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Complete Nucleotide Sequence of the Chicken Chromosomal Ovalbumin

Gene and Its Biological Significance®

Savio L. C. Woo, Wanda G. Beattie, James F. Catterall, Achilles Dugaiczyk, Roger Staden, George G. Brownlee,

and Bert W, O’Malley*

ABSTRACT: The nucleotide sequence of the entire chicken
chromosomal ovalbumin gene has been determined. The gene
is 7564 nucleotides in length to code for a mature messenger
RNA of 1872 nucleotides. Comparison of the sequence at the
5’-terminal region of the gene with that reported by others has
revealed multiple polymorphic nucleotides in the structural,
intervening, and flanking DNA sequences. Some of the po-
lymorphic sites occur at positions very close to splice junctions
or the eucaryotic promoter sequence, yet apparently have little
or no effect on the expression of this gene. The heptanucleotide
promoter sequence TATATAT present in the 5’-flanking re-
gion of the ovalbumin gene does not occur within the confines
of the gene. Nevertheless, multiple Hogness box sequences
similar to those found in other eucaryotic genes were delineated
within the boundaries of the gene. These internal Hogness

Expression of the ovalbumin gene in the chicken oviduct is
regulated by steroid hormones (O’Malley & Means, 1974;
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box sequences are not used for transcription initiation. Sim-
ilarly, the hexanucleotide sequence AATAAA common to all
eucaryotic messenger RNAs at the 3’-untranslated region
occurs seven additional times within the ovalbumin gene.
These sites are not used for transcription termination or po-
lyadenylation. Thus, although these sequences may play im-
portant roles in the initiation or termination of gene transcripts
as well as polyadenylation of the transcripts, the specificity
for such biological functions must not reside within these
sequences alone. Furthermore, sequences complementary to
the highly conserved rat Ul small nuclear RNA have been
found throughout the gene. Many of these regions of com-
plementarity occur in the structural sequences. If the small
nuclear RNA does play a role in splicing, the specificity must
be provided also by other as yet undefined components.

Woo & O’Malley, 1975; Harris et al. 1973; Sullivan et al.,
1973; Palmiter, 1975). Further insight into the molecular
mechanism by which steroids regulate ovalbumin gene ex-
pression requires detailed knowledge with regard to the mo-
lecular structure and nucleotide sequence of the natural gene.
We and others have previously reported the cloning and
characterization of various overlapping genomic chick DNA
fragments containing the ovalbumin gene, which had led to
the discovery that the structural ovalbumin gene sequences
are separated into eight segments by seven intervening DNA
sequences (Woo et al., 1978; Dugaiczyk et al., 1978, 1979;
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Garapin et al., (1979); Mandel et al., 1978; Gannon et al.,
1979). The intervening sequences, similar to the structural
sequences, are unique chick DNA sequences which are tran-
scribed in their entireties during gene expression and are in-
ducible by steroid hormones (Woo et al., 1978). Subsquently
we substantiated that the entire gene is transcribed into a large
precursor molecule followed by excision of the intervening
RNA sequences and appropriate ligation of the structural
RNA sequences to produce the mature RNA (Roop et al.,
1978; Tsai et al., 1980). Nucleotide sequencing analysis at
the junctions between structural and intervening sequences
within the gene has established that consensus sequences
TCAGGT may be a signal for splicing and that RNA splicing
occurs immediately 5’ to a GT doublet and 3’ to an AG doublet
at the termini of an intervening sequence (Catterall et al. 1978;
Breathnach et al., 1978).

In the present report, we define the entire sequence structure
of the chromosomal ovalbumin gene and present comments
on its polymorphic nature. Since it has been hypothesized that
the small RNA Ul may promote splicing by forming a
RNA/RNA duplex with the splice junctions of precursor
RNAs through nucleotide complementarity (Lerner et al.,
1980; Rogers & Wall, 1980), this hypothesis has been sub-
jected to a search analysis of regions within the entire oval-
bumin gene sequence that are capable of forming comple-
mentary duplexes with the rat Ul RNA sequence. In addition,
the frequency of occurrence and significance of the hexanu-
cleotide sequence AATAAA present at the 3’-untranslated
region of all eucaryotic mRNAs (Proudfoot & Brownlee,
1976) and the “Hogness box” heptanucleotide sequence
present at the 5-flanking region of eucaryotic genes have been
analyzed.

Materials and Methods

Materials. Restriction enzymes were purchased from
Bethesda Research Laboratories and New England Biolabs;
DNase and bacterial alkaline phosphatase were from
Worthington, and Escherichia coli DNA polymerase 1, its
Klenow fragment, and T4 polynucleotide kinase were from
Bochringer Mannheim. Radioactive 3?P-labeled deoxyribo-
nucleoside triphosphates and [*?P]ATP were from Amersham.
Xomat R X-ray film was from Kodak.

Methods. Plasmid DNA was prepared from E. Coli RR1
according to the method of Katz et al. (1973). Restriction
mapping analytical and preparative gel electrophoreses were
performed as reported previously (Lai et al,, 1979a). End
labeling and chemical degradation for DNA sequencing was
according to the method of Maxam & Gilbert (1977), and thin
polyacrylamide gel electrophoresis was by the method of
Sanger & Coulson (1978).

Results

Structure and Sequencing of the Complete Gene. The
overall molecular structure of the ovalbumin gene, as deter-
mined previously by restriction mapping, electron microscopy,
and limited nucleotide sequencing of the various cloned ge-
nomic fragments of the gene, is shown in the upper panel of
Figure 1. Six independent clones of overlapping restriction
fragments were used to construct the map, and the order of
these clones from 5’ to 3’ of the genes is OV4.5, OV3.2, OV2.4,
OV1.8,0V2.7, and OV4.8 (Woo et al., 1978; Dugaiczyk et
al., 1978, 1979). The strategy of sequencing each of these
DNA fragments is shown in the lower panels of Figure 1.
OV2.4 and OV 1.8 were the first fragments cloned, and their
nucleotide sequences were determined in their entireties
(Figure 1, panels 3 and 4). The nucleotide sequence of 1.2
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kilobases (kb) of DNA 5/ to OV2.4 DNA was obtained from
OV3.2 and OV4.5 DNA (Figure 1, panel 2). The 5'-terminal
Hindlll site in OV3.2 DNA was crossed by sequencing Hphl
fragment generated from OV4.5 DNA. The 5'-terminal
segment of the structural gene was located at 226 base pairs
(bp) from the HindIlI site and was uninterrupted by inter-
vening sequences. The nucleotide sequence at the 3/ portion
of the gene was determined mainly from OV2.7 and OV4.§
DNAs (Figure 1, panel 5). The 3’ terminus of the structural
sequence was found within an Hphl fragment, thereby defining
the overall domain of the ovalbumin gene.

Both EcoRlI sites confining the OV 1.8 DNA were sequenced
across by labeling the neighboring A/ul sites located on the
3’ side of the corresponding £coRI sites in OV4.8 DNA and
sequencing the complementary strands (Figure 1, panel 5).
Sequencing across the major restriction sites that were used
for cloning was necessary in order to eliminate the possibility
of the presence of a second restriction site so that an internal
fragment could have been lost. The only such site not se-
quenced across was the EcoRlI site at the 5’ terminus of OV2.4
DNA. Digestion of OV3.2 DNA with Hphl, however, has
generated all of the fragments common with the corresponding
region on OV2.4 DNA, those predicted from the rest of the
OV3.2 DNA, and the expected 556-bp fragment containing
that particular EcoRI site. Digestion of this fragment with
EcoRI has generated only two bands at the proper sizes as
analyzed by high percentage acrylamide gel electrophoresis.

The sequences of several regions internal to the structural
gene segments were determined previously with a full-length
c¢DNA clone (Catterall et al., 1978; McReynolds et al., 1978)
and were not repeated with the genomic DNA clones. That
there were no additional intervening DNA sequences within
these regions was again established by restriction mapping.
The only exception was a 13-bp Hinfl fragment that was
present at the 3’-untranslated region (O’Hare et al., 1979).
The presence of this nucleotide sequence has been confirmed
by sequencing a fragment from OV2.7 DNA labeled at the
Xbal site (Figure 1, panel 5).

Nucleotide Sequence of the Entire Gene and Its Intrinsic
Properties. The nucleotide sequence of the entire ovalbumin
gene is presented in Figure 2. The gene is 7564 bp in length
to code for a messenger RNA of 1872 nucleotides. The regions
in the gene corresponding to the mRNA sequences are un-
derlined.

The exact size of the individual structural and intervening
sequences and some other apparent properties of these indi-
vidual regions are shown in Table I. The gene is comprised
of 2465 adenines, 1450 cytosines, 1418 guanines, and 2251
thymines. The structural sequences are AT rich, with a range
of 54% to 60%. The intervening sequences are even more AT
rich (61-68%). Since the ovalbumin gene is comprised of
75.5% intervening sequences (6339 bp/7564 bp) and only
24.5% structural sequences (1872 bp/7564 bp), the entire gene
is relatively rich in its AT content.

The distribution of dinucleotides within the gene is shown
in Table II. The frequencies of occurrence of 15 out of 16
possible combinations do not deviate significantly from the
expected values based on random distribution. The di-
nucleotide CG, however, occurs 42 times in the gene and
constitutes only 0.6% of all the dinucleotides. This frequency
is 179% of the expected random value. The low frequency for
CG doublets is universal among eucaryotic genes and accounts
for the lack of restriction cleavage sites for enzymes such as
Hhal, Hpall, and SstT1 which have recognition sequences of
GCGC, CCGQG, and CCGCGQG, respectively.
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FIGURE 1: Strategy for sequencing of the gene. The structural and intervening sequences of the gene are represented by closed and open boxes,
and their numbers are shown with the roman numerals I-VIII and the letters A-G, respectively. The sites of labeling are indicated by the
vertical lines, and the corresponding restriction enzymes used were shown above the vertical lines. The arrows indicate the direction and extent
of sequencing using those labeled DNA fragments. Labeling was carried out with [y-**P]ATP and T4 polynucleotide kinase; 3’ labeling was
achieved by filling in the 3’-recessed DNA termini with appropriate 3?P-labeled deoxynucleotides and the Klenow fragment of E. coli DNA
polymerase 1. For assurance of the accuracy of the sequences, a major portion of the gene was sequenced on both strands, as shown by overlapping
arrows of opposite directions; other regions of the gene were sequenced on both strands by doing 5’ and 3’ labeling at the same restriction site.
The sequence of the 5 portion of the gene was derived from OV4.5 and OV3.2 DNAs (panel 2) and the 3’ portion from OV4.8 and OV2.7
DNAs (panel 5). The sequence of the middle portion of the gene was derived from OV2.4 and OV1.8 DNAs (panels 3 and 4). The strategy
for sequencing OV2.4 DNA has been reported previously (Robertson et al., 1979) and is not shown in here. The sequence data were kept
in a computer file and edited by using the SEQEDT program of Staden (Staden, 1977). Appropriate programs were used to search for restriction
cleavage sites and other intrinsic properties of the gene.

Table I: Intrinsic Properties of the Ovalbumin Gene Table II: Distribution of Dinucleotides
struc- exact dinucleotide no. % expected %
tural inter- . size AT
gene vening location (nucle- content :‘é 28; léi lgg
segment sequence in gene otides) (%) AG 565 75 6.1
I 1-47 47 58 AT 625 8.3 9.7
A 48-1636 1589 64 CA 585 7.7 6.2
II 1637-1821 185 54 CcC 247 33 3.6
B 1822-2072 251 62 CG 42 0.6 3.5
II1 2073-2123 51 56 CT 555 7.3 5.6
C 2124-2074 581 61 GA 458 6.1 6.1
v 2705-2833 129 57 GC 320 4.2 3.5
D 2834-3233 400 68 GG 256 34 3.5
\% 3234-3351 118 56 GT 384 5.1 5.6
E 3352-4309 958 61 TA 554 7.3 9.7
VI 4310-4452 143 57 TC 455 6.0 5.6
F 4453-4783 331 64 TG 555 7.3 5.6
VII 4784-4939 156 54 TT 687 9.1 8.9
G 4940-6521 1582 64
VIII 6522-7564 1043 60 determined from the gene sequence with the aid of a computer
and are shown in Table III. Enzymes that do not cut the gene
Cleavage sites on the gene for commercially available re- include BamHI, which has proven useful in cloning of a 3.5-kb

striction enzymes with known recognition sequences were BamHI Herpes virus DNA fragment containing the thymidine
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120
ACATACAGCT AQGAAAGCTGT ATTGCCTTTA GCAGTCAAGC TCGAAMQGTA AGCAACTCTC TGGAATTACC TTCTCTCTAT ATTAGCTCTT ACTTGCACCT AAACTTTAAA AAATTAACAA
240
TTATTOTOCT ATGTGTTGTA TCTTTAAGBG TOAAGTACCT BCOTGATACC CCCTATAAAA ACTTCTCACC TOGTGTATGCA TTCTGCACTA TTTTATTATG TGTAAAAGCT TTGTGTTTGT
340

&
TTTCAGBGAGG CTTATTCTTT GTGCTTAAAA TATGTTTTTA ATTTCAGAAC ATCTTATCCT GTCOTTCACT ATCTBATATO CTTTBCAGYT TBCTTGATTA ACTTCTAGCC CTACAGAGTG

480
CACABAGAGC AAAATCATGG TOTTCAGTOA ATTCTGBGGA GTTATTTTAA TGTGAAAATT CTCTAGAAGT TTAATTCCTG CAAAGTGCAG CTGCTBATCA CTACACAAGA TARAAATOTG

BGOGGTOCAT AAACGTATAT TCTTACAATA ATAGATACAT GTGAACTTAT ATACAGAAAA GAAAATGADA AAAATOTGBTG TGTGTATACT CACACACGTO GTCAGTAAAA ACTTTTGAGG
720
GBTTTAATAC AGAAAATCCA ATCCTBAGOC CCCABCACTC AGTACGCATA TAAAGBGCTG GGCTCTBAAG GACTTCTBAC TTTCACAGAT TATATAAATC TCAGGAAAGC AACTAGATTC
840

ATGCTBGCTC CAAAAGCTBT BCTTTATATA AGCACACTGG CTATACAATA OGTTGTACAGT TCAGCTCTTT ATAATAGAAA CAGACAGAAC AAGTATAAAT CTTCTATTGG TCTATGTCAT
260

GAACAAGAAT TCATTCAGTG GCTCTGTTTT ATAGTAAACA TTGCTATTTT ATCATGTCTG CATTTCTCTT CTGTCTGAAT GTCACCACTA AAATTTAACT CCACAGAAAG TTTATACTAC
1080
AGTACACATG CATATCTTTO AGCAAAGCAA ACCATACCTG AAAGTBCAAT AGAGCAGAAT ATGAATTACA TGCGTBTCTT TCTCCTAGAC TACATGACCC CATATAAATT ACATTACTTA
1200
TCTATTCTAGC CATCACCAAA ACAAAGBTAA AAATACTTTT GAAGATCTAC TCATAGCAAG TABTGTGCAA CAAACAGATA TTTCTCTACA TTTATTTTTA GBGAATAAAA ATAAGAAATA

1320
AAATAGTCAG CAAGCCTCTO CTYTTCTCATA TATCTBTCCA AACCTAARAGT TTACTGAAAT TTGCTCTTTG AATTTCCAGT TTTOCAAGCC TATCAGATTG TBTTTTAATC AGAGGTACTG
1440
AAAAGTATCA ATBGAATTCTA GCTTTCACTG AACAAAAATA TGTAGAGGCA ACTOBCTTCT GGGACAGTTT GCTACCCAAA AGACAACTOA ATBCAARATAC ATAAATAGAT TTATGAATAT
1560

GBTTTTGAAC ATOGCACATGA GAGGBTOBATA TAGCAACAGA CACATTACCA CAGAATTACT TTAAAACTAC TTBTTAACAT TTAATTGCCT AAARACTGCT CGTAATTTAC TBTTGTAGCC
1680

TACCATAGAG TACCCTGCAT GOTACTATGT ACAGCATTCC ATCCTTACAT TTTCACTGTT CTGCTGTTTG CTCTAGACAA CTCAGAGTTC ACCATGGGCT CCATCGGTGC ABCAAGCATG
1800

GAATTTTGTT TTGATGTATT CAAGGAGCTC AAMMGTCCACC ATGCCAATGA GAACATCTTC TACTGCGCCA TTGCCATCAT GTCAGCTCTA GCCATGGTAT ACCTGGGTGC AAAAGACAGC
— 193

ACCAGOACAC AAATAAATAA QOGTOAGCCTA CAGTTAAAGA TTAAAACCTT TGCCCTGCTC AATGGAGCCA CAGCACTTAA TTGTATOATA ATGTCCCTTG GAAACTBCAT AGCTCAGAGG
CTGAAAATCT GAAACCAGAG TTATCTAAAAR BTGTOACCAC CTCCAACTCC CAGAGTGTTA CCCAAATOCA CTAGCTABAA ATCTTBAAAC TOOATTGCAT AACTTCTTTT TOTCAT:::g
ATTATTTCAG CTACTATTAT TTTCAATTAC AGGTIGIICG CITTGATAAA CTTCCAGOAT TCGGAGACAG TATTGAAGCT CAGGTACAGA AATAATTTCA CCTCCTTCTC TATBTCgé$$
TCCTCTBOAA GCAAAATACA GCAGATGAAB CAATCTCTTA GCTOTTCCAA GCCCTCTCTG ATGAGBCAGCT AGTGCTCTGC ATCCAGCAGT TGGGAGAACA CTBTTCATAA BAhChﬁigzz
AAAGAABGAA GTAACAGGGO ATTCAGAACA AACABAAGAT AMAACTCAGOD ACAAAAATAC COTGTGAATG ABBAAACTTG TGOATATTTG TACOCTTAAG CAAGACAGCT ABATGAii%E

GGATAAATOG BTCTOGBTTGG AAAAGAAGBA AAGCCTGGCT GATCTACTGO AGCTAGATTA TTGCAGCAGG TAGGCAGGAO TTYCCCTAGAG AAAAGTATOA OGGAATTACA GAAGAAAAAC
2440
AGCACAAAAT TOTAAATATT GBAAAAGGAC CACATCAGTG TAGTTACTAG CAGTAAGACA GACAGGATOA AARATAGTTT TGTAAACAGA AGTATCTAAC TACTTTACTC TGTTCATACA

2740

CTACGTAAAA CTTACTAAGT AATAAAACTA GAATAACAAC ATCTTTCTTT CTCTTTOTAT TCAGIGIGRC ACATCTGTAA ACGTTCACTC TTCACTTAGA GACATCCTCA ACCAAATCAC
2880

T CCAATCCTG GTAAGTT GCTCTAAAAT CTGATCTGAG TOTATTCCAT GCCAAAGCTC

3000

TACCATTCTO TAATGCAAAA ACAGTCAGAG TTCCACATGT TTCACTAAGA AAATTTCTTT TTCTCTTGTT TTTACAAATG AAAGAGAGGA CAAATAACAT TTCTCTATCA CCOACCTGAA
3120

ACTCTACAGT CTTCAGAGAA TBAATOGGCTT OCTAAAAGAA TGTCAAATCT TACTATACAB CTATTTCATA TTACACTACT AAATACACTA TAAGGCATAG CATGTAGTAA TACAGTGTAA
3240

AATAGCTTTT TACACTACTA TATTATTAAT ATCTGTTAAT TCCAGTCTTG CATTTCACAT TTGCAAAACG TTTTGAAATT CQTATCTGAA AGCTOAATAC TCTTGCTTTA CAGGAATACT
33460

GCAGTGTGT GAAQRAACTG TATAOAQGGAD GCTTOOAACC TATCAACTTT CAAACAGCTG CAGATCAAGC CAGAGAGCTC ATCAATTCCT GGOTAGAAAG TCAGACAAAT GGTAAGGTAG

AACATGCTTT GTACATAGTG AGAGTTOGTT CACCCTAATA CTBAGAACTT GGATATAGCT CAGCCAGCGT GCTTTOCOTT CAAGCTTACC AGAGCTGTTG TATGCCTGTT Ahﬁcﬂﬁgagz
TACAGTCATO AGGCTCTTOA AAAATCTTAA CAGACAAAGG GCAATGBAAA ATCOGAGTTA AGGGATGGTA GGOATAAAAT GCATAGAAAG AGGTACCACA ATTTTGATTT TTBCCC::gg
BCCTCTCTOGC GTGOTTCCTC AATTTTTCTA CTTCATTCCT CATCTCCTCA BAGCATTCCT TTCCCTCATO CTTBAAACAC AGATGAAAGA CTGTOAATTC TAACTGAGAT GAQAAC::gg
ACAACCACAC AACCTCTGGT GTGOAGTCAC ATTCTGTGAA GGCAAMAACT AGBCCACGTA ATCTATGCOT GCAAGCTACO COTAABCTAT GTGTOTGBACA GGACAATBTO hGBAAC:?:g
TATGTGCACA AGGBACTGCAG AATAAACAGG ABCAAAGTTT TTGAAGAAAA CAGAGTAAAA TCCTGTTTTC CTCTTTTGTT ACATTCTTTA CATATATCTC AAATTTCCTC TTTBBTEEéE

AGCAAGTAAT ATTTATGTTT CTTGBTACTG TTTGGGTTGA AGACCATTCT GOGATAAGAG AAATTCCAGT GGTTCTICCC CTAATCATAA AATGTCABOT TTAGTTTTTT TOTAACACAD
AAMATCTCTTC ATCTTTTATC TTTTGTTOTG ATTCTTGATA GAGAGAGAAA CAAGACTTAC TGACAATAGC AGCAAGAAAA TCAATCTTGG AAGAACAAGA TTGCAATTGC AAAAAC:izg
CAATBTCCTT GCCCCTACAT CCTCTTCCCC ATAAATTCTA CATTCTCTAT CTACCTTGTG CTTGCCAACA TOATATACGT AAACTCTCTT TTCCTATTCA TTCTTAAAGS AATTQT;:g:
AATGTCCTTC AGCCAAGCTC CGTGGATTCT CAAACTOCAA TGOTTCTOGGY TAATGCCATT GTCTTCAAAG GACTGTGGOA GAAAGCATTT AAGGATGAAG ACACACAAGC hhTBCC};{%
AGAGTGACTG AGGTATATGG GCATACCTTA BAGATGTAAT CTAGAATTTA TGAAGAGAGT AGACATGTTG TTATATGAAC ACTGCATTAG CGTATCTOGCT CATTTGTCTG CATCTCITTC

4480
AGACACTOTG TTAAAAGCAG GBAATTTTCC TTATGTCTCT CTCOTCACAA TATTCCTGAC ATTGCAAAGC TCCTGAGAAA TAACTTCAGA TTCCACTYTT CCTAGGAAGG CTTCTGGATG
4800

AGAACTAATC ATCTTAACTG TAACTABACA TTTCTGCATC CAAGAATAAT CTTTGTTAAA ACTATATTCT CTCTCTCTTY TYTTTTTYITT TTTGGTTCTC CAGLAAGAAA GCAAACCTGT
4520

GCAGATGATO TACCAGATTG GTTTATITAG AGTGOCATCA ATQOCTTCTO AGAAAATOAA GATCCTGGAG CTTCCATTTO CCAGTGGGAC AATGAGCATO TTGGTGCTGT TGCCTGATGA

AGTCTCAGGC CTTBGAGCAGO TATBGCCCTA GAAGTTOOCT TCAGAATATT AAAAACACAT GGARATTTAG CTOTTGTAAA GCTCTTTTCA ACACAGTTAT CCTAAAACAT TTAACCAGCA
5140

CAAATTTCAT CATGATTCAA TATGTGATTG TTGCATAGAA GTGTAGATTT GTCCCACTGG GTCCTBCAAT AGCCCATGCT GAGCATGGCT TGCTOGAAAGA ACTGCTTTAG AGGATGAAAA

5280
GTTTOACACA GCAGACARBA TOARTTCTCAC CTAAGCAQCT GTTACTGTAG TBGCTTOAAC TCTAAAGGTC TTGTATCTCC ATTCCTGTOC ACTGAGBAGC TTCTTOGAAA GTTCATATAA
3400
BBTTTACTAG TTCTAACTAT TATCTCATTT BOTGGCACTC AATGTOGCTTT GTTCACOTCT TCATAAATTA ATCTATCTAA AAATTGGATG TGGTTAAAGC AATTTCAGAA ATAACATGTA
53520

CATAATOTAC AATTATTGAT ATBAACAGAA CACAGGCATA GCATATTGTA ATTAGGAGGBA CTGTAGTTAT TTTGAATAGG AAACACAATG TAATAAATGA GAATTCATTG AAATGTTAGT
5640
ATGCTAACTC AATCTAAATT ATAAAGATAA AGAGBCATTT AATCACAGCT AGATTTCCAT CACTTBTGAC AGACAGGCAT ATGAATGATT ATGTACAGCT CTAGGAAAAA AAGTATGTAG
5760
BAAAACTAGT ACATTTTGAT TAGAAAGTCT BGAAAATGAGG TOGCCTTGATC AAADAGAATA COTGTGTTTG ABARAAAAAA AGTTTOGATA GAGOTGOBTAA BAGAGAATAT ATTBAAATGG
3880

TGTTTCTACA AACTGCCATB GCCAGATTTG TGTAAGAGAC ATTCABTAAG TAGGCAAGBA AAGAAATATT ACTAGGTACA AAGCAACATC AGTAATACCA AAAGAAACCA ATTATTCCAG
4000

ATBCCAATCT COTAATAGGG TTAAGAGATT TCCACCCCTC TAGTGOTCAC CAGTGCAALC AGTAACTTTO CTAATTTACA TTTTCTTTTT TTAAATGGBCA GATATAGCTT TGAACTGAGT
6120
GATCATGAAC TGBTACTGTO TAATAGATGA AGACATACTT GACGACTAAA CTTCTGATTT TTAAAAACTC AAATTCTCTT GAAAGATCAG TTCCCAGTCT AGTAACAGCT GATAGTTTAA
4240
GTATCAGTAA TTGBCTACCA TTAACAACTG GCTCCTGAGA GOTCTTAAAT GTAGAGACAG CTTTAAACTC AAAAGCACAG AGTGATTTTT AGAATAGATT TCCCAAGCAA AGAAAATAAA

4360

CAGBGAGGAG CTTTAAGGGA GTABCCATCT CATTATTATT ATTATTTAAA GAARATGGCAG CAAGCCTACA AAAGAAAAAT AAGACAGAGC AGAGAAGAAA BAGTCATGGT ATGCTTTTCT
4480

ATCTTAGCAA AATTAATCTC TACATBCCTA GOAAAAAGCC ATGACAAGAG CAATCAGTYC AAAABGTGTA TGCAAAARAC CACATAATAG TAACTAGBTAC TGCATTGCCA GGAAGGAAGT
6600

TATGTCOCCA TTCCATGBAT CTCATTCTCA TTTCCTTOCA GCTTGAGAQT ATAATCAAGY TTGAAAAACT GACTGAATGG ACCAGTTCTA ATGTTATGGA AGAGAGGAAG ATCAAAGTGT
3720

ACTTACCTYCG CATGAAGATO GAGGAAAAAT Al IGTCTTA A CTAT GCATTACTGA COGTGTTTAGC TCTICAGCCA ATCTGTCTOG CATCTCCTCA OCAGAGAGCC

GCAGCAC ATGCA A ATBAAGCA BGCAGAGAGS TGGTAGGH

AAGCACA TCOCAACCAA COCCOTICTC CITTG6CA GATGTGTTTIC CCCTTAAAAA GAAGAAAGCT OAAAAACTCT GTCCCTITCCA ACAABA&C&&
GAGCACTGTA GTATCAGOGG TAAAATGAAA AGTATGYIAT CTGCTGCATC CAGACTTCAT AAAAGCTGBA GCTTAATCTA CAGAAAGAAA TTACACTGTG ABAACAGGTG
CAATTCACTT TTCCTTTACA CAGAGTAATA CTGGTAACTC ATGGATGAAG_GCTTAAGGGA ATGAAATTGG ACTCACAGTA CTGABTCATC ACACTGAAAA ATGCAACCTG ﬁThChYggg%
AGAAGGTTTA TGGGGGAAAA ATGCAQCCTY CCAATTAAGL CAGATATCTG TATGACCAAG CTGCTCCAGA ATTAGTCACT CAAAATCTCT CAGATTAAAT TATCAACTGT ChCCﬁﬁCC:;
1CCTATGCTG ACAAGGCAAT TGCTTGTTCT CTIGTGTTCCT GATACTACAA GGCTCTTCCT GACTTCCTAA AGATGCATTA TAAAAATCTY ATAATTCACA TTTCTCCCTA AaCTYTéé%;
CAATCATGGT ATGTTGOCAA ATATGGTATA TTACTAYTCA AATIGTITTITC CYTOTACCECA TATGTAATGG GICTTGTGAA TGTGCTCTT GITCCTTTIA ATCATAATAA AAACATOTTT

AAGC

TGAAGATATC TCAAG

TCTGAAGAA TTTAGGGCTS
780

ACCATCCATT CCYCTTCTGRY ATC

=

FIGURE 2: Primary sequence of the chromosomal ovalbumin gene. Nucleotide 1 is defined as the first nucleotide present in the mature ovalbumin
mRNA as determined by McReynolds et al., (1978).
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Table [II: Positions of Restriction Enzyme Cleavage Sites in the Chromosomal Ovalbumin Gene ¢

enzyme nucleotide no. b
Accl 564,1777
Alul 7,15, 38, 84, 227, 449, 735, 1340, 1706, 1764, 1911, 1993, 2049, 2117, 2200, 2227, 2387, 2451, 2876, 3059,

3124, 3211, 3296, 3316, 3417, 3443, 3453, 3794, 3805, 4336, 4628, 4869, 4989, 5000, 5197, 5567, 5617, 5986, 6107,

6179, 6249, 6520, 6678, 6734, 6927, 7024, 7030, 7259

Avall 2547, 5100, 6559

Ball 1954
Becll - 455, 5686, 6000
Bglll 1123

BstEII 5925

Ddel 624, 638, 700, 1641, 1913, 2119, 2197, 2325, 2655, 2856, 2925, 3401, 3419, 3647, 3704, 4448, 4467, 4633, 4848,

4924,5119, 5191, 5252, 5995,615S5, 6363, 6707, 7289

EcoRI 389, 847, 1333, 3695, 5501

EcoRII 1782, 1802, 2094, 2434, 3328, 4864

FnudHI 1669, 2225, 2463, 3297,4149, 5195, 6297, 6518, 6744, 6810, 7003, 7223, 7260
Haelll 628, 1955,3772,4928, 4944, 5780

Hgal 6817

HgiAl 358, 1705, 2232, 3315, 3844, 5247,6961, 7522
Hincll 1513
HindIIl 226, 3442

Hinfl 716, 2098, 2300, 2395, 3744, 4110, 4345, 4649, 5054, 5182, 6341, 7150, 7163, 7437

Foal 1513

Hphl 149, 186, 922, 1093, 1649, 1821, 2138, 2757, 2988, 3390, 5153, 5187, 5927, 7310

Kpnl 3572

Mboll 820,907, 1121, 1736, 2315, 2511, 2729, 2810, 3010, 3883, 3999, 4034, 4086, 4170, 4223, 4382, 4417, 4492, 4858
5338, 6029, 6334, 6579, 6587, 6614, 6681, 6722, 6825, 6853, 6889, 6921, 7374

Mnll 247,597, 626, 1215, 1312, 1365, 1461, 1917, 1960, 2141, 2162, 2213, 2350, 2499, 2746, 2966, 3265, 3268, 3490,
3570, 3602, 3617, 3638, 3646, 3664, 3733, 3830, 3910, 3947, 4221, 4450, 5150, 5254, 5456, 5552, 5677, 5731, 5917

6159, 6245, 6584, 6606, 6621, 6706, 6777, 6795, 6851

Istl 3298, 3855
Pyuill 448,3295, 5196, 6106

Rsal 155,642, 774,962, 1315, 1570, 1582, 1589, 2370, 3371, 3573, 3985, 4810, 5398, 5407, 5613, 5649, 5836, 6013,

6457, 6599, 7494

Sau3A 456, 1124, 2441, 2853, 3303, 4861, 5687, 6001, 6085, 6498, 6590
Sau 961 628, 2547, 4944, 6559

Sstl 170s, 3315

Tagl 41

Thal 3799

Xbal 422,1632, 4480, 7036

@ No Cleavage Sites for AvdI, BamHl, Bgll, Clal, Haell, Hhal, Hpall, Mst1, Sall, Smal, Sst1l, Xhol, Xorll. b_ The number given is the first

5’ nucleotide of the recognition sequence and not the point of cleavage.

kinase gene and the entire ovalbumin gene in pBR322 DNA
for transformation of mouse LTK cells (Lai et al., 1980).
Other enzymes that cut the gene only once are Tagl (41),
BglIIl (1123), Hincll or Hpal (1513), Ball (1954), Kpnl
(3572), Thal (3799), BstEII (5924), and Hgal (6817). Of
these, the Tagql (41) site is of particular significance since it
is located within the first structural gene segment and had been
used as a diagnostic site to identify the 5’ end of the gene. In
addition, this site is polymorphic since it is not present in the
genes cloned by another laboratory.

Polymorphism within the Gene. (1) Structural Sequence
Polymorphism. We have previously established a complete
restriction map of the structural ovalbumin gene from its
nucleotide sequence (McReynolds et al., 1978). The Tagql site
at nucleotide 41 is present in the cDNA clones as well as the
corresponding genomic clone (Dugaiczyk et al., 1979) but is
absent in the structural ovalbumin gene cloned by O’Hare et
al. (1979), and the chromosomal gene cloned by Gannon et
al. (1979). A comparison of the nucleotide sequences between
these clones has revealed a G-A transition at nucleotide 43
(Figure 3), resulting in the polymorphic Taql site (TCGA)
at this position. Since this polymorphism occurs within the
S’-untranslated region of the gene, there should be no change
in the amino acid sequence of the protein and is therefore a
silent mutation. Comparison of additional nucleotide se-
quences between the structural regions of the two clones has
revealed another substitution at position 34, which is a G-C
transversion (Figure 3). Again this polymorphism occurs in

MG
1 34 43
ACATACGCTAGAAAGCTGTATTGCCTTTAGCAGTCAAGCTCGAA

v

AGCTGTATTGCCTTTAGCACT CAAGCT CAAA
Taql

79
AGACAACTCAGAGTTCACCATG GGC TCC ATC GGT GCA GCA AGC

AGACAACTCAGAGTTCACCAIG GGC TCC ATC GGC GCA GCA AGC

f-met gly ser ile gly ala ala ser
[ —

Hhal

FIGURE 3: Exonic polymorphism, The 5'-structural sequences of the
gene cloned by us (Catterall et al., 1977; McReynolds et al., 1978)
and by O’Hare et al. (1979) are shown on the upper and lower lines,
spectively. The polymorphic nucleotides are shown with double-headed
arrows, and the nucleotide numbers shown on top of the polymorphic
sites are according to McReynolds et al. (1978). The Tagl recognition
sequence TCGA is present in the upper sequence, and the Hhal
recognition sequence GCGC is present only in the lower sequence.
The third polymorphic nucleotide at position 34 does not result in
the creation or destruction of a restriction site.

the 5’-untranslated region of the gene and is silent. Also, the
restriction enzyme Hhal does not cleave the structural oval-
bumin gene (Catterall et al., 1978; McReynolds et al., 1978).
An independent ovalbumin cDNA clone obtained by O’Hare
et al. (1979), however, appears to contain a Hhal cleavage
site (GCGCQC) at nucleotide 78—-81. In this instance, a com-
parison of the two gene sequences has shown that there is a
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S| e [VS A

AAAG| GTAAGCAACTCTCTGGAATTACCTTCTCT

AAAG| GTAGGCAACTCTCTGGAATTACCTTCTCT

FIGURE 4: Intronic polymorphism. The upper and lower nucleotide
sequences surrounding the junction between the first structural se-
quence (SSI) and first intervening sequence (IVS A) of the gene cloned
by us (Dugaiczyk et al., 1979) and by Gannon et al. (1979), re-
spectively. The alleged splice point in the gene is shown by the vertical
line separating SSI and IVS A. The polymorphic nucleotide is shown
with the double-headed arrow.

T-C transition at nucleotide 79 (Figure 3). The transition
occurs at the third position of the codon for glycine and is an
example of a classical silent mutation due to the degeneracy
of the genetic code. There are two additional silent mutations
in the structural gene, one being an A-G transition at the third
base of the codon for glutamine (nucleotide 226) and the other
being an A-C transversion in the 3’-untranslated regions of
the gene. A sixth polymorphic nucleotide at position 626 (G-A
transition), however, would have caused the change from an
alanine codon GCA (McReynolds et al., 1978) to a threonine
codon ACA (O’Hare et al., 1979). Barring a mistake in the
nucleotide sequence, there should be two types of the oval-
bumin polypeptide.

(2) Intervening Sequence Polymorphism. We have reported
previously that polymorphism in the intervening sequences of
the ovalbumin gene exists between individual animals of the
same species (Lai et al., 1979b). This type of polymorphism
creates genotypic alleles but does not result in any phenotypic
manifestation. In addition to the A-G transition within in-
tervening sequence E of the ovalbumin gene, which has resulted
in the appearance of an additional EcoRI cleavage site, and
some other nucleotide conversions in intervening sequence A,
which have caused the appearance of polymorphic Haelll sites
(Lai et al., 1979b), other intronic polymorphism has been
identified. A Mboll site is present at about 50 bp to the left
of the unique HindlIl site in intervening sequence A of the
ovalbumin gene cloned by Gannon et al. (1979) but is absent
in the gene cloned by us (Figure 4). Furthermore, there is
yet another A—G transition at nucleotide 4 in the intervening
sequence A. The existence of at least two polymorphic sites
within a stretch of about 120 nucleotides in this particular
intervening sequence of the two independently cloned chro-
mosomal ovalbumin genes confirms our previous notion that
the frequency of this type of polymorphism must be rather high
within intervening sequences.

(3) Flanking Sequence Polymorphism. The nucleotide
sequences at the 5’-flanking region of the ovalbumin genes
cloned by us and Gannon et al. (1979) are shown in Figure
S, and polymorphism in this region is again common. In
addition to a G—C transversion at nucleotide —61, there is a
G-A transition at nucleotide —34. This transition is only two
nucleotides from the Hogness box sequence TATATAT which
is located at positions —32 to —26 from the 5’ end of the gene
(Figure 5). It has been suggested that the GC-rich regions
surrounding the E. coli lac promoter sequence may be an
important feature for RNA polymerase binding (Dickson et
al., 1975). This polymorphic nucleotide, however, indicates
that the most critical domain within the gene for RNA po-
lymerase recognition and transcription initiation may not
exceed two nucleotides beyond the Hogness box.

WOO ET AL.
61 34 CTP
CGAACCTGTGEGTGGGTCACAATTCAGACTATATATTCCCCAGGGCTCAGCCAGTGTCTGTACA

GGAACCTGTGOOTGGETCACAATTCAGGCIATATATTCCCCAGGGCTCAGCCAGTGTCTGTACA
32 <26

FIGURE 5: Flanking sequence polymorphism. The upper 5'-flanking
sequence was obtained from pOV4.5 cloned by Dugaiczyk et al. (1979),
and the lower sequence was from Gannon et al. (1979). The start
site for the structural sequence is indicated by the CAP arrow.
Polymorphic nucleotides are shown with double-headed arrows, and
the Hogness box sequence TATATAT are underlined.

Hogness Box Sequences within the Ovalbumin Gene. At
32 bp preceding the 5’ terminus of the ovalbumin gene, the
heptanucleotide sequence TATATAT occurs. This heptanu-
cleotide resembles the Hogness box sequence common among
eucaryotic genes transcribed by RNA polymerase II. Owing
to its similarity with the Pribnow box sequence which is a
recognized procaryotic promoter for transcription (Pribnow,
1975), a eucaryotic promoter function of the Hogness box
sequence has been implicated. Furthermore, recent cell-free
transcription experiments of cloned eucaryotic gene fragments
have suggested that the Hogness box sequence is indeed re-
quired for proper RNA initiation (Weil et al., 1979; Manley
et al.,, 1980; Luse & Roeder, 1980; Wasylyk et al., 1980;
Talkington et al., 1980; Tsai et al., 1981). We have attempted
to determine indirectly whether the Hogness box sequence
alone is sufficient for correct transcription initiation by
searching for known Hogness box sequences within the
chromosomal ovalbumin gene (Table IV).

Although there is no TATATAT sequence within the
ovalbumin gene, such a sequence occurs about 1000 bp further
upstream from the 5 end of the gene. In addition, a search
for 11 additional established Hogness box sequences has
identified a total of 17 such sequences internal to the gene,
of which 13 are present in the various intervening sequences
and 4 in structural sequence VIII (Table IV). It is also in-
teresting to note that all four Hogness box sequences present
in structural sequence VIII are limited to the 3’-untranslated
region of the gene. The possibility of these internal promoter
sequences not being utilized for lack of an initiating purine
30 nucleotides away appears unlikely since a search for purines
at those positions has revaled ample AC and AT dinucleotides
which are known initiation nucleotides for many eucaryotic
genes (Table V). These observations would argue that the
Hogness box sequence alone cannot be a sufficient and
universal signal for initiation of transcription.

AATAAA Hexanucleotide within the Ovalbumin Gene.
The obligatory presence of the hexanucleotide AAUAAA in
the 3’-untranslated region of eucaryotic mRNAs has led to
the hypothesis that it is a signal for either transcription ter-
mination or polyadenylation (Proudfoot & Brownlee, 1976).
The fact that sea urchin histone genes H2A and H3 do not
possess the hexanucleotide sequence and are not poly-
adenylated would lend some support to the hypothesis, al-
though the H2B gene does contain such a sequence in the
3’-untranslated region at 97 nucleotides following the termi-
nation codon TAG (Sures et al., 1978). Whether the hexa-
nucleotide alone is sufficient for signaling such biological
processes has been analyzed indirectly by searching for such
sequences within the ovalbumin gene. In addition to the
AATAAA hexanucleotide present at the 3’-untranslated region
of the structural gene, there are seven more such sequences
scattered among intervening and structural sequences (Table
VI). Since aborted RNA transcripts of the ovalbumin gene
have not been detected in the oviduct cell, the presence of
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Table IV: Eucaryotic Promoter Sequences within the Chromosomal Ovalbumin Gene
location in
present at
promoter position of structural intervening
eucaryotic genes sequence ¢ ovalbumin gene  sequence sequence
chick ovalbumin, chick ovomucoid TATATAT 0
Ad 2 major late chick conalbumin B. mori fibroin TATAAAA 174 A
7399 VIII
chick insulin TATAATT 7410 Vil
chick g-globin GATAAAA 469 A
2318 C
3553 E
rabbit g-globin CATAAAA 4046 E
7018 VIII
mouse g-globin, major CATATAA 647 A
1061 A
5274 G
mouse g-globin, minor TATATAA 691 A
745 A
mouse immunoglobulin V AL TATATTA 78 A
3139 D
7467 VIII
rat insulin TATAAAG 5540 G
sea urchin and Drosophila histones TATAAGT 0
TATAAAC 0
TATAAAT 0

@ These sequences were derived from the following studies: Gannon et al. (1979); Lai et al. (1979a); Ziff & Evans (1978); Bernard et al.

(1978); Konkel et al. (1978); Hardison et al. (1979); Van den Berg et al. (1978); Day et al. (1981); Lomedico et al. (1979); Cordell et al.
(1979); Perler et al. (1980); Cochet et al. (1979); Tsujimoto & Suzuki (1979); Schaffner et al. (1978); Sures et al. (1978).

Table V: Nucleotide Sequences Neighboring the Eucaryotic Promoters

position in gene

nucleotide sequence

1 u 21 a
78 ACCTTCTCTCTATATTAGCTCTTACTTGCACCTAAACTTTAAAAAATT

174 TGATACCCCCTATAAAAACTTCTCACCTGTGTATGCATTCTGCACTAT

469 CACTACACAAGATAAAAATGTGGGGGGTGCATAAACGTATATTCTTAC

649 TCAGTACGCATATAAAGGGCTGGGCTCTGAAGGACTTCTGACTTTCAC

691 TTTCACAGATTATATAAATCTCAGGAAAGCAACTAGATTCATGCTGGC

745 AGCTGTGCTTTATATAAGCACACTGGCTATACAATAGTTGTACAGTTC
1061 TACATGACCCCATATAAATTACATTACTTATCTATTCTGCCATCACCA
2318 ACAAACAGAAGATAAAACTCAGGACAAAAATACCGTGTGAATGAGGAA
3139 TTTACACTACTATATTATTAATATCTGTTAATTCCAGTCTTGCATTTC
3553 GGATGGTAGGGATAAAATGCATAGAAAGAGGTACCACAATTTTGATTT
4046 TTCCCCTAATCATAAAATGTCAGGTTTAGTTTTTTTGTAACACAGAAA
5274 TTGGAAAGTTCATATAAGGTTTACTAGTTCTAACTATTATCTCATTTG
5540 CAATCTAAATTATAAAGATAAAGAGGCATTTAATCACAGCTAGATTTC
7018 ATCCAGACTTCATAAAAGCTGGAGCTTAATCTAGAAAAAAAATCAGAA
7399 AAAGATGCATTATAAAAATCTTATAATTCACATTTCTCCCTAAACTTT
7410 ATAAAAATCTTATAATTCACATTTCTCCCTAAACTTTGACTCAATCAT
7467 GCAAATATGGTATATTACTATTCAAATTGTTTTCCTTGTACCCATATG

multiple AATAAA hexanucleotides within the gene would
suggest that the seven additional hexanucleotides are not being
used or recognized for termination of transcription or poly-
adenylation. Therefore, it appears that the hexanucleotide
alone is not sufficient for specifying such biological functions.

Potential Splice Junctions in the Ovalbumin Gene. Due
to the complementarity between the rat Ul small nuclear
RNA to the intervening sequences at splice junctions of eu-
caryotic genes, it has been postulated that this small RNA
molecule may provide the specificity for splicing of eucaryotic
precursor RNAs to mature mRNAs. Consequently, the
complementarity of rat Ul RNA with the intervening se-
quences at the 14 legitimate splice junctions of the ovalbumin
gene was analyzed. When G-U base pairing is allowed for
but looping out of nucleotides is disallowed, the complemen-
tarity between the 5’ octanucleotides of the seven intervening
sequences with rat Ul RNA ranges from four to six nucleo-
tides (Table VII). By use of the same percent complemen-
tarity, potential splice junctions with the first two nucleotides
being GT in the ovalbumin gene were tabulated. At 50%
complementarity level, all 7 legitimate splice junctions were

Table VI: Presence of the AATAAA Hexanucleotide
within the Chromosomal Ovalbumin Gene

location in gene

nucleotide structural
no. sequence

1184
1197
1812 II
2661
3861
5492
6235
7546

intervening
sequence

QOma >

VIII

detected among a total of 294 potential splice junctions, of
which 68 are present in structural sequences. At 62.5%
complementarity level, only five of the seven legitimate splice
junctions were detected, although the number of total potential
splice junctions has been reduced to 168, of which 28 are
present in structural sequences. At 75% complementarity,
there were only 61 potential splice junctions observable, but
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Potential Splice JTunctions in the Chromosomal Ovalbumin Gene As Predicted from Complementarity with Rat Ul snRNA

Table VII:

BIOCHEMISTRY

(legitimatc
splice junctions

(legitimate
splice junctions
found)/(total

found)/(total
potential

lcgitimate

frequency of potential
splice junction in gene ?

complementarity

with rat Ul snRNA

junction
present) (%)

junctions
present)

no. of
nucleotides

intervening

legitimate
splice junctions

total

SS

%

sequence

IR

nucleotide sequence ¢
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[ORGRIRINE =R all - RN RN I b]

AUUUCCUUGCAG

GUAAGUUG

GUGAGCCU

GUAUGGCC
GUAAGGUA

GUAAGCAA

UCAUUCUUAAAG

UGUUUGCUCUAG
UUGGUUCUCCAG

CUUGCUUUACAG

UUUCAAUUACAG
CUUUGUAUUCAG

GUACAGAA
GUAUAUGG

SS/IVS
1VS/SS

b Number of regions in the gene capable of forming duplex with rat Ul snRNA with corresponding percentage of complementarity.

¢ Underlined nucleotides are complementary with rat Ul snRNA.
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8 are still present in structural sequences, and 4 legitimate
splice junctions have been missed. Thus, as the level of com-
plementarity increases, there appears to be an inverse rela-
tionship between the ratio of (legitimate junctions found)/
(legitimate junctions present) to the ratio of (legitimate
junctions found)/(potential junctions present). Such a rela-
tionship is not apparent between the 3’-terminal dodecanu-
cleotides and rat Ul RNA (Table VII). Six of the seven
legitimate splice junctions contain eight nucleotides comple-
mentary to rat Ul RNA. At 66.6% complementarity, there
are a total of 91 potential splice junctions with the last two
nucleotides being AG; 21 of these are located in structural
sequences (Table VII). At 75% complementarity, there are
a total of 29 potential splice junctions, of which 9 are present
in the structural sequences, even though the other 6 legitimate
splice junctions have been missed. The detection of potential
splice junctions within structural sequences at the highest level
of stringency would suggest that complementarity with Ul
RNA may not be a universal signal for RNA splicing.

Discussion

By use of cloned overlapping DNA fragments of the
ovalbumin gene, the nucleotide sequence of the entire chro-
mosomal gene has been established. Since sequencing was
performed on both strands over the major portion of the gene
including those containing the polymorphic nucleotides, the
accuracy of the sequence should be rather good. The chro-
mosomal gene is 7564 bp in length and codes for a mature
mRNA of 1872 nucleotides, with the remainder of the se-
quence being distributed among 7 intervening sequences
ranging from 52 to 1589 nucleotides in length. The nucleotide
content of the gene is 62.3% AT, reflecting the rather high
AT content in the intervening sequences.

Polymorphism appears to be a rather common feature of
the ovalbumin gene. Two polymorphic nucleotides are present
between two independently cloned genes within the $’-un-
translated region (64 nucleotides) of the structural gene. Since
both species of chicken produce large quantities of the oval-
bumin polypeptide, the mutations at these particular locations
presumably have little or no significant effect on ribosome
binding or translation efficiency of the two messenger RNAs.
We have recently isolated 87- and 92-nucleotide T1-resistant
RNA fragments from ovalbumin mRNA after they were
bound to the wheat germ 40S ribosomal subunit and its as-
sociated initiation factors (Schroeder et al., 1979). Both of
these fragments contain the 5’ end of the mRNA through the
initiation codon AUG. Structural and sequence analysis of
these RNA fragments have indicated that there could be
substantial base pairing between the 5’ end of the mRNA with
the 3’ end of 18S rRNA. The base substitution at nucleotide
43 appears to have occurred in the region of the mRNA that
has no complementarity with the 3/ end of 18S mRNA and
should presumably not affect the efficiency of ribosome
binding. The G-C transversion at nucleotide 34, however,
would have decreased the 13-bp mRNA /rRNA region by 1
G/C pair. The effect of such a mutation on the stability of
the entire mRNA/rRNA complex may not be sufficient to
reduce the translational efficiency of the mRNA to a signif-
icant extent. It would, however, be interesting to compare the
relative translational efficiency of the two ovalbumin mRNAs
under a variety of conditions in order to investigate the sig-
nificance of such a base substitution in the leader sequence
of a eucaryotic gene.

In addition to the silent mutations in the structural gene,
polymorphism within intervening sequences has proven to be
a frequent event (Lai et al., 1979b). The significance of the
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polymorphic nucleotide at position 4 in intervening sequence
A, however, is beyond polymorphism per se. The fact that
a nucleotide substitution can occur at a position so close to
a splice point and yet presumably allow proper splicing could
indicate that the absolute sequence signal for splicing may not
extend very much farther than the GT dinucleotides at the
5’ end of an intervening sequence. On the other hand, since
the polymorphic nucleotide at this critical position is an A-G
transition and the corresponding nucleotide in Ul RNA is a
uridine, it may not have a detrimental effect on splicing if the
signal is indeed provided by base complementation with Ul
snRNA and G-U base pairing exists in the cell.

There are two polymorphic nucleotides within the first 61
nucleotides at the 5’-flanking region. The A-G transition at
nucleotide —34 is of particular significance, owing to its re-
lationship with the Hogness box sequence at —32 to —26. This
presumably silent mutation would again suggest that the most
critical domain of the promoter may not extend by more than
one or two nucleotides 5’ from the Hogness box sequence itself.
Such a conclusion appears to be supported by the capacity for
correct initiation in a cell-free transcription system of the
cloned ovalbumin gene in which the nucleotide sequences 5/
to the Hogness box had been deleted (Tsai et al., 1981).

The Hogness box alone, however, does not appear to be the
only signal required for transcription initiation because many
such sequences occur throughout the ovalbumin gene and
appear not be utilized in the intact oviduct cell. Furthermore,
the failure of RNA polymerase to utilize these internal pro-
moter sequences is not due to the lack of an initiating purine
30 nucleotides 3’ from the box. In fact, the Hogness box
sequence of the major late adenovirus II gene TATAAAA is
present at nucleotide 174-181 in the first intervening sequence
of the gene. This promoter sequence not only is not recognized
in vivo but also is not recognized in the cell-free transcription
system (Tsai et al., 1981). Thus, whatever the additional
signal(s) is (are) for transcription, it can be identified by a
combination of site directed mutgenesis and gene transcription
assays such as cell-free transcription or DNA-mediated gene
transfer.

The presence of multiple hexanucleotide AATAAA se-
quence internal to the gene and the lack of evidence that they
are recognized in the oviduct cell again suggest that its
universal presence in the 3’-untranslated region of eucaryotic
mRNAs may not be the only signal required for either tran-
scription termination or polyadenylation. On the other hand,
although the U1 small nuclear RNA has been postulated to
play an important role in specifying RNA splicing through
base complementation, the fact that many such nonfunctional
complementary regions are present in the structural gene se-
quence would argue that Ul RNA alone cannot provide for
all of the specificity for RNA splicing, if it is involved in
splicing at all. From these analyses, a generalized conclusion
may be reached: as important as all of these consensus se-
quences are, they cannot be the only signals specifying the
alleged biological functions.
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Structure of Ferric Pseudobactin, a Siderophore from a Plant Growth

Promoting Pseudomonas'

Martin Teintze, M. B. Hossain, C. L. Barnes, John Leong,* and Dick van der Helm*

ABSTRACT: Both plant growth promoting Pseudomonas B10
and its yellow-green, fluorescent iron transport agent (side-
rophore) pseudobactin enhance the growth of the potato and
control certain phytopathogenic microorganisms. The struc-
ture of the title compound has been determined by single-
crystal X-ray diffraction methods using counter data. The
structure consisted of a linear hexapeptide, L-Lys-D-threo-g-
OH-Asp-L-Ala-D-allo-Thr-L-Ala-D-N*-OH-Orn, in which the
N3-OH nitrogen of the ornithine was cyclized with the C-
terminal carboxyl group, and the N-amino group of the lysine
was linked via an amide bond to a fluorescent quinoline de-
rivative. The iron-chelating groups consisted of a hydroxamate
group derived from NV°-hydroxyornithine, an o-hydroxy acid
derived from B-hydroxyaspartic acid, and an o-dihydroxy
aromatic group derived from the quinoline moiety. The
combination of metal-chelating ligands and the alternating L-
and D-amino acids was unusual. The title compound crys-

Specific strains of the Pseudomonas fluorescens-putida
group have recently been used as seed inoculants on crop plants
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tallized as a single coordination isomer with the A absolute
configuration. The present study is the first structural de-
termination of a fluorescent siderophore. In the crystal
structure, ferric pseudobactin formed a dimer, which consti-
tuted the asymmetric unit. The asymmetric unit also contained
26 water molecules. The molecules in the dimer were related
by a pseudo-2-fold symmetry axis. Red-brown crystals of ferric
pseudobactin (C4,Hs9N,0,6Fe-13H,0), obtained from pyr-
idine-acetic acid buffer solution equilibrated with water,
conformed to space group 12 with a = 29.006 (23) A, b =
14.511 (13) A, ¢ = 28.791 (21) A, and 8 = 96.06 (5)° at -135
(2) °C. For eight molecules per unit cell, the calculated density
was 1.38 g/cm’; the observed density was 1.40 g/cm®. The
structure was refined by least-squares methods with anisotropic
thermal parameters for all nonhydrogen atoms to a final R
factor of 0.08 (8989 observed reflections).

to promote growth and increase yields. These pseudomonads,
termed plant growth promoting rhizobacteria (PGPR),! rapidly
colonize plant roots of the potato, sugar beet, and radish and
cause statistically significant yield increases (Kloepper et al.,

! Abbreviations used: PGPR, plant growth promoting rhizobacteria;
PITC, phenyl isothiocyanate; CF;COOH, trifluoroacetic acid; N:-OH-
Orn, M-hydroxyornithine; 3-OH-Asp, @-hydroxyaspartic acid; KB,
King’s medium B; PTH, 3-phenyl-2-thiohydantoin; TLC, thin-layer
chromatography; CD, circular dichroism; I, intensity; F, structure factor;
rms, root mean square; W, water molecule.
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