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The human gene encoding the transcription factor C/EBP« was isolated from an umbilical cord
genomic library screened by low stringency hybridization. Two overlapping clones were
characterized by restriction enzyme analysis and included 13.2 kb of the C/EBPa locus. The entire
gene and 471 bp of the promoter were sequenced. The human C/EBPa gene is 2783 bp long and
encodes a 356 amino acid long protein, which is the same in length as for rat C/EBPo. Compared
to rat C/EBPa, there are two insertions of two amino acids and one deletion of four. The amino
acid similarity between the two proteins is over 92%. The human C/EBPa gene was found to be
expressed at the highest levels in placenta. High expression was also found in liver, lung, skeletal
muscle, pancreas, small intestine, colon and in peripheral blood leukocytes. However, the
expression was undetectable or very low in brain, kidney, thymus, testis and ovary. These results
show that the human C/EBPa gene is expressed in a tissue restricted manner. e 1935 acadenic

Press, Inc.

CCAAT/enhancer binding protein alpha (C/EBPa) 1s a transcription factor and the prototype of the
basic region-leucine zipper (bZIP) class of DNA binding proteins. The bZIP transcription factors
are characterized by a region rich in basic amino acids which binds DNA and a leucine zipper
domain that is used for dimerization (1). This class of transcription factors binds to DNA as either
heterodimers or homodimers (1), and can be divided into several subgroups depending on their
DNA binding and dimerization specificities. C/EBPa selectively dimerizes with factors belonging
to the C/EBP family (2). To date, at least six members of this family have been identified (2-10).
These proteins are believed to bind to the same nucleotide sequence, with the exception of C/EBPE
(CHOP) which not is believed to bind DNA (10).

Genes encoding C/EBPa have been cloned from several species and they show a high degree of
evolutionary conservation, suggesting that it has a critical function. So far the C/EBPa gene
sequences for the rat (3), mouse (4), chicken (11) and for the amphibians, Xenopus (12) and Rana
Catesbeiana (13) have been reported. A homologue to the C/EBP family has also been cloned
from Drosophila (14).

"The nucleotide sequence reported in this paper has been deposited in the EMBL/GenBank data base
libraries under accession number U34070.
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ABBREVIATIONS: C/EBPc, CCAAT/enhancer binding protein o; USF, upstream stimulating
factor; bZIP, basic region-leucine zipper.
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Studies of the expression patterns in rat and mouse have shown that C/EBPa is expressed in a
rather tissue-restricted manner. High expression has been reported in liver, white fat, brown fat,
placenta, intestine, lung and in myelomonocytic cells (4, 9, 15, 16). Within a given tissue,
expression is often highest in terminally differentiated cells. Thus, C/EBPa is highly expressed in
differentiated adipocytes (2, 15, 17-20) as well as the more differentiated cells of the liver and gut
epithelial cells (21). However, during macrophage differentiation the opposite is true with high
C/EBPa expression in proliferating cells and lower in terminally differentiated cells (16).

It has been reported that the rat and mouse C/EBPo. mRNA can be translated into two major
proteins with molecular weights of 42 and 30 kDa, respectively (22, 23). This is due to a
mechanism in which ribosomes scan the C/EBPa mRNA and can start translation at a second start
codon resulting in the shorter protein. The ratio between the products seems not to be subject to
regulation which is in contrast to the regulated expression of the corresponding products translated
from the C/EBPB mRNA (24). The shorter gene products have been shown to act as repressor

molecules in both cases (22-24).

Studies of the regulation of the mouse C/EBPa gene has shown that the gene is autoregulated,
indicating that a tight control of its expression is needed (25, 26). A USF/MYC binding site,
important for high levels of expression, is also found in the promoter. Recently, the human
C/EBPa promoter was cloned and characterized (27). It was seen that the human C/EBPa gene is
autoregulated through a mechanism different from that operating on the mouse gene due to the fact
that it lacks C/EBP binding sites. Autoregulation of the human gene is achieved by enhanced
expression of the USF transcription factor by C/EBPa. USF has been shown to positively regulate
the C/EBPa gene.

Since the C/EBPa gene is often expressed in terminally differentiated cells and is involved in
terminal differentiation of certain cell types (18, 28) suggests that it is an attractive molecule to
study in terms of carcinogenesis and neoplasm formation. In an effort to further characterize
members of the C/EBP gene family, we have isolated the human homolog to the C/EBPa gene.
Here we report the nucleotide sequence of the entire gene and its promoter region. We also show

the mRNA expression patterns in several human tissues.

MATERIAL AND METHODS

Isolation of genomic clones containing the human C/EBPa gene

A human genomic Lambda DASH I library derived from human umbilical vein endothelial cells
from a pool of sixteen umbilical cords (Stratagene) was screened under low hybridization
conditions with probes corresponding to the bZIP region of the mouse C/EBPa gene (a 400bp
Pstl/Sstl fragment) (4) and a 1 kb PstI fragment from the rat C/EBP3 gene including almost the
entire coding region (2). Probes were radioactively labeled by the random primer method
(Amersham). The hybridization was performed in 43% formamide, 5x Denhart’s solution, 5x
SSC, 0.5% SDS and 100 pg/ml salmon sperm DNA at 37°C with a mixture of both probes.
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Southern blot analysis and phage DNA restriction mapping

Phage DNA was prepared as described (29). Southern blot analysis was performed with Hybond
N filters according to the manufacturers recommendations (Amersham). For restriction mapping of
the phage DNA the inserts were excised by Notl digestion. The DNA was then partially cut with
either EcoRI, BamHI or HindIII and Southern blot was performed according to standard
procedures(30). Hybridization was in 6xSSPE, 3x Denhart’s solution, 1% SDS with T3 and T7
primers, which hybridizes to the phage vector, labeled by phosphorylation with kinase and
[y-32P]dATP as probes.

Subcloning and sequencing

The phage clone containing the longest insert was chosen for DNA sequence determination. From
this phage a 3.7 kb EcoRI fragment was subcloned into the pBluescript KS- vector making the
plasmid pB28E3.7 and a 5 kb BamHI fragment was subcloned into the pGEM3zf+ vector making

the plasmid pG28B5.0. Sequencing was performed by dideoxynucleotide chain termination (31),
using Sequenase version 2.0 (USB, Cleveland, OH) and fluorescent dye-labeled terminators (ABI)
on the ABI 373A automated sequencer.

Northern blot analysis

Human multiple-tissue Northern blots (Clontech) containing approximately 2 ug poly(A)* RNA
were used to determine the expression of the C/EBPa gene. The blots were prehybridized and then
hybridized at 42°C in 50% formamide/ 10x Denhardt’s solution/ 5x SSPE/ 2% SDS containing 100
pg/ml sonicated salmon sperm DNA. The probes, a 700 bp Eco RI/ Hind Il fragment from the 3~
untranslated region of the human C/EBPa gene and the human f-actin cDNA, were labeled as
described above. The blots were washed twice in 2xSSC/ 0.05% SDS at room temperature and
twice in 0.1xSSC/0.1% SDS at 50°C which was followed by autoradiography.

RESULTS

Isolation and restriction enzyme analysis of two overlapping human C/EBPa genomic clones
Screening of approximately 9 x 105 plack forming units from a human genomic library under low
hybridization conditions with probes that included the mouse C/EBPo and the rat C/EBPS bZIP
regions yielded two clones that contained the C/EBPu gene. These clones were mapped using
several restriction enzymes, creating a 13.2 kb long restriction map of the locus. In figure 1, a
restriction map of the insert of the longest clone, is presented. In addition three clones containing
the human C/EBPS gene were found. However, these clones were not characterized further, since
the human C/EBP$ gene has recently been identified (32, 33).

DNA sequence analysis

DNA fragments from a representative phage clone were subcloned into plasmid vectors and
sequenced. The nucleotide sequence of 471 bp of the promoter region and the entire gene,
including 120 bp of the 5" noncoding region and 1585 bp of the 3" noncoding region as well as the
deduced amino acid sequence is shown in Figure 2. The human C/EBPa gene is intron-less with
an open reading frame of 1068 bp. The GC content of the coding region is very high, almost 75%.
Compared to the rat C/EBPa gene, the nucleotide identity is 90% in the coding region. On amino
acid level, the identity is over 92%. Figure 3 shows an alignment of the human and rat C/EBPo.
The human C/EBPa has two insertions of two amino acids at positions 100 and 190. In addition,
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hC/EBPa locus

hC/EBPx gene

Figure |. Restriction map of the human C/EBPa locus.

The longest genomic clone was mapped using restriction enzymes. The gene and
surrounding area is shown in higher resolution. The open reading frame is shown as a dark box
and the 57- and 3"~ untranslated regions as open boxes. The arrow indicates the start site and
direction of transcription. Restriction enzymes are abbreviated as follows: B, BamHI: E, EcoRI:
H, HindIII; N, NotI; P, Pstl; X, Xhol and Xb, Xbal.

there is also a deletion of four amino acids at position 266. In total 18 amino acids differed in the
human C/EBPa compared to the rat protein. However, in the bZIP region the rat and human

proteins are identical.

The overall nucleotide identity of the first 390 bp between the mouse and the human promoter is
63%. The human promoter region contains a TATA box and initiator sequence that are identical
with those of the mouse gene. Upstream of the TATA box binding sites for USF and several sites
for SP1 and AP2 are found. The sequence between nucleotide -184 and -174 corresponds to the
region where there is a C/EBP binding site in the mouse promoter. However, within this site there
is one nucleotide that differ and it has been shown that C/EBPa can not bind to this region in the
human promoter (27). We have also determined the chromosomal localization of the human
C/EBPa to chromosome 19q13.1 gene by fluorescence in situ hybridization (not shown) This is

in accordance with other reports (34, 35).

Expression of C/EBPa transcripts in human tissues

Northern blot analysis showed that the C/EBPa gene is expressed in a tissue specific manner
(Figure 4). After normalization of the signal obtained with a B-actin probe, placenta appeared to
express the highest steady-state levels of the approximately 2.7 kb C/EBPa mRNA. High
expression levels was also detected in liver, lung, skeletal muscle, pancreas, small intestine, colon
and in peripheral blood leukocytes. Intermediate expression was detected in heart, spleen and
prostate. Brain, kidney, thymus, testis and ovary expressed very low or undetectable C/EBPa

levels.

DISCUSSION

Six members of the C/EBP family have been identified to date. However, the DNA sequences have

only been reported for two of the human homologues. In this study genomic clones containing the
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CTGCAGCCTCCCCGGGACGCGGGTCCGGGACAGGCCTGGTTCTGGCTTTGAAAGAGAATCCGCGCC -406
CCAGCAGCTCAAGACCAAGACTCGCCCTCCGCCCCCCACCCCTACCCCGTGCAGCCTCGGGATACT -340
CCTGGGCTCCCGGCCGTGGCTGGATACGGGCGCCTAGGGCAGGCAGGAGGAGGGGGCCCCCGCTAC 274
CGACCACGTGGGCGCGGGGGCGACGGCCGGGCCGGGGGCGGAGCTTGGAGCGAGCGCLGCGGCTCT ~-208
GCTGGGCGCGCTGGAGGCGGTGGGCGTTGCGCCGCGGCCTGCCTGGGGAGCGCGGCGCTGTGCCGC -142
GTGGTTCGCCGCCCCATGCCGGCCGCGCGCTAGGACCCAGCAGGCGCCGCGCCGCCGCAGCCLGGG -76
TATA-BOX
GACAGAGGCCGCCTCGGACTCTAGGGGGCGACGCGGCCTGCCGGGTATAAAAGCTGGGCCGGLGCG -10
+1
GGCCGGGCCATTCGCGACCCGGAGGTGCGCGGGCGCGGGCGAGCAGGGTCTCCGGGTGGGCGGLGG 57
M 1
CGACGCCCCGCGCAGGCTGGAGGCCGCCGAGGCTCGCCATGCCGGGAGAACTCTAACTCCCCCATG 123
E S A D F Y E A E P R P P M 8 8 H L Q s P P 23
GAGTCGGCCGACTTCTACGAGGCGGAGCCGCGGCCCCCGATGAGCAGCCACCTGCAGAGCCCCCCG 189
H A P S S A A F G F P R G A& G P P K P P A P 45
CACGCGCCCAGCAGCGCCGCCTTCGGCTTTCCCCGGGGCGCGGGCCCGCCGAAGCCTCCCGCCCCA 255
P A A P E P L G G I C E H E T s I D I s A Y 67
CCTGCCGCCCCGGAGCCGCTGGGCGGCATCTGCGAGCACGAGACGTCCATCGACATCAGCGCCTAC 321
I D P A A F N D E F L A D L F Q H S R Q 0O E 89
ATCGACCCGGCCGCCTTCAACGACGAGTTCCTGGCCGACCTGTTCCAGCACAGCCGGCAGCAGGAG 387
K A K A AV G P T G G G G G G D F D Y P G A 111
AAGGCCAAGGCGGCCGTGGGCCCCACGGGCGGCGGCGGCGGCGGCGACTTTGACTACCCGGGCGCG 455
P A G P G G A V M P GG A H G P P P G Y G C 133
CCCGCGGGCCCCGGCGGCGCCGTCATGCCCGGGGGAGCGCACGGGCCCCCGCCCGGCTACGGC TG 519
A A A G Y L DG R L E P L Y E R V G A P A L 155
GCGGCCGCCGGCTACCTGGACGGCAGGCTGGAGCCCCTGTACGAGCGUGTCGGGGCGCCGGCGLTG 585
R P L Vv I K 9Q E P R E E D E A K Q L A L A G 177
CGGCCGCTGGTGATCAAGCAGGAGCCCCGCGAGGAGGATGAAGCCAAGCAGCTGGCGCTGGCCGGC 651
L F P Y Q P P P P P P P S H P H P H P P P A 199
CTCTTCCCTTACCAGCCGCCGCCGCCGCCGCCGCCCTCGCACCCGCACCCGCACCCGCCGCCCGLG 717
H L A A P H L Q F @ I A H C G ¢ T T M H L 221
CACCTGGCCGCCCCGCACCTGCAGTTCCAGATCGCGCACTGCGGCCAGACCACCATGCACCTGCAG 783
P G H P T p P P T P V P 8§ P H P A P A L G A 233
CCCGGTCACCCCACGCCGCCGCCCACGCCCGTGCCCAGCCCGCACCCCGCGCCCGCGCTCGGTGCC 849
A G L P G P G 5 A L K G L G A A H P D L R & 265
GCCGGLCTGCCGGGCCCTGGCAGCGUGCTCAAGGGGCTGGGCGCCGCGECACCCCGACCTCCGCGCG 915
s 6 G T G A G K A K K S VD KN S N E Y R V 287
AGTGGCGGCACGGGCGCGGGCAAGGCCAAGAAGTCGGTGGACAAGAACAGCAACGAGTACCGGGTG 981
R R E R NN I A V R K 8§ R D K A XK @ R N V E 309
CGGCGCGAGCGCAACAACATCGCGGTGCGCAAGAGCCGCGACAAGGCCAAGCAGCGCAACGTGGAG 1047
T Q @ K v L E L T 8 p N D R L R K R V E Q L 331
ACGCAGCAGAAGGTGCTGGAGCTGACCAGTGACAATGACCGCCTGCGCAAGCGGGTGGAACAGCTG 1113
s R E L D T L R G I F R Q L P E 8 S L VvV K A 353
AGCCGCGAACTGGACACGCTGCGGGGCATCTTCCGCCAGCTGCCAGAGAGCTCCTTGGTCAAGGCC 1179
M G N ¢ A * 358
ATGGGCAACTGCGCGTGAGGCGCGCGGCTGTGGGACCGCCCTGGGCCAGCCTCCGGTUGGGGACCCA 1245
GGGAGTGGTTTGGGGTCGCCGGATCTCGAGGCTTGCCCGAGCCGTGCGAGCCAGGACTAGGAGATT 1311
CCGGTGCCTCCTGAAAGCCTGGCCTGCTCCGCGTGTCCCCTCCCTTCCTCTGCGCCGGACTTGGTG 1377
CGTCTAAGATGAGGGGGCCAGGCGGTGGCTTCTCCCTGCGAGGAGGGGAGAATTCTTGGGGCTGAG 1443
CTGGGAGCCCGGCAACTCTAGTATTTAGGATAACCTTCTGCCTTGGAAATGCAAACTCACCGCTCC 1509
AATGCCTACTGAGTAGGGGGAGCAAATCGTGCCTTGTCATTTTATTTGGAGGTTTCCTGCCTCCTT 1575
CCCGAGGCTACAGCAGACCCCCATGAGAGAAGGAAGGGGAGCAGGCCCGTGGCAGGAGGAGGGCTC 1641
AGGGAGCTGAGATCCCGACAAGCCCGCCAGCCCCAGCCGCTCCTCCACGCCTGTCCTTAGARAAGGG 1707
GTGGAAACATAGGGACTTGGGGCTTGGAACCTAAGGTTGTTCCCCTAGTTCTACATGAAGGTGGAG 1773
GGTCTCTAGTTCCACGCCTCTCCCACCTCCCTCCGCACACACCCCACCCCCAGCCTGCTATAGGCT 1839
GGGCTTCCCTTGGGCGGAACTCACTGCGATGGGGGTCACCAGGTGACCAGTGGGAGCCCCCACCCC 1905
GAGTCACACCAGAAAGCTAGGTCGTGGGTCAGCTCTGAGGATGTATACCCCTGGTGGGAGAGGGAG 1971
ACCTAGAGATCTGGCTGTGGGGCGGGCATGGGGGGTGAAGGGCCACTGGGACCCTCAGCCTTGTTT 2037
GTACTGTATGCCTTCAGCATTGCCTAGGAACACGAAGCACGATCAGT CCATCCCAGAGGGACCGGA 2103
GTTATGACAAGCTTTCCAAATATTTTGCTTTATCAGCCGATATCAACACTTGTATCTGGCCTCTGT 2168
GCCCCAGCAGTGCCTTGTGCAATGTGAATGTGCGCGTCTCTGCTAAACCACCATTTTATTTGGGTT 2235
TTGTTTTGTTTTGGTTTTGCTCGGATACTTGCCAAAATGAGACTCTCCGTCGGCAGCTGGGGGAAG 2301
GGTCTGAGACTCCCTTTCCTTTTGGTTTTGGGATTACTTTTGATCCTGGGGGACCAATGAGGTGAG 2367
GGGGGTTCTCCTTTGCCCTCAGCTTTCCCCAGCCCCTCCGGCCTGGGCTGCCCACAAGGCTTGTCC 2433
CCCAGAGGCCCTGGCTCCTGGTCGGGAAGGGAGGTGGCCTCCCGCCAACGCATCACTGGGGCTGGG 2499
AGCAGGGAAGGACGGCTTGGTTCTCTTCTTTTGGGGAGAACGTAGAGTCTCACTCTAGATGTTTTA 2565
TGTATTATATCTATAATATAAACATATCAAAGTCAATGTCGGTGTCTTTTTAAAACCAGAAAGAAG 2631
CTACTTCCAAGGTTGTCTGTGGGCCAGGTCACATTTGTAAATAATACAGCATTTTCCCTGGCGGCA 2697
ATCCTGACTTTCATGAGCTCTCCATCCATCCTGAGCCCCTCTTACCCTAAGGGGGTGACTTACTTC 2763
CCCCAGGCAAGACAAATAAATAGCAGAGGACAAGGCTCCAAATGGAGTATGTCCAGAGCCTGAAGG 2829
CAGTCTCTTGGCGTCAGG 2847

Figure 2. DNA and deduced amino acid sequence of the C/EBPo locus.

The nucleotide sequence is numbered relative to the transcription start site (+1). The
transcription start site was adapted from Timchenko et al. (27). The deduced amino acid sequence
is shown using the single letter code and are numbered beginning with the first ATG. The
nucleotide sequence was deposited in the EMBL/GenBank data base, accession no. U34070.

C/EBPa locus were isolated. The human C/EBPa gene turned out to be very similar to the rat gene

with an amine acid similarity of over 92 %. In the bZIP region the proteins are identical, indicating

that the human protein has the same DNA binding and dimerization specifity as has been reported

for the rat C/EBPa. A methionine at position 120 that has been found to serve as an second
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10 20 30 40 50 60
Human MESADFYEAEPRPPMSSHLQSPPHAPSSAAFGFPRGAGPPKPPAPPAAPEPLGGICEHET

ELERRLEREERP R VR PR E s T e i

Rat MESADFYEAEPRPPMSSHLOSPPHAPSNAAFGF PRGAGPAPPPAPPAAPEPLGGICEHET

70 80 90 100 110 120
Human SIDISAYIDPAAFNDEFLADLFQHSROQEKAKAAVGPTGGGGGGDFDYPGAPAGPGGAVM

RN NN e A AR AR R R NN

Rat SIDISAYIDPAAFNDEFLADLFQHSRQQEKAKAAAGP - - AGGGGDFDY PGAPAGPGGAVM

130 140 150 160 170 180
Human PGGAHGPPPGYGCAAAGYLDGRLEPLYERVGAPALRPLVIKQEPREEDEAKQLALAGLFP

RN NN RN A RN R R RN AR NN R RN AR ANy

Rat SAGAHGPPPGYGCAAAGYLDGRLEPLYERVGAPALRPLVIKQEPREEDEAKQLALAGLFP

190 200 210 220 230 240
Human YQPPPPPPPSHPHPHPPPARLAAPHLQFQIAHCGQTTMHLQPGHPTPPPTPVPSPHPAPA
PUSEREREE DT s TOER TR PR TR PR

Rat YQPPPPPPP--PHPHASPAHLAAPHLOFQIAHCGOTTMHLQPGHPTPPPTPVPSPHPAPA
250 260 270 280 290

Human LGAAGLPGPGSALKGLGAARPDLR-- - -ASGGTGAGKAKKSVDKNSNEYRVRRERNNIAV

SPLLLVEE e s [ 1] RN R AR RN AR

Rat MGAAGLPGPGGSLKGLAGPHPDLRTGGGGGGCAGAGKAKKSVDKNSNEYRVRRERNNIAV
300 310 320 330 340 350

Human RKSRDKAKQRNVETQQKVLELTSDNDRLRKRVEQLSRELDTLRGIFRQLPESSLVKAMGNCA

FECEETEEEEETE Db PR e LR E e LR T LT Td g

Rat RKSRDKAKQRNVETQQKVLELTSDNDRLRKRVEQLSRELDTLRGIFRQLPESSLVKAMGNCA

Figure 3. Comparison of the deduced amino acid sequence of the human C/EBPa with rat

C/EBPa.
The derived amino acid sequence of the human C/EBPa is compared to the sequence

reported for the rat C/EBPa (3).
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Figure 4. Expression of mRNA C/EBP« in various human tissues.

Northern blot analysis of C/EBPa. Each lane contains 2 ug of poly(A)* RNA. C/EBPa
gene expression was determined by hybridization, using a 700 bp Eco R/ Hind III fragment from
the untranslated region of the human C/EBPo gene as a probe. A B-actin probe was used to detect
the B-actin mRNA on the same blots. The human C/EBPo and p-actin transcripts are indicated by
arrows. The numbers at the left refer to the sizes of the RNA, given in kb.
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translation start site in rat (22, 23) is conserved, suggesting that it serves the same function in the
human gene. Two amino acid insertions and one deletion were found in the human protein.
Interestingly, these are associated with repeated nucleotide sequences. The insertion at amino acid
100 and the deletion at 266 are associated with the trinucleotide repeat GGC and the insertion at
190 with the hexarepeat GCACCC. It has been reported that such events often occur during
replication of repeat sequences (36), which might be the cause the cause of the insertions and the

deletion in the human gene.

The promoter region is less conserved than the coding region. Several regions that have been
shown to interact with DNA binding proteins in the mouse C/EBPo promoter (25, 26) were not
conserved. However, the Myc/USF site that has been shown to be very important for regulation of
the mouse C/EBPa gene, is also present in the human promoter. A detailed study of the human
C/EBP« promoter was recently reported (27) in which it was shown that the difference of one
nucleotide in the C/EBP binding site in the promoter (nucleotide -174, figure 2) makes C/EBPa
unable to bind to this site. However, C/EBPa has been show to stimulate the expression of USF
which in turn upregulates the expression of C/EBPa gene.

The expression pattern of C/EBPa showed that it is expressed in a tissue restricted manner with
similar expression patterns described for the rat and mouse C/EBPa genes (2, 4, 9, 15), although
the human gene is regulated by a different mechanism than the mouse (27). In similarity to the
situation in the rat, highest expression was seen in placenta (15). As expected, expression is high
in the liver. The high expression in peripheral blood leukocytes may be a result of the presence of
C/EBPa in myelomonocytic cells for which C/EBPo expression has been described (16). The
relatively high expression in pancreas and prostate has not been described before and the

physiological significance is not clear at the moment.

Having determined the nucleotide sequence of the human C/EBPo locus and the expression

patterns of the gene, the basis for further studies on the function of this gene is established.
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