Plant Physiol. (1992) 99, 779-782
0032-0889/92/99/0779/04/$01.00/0

Plant Gene Register

Received for publication January 28, 1992
Accepted March 5, 1992

Cotton Mat5-A (C164) Gene and Mat5-D cDNAs Encoding
Methionine-Rich 2S Albumin Storage Proteins’

Glenn A. Galau*, Helen Y.-C. Wang, and D. Wayne Hughes
Department of Botany, University of Georgia, Athens, Georgia 30602

Several abundant mRNAs are coordinately expressed spe-
cifically during the maturation stage of embryogenesis (6, 7).
The cotton Mat mRNAs include those of the major vicilin
and legumin storage protein genes (6), and representatives of
these genes have been sequenced (2, 3). To help define the
temporal and spatial regulation of the maturation program of
gene expression, we isolated an additional cotton Mat gene,
Mat5, which encodes mRNAs represented by cDNA clone
C164. The mRNAs from the two Mat5 alloalleles in the
allotetraploid genome of Gossypium hirsutum make up 2%
of the mRNA in maturation stage embryos (6), and the
sequences show that they encode methionine-rich 2S albumin
storage proteins.

Three genomic fragments were recovered, but restriction
site analysis and sequencing showed that they contain the
same alloallele, Mat5-A, present in the A genome. One was
extensively sequenced, as was all of cDNA C164 and extensive
portions of five other cDNA clones (Table I). Figure 1 shows
the sequence of clone GC164-24RC of Mat5-A. All six
c¢DNAs are identical with each other in the regions sequenced,
but they differ significantly from the sequence of Mar5-A.
The gene and cDNA sequences are colinear, with eight nu-
cleotide differences, until Mat5-4 nucleotide 3661 and C164
nucleotide 514. There is no obvious similarity for the next 62
nucleotides until the site of polyadenylation of the cDNAs
(Fig. 1). Because there are only two alloallelic genes in G.
hirustum (6), we presume that all the sequenced cDNAs are
transcribed from the other alloallele, Mat5-D.

The two Mat5 alloalleles encode proteins that differ in only
three of 139 amino acid residues. Their sequences are very
similar to those of the 2S albumin storage protein family (1,
8,9), and an alignment of the cotton sequences with other 2S
albumin preproproteins is unambiguous in its important fea-
tures (Fig. 2). There is complete identity at the cysteine and
leucine residues that are diagnostic of the family and about
44% of the cotton residues are identical with those of Ber-
tholletia (1) and Arabidopsis (9) 2S albumins. The predicted
mature form (9; Fig. 2) of the cotton 2S albumin shares with
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that of Bertholletia a high methionine content. It is 10% in
cotton and 19% in Bertholletia, compared with 2 to 3% in
other 2S albumins (1, 8, 9). Four of the 10 methionine residues
in the cotton protein are at novel positions that may be sites
at which other 2S albumins could be engineered for higher
methionine content.

Because none of the six cDNAs that were examined are
transcribed from Mat5-A, it is possible that this gene is not
active. However, it is more likely that the apparent absence
of Mat5-A cDNAs is due to failure to process or polyadenylate
its transcripts. In the sequence in Figure 1 and in overlapping
phage isolate GC164-27 (Table I), there is a class I-like
retrotransposon (10) in reverse orientation to the Mat5-A
transcription unit (data not shown). The retrotransposon’s
putative internal domain/3’-long terminal repeat boundary
is at Mat5-A nucleotide 3791/92, and the 130 nucleotides
between this boundary and the Mat5-A/Mat5-D cDNA di-
vergence point can contain only a highly truncated long
terminal repeat, if any part of it. We predict that the element,
or element-induced rearrangements of Mat5-A sequence, in-
terferes with the processing of the 3’ end of Mat5-A tran-
scripts. Rearrangement of Mat5-A in this region is suggested
by the presence of long direct repeats, part of one of which is
present in Mat5-D cDNAs (Fig. 1).

A sequence very similar to Mat5-4 nucleotides 907 to 1765
has been found in reverse orientation in the upstream region
of an unrelated cotton Lea4 gene (4). Portions of this element
are also duplicated at Mat5-A4 nucleotides 2289 to 2416 (Fig.
1, repeats 1 and 2). Consequently, the sequences that are
responsible for transcription of Mat5-A are probably between
nucleotide 2615 and the transcription start at nucleotide 3146.
In this region the sequence of Mat5-4 has some similarities
with those of other 2S albumin storage proteins, in particular
two elements (double underlined in Fig. 1) present in similar
locations in many of these genes (8, 9). Other elements
suggested to be important in various storage protein genes (5)
are not obvious in Mat5-A. Finally, Mat5-4 has been com-
pared with two other cotton Mat genes, vicilin (2) and legumin
A (3), with which Mat5-A is coordinately expressed in cotton
(6, 7), but no similarities are compelling in any sequence pair.
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ATCGATTAAATTTTTAATTG TTTAATTAAATAATTAATTA TTCTCAATTAAGTTATTTAT CACCCTTAGCTAAGAATATC CTTCCTGTCTCATCTTCACT 0100
AAGGATTACCACCTAAGTCA CTATTCCGGTCTCTTCCTAG GTATACGAATACTCTTTTGA TCTCACTACTTGGCACAAGT TATACACAACAAGATACCCT 0200
TCCGGTGTCACCTATCTAGA TATTCTGCCAGGGGTGTTAC TCCGTTATATACTAAGTACT CTTGAATAAACAACCAATTT CAAATAAATAACTACTTAAC 0300
AAATAAAATTGAATCATGCA AGATGTAAATAAAGCACAAT AATCTATCCTACTATTTATA TAAACAGTAATTGACTAGAT TAACGAAAGGTAAATAAAAG 0400
AATAGAATAGAAGAGATAAG AGAATGCTCATGAATAAATA TATTGAAGCGTGATTCCGGA GAAATCTCAGCTTTCAAATG TCTTCACATCGAAGAGAGGT 0500
TCCTACGAAGAGAACATAAA AAAAAATACAAAGAAATTTG ATTAGTAAAAATTGTCTGTC TAAGTTTGCCCACCATTCAG GTGATCCTAAGGTTACTTAT 0600
ATATGCTACGGGTGACTTGG TGACAATTTAACCTAGACAC ACTTTGGGATTCTAATTAAT GCAATATTTTGATAAATGCT TGGAGTCCAAATAATGAAAT 0700
ATCTCAAAAGTGTCATCCAA GGAATCAACTTCATTTTAAT TTGTCTTCATTGCGTCATCG TGACGTGGGAAACTCCTTGT CACGTCACAATGTCGAATGA 0800
ATTTTTAGCCTTTGTCATTT TGTTGTTCCATGTTGCAACA CGAGCTTTCTTGTATCTCGA CCCGACGATTGTTTCTTGGA TTTGTTGAGTATAACTCATA 0900
TTTCAGTCAAATTTAAGAGA TAATCTCCCAGTTAAACTTT GTTTATTTGTTTTAATCGAA CTCTGATTAGTCTAGATTAT TTTATTGTTATTTGACCTAC 1000
GAATTTAGCCTATAAAAATG TTCTTTTACAACCTTAGAAA ATACACCCATTAAAGATTAG AGCTCATAATACTTTTAGAG AATTTTGTGTTTACGTTTTG 1100
AAGATTTTTTGTTTTCGAGT TTCGGGGTTTAGTTTTTTAT CTCCATCTTTTATACTCTTC GTTCTTTTGTCATTATAGTA AA?TTATCTTTACTCGTAGA 1200
JTITTTATCCTCTTTGGAGGG GTTTTTCCACGTTAAATTIG IQIATTTTTTCGCTATgIII TACTTGTTCGTTGCTTAATC AGGTCGATCCCCAACAAGTG 1300
GTATCAGAGTTAGTTCAATT TTCATAGATCAACCCATTTA GAAATGTCAACAATAAGGTT TGACATTGAGAAGTTCGATG GTGTCACAAATTTCAATATG 1400
TGGTAAGTTCGAATTATGAC AATTCTAGTTCAAATCGGCC TGAAAAAGGTTGTTACTTGG AAAAAGCTTGAAAATCTAGA TAAGACAAAATGGCAGAGCT 1500
TGATGAAAAGGCTCTATCTG CAATTCAATTGTGTCTCGCG AATATGGTATTGCAAAAGTT ATTGATGGAGAAAACCTCAT TCGCCTTGTGAAAAAGATTA 1600
AAAACTCTTTATGCGAATAA GTTTCTAGCTAACCTTTTAG TATTGAAATGACGTCTATTT ACGTTTCGCATGAACGAATG TGAGCTTCTTAACTATCACA 1700
TTAGTCAATTTATTACTCTT TTGAATGATTTAAAGAATAT TGAGGTTAAGATTGACGATG AAGATAGACCTGTTCATGGG TTGGGCCACCCAGCCTGCTC 1800
CAAATGTGGGAGGATTTTGG TAAAAATATAGGCTCGAAAA ATGAGTTTAAACAAAAAATG TAAAAAAAAAGGGTCTTATC TCAGGTAAGGCATTTTTGGC 1900
TCAGGTTCGACTCGGTCCAA ATTCACTAAAGGAAAAAAAA ATGTTATTTTTTTTAATACT ATTTTCTTGTTGTTTTCTCC CTATTTTGCTACTATTTTAT 2000
TATTATGTTGCTACTATTTT GTTGTTATTGTTTGGATATT GTATAAAACTTATTTTATTG gTAATTTTGTTATTATTTTA GAGGCATTTT;TAATTTTGT 2100
TJATTATTTTAGAGGCATTTG CTTGCTAAGTTGCATCTATC TTAGTGTTATTTAAGTATAC ATATTTTTTAAAATTTATTT TCAATTTGTTGGAAAATATT 2200
TATTTTGATATTTTTAGTAG TTTTGATGAATTATATATAT AAAAATAATATAAAAATTAA TACAGACAAGTCGGATCGGG CCCGGGTTITATCTTTGCCA 2300
GTGATTTTTTATCCTCTTTG GAGGGGTTTTCCCATGTTAA ATTTGTGTGTTCAATTTCTC MTTTCTTCCTCTA;ITTTA CTTATTTGTTGCTTAATIGA 2400
GTTGATCCCCAACAAGATTC TTGACCTGATTTGACATCCT ACACACTTAATTAGCCATTA ATCAGTATCAAGGCCTAAAT TGACCTTTACAGGTCATTGA 2500
GACATCAAAAAATACGTAAA AATATTTATTTTATTAATAA TTAAATCCTAAATTACTACT ACTGAAAATACAATAATTAA TTATAAAATACCTAAAAAAT 2600
AAACTCATTAGGTGTTAAAA TGTATCTAAACTACCACTAC AGTTGGTGGAAAATTAAAAA GACCCACTTTTTAAGTCATA AAAGGTGGTTTGTATATTTC 2700
ATAGCCATGCAATGTTAGGT GAAGTGAGATGTTGGTGAGG TCATCTTTGAAGTTGACCTA ATGAAGTCTGTGAGAGTAAC GATCAACTTAAGGAGGTTTT 2800
CCAAGCACCGCAAACCTTTT TTATGATATATTTTTAAAAT TTTGAACATATACATGGGCT TGAAAAATATCCAAATTGTG TTAAGTGTTTGTGGGTTGAT 2900
TCCAAATTGGATCACCGATG CAAAGTGAAACCATTTTATC CCCAGGAGATATTAAAATTA CATCGAGAACCTGAATACTA CCGATCCCAGTTAAGGCAGT 3000
TTCATAACCAACCAAACAAA TGTGTCCATTTTTGCATGCA GAAATTAACCTACGTGTTAG GTTTCAAGTTTCAACALCAQ ACGTATTCCCCATGCAAAGG 3100
cDNA transcription start | v start cDNA C103, C164 C 053
gene TTCAACTCTCCTATAAATTA CCTTCACACCTCCACTCCAT TTCTCACCCTTCTCATCTGA TTATTTTCTCCATACCAGGA TAAATCAACAATGGCAAAGC 3200
gene MetAlalysL 003
cDNA G c 153
gene TCGCAGTTTACTTAGCCACC CTTGCTCTCATTTTGTTCCT TGCCAATGCTTCAATCACAT CTGTGACGGTCGAAAGCGAG GAAAATCGGGATAGCTGTGA 3300
gene euAlaValTyrLeuAlaThr LeuAlaleulleLeuPhele uAlaAsnAlaSerlleThrS erValThrvalGluSerGlu GluAsnArgAspSerCysGl 036
cDNA Trp
cDNA G 253
gene ACAGCAGATAAGGAAGCAAG CCCACCTGAAGCACTGCCAG AAGTACATGGAGGAAGAGTT GGGTGGCGAAGGCAGCGACA ATATAGCCGGCGGGTACATT 3400
gene uGLNGlnlleArgLysGlnA laHisLeuLysHisCysGln LysTyrMetGluGluGluLe uGlyGlyGluGlySerAspA snlleAlaGlyGlyTyrlle 070
cDNA Glu
cDNA A 353
gene GACTCATGTTGCCAGCAGCT AGAGAAGATGGATACGCAAT GCAGATGTCAAGGTCTAAGA CATGCAACGATGCAACAGAT GCAACAGATGCAAGGACAAA 3500
gene AspSerCysCysGlnGlnLe uGluLysMetAspThrGInC ysArgCysGlnGlylLeuArg HisAlaThrMetGlnGlnMe tGlnGlnMetGlnGlyGlnM 103
cDNA Asn
cDNA T 453
gene TGGGGAGCAAACAGATGCGA GAGATCATGCAAAAGGTTAC CAAGAAAATAATGTCCGAAT GTGAGATGGAGCCTGGGAGG TGTGACACGCCATCTCGCAG 3600
gene etGlySerLysGlnMetArg GlulleMetGlnLysValTh rLysLyslleMetSerGluC ysGluMetGluProGlyArg CysAspThrProSerArgSe 136
cDNA A o c GTTTTAGCTGTACTCGCTC TCTTCATCACAATAAAAAGC 553
gene TTTGATTTAGACAAAATATG TTCTCAAGAATAAATGTAAT GTCTCCTTTAGITACTGTGG TAAACTTGCACCACTTTTCA AAGTGGACTTTAGGGTGCTA 3700
gene rlLeulle 4 4 139
v end cDNA C164
CDNA  ACATAATCGTGTGCAGTTTG TT poly(A) cDNA C42, C87, €90, C103 575
gene AACTTGCACCACTTTGTATT GTTTgCCATTAATGTTGTCT gCCATTAATGTTAACAATCT CCACCTTGAAGATTTGATTA GGATAATCACATCTTCACAC 3800
ACTTCCTTCAACTCTCCAAA TTCGATAAAGCTATCTTTTG TAGTGCCTACAAATGCACTC TCGAGCGCCATACACCTGAA GGTGCTCAAATTCTCAGGAT 3900
GTTAATCAAGTTCAAACAAT GATTAAACTTGATTGTTGTT ACCACCTTGGTCATCATATC TGCGGGATTATCTGCTGTCG GAATCTTCTGAAGTAGAATT 4000
TTTCCTTTTTCAAAGACTTC CCGCACAAAGTGATATCTTA CGTCGATATGCTTGGTTCTT GAATGATAGACTTGATTTTT CGCTAAATGAACAGCGCTCT 4100
GACTGTCACAATATAAACTT ATGTGACTTTGAACAACTCC TAAGTCTTTCAACAATCCAT TAAGCCAAATAGCCTCCTTA ACAGCTTCTGTAACTGCCAT 4200
ATATTCTGCCTCTGTAGTAG ACACAGCTACTGTAGACTGT AAGGTAGACTTCCAACTCAC TGGGGCTTTCGCAAGAGTAA ACAGATACCCCGTAGTTGAA 4300
CGACGTTTATCTAAATCACC AGCAAAGTCGGAATCAACAT ATCCAACTACAAACTGACCA AGTGCTTCATCCTGTTCAAA AATTAAACCAACATCTACGG 4400
TTTTTCGAAGATACCGTAGA ATCCATTTCACAGCTTGCCA ATGTCCTTTTCCAGGATCAT GCATATACCTGCTCACAACT CCAACAGCTTGTGAAATGTC 4500
AGGCCTCGTACACACCATCG CATATATCAAACTCCCAACT GCATTAGCATATGGGACTTT CGCCATATATTCTCTTTCTT CTTCAGTTTTCGGAGATAAT 4600
TGAGCACTAAGTTTCAAATG AGAAGCAAGTGGGGTACTTA CATGTTTTGTGTTTTCATTT ACACCAAAACATTGTAATAC CTTTTTCAGATATTGCTTCT 4700
GATTTAAACAGAGCTTGCCT CTCGGTCTATCTCTACTTAT CTCCATGCCGAGAATCTTCT TGGCCTCACCTAGATCTTTC ATCTCGAACTCTTAATTCAA 4800
CTGAGCCTTCAGCTTATCTA TGTCATTTTGGCTCTTCGAA GCGATTAACATATCATCAAC ATACAAGAGTAGATAAATGA AAGATCCGTCATGCAGCTTC 4900
TGCAAATATACACAATTGTC ATATTTGCTTCTTGTGTACT TCTGCCTTCTCATAAAGCTA TCAAATCGCTTGTACCACTG CCTCGGGGATTGCTTCAATC 5000
CATATAGCGATTTGTTCAGC TTACAAACCCAATTTCTACC ACCAGCATCTGTGTATCCTT CGGGCTGAGTCATATAGATC TCCTCTTCTAACTCACCATG 5100
CAAGAAAGCTGTCTTAACAT CAAGTTGAGCTAGCTCCAAA TTCAACTGTGCTACCAAGGC CAACAAAATTCTAATGGAGG AATGCTTCACAACAGGGGAA 5200
AATACATCATTGTAGTCAAT TCCCTCCTTCTGAGCGTAGC CTTTAGCTACCAATCTTGCC TTGTAGCGAATATCCTTCTT GCTAGGAGATC 5291
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Figure 1. Nucleotide and deduced amino acid sequences of the cotton Mat5-A alloallele and the Mat5-D alloallele cDNAs encoding methionine-
rich 2S albumin storage proteins. The sequence of Mat5-A clone GC164-24RC is shown as the reference. Only where the sequences of the
cDNAs are different from those of Mat5-A are the cDNA sequences shown above those of Mat5-A. The probable TATAA sequence and
polyadenylation addition sequence are both shown in bold. Pairs of long direct repeats are underlined and numbered below their 5 end. The
limits of a repetitive element found in an unrelated cotton Lea4 gene are indicated by underlines at nucleotides 907 and 1795. Sequences similar
to those found in other 2S albumin storage protein genes (8, 9) are indicated by double underlines.
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Table |. Characteristics of the Mat5-A gene and Mat5-D cDNAs from Gossypium hirsutum

Organism:
Gossypium hirsutum L cv Coker 201 (Upland cotton), Malvaceae.

Function:
28 albumin storage protein.

Expression:
During the maturation stage in embryo development; coordinately expressed with many other Mat
genes, including those of vicilin and legumin storage proteins (5, 6).

Source:
Nuclear DNA from embryo cotyledons 20 to 23 d postanthesis (preendoreduplication). Partial Sau3Al
digest was cloned in A\GEM-12 (Promega), and three phage were identified by hybridization with
cDNA clone C164. Clone C164 has been described (5).

Genome:
Restriction fragment and sequence analysis indicates that the three phage isolates are from the Mat5-
A alloallele in the A genome (G.A. Galau, unpublished data). The extensive sequence difference
between Mat5-A and the sequenced cDNAs indicates that the cDNAs must be transcribed from the
other alloallele, Mat5-D.

Sequence of Mat5-A GC164-24RC:
Cloning of the 7.2-kilobase EcoRl/polylinker EcoRl fragment of phage isolate 24 into Bluescript
(Stratagene), subcloning of a 5.3-kilobase Clal/polylinker EcoRI fragment, followed by dideoxy
sequencing of both strands with Taq polymerase using cloned restriction fragments and unidirectional
deletions as double-stranded templates. The polylinker sequence at its 3’ end is not reported. Where
checked in the transcribed region, the sequences of isolates GC164-45 and GC164-27 are identical
with that of GC164-24RC.

Sequence of Mat5-D cDNA C164:
The entire cDNA was sequenced on both strands using cloned restriction fragments as templates.
The clone contains an artifact at its 5’ end: a 250-nucleotide-long perfect inverse repeat of a part of
its 3’ end (C164 nucleotide 307-556). The artifact is not reported.

Partial Sequence of Other Mat5-D cDNA Clones:
Three primers (leftward Mat5-A nucleotide 3268-3248 and rightward Mat5-A nucleotide 3198-3198
and 3555-3572) were used to sequence most of each of the clones C42, C87, C90, C103, and C115
on at least one strand. Clones C103 and C115 contain artifacts similar to that in C164.

Transcription Start:
The leftward primer Mat5-A nucleotide 3268-3248 was used to determine, by primer extension, the
transcription start during the maturation stage.

Genbank Accession Nos.:
M86213, Mat5-A GC164-24RC; M83301, Mat5-A cDNA C164.

Signal Peptide Discard Small Subunit Discard
Gossypium MA-KL-AVYLATL-ALI-LFLANA  SITSV--TVESEE----N  ----RDSC--EQQIRKQAHLKHCQKYME---EEL-GG  EGS--D---
Bertholletia  MA-KI-SVAAAALLVLMALGHATA  FRATVITTVVEEE----N  ----QEECR-EQMOR-QQMLSHCRMYMRQQMEES---  -PYQTM---

Arabidopsis  MANKLFLVC-AAL-ALCFL-LTNA  SIYR--IVVEFEEDDASN  PIGPROKCRKEFQQ--SQHLRACQKLMRKGMRQGRGG ~ GPSLDDEFD

Large Subunit Discard
Gossypium NIAG--GYIDS- - - CC-QQLEKMDTQ-CRCQGLRHATMQQMQQMAGAM- GSKQMRE IMOKVTKK - IMSECEMEPGR- -CDTPSRSL I
Bertholetia  PRRG-MEPHMSE--CC-EQLEGMDES - CRCEGLRMMMMR -MQQEEMQPRG- EQMRRMMR - -LAENIPSRCNLSPMR - -C- -PMGGS ~ 1AGE
Arabidopsis  P-QGPQGRPQLLQQCCME-LRQ-EEPVCVCPTLRQAAK--AVSLQGQQHGPEQVRK]YQ- - TAKYLPNICKI-PQVGVC--PFQTT  IPFEPS

Figure 2. Alignment of amino acid sequences of Gossypium, Bertholletia, and Arabidopsis 2S albumin storage proteins. The sequences are
Mat5-A from Gossypium, pHS-3 from Bertholletia (1), and a composite of four Arabidopsis sequences (9), giving weight to residues that are held
in common with either of the other two sequences. The processing sites are those reported in Arabidopsis (9). Residues are underlined if they
are shared in at least two of the proteins.
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