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Barley (1-3,1l-4)-,3-glucanases are synthesized in the scu- bp2) of the gene for (1--*3,l-4)-3-glucanase isoenzyme II is
tellum and aleurone tissues during germination. The secreted presented in Figure 1. An open reading frame encoding 334
enzymes degrade (1--3,1-4)-fl-glucan, a major constituent amino acids is interrupted by a single large intron of 2952 bp.
of the endosperm cell walls. Genes encoding the two barley The sequence includes 1035 bp upstream and 171 bp down-
(1- 3, l-*4)-,B-glucanase isoenzymes have been cloned and stream of the coding region. Comparison with the gene en-
sequenced (Table I). The complete nucleotide sequence (5159 coding barley (1-*3, l-*4)-,3-glucanase isoenzyme I (refs. 1
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2Abbreviation: bp, base pair(s). 2Abbreviation: bp, base pair(s).

Table I. Characteristics of gene Glb2 from Hordeum vulgare cv NK 1558
Organism:
Hordeum vulgare cv Northrup King 1558

Gene:
Glb2, encoding (1 -- 3, 1 -- 4)-3-glucanase isoenzyme II (EC 3.2.1.73).

Chromosomal Location:
Single-copy gene located on chromosome 1 (2) on a 9.5-kilobase BamHl fragment

Techniques:
X-EMBL3 barley genomic DNA library (Clontech, Palo Alto, CA) was screened with cDNA encoding barley (1 3, 1 4)-B-glucanase
isoenzyme 11(5, 6) as hybridization probe. Sequencing of both strands was performed using synthetic primers.

Sequence Identification:
Sequence comparison with cDNA encoding barley (1 -*3, 1 -. 4)-(-glucanase isoenzyme II revealed 100% positional identity of the deduced
amino acid sequence and 97% homology with the 3'-noncoding region, respectively.

Gene Structure:
The coding region of 1002 bp is interrupted by single large intron of 2952 bp inserted in the codon for amino acid No. 25 of a 28-amino acid

signal peptide.
*Promoter Region: putative TATA box at -95 to -89 (+1 is designated as the first base in the coding region); inverted CCAAT motif 34 bp
upstream of TATA box; motif homologous to GA3-responsive element of a barley a-amylase (7) at -264 to -259 and motif homologous to
a-amylase GA3-responsive element in rice (8), inverted, at position -324 to -315; imperfect palindrome at position -470 to -446.

*Intron Region: imperfect palindrome of 327 bp (68% homology of the inverted repeats) from position 165 to 491 with highly complex
internal structure: imperfect palindrome of 88 bp (62% homology) from No. 201 to No. 288; inverted repeat of 24 bp (83% homology) from
position 175 to 198 and from 307 to 284 (an 1 8-bp part (179 to 196) of this motif is almost perfectly repeated at position 2190 to 2207
more downstream in the intron); direct repeat of 49 bp (86% homology) is located at position 631 to 679 and at 730 to 778; imperfect
palindrome of 29 bp (83% homology) from No. 2055 to No. 2083; direct repeat of 36 bp (100% homology) from 2628 to 2663 and from
2663 to 2698.

'Coding Region: 334 codons with strong bias in codons downstream of the intron for C or G in the wobble position.
*3'-Noncoding Region: putative polyadenylation signal at position 4097 to 4101.

Protein Structure:
Preprotein of 334 amino acids. The signal peptide consists of 28 residues. The Mr of the mature protein was calculated as 32.121 with a
carbohydrate content of 3.6% and a pi of 10.6 (2).

Antibodies:
Monoclonal antibodies were generated that cross-reacted with isoenzyme and isoenzyme 11 and isoenzyme I alone.

EMBL accession No.:
M62740
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BARLEY (1--3,1-sI4)#-GLUCANASE GENES

TTACTTGTTMACTTATTATAAATTATCTTGGTATCAAACTATCTTACAACACTTGCCATGAAACCTTACTAAAACGCMATTCCTTCCGCTCCTTGCCGGG -935
TTCGACACTCTTMATTGTCAAAAAGACTGTGATTGATCCCCTATACTCGTGGGTCATCMACMAGCCGTCGTCTCCTCTTGAGMATCCTCACCTTTCATGC -835
GGCATCATGATTTTTCAAATCGATCTATCAAAGCTTGCTTGTCGGCCTTTGTMGTGCCTCCACCGAGAGTGGGGGTTGATACGTCTCAAACGCATTGAT --735
MATTTTAGTACMATTCCTGCTATGTTCGTATCMTTATAAACATTTTGGGCATACTTTTATTGAGTTTTATGATAAACTAAATTGTTGATTTCTTGCAAA --635
ATGGTCACAAAAMGATTATATGTAGAAATAGAGTAAACATAGATCCTAGCATGAGGCAGTAAAAGGTAGAGTGACGAAAGGCATCTAGTGTACACCGA - 535
MATATTTTAAATTGACCACGGATATTCATMAGTAAACTACGTGAGTCATGTCGGATACCGTAGAAGACGGTCTTTCTATGAAAAACCGTCACCAAATGTC -435
GTTGAGTMAGACGTGMACACATCCGGACATCCGGTGTCACGCMAACCACCATTTGCCTAMAAACTTGTTTCTCATGGTACATTCGTGGAGTCCAAACTTC -335
AAACTATTTTTCTCAAAAGGTTGTTTGGTGCTACTATGAATGAATTAGCCCACCACCTCTCCTACTTGCAATAACACCTGGATAACCTCTGCCCACCAG - 235
ACACTACGAGAAGGGGGTGACGCATGCATGCMAACGGCCTAGGTAGCCTATCACMACAGGCTAAATACGMAATAAATGTCCCTGGAGACGTTGGGCTTGC -135
AAGTGGATTGGACCAAATTAAACTCTGTCTCCTAGGAGCCTATATAAGGGGCATGGCCTCACCATAGAAGAAAGACGAGAGTCTTACTTGCCCCCTCCAA - 35
CGCAGGTAGAGAGAAAGAGAGAGTTTCGAGACCCAATGGCGAGCCAAGGCGTTGCCTCCATGTTCACTCTCGCATTGCTTCTCGGAGCCTTCGCGTCTAT 65

M A S Q G V A S M F T L A L L L G A F A S I
CCCACCA~gtgattccccttctccctttctctctcgccccaaatgat tgcttacagagtt ttt tttccatgcaagtcatgcatatagctt ttttggaggt 165

P P

acccctccttttctaaatataaggttttttagagatttcattaggagactacatacgaagcaaaatgatgaattataatttaaagtgtgtctatatacat 265
ccgtatgtactcttttagtttaaaaatacttatatttagtaatgaaaaaagtagaagataataaattctttgtttcgaaatataagaccttctatagatt 365
ccactaaaaactatatacggatcgacatatatagacactattagagtatgcgtgcgtttattttattttatatatagttcataataaaatctctaaaaaa 465
tcttaattttagaaacggagggagtaatacgtacactaatcttagattttattaagagaagcattatagctagataggtacgttaatcctaggcatacat 565
taatcaggggtacatcttgtaccggccacacctagatgatagtgcacgtgtaatcgacctcagtgtgaaaaagataacggcgcagaagtaggtattccgc 665
agggaaatataaatcttaaaaataatgaaaatgacattttctagataaaacgttggaagaggtataaaaagataacggcgcaagaagtaggttttccacg 765
agggagtaatcaatgaaaacgatacttgtagatactttcaactgtttaactatagaaagttaatctagttaatctttcttttgaaacaggctttcgtccc 865
gttttacatataaaacaacaacaccaagttaaacaccagatcgatacaataaatccctaaataactggccaacataaccgcatgcggctacgttgctgaa 965
caacaaatcacaggatgacaatattacaacgccatgacaagagt taggacatctagcct tgacaacaacgccctcaaaaggcaaacacaagcaccgccgc 1065
tgccgacctaggacaactagttgatcgttcaagcaaaagcataatataaaagtttgcaaatgaaatctggaaatgtt tgatgagcatgccagttagccat 1 165
ct tcttattaagtcagaaggttgaactaacgatctataaaggaaaacatagctaagcccagtgtcatgttaattacgtagaaagtttttcttcatccctg 1265
catgcatggcttgcgcacaaacacacactaggcaggagtgtcgccgtagcactgttggcacgagcctagctagctactaccccggtactgccactgttcc 1365
at tcttt taagtttaaagaaaatgattgcaccagctagtaactgactcatttgcagtct tgtgtagttatcataacttcaaagagcaccaacatatcctt 1465
tctgaagattgtggactgtact tatgaatcttatctattcataaacagagaagattcatcgtgatgatccatatccct tacaagcgctgagtactaatgg 1565
tcttgcttttaaaaagtttcatcaaatagt taatgatatacaacaccgtatatatttagaaaaaaatctaagacaattaatt tgggacaaagaaagtact 1665
at tattcacttcgtttttcatatatacttgctcatcatactgtagctactt tctatataacttaatactagacat ttt tttactaatgt tcctcggcct t 1 765
tgaacacgtgaaaaataccatctaacaccaacttgtgactgtaaaaaacactat tttagtcgggcatcaaccactagagtctagagggtgaaagagataa 1865
aaaaatgt tatgcaaacctgaagctccatccatgcacgcatccacgcatgcctataggat tttagt taaacgtcct ttaatttcggtgagatccctcgcc 1965
aacagctcaagcctgccgctcgcttgttgtgtgttcatgaatcgccgtcattatattttggcttagggcatctcgctgaccctcaaagaattctgagttt 2065
t tttagaaaat tcagaatattcgatttt tcatattttcaacacagatatacatgaaggcataaaacacacgtgtataaat ttttaagacaaaatacatag 2165
aaatgaggagtatgtgcgaaaaacataaatataaggctttttaacacatgatactattcatccttccagaccatgaagttgtttttttatacagatcgca 2265
tttcaattttttttatcctgaaattttgcacacatacacataacattcttgttaatttacacaattgtttttagatatttttggaaccgaaaagtttgag 2365
tttttttttctgttcaagaatttatccagttaaccagttaacttgccgattaatgcctactcgtagggccat tgagtagccgattaactgataatttgcc 2465
taattaatgaattaaatggacaattaacatgccgattagctcattaatctcctactaaccagccaaccgaaaagttaccagttaacgatttcctcaataa 2565
ttttttgtaagaaaggcctccacggatacctagagccagccaaacctcagttcgtgtgtgtgtggggggggggggtatggggtggctatgtggcagcttt 2665
ggtgtaaatgtccaaactggctatgtggcagctttggtgtaaatgtccaaactaccgcaaagcttct tttcgtttagttttgatttgcggaataacgaac 2765
gtccggaccaaaccacgaacgaatgccggactgcattagacgcttgaaggagatttgagagtccactttaaaaatggccttaatgtttctttccatttct 2865
tttttattccgtcacatgtcatcacgggaggaatttcctatggcaatggaaggaacagtactgctactacctggtgaattttttttaaaaaattgcatgt 2965
ggatagtacaaggttcactaaccaaagctacatgcatggatgaaccttacgcgcatgcagGCGTGGAGTCGATCGGGGTGTGCTACGGCATGAGCGCCAA 3065

S V E S I G V C Y G M S A N
CMACCTGCCGGCGGCGAGCACCGTCGTGAGCATGTTCMGTCCMCGGGATCAAATCGATGCGGCTGTACGCTCCCMACCAGGCGGCGCTGCAGGCCGTC 3165

N L P A A S T V V S M F K S N G I K S M R L Y A P N Q A A L Q A V
GGCGGCACGGGCATCMACGTCGTCGTCGGGGCTCCTMACGACGTCCTCTCCMACCTCGCCGCCAGCCCGGCAGCGGCCGCCTCGTGGGTCMAGAGCAACA 3265
G G T G I N V V V G A P N D V L S N L A A S P A A A A S WJ V K S N

TCCAGGCGTACCCCMAGGTTTCCTTCCGGTACGTCTGCGTCGGAMACGAGGTCGCCGGCGGCGCCACCCGGAACCTCGTCCCGGCAATGAAGAACGTGCA 3365
I Q A Y P K V S F R Y V C V G N E V A G G A T R N L V P A M K N V H
TGGCGCGCTCGTCGCCGCTGGGCTGGGCCACATCMAGGTGACCACGTCGGTGTCGCAGGCCATCCTCGGCGTGTTCAGCCCGCCCTCCGCCGGGTCCTTC 3465

G A IL VI A A G L G H I K V T T S V S Q A I L G V F S P P S A G S F
ACCGGGGAGGCGGCCGCGTTCATGGGCCCCGTGGTGCAGTTCCTTGCCCGCACCAACGCGCCGCTCATGGCCAACATTTACCCGTACCTGGCCTGGGCTT 3565
T G E A A A F M G P V V Q F L A R T N A P L M A N I Y P Y L A U A

ACMACCCGAGCGCCATGGACATGGGCTACGCTCTCTTCMACGCGTCCGGCACCGTGGTCAGGGACGGCGCCTACGGGTACCAGMACCTGTTCGACACCAC 3665
Y N P S A M D M G Y A L F N A S G T V V R D G A Y G Y Q N L F D T T
CGTGGACGCCTTCTACACGGCCATGGGCMAGCACGGCGGCTCCAGCGTGMAGCTGGTGGTGTCGGAGAGCGGGTGGCCGTCGGGCGGCGGCACGGCGGCG 3765
V D A F Y T A M G K H G G S S V K L V V S E S G WJ P S G G G T A A

ACTCCGGCCMACGCTAGGTTCTACMACCAGCACCTCATCMACCACGTCGGGCGCGGCACCCCACGCCACCCGGGCGCCATCGAGACCTACATCTTCGCCA 3865
T P A N A R F Y N Q H L I N H V G R G T P R H P G A I E T Y I F A
TGTTCMACGAGMACCAGMAGGACAGCGGCGTGGAGCAGMACTGGGGACTCTTCTACCCCMACATGCAGCACGTCTACCCCATCMACTTCTGACGGAGCTC 3965
M F N E N Q K D S G V E Q N U G L F Y P N M Q H V Y P I N F
GTGCTCGTTMAGTCCCTACTTGTTCTTGTTMACGAGTMAAAAGTCATGTTACGCGMACTTGACGAGCTACTCGTTTGGAGAGCCTCTTAATTACCTCCTC 4065
TTTCCACATGAGGGATGAGMACGTATGAGTTM.A'f>CAGACCCCATTACTGTGMATTC

Figure 1. Nucleotide sequence of the gene encoding barley (1-4,1-4)-f-glucanase isoenzyme ll.
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25 of a 28-amino acid signal peptide. The position of the
intron in the signal peptide-coding sequence is conserved in
(1-*3)- and (1-3,1- 4)-fl-glucanase genes of other plants: a
(1- +3)-ft-glucanase gene from tobacco has a 669-bp intron at
almost the same position (3), and an intron in this region is
present in all rice fl-glucanase genes studied (4). Alignment of
the nucleotide sequences 5' to the putative TATA boxes of
the (l- 3,1-.4)-fglucanase genes from barley discloses two
highly homologous regions, separated by a 150-bp segment
present only in the promoter of the gene encoding isoenzyme
I (not shown). Because the two genes are transcribed in a
tissue-specific manner (2), the additional segment of 150 bp
may be involved in their differential expression. No significant
homology was found further upstream.
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