawn to scale.
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inducible transcription of the native gene as suggested
by Baumann et al. (1987) remains to be tested. 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 et al., 1989).

Further upstream from the putative promoter regions,
the Oshsp16.9C gene contains a DNA sequence very rich
in A+T (54.01% compared to only 34.44% within the cod-
ing region) starting with runs of “simple sequences” such
as (A),, (A),, (A), and (T), at nucleotide position -441,
-522, -886, and -903 (Figure 4). Runs of “simple sequenc-
es” (A),, (T), or (AT)_ have been observed in most HS pro-
moters in soybean (Raschke et al., 1988). Czarnecka et al.
(1990) demonstrated a binding of nuclear proteins to scat-
tered AT-rich sequences of soybean Gmhsp 17.5-E gene
promoter. Such sequences possibly contribute to the tran-
scriptional regulation of HS genes. The significance of
these upstream elements in gene regulation is being stud-
ied in our laboratory using the PCR technique to amplify
different DNA fragments.

Although the sequence of Oshsp16.9C is highly ho-
mologous to those of the Oshsp16.94 and Oshsp16.9B in
their coding regions, the 3> UTRs of these three genes
show very low sequence homology. The sequence simi-
larity between the 3> UTRs of Oshsp16.94 and Oshsp
16.9B, Oshsp16.94 and Oshsp16.9C, and Oshsp16.9B and
Oshsp16.9C are 53.33%, 45.46% and 53.28%, respectively.
Since the homology of 3 UTRs in Oshspl16.94, Oshsp
16.9B and Oshsp16.9C are low, we could use these 3° UTR
fragments as probes for gene expression studies. The role
of 3 UTR in affecting gene expression remains to be
determined. However, the effect of the 3> UTR in two
hsp70-adh cDNA gene chimeras was examimed (Yost et
al., 1990). Both constructs were driven by the Asp70 pro-
moter and contained the adh coding region. They differed
in having either the adh 3> UTR or the hsp70 3’ UTR.
While transcripts with the adh 3° UTR were very stable
during recovery from HS, transcripts with the Asp70 3’
UTR were unstable, and decayed in a manner similar to
the endogeneous hsp70 transcripts. Thus, the 3’UTR of
the Asp70 message plays a critical role in regulating its
degradation (Yost et al., 1990). The putative
polyadenylation signal AATAAA was located between
+635 and +640 in Oshsp16.9C (Figure 2). This signal was
located between +791 and +796 in Oshsp16.94 and between
+737 and +742 in Oshsp16.9B (Tzeng et al., 1993).

Expression of the Oshsp16.9C Gene

The 3° UTR of Oshsp16.9C was obtained by PCR as
described in Materials and Methods. It was used as a
probe to analyze the expression of the Oshsp16.9C gene.
The results of Northern blot hybridization suggest that
this gene is expressed in heat-shocked (41°C, 2 h), but not
in control (28°C, 2 h), seedlings (Figure 6). It is clear the
Oshsp16.9C gene is activated by HS with a transcript of
about 900 nucleotides in length. Activation of this gene
under different HS or stress conditions in comparison with
Oshspl6.94 and Oshsp16.9B will be further studied.
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KRAGPH =18 169kDa # — A& TERKRLEG YT AR >
Oshsp16.9C > Z_ 45y #f ¥ 48T

REF FWHR OREET WAHD R AR

VBT R B R ERAE P R
PRGN EHE YRR

FMIFHZKAE 16.9kDa ZR i 1 (HSP) £[AiZ cDNA » pTSI1 » fEfsFe /728 ik $R8F > vIAE
DL EcoRI [RHITIENZ /K FEELRA DNA #ihrH - AEHE] FEE s - HA N300 9559~ 34~
2.5 J 1.7kb » $EEAIGEEZ 54T  Hrp & N E R ERIEA « K 5.9kb 2 DNA FEeLL Hind 1T [
flEEREE—YJE] > ATfG 3.5~ 1.7 K& 0.7kb SE={HEA - FLL pTS1 {EREREHGH 3.5kb FrBeHm]
RS — R FEEVR U E VEER - SHEE T 3.5kb Fr B2 IR I AT REZ EEEEY)
Rty 149 & EF 16.9kDa ByRra i ('8 - HAEES (pD) {EME Ry 642 « [LENFIAREC#
R MBS — RS T BB E LA > Oshspl6.94 K Oshspl6.9B » {EEEEEE N ¥l 771 B
HHE=WEEN - 25E 93.1% K 94.3% WIFHFEIE - R BEREHEEFYIR] Oshspl6.94 F
Oshsp16.9B R F5e2AMHE - 0 HIAE 11 Hk 10 HEEERLAE > KREEIERESR Oshsp
16.9C (accession number: U81385) o AR — (B> FEER R EER e 3” JREEEE (3° UTR)
FIRZIE P A IR B A > IR ERAMF Oshsp16.9C 2 3 MR E M E R BRET » LIS HT BRI RIS -

BASERR : BMATUEE ¢ BRTIERIN BT EERTIERT KR -
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