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When all living organisms are exposed to elevated temper-
atures, they exhibit induced synthesis of a set of proteins
known as HSPs.? Using rice heat-shock cDNA pTSS.1 (5) as
a probe, we isolated two 16.9-kD HSP genes from a rice
genomic library (Table I). The rice genomic library was con-
structed in a Agt10 vector using EcoRI-digested rice genomic
DNA fragments (size between 2.0 and 4.0 kb) as inserts that
were eluted from agarose gel pieces by a NA 45 DEAE
membrane (Schleicher and Schuell). The heat-shock cDNA
pTS1 hybridized to 2.5- and 3.4-kb EcoRI-digested rice ge-
nomic DNA fragments in Southern hybridization. The DNA
sequences of the two rice genomic HSP genes, Oshsp16.9A
and Oshsp16.9B, were determined and analyzed as shown
in Figure 1. Oshsp16.9A contained the sequence of cDNA
pTS1. Comparison of Oshsp16.9A and Oshsp16.9B genes
reveals that they share 98.8% homology in terms of the
nucleotide sequence in the coding regions and 99.3% homol-
ogy at the level of the deduced amino acid sequence. Multiple
copies of the HSE-like sequence, similar to the Drosophila
heat-shock consensus sequence (4), can be identified up-
stream from the putative TATA box, TATAAATA. The initi-
ation site of the transcription of Oshspl6.9A and
Oshsp16.9B, which was identified by the primer extension
method (1), is located 131 bases upstream from the coding
region and 26 bases downstream from the TATA-like region.
The deduced polypeptide sequence of the Oshsp16.9A gene
exhibits 73 and 84% homology to Gmhsp17.5E from soybean
(2) and c5-8 from wheat (3), respectively.
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Table I. Characteristics of Two 16.9-kD Heat-Shock Genes from
Oryza sativa

Organism:
Oryza sativa L. (rice), cv Tainon 67.

Location on Chromosome:
Unknown.

Gene Designation:
Oshsp16.9A and Oshsp16.98B.

Source:
Obtained from a Agt10 subgenomic library using rice 16.9-kD
heat shock cDNA pTS1 as a probe. Fragments subcloned in M13
mp18 vector and sequenced by dideoxy sequencing method.

Method of Identification:
Sequence comparison with cDNA pTS1. (100 and 98.8% nucleo-
tide homology to coding region of pTS1 in Oshsp16.9A and
Oshsp16.9B, respectively).

Regulation:
The putative regulatory sequences, HSE-like sequences, are lo-
cated in the 5’-upstream regions of the genes and may possibly
be recognition sites of heat-shock transcription factors.

Features of Gene Structure:
TATA box, polyadenylation signal, HSE, and transcriptional initi-
ation site (Fig. 1).

Structural Features of Protein:
Open reading frame of 450 base pairs encoding a polypeptide of
150 amino acid residues of 16.9 kD. Isoelectric point 6.4. Be-
longing to low molecular mass HSPs.

Tissue Location:
Found in rice seedlings.

EMBL Accession Nos:
M80938 and M80939.
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8. 608 gggaagaagtcatgtttggtgtcagtaattcagtatttcagtgtgtgtttgttt
a) Oshsplé.9A

662 ggtcgtgcaagtatggtctgcetgetggtgtgtegtacgegttgggagtccgagt
-1661 gtctcaaggattcatttccacatgtataaaggctagcttcggacggatcgttat

716 ggctgagtcggccggtttcatgtattcctttgtgagtacttgagtaatcgectt
-1607 cactttagtgtttcaccttcatatatacttattgtaagccgccgttcggegttg
-1553 taacctcaacccgttatagtgaagatatttgctgcctggcacccgtggettttt o O TmEEEE

824 atgcaaacgtttttgaattc
~1499 ttctcttgctttgagaggattttccacgttaaatcttatgecttatgtgattga

-1445 tctattgctatttatcgtttatttgtctatcgttttctaacccttcttactaac

-1391 tgaatttaatacggtcaatttaatcatgagtctcttaaccgaattaacattagc 10.

b) Oshsp16.9B
~1337 taaaactcagataaataaatattttttcgtcccaaaaaaaaaagtacgggatgg

~1620 gtctcaaggattcatttccacatgtacaccttcatatatacttattgtaagecg
-1283 tatatatgtatgagacaaaggaagtatcatgcttgaaaaaataaaattaaaacc

-1566 ccgttcggcgttgtaacctcaacccgttatagtgaagatatttgetgectggea
-1229 actatattggttacttggtgttatatataatttgttgttgtgattgttcacttt

-1512 cccgtggctttttttctcttgctttgagaggattttccacgttaaatcttatge
-1175 tgaaatatgtcctaaaacaagatttattgttgattgcgtttcttttagtatcct

-1458 cttatgtgattgatctattgctatttatcgtttatttgtctatcgttttctaac
-1121 caaattttgatcatgacccaagaccgaaccgaatgtatgcccagttgcccacee

-1404 ccttcttactaactgaatttaatacggtcaatttaatcatgagtctcttaaccg
-1067 ctaacgttattatggggtgaaaagatggttttgcccttaagagcaggtataata

-1350 aattaacattagctaaaactcagataaataaatattttttcgtcccaaaaaaaa
-1013 gcaagctataagccagctataaacatattttaaaaagataaaagaagatagaga

-1296 aagtacgggatggtatatatgtatgagacaaaggaagtatcatgcttgaaaaaa
-959 agagcagcgggctacagatctgtagtcagctgcagcacggactccaatacgtaa

-1242 taaaattaaaaccactatattggttacttggtgttatatataatttgttgttgt
=905 tgtatgtatgataggtggaaccaggtattaatagtacagtaagcaactattgta

-1188 gattgttcacttttgaaatatgtcctaaaacaagatttattgttgattgcgttt
851 tgaattgactattacattagctatagatgattttaagttagtagtgggetatac -1134 cttttagtatcctcaaattttgatcatgacccaagaccgaaccgaatgtatgece
=797 tattaaacttgctctaattgttttatgccagagctataattttatcctttettt -1080 cagttgcccacccoctaacgttattatggggtgaaaagatggttttgcccttaag
=743 tgaggaataaattttatactacggagtaacttattccgcgattaacggttgaac -1026 agcaggtataatagcaagctataagccagctataaacatattttaaaaagataa
-689 atctgttattaaactaacaatctcatctttttacttatacttatatttatcaat

=635 caaaa tttcaactttaaatttgaagttgattttaggggttttgatca
=581 aaattcattcttcagtctttactttaaqatcactaaaaacacgtatatacaagt

-972 aagaagatagagaagagcagcgggctacagatctgtagtcagctgcagcacgga
-918 ctccaatacgtaatgtatgtatgataagtggaaccaggtattaatagtacagta

-864 agcaactattgtatgaattgactattacattagctatagatgattttaagttag
=527 tttattaataaattattcttttttttttggcaaatatgctgtttgcaaatgtgt -810 tagtgggctatactattaaacttgctctaattgttttatgccagagctataatt

-473 .tataggcttgtagtaacggggtgtgatacaaaatcctttaaacgtccgtattta -756 ttatcctttcttttgaggaataaattttatactacggagtaacttattccgega

-419 tcatgctgaatgaataggttggcaagtgtttaaaaaaaaataggttggcaagca -702 ttaacggttgaatatctgttattaaactaacaatctcatctttttacttatact
~365 gtgggtcgctgattaatcattcgtcgttgtgcagaagcatctcgtecttgcaget -648 tatatttatcaatcaaaatttaaaatttcaactttaaatttgaagttgatttta
=311 Esssgattaagtatatgtgattaacactqqacaaatctggaacaaaaattaaat -594 ggggttttgatcaaaattcatttttcagtctttactttaagatcactaaaaaca
=257 ccggctggtctttctaaatactccagtttaatacagtacacatcaaatctaagt -540

cgtatatacaagttttattaataaattattcttttttttttggcaaatatgctg
-486 tttgcaaatgtgttataggcttgtagtaacggggtgtgatacaaaatcctttaa
-432 acgtccgtatttatcatgctgaatgaataggttggcaagtgtttaaaaaaaaat

9. -378 aggttggcaagcagtgggtcgctgattaatcattcgtcgttgtgcagaagcatce
=203 aggcaatcattgatttcatccagaccagcacttgggagtgtggagactagtctg —_—
-324 tcgtcttgcagctacctgattaagtatatgtgattaacactggacaaatctgga
-149 gactngaagcaaaqccttttctagaaqggaqcaqatcaaaccagqagcaccga R EEEE— ———

-_— -270 acaaaaattaaatccggctggtctttctaaatactccagtttaatacagtacac

~-95 aacaaaagtagatgactcgagacgcct g gtccattgcgcagctcecegg
-216 atcaaatctaagtaggcaatcattgatttcatccagaccagcacttgggagtgt

=41 acaattccgggggggetgtgcaccgctcctgaqctgaaacciaccqaggaacac

14 acaacaaacaagacttgcatacgtcccaaactcccaaatcgccctctttgcaat

68 cacttcttccgttccatttcagtagcccacaacttcgcatcagaaagcgaaage

11.
-162 ggagactagtctggactgggaagcaaagccttttctagaagggagcagatcaaa
122 taqagcaaccATGTCGCTGGTGAGGCGCAGCAACGTGTTCGACCCATTCTCCCT
S L VR RSNV FDUZPTF S L 15 -108 tcaggagcaccgaaacaaaagtagatgactcgagacgcctcaagaacgtccatt
176 CGACCTCTGGGACCCCTTCGACAGCGTGTTCCGCTCCGTCGTCCCGGCCACCTC ~55 gcgcagctcccggacaattectataaatatgtgcaccgetettgagetgaaace
DL WDU®PTFDSV FR SV V PAT S 33
1 caccgaggaacacacaacaaacaagacttgcatacgtcccaaactcccaaatcg
230 CGACAACGACACCGCCGCCTTCGCCAACGCCCGCATCGACTGGAAGGAGACGCC 3
D NDTAA ATF N AR I DWIKET P 51 55 ccctctttgcaatcacttcttcegttccatttcagtageccacaacttcgeate
284 GGAGTCGCACGTCTTCAAGGCCGACCTCCCCGGCGTCAAGAAGGAGGAGGTGAA 109 agaaagcgaaagctagagcaaccATGTCGCTGGTGAGGCGCAGCAACGTGTTCG
E S HV F KA DILUPGV K KEE V K 69 M S L V R R 8§ N V F D11
338 GGTGGAGGTGGAGGAAGGCAACGTGCTGGTGATCAGCGGGCAGCGCAGCAAGGA 163 ACCCATTCTCCCTCGACCTCTGGGACCCCTTCGACAGCGTGTTCCGCTCCGTCG
V E V E E G Q R K E 87 P F S L DL WODUPV FD SV F R S V V29
392 GAAGGAGGACAAGAACGACAAGTGGCACCGCGTGGAGCGCAGCAGCGGGCAGTT 217 TCCCGGCCACCTCCGACAACGACACCGCCGCCTTCGCCAACGCCCGCATCGACT
K E D KN D K WHURV ER S S G Q F 105 P AT S DNDTAATFANARTID WAJ47
446 CATGCGGCGGTTCCGGCTGCCGGAGAACGCCAAGGTGGACCAGGTGAAGGCCGG 271 GGAAGGAGACGCCGGAGTCGCACGTCTTCAAGGCCGACCTCCCCGGCGTCAAGA
M R R F R L P A K V. D Q V K A G K ET P E S HV F KA DULUPG V K KGE65S
500 ACTGGAGAACGGCGTGCTCACCGTCACCGTGCCCAAGGCCGAGGTCAAGAAGCC 325 AGGAGGAGGTGAAGGTGGAGGTGGAGGAAGGCAACGTGCTGGTGATC\GCGGGC
E N G V T V T V P K A E V K K P 141 E E V K V E V E G N V L V I S G Qa3
554 TGAGGTGAAGGCCATTGAGATCTCCGGTTAAgctcctgaagatgtgatcggtga 379 AGCGCAGCAAGGAGAAGGAGGACAAGAACGACAAGTGGCACCGCGTGGAGCGCA
E V K A I E I S G * 150 R S K E K E D K N D K W H R V E R 5101

Figure 1. DNA sequence of rice heat shock genes, (a) Oshsp16.9A and (b) Oshsp16.9B, putative TATA boxes and polyadenylation signals

are designated by dashed underlines. The sites of initiation of transcription are indicated by filled triangles. The HSE-like sequences are
underlined.
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RICE 16.9-kD HEAT-SHOCK PROTEIN GENES

GCAGCGGGCAGTTCATGCGGCGGTTCCGGCTGCCGGAGAACGCCAAGGTGGACC
S G Q FM RRTF FRILYP N A K V D Q119

AGGTGAAGGCCGGCATGGAGAACGGCGTGCTCACCGTCACCGTGCCCAAGGCCS
V KA G K ENGUV LTV TV P K A E137

AGGTCAAGAAGCCCGAGGTGAAGGCCATTGAGATCTCTGGCTAAaatggtgaaa
V K K P EV KATIETISG * 150

acgggagtttgtcgaggtcaaggcgtgtcatgcatgttcactctgaactgtttg

cggtgtttcactcgggtttgatggtttttactagtcctatgaactgtgtattct

tttgtactctgttgtgagcgegtttyg gaagcaataaataaaaataaaatca

Sesess

gcttgtttgtatattgatcatgcatgtgtg

tgtcgatcgcggcag g
caatgcgtgtgcacagctgcacaggtcgaataaatagagtgtacacgttgccgg
cgataactagctaaactccagtggtgcggttaatcttctctgcttgeggtttta
ttgatcgttgttctagtgcccttgaageggaactgecttgecttgtaaggagggta
ttaatatggcgctccaatggaccttactccccattattgttgtggeggattget

tggtggctgtctctatga t

g9atyg

99499aggcg g9999cggag
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12.
aggattttagatcgatggaggatgcaaaggaggcgtcaaccaggggcagagcca

ggatattagatcgatggtgtcactatcaatgataacaacttaagtaaaataaaa
ttagtgctaattgataaagtaaaatagaattttcttttcaaaaataattcgact

tgtattcatgccaactatctaattggtgaaattaaattataaaagactaaatta

-aaattgctagatatacatgtgcaagtgaataataatattctttctaggttaata

atacttgccattttggataagaacattatctcagaaaacaactctgaccactaa
ctgtgagttttaggctatcaaacaactttgaccacgagtcaaatattgtgagtt
ttgggctatcaatagttaattaagctgctagctactgtctggctgtccatgcetce
acataggatggtgtcacaaagcaagttaatttggtgtcactcattgcaaagtaa
aaggaataatgaagacaagacacaagccattggtgtcatgtgacaccaatggtt
gtacactggctccgccectggegtcagecgttggectcatctigtcagagacatcg

atactctgttgagaggaagaagggagatcatactgaagaaaattcatcgricte

a



