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ABSTRACT We have isolated phage clones from Drosoph-
ila melanogaster genomic and cDNA libraries containing a
sequence homologous to the murine Int-i protooncogene. The
Drosophila gene is represented by a single locus at position
28A1-2 on chromosome 2. The gene is expressed as a 2.9-
kilobase-long polyadenylylated mRNA in embryo, larval, and
pupal stages. It is hardly detectable in adult flies. The longest
open reading frame of the cDNA clone corresponds to a
protein 469 amino acids long. Alignment of the predicted
amino acid sequences shows that the Drosophila protein is 86
amino acids longer than its murine counterpart. In spite of the
difference in length, the two proteins are highly conserved
with an overall sequence homology of 54%. Both Drosophila
and murine Int-i proteins begin with a hydrophobic leader
sequence and contain cysteine residues and sites for glycosyl-
ation (four in the murine protein and one in the Drosophila
protein) in conserved positions, suggesting that they play
important functional roles.

Cellular protooncogenes have been highly conserved by
evolution, suggesting that they may serve important house-
hold functions (1). Although their precise function is not
known or is only incompletely known, it is already clear that
they fall into several groups, such as growth factor or growth
factor receptor genes, signal transducers, and DNA-binding
nuclear proteins (1). They are believed to participate in the
regulation of cell division, although at different levels. Some
oncogenes have been shown to hybridize with highly homol-
ogous sequences in such genetically well-known organisms
as yeast or Drosophila. This is of great interest because the
knowledge and the possibility of genetic manipulations pro-
vide unparalleled possibilities to obtain important functional
clues. The pioneering studies of Shilo have identified 4
oncogene homologs in Drosophila DNA (2). The total num-
ber has now increased to 11 and includes three major
families, the tyrosine kinases, the ras-group, and the nuclear
oncogenes (3). In a search for previously unidentified onco-
gene homologs, we have screened Drosophila genomic li-
braries with cDNA probes of mammalian c-myc, N-myc,
c-fos and c-int-i. We report the isolation and preliminary
characterization of a Drosophila int-i homolog.§ The cellular
homolog of the viral v-int-i has been discovered and impli-
cated in mouse mammary tumorigenesis on the basis of its
frequent insertional activation in murine mammary tumor
virus (MMTV)-associated tumors (4); the murine homolog is
called lnt-i. It is expressed in the fetal central nervous
system (5, 6) and during the late stages of spermatogenesis
(6) but not in most normal adult tissues. The murine Int-1
protein contains 370 amino acids and is rich in cysteine

residues (7). The active product of the gene and its biochem-
ical features in normal and malignant cells are not known.

MATERIALS AND METHODS
Molecular Cloning. A recombinant Drosophila genomic

library cloned into Charon 4A (8) was screened with a
32P-labeled murine Int-1 cDNA probe (9) by the method of
Benton and Davis (10). The cDNA probe (9) was separated
from the vector DNA and labeled by nick-translation. Filters
were prehybridized for 12 hr in 35% formamide/0.45 M
NaCl/0.045 M sodium citrate, pH 7/20 mM Hepes, pH
7.0/0.05% polyvinylpyrrolidone/0.05% Ficoll/0.05% bovine
serum albumin/0.2 mg of salmon sperm DNA per ml at 42°C
and hybridized with a radioactively labeled cDNA probe
(2-5 x 107 cpm/ml). They were washed in 0.6 M NaCl/0.06
M sodium citrate, pH 7, containing 0.1% NaDodSO4 and
0.1% sodium pyrophosphate for 4 hr at 50°C.

Analysis of Cloned and Genomic DNAs. DNA was prepared
from phage by the procedure of Maniatis et al. (11). Drosoph-
ila cellular DNA was prepared from embryos by dechorion-
ization, isolation of nuclei, and extraction from the isolated
nuclei. Southern hybridization with a heterologous probe
was performed at the same stringency as library screening.
In Situ Hybridization. The method of Pardue and Gall (12)

modified by Bonner and Pardue (13) was used to prepare
salivary gland polytene chromosomes from third-instar lar-
vae and to carry out in situ hybridization.

Analysis of Drosophia mRNA. Polyadenylylated RNA was
isolated from Drosophila embryos as described by Poole et
al. (14). After electrophoretic separation on an agarose-
formaldehyde gel, the RNA was transferred to nitrocellulose
and hybridized to [32P]DNA or [32P]RNA probes.

Sequence Analysis. Genomic and cDNA clones were se-
quenced by the chain-terminator technique (15). The DNA
fragments have been cloned in M13 phage vectors.

RESULTS
Hybridization of Drosophila and Chironomus DNA with the

Murine Int-i cDNA Probe. Murine Int-1 cDNA sequences
(10) were labeled with 32P by nick-translation and hybridized
to EcoRI-cleaved Drosophila and Chironomus DNA at low
stringency in a Southern assay. Several hybridizing frag-
ments were evident (Fig. 1). The murine probe detected four
hybridizing bands of 5, 1.8, 1.5, and 1.3 kb in EcoRI-digested
Drosophila DNA (Fig. 1A). Two EcoRI fragments of Chi-
ronomus DNA hybridized to the labeled murine cDNA
probe (Fig. 1B). BamHI-cleaved Drosophila DNA gave two

Abbreviation: Dint-1 sequence/gene, Drosophila genomic sequence
homologous to murine Int-l.
§The sequence reported in this paper is being deposited in the
EMBL/GenBank data base (Intelligenetics, Mountain View, CA,
and Eur. Mol. Biol. Lab., Heidelberg) (accession no. J03650).
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FIG. 1. Identification of the Drosophila genomic sequence homologous to murine Int-i (Dint-1 gene). Drosophila melanogaster DNA
cleaved with EcoRI (A, lane 1) and BamHI (B, lane 2) and Chironomus tentans DNA cleaved with EcoRI (B, lane 3) were hybridized to
nick-translated murine Int-1 cDNA (10) as described. Mouse liver DNA was cleaved with EcoRI (C, lane 4) and Sac I (C, lane 5) and hybridized
to nick-translated pDAE1 under nonstringent conditions of hybridization (C, lane 6) and to a DNA fragment corresponding to exon 4 of the
murine Int-1 gene under stringent conditions (C, lane 7). A partial restriction enzyme map of the Dint-1 gene and its cDNA copy is shown (D)
in which R is EcoRI, B is BamHI, H is HindIII, and S is Sal I. kb, Kilobases.

hybridizing bands, 12 and 5 kb, with the murine cDNA probe
(Fig. 1B) in accordance with the earlier findings of Nusse et
al. (4). We have concluded that the genomes of both insect
species contain DNA sequences homologous to murine
Int-i.

Isolation of Dint-1 Sequences. The murine cDNA probe
was used to screen a library of Drosophila DNA prepared in
the A phage Charon 4A. A single genetic locus was isolated
repeatedly as a series of overlapping clones. Each of the
clones contained one or all four EcoRI fragments that
hybridized with the radioactive Int-1 cDNA probe (data not
shown). When hybridized to mouse DNA at low stringency,
a subclone of the Dint-1AE phage A clone-pDAE1 contain-
ing the 1.8-kb-long EcoRI-EcoRI fragment in Bluescribe
vector (Stratagene, San Diego, CA) detected the character-
istic DNA fragments of the murine Int-i gene (Fig. 1C). A
DNA probe corresponding to exon 4 of the murine Int-i
locus (7) detected the same EcoRI and Sac I fragments on
mouse DNA (Fig. 1C). The DNA region encompassed by the
A clones was mapped with restriction enzymes and by
molecular hybridization with the murine [32P]cDNA probe
and its subclones.

Dint-1 Gene Is Located on Chromosome 2. The chromo-
somal position of the Dint-1 gene was determined by in situ
hybridization on salivary gland polytene chromosomes using
tritiated Dint-1AE phage A clone and its subclone pDAE1 as
hybridization probes. They mapped to the left arm of chro-
mosome 2 at position 28A1-2 (Fig. 2).

Transcription of the Dint-1 Gene. The 1.8, 1.5, and the
1.3-kb EcoRI fragments from Dint-1AE have been subcloned
into Bluescribe plasmids. All three DNA probes detected a
2.9-kb-long RNA species when hybridized to poly(A) +

mRNA prepared from Drosophila embryos (data not shown).

To study the pattern of expression, complementary RNA was

prepared from the pDAE1 clone by using phage T7 RNA
polymerase and was hybridized to total RNA isolated from a
pool ofDrosophila embryos of ages 6, 6-12, and 12-22 hr and
from first-, second-, and third-instar larvae, pupae, and adult
flies. The Dint-1 gene was highly expressed in embryos, was
moderately expressed in the larval stage, and was barely
detectable in the flies (Fig. 3).

Isolation and Analysis of Dint-i cDNA. A cDNA library
was prepared from polyadenylylated mRNA of 6-12 hr.
Drosophila embryos were screened with the mouse Int-1
cDNA probe (10) at low stringency and with the three EcoRI
fragments of phage A Dint-1AE DNA at high stringency.
Three apparently identical 2.9-kb cDNA clones (A clones
DINT-101, -102, -103) were isolated together with several
smaller cDNA clones. Restriction size mapping and South-
ern hybridization have led to the conclusion that the clones
represent the cDNA copy of the Dint-1 mRNA. The tritiated
DINT-101 DNA hybridized to the same 28A1-2 site on the
polytene chromosome as did the genomic phage A clone,
indicating that the genomic and the cDNA clones contain
corresponding sequences. Small fragments subcloned into
phage M13 vectors were sequenced by the method of Sanger
(15). Fig. 4 shows the longest open reading frame of 1410
nucleotides starting with an ATG codon. The Drosophila
sequence was aligned with the murine Int-i sequences (7) by
using the homology matrix program of Pustell and Kafatos
(16) (Fig. 4). Several gaps were permitted to obtain maximal
alignment. The predicted Dint-1 protein is 469 amino acids
long, corresponding to a 52,766-Da protein. The two se-

quences are largely colinear with the exception of one major
insertion in the Drosophila protein. Remarkable homologies
were found between the two genes at both the nucleotide and

A

s--4Akb

-2.5

-2.0

C14 5 6 7

1

A_

i.

D

5
R H
l I

=-
I NW I I I mi ob - -

Genetics: Uzv6lgyi et al.

I



Proc. Natl. Acad. Sci. USA 85 (1988)

C ~~~~~
.....

FIG. 2. Mapping of the Dint-i gene on Drosophila polytene chromosome. Salivary-gland polytene chromosomes of third-instar larvae were
squashed and hybridized with tritiated DNA probes phage A Dint-1AE genomic clone (A), subclone pDAE1 (B), and DINT-101 cDNA clone
under the conditions described in Materials and Methods. Arrows indicate the position of the Dint-i gene on the chromosome.

the derived amino acid levels. The aligned murine Int-i
homologous region of 370 amino acids revealed that 201
positions have been conserved, corresponding to an overall
sequence homology of54%. In addition, 13% of the positions
showed "conservative" amino acid changes (17) in the
Drosophila protein when compared to the murine counter-
part (7). The amino-terminal region of the Drosophila protein
is rich in hydrophobic amino acids as is its murine counter-
part, suggesting that they may be secretory proteins. The
strongest homology between the Drosophila and murine
proteins was found in the region corresponding to exons 3
and 4 of the murine Int- gene (7). The overall homology was
65% within a stretch of 59 amino acids encoded by murine
exon 4. The entire exon 3 showed 55% homology at the
amino acid level. This remarkable conservation suggests
common functional properties. Both proteins are cysteine-
rich, and the cysteine positions are particularly well con-
served (Fig. 4, boxed areas). The murine Int-1 protein has
four possible sites for N-linked glycosylation (7), while the
Drosophila protein has only one, located in an analogous
position within exon 4. The two proteins differ significantly
in size, however. The Dint-1 protein is 99 amino acids longer
than its murine counterpart, due to the insertion of 297
nucleotides at a position corresponding to exon 4 of the
murine gene (7).

DISCUSSION
We have identified a single genetic locus in Drosophila
homologous to the murine Int-i gene by screening genomic
libraries with the corresponding murine DNA probe. The
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FIG. 3. Expression of Dint-i genomic sequence during Drosophi-
la development. Total cellular RNA (20 gg) was hybridized with the
[32P]RNA probe under conditions described in Materials and Meth-
ods. Age is shown by hours under embryos and by instar develop-
ment under larvae.

murine Int-i and human homolog INTI encode 370 amino
acids that differ from each other by only 4 amino acids, with
a remarkable conservation in the position of cysteine resi-
dues (7). A similar conservation in the position of cysteine
residues was found in the Drosophila Dint-1 homolog. The
amino-terminal region of the Drosophila Dint-1 and murine
Int-1 proteins is rich in hydrophobic amino acids. On the
basis of these properties, the Int-1 protein can be classified
as a secretory protein. The normal function of Int-i and its
tumorigenic role are completely unknown. The normal gene
is expressed in the brain and spinal cord of mouse embryo (5)
and in differentiating spermatids of adult males (6), but not in
normal mammary tissues. MMTV insertion activates the
gene frequently during mouse mammary tumorigenesis (4).
We found that the Dint-i gene is expressed in early

embryos and in larval and pupal stages but is barely detect-
able in adult tissues. Restriction to embryonic development
is thus a common feature of the murine and Drosophila
genes. Its chromosomal assignment to the 28A1-2 region of
chromosome 2 has given no clues about the possible function
of the gene because the region between 27 and 30 is one of
the least-known regions of the Drosophila genome. Only a
few chromosomal rearrangements/breakpoints and mutant
loci have been localized to this area (18). They include the
wingless (wg) locus at 28A (19), the mutant locus H1o32 (18),
red cells (rc), tumor 48 (tu-48), lethal (2)polymorph [1(2)pm],
dachs (d), and corrugated wings (corr) (18).
While this manuscript was being prepared, Rijsewijk et al.

reported that the Dint-1 gene is identical with the segment-
polarity gene wg (wingless) of Drosophila (20). The Dint-1
gene of Rijsewijk et al. has the same restriction map as our
isolate, and the deduced protein sequence differs only at
positions 112-116. Our sequence analysis indicates the pres-
ence of five glutamine residues in this region. The expression
pattern of the Dint-1 sequence identified by Rijsewijk et al.
and of the wingless gene (20, 21) corresponds well to our
findings. Sequence comparisons between the Dint-1 se-
quence and an independent partial sequence of the wingless
gene (21) permit the conclusion that Rijsewijk et al. and we
have isolated the same gene, which is identical to the wing-
less gene.
The amino acid sequences deduced from the murine Int-i

and human INTl genes (7) contain a long hydrophobic amino
terminus and glycosylation sites, suggesting a membrane-
bound or secreted protein (7). The Dint-1 protein can be
expected to have a similar function. The expression of the

a
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MetAspIleSerTyrIlePheValIleCysLeuHetAlaLeuCysSerGlyGlySerSer
ATGGATATCAGCTATATCTTCGTCATCTGCCTGATGGCCCTGTGCAGCGGCGGCAGCAGT
-----GGC- -T-GGCGC-GC-GCC- ---- GGC-TTCTA-TAC- -TGCTACTG-CACTG-CC
--- -GlyLeuTrpAlaLeuLeuProSerTrpValSerThrThrLeuLeuLeuAlaLeuAla

LeuSerGlnValGluGlyLysGlnLysSerGlyArgGlyArgGlySerMetTrpTrpGly
CTCAGCCGAATCGAGGGCAAACAGAAATCCGGAAGGGCCCGGGGCTCCATGTGGTGCGGC
GCTCTG- CC-CA- CCCTGGCTGCC- - CAGTA-T*** -----A********* ---------
AlaLeuProAlaAlaLeuAlaAlaAsnSerSer*** ------*********---------

IleAlaLysValGlyGluProAsnAsnIle***ThrProIleMetTyrMetAspProAla
ATTGCCAAGGTCGGCGAACCCAACAACATT***ACGCCCATCATGTACATGGACCCAGCG
- -CGTG--CA-A-C-TCCT---C- ---C-GTTGACGGATTCCA-G-GTCTGCAGCT-G-A

*********IleHisSerThrLeuArgArgLysGlnArgArgLeuValArgAspAsnPro
*********ATCCACTCTACGTTGAGMGGMMCAGCGACGCCTGGTCAGGGACAATCCC
CTCGAGCCCAGTCTGCAGCTGC ---- CC-C--G----- -A- - -A---C-AC-C- -C- -G
LeuGluProSerLeuGlnLeu- - - Ser------------ ---- Ile-C-Gln -----

GlyValLeuGlyAlaLeuValLysGlyAlassnLeuAlaIleSerGlu ylinHisGln
GGTGTACTGGGAGCCCTGGTCAAGGGCGCCAACTTGGCCATTAGCGAGTGCCCACCAG
- -GA-C-- -- CACAGCG- -AGTGGA- -GCT-C-GAGC - --T-GC-A - - TGG- -A
- - -Ile- - -HisSerValSerGly - -- LeuGlnSer -- -ValArg- - -L. LysTrp - --

PheArgAsnArgArgTrpAsrfySerTrhArgAsnPheSerArgGlyLysAsnLeuPhe
TTCAGAAATCGCCGCTGGCAAC CGACCAGAAACTTCTCGAGGGGCAAAATCTATTC
---C---- -C - - C-CACTGCTCCG*********GGGCCCCACCTCTTC
------ - ----------L--- Pro-- -AlaPro*********GlyProHisLeuPhe

GlyLysIleValAspArgGlyy ArgGluThrSerPheIleTyrAlaIleThr'
GGCAAAATCGTTGATCGAGGqTC(G GAGAGACGAGCTTCATTTACGCAATCACCP

SerAla
AGCGCG

-----G----- CA-C ---- A- -AGCG----- C-T-TO- - -C
----------Asn- ---------Ala-----Phe--------------

t
AlaValThrHisSerIleAlaArgAl SerCuGlClyThrIleCluSerry hr
GCGGTGACCCACTCGATTGCCAGGGCqT AGTGAAGGAACGATAGAGTCCTG CC G
GGGGTCACACATTCCG-- -GCC-CT- -- TCC ----- CT-C----------- ----

Gly----------- Val ------SJ --------------- --L- ---

AspTyrSerHisGlnSerArgSerProGlnAlaASnHisGlnAlaGlySerValAlaGly
GACTACAGCCACCAGTCGAGATCTCCACMGCGAACCACCAGGCGGGCAGTCTGGCCGGC
---C-C--GGCGGC************************************
- -- - --ArgArgArgGly*********************

CCTGGG
ProGly

ValArgAspTrpGluTrpGlyGly~i SerAspAsnIleGlyPheGlyPheLysPheSer
GTGCGGGATTGGGAGTGCGGCGGC TGCcTCCGACAACATCGGATTCGGGTTCAAGTTCTCC
-GC-CC- -C- - -C-C- -G- -G- - AT--------- AT- -T- -TCG-CTC- -TGG-
GlyPro ------His ---------- ----------- Asp ------ ArgLeu- - -Gly

ArgGluPheValAspThrGlyGluArgGlyArgAsnLeuArgGluLysMetAsnLeuHis
CGGGMTTCGTCGATACCGGCGACAGGGGTCGCMTCTGCGCGAGAAGATGAATCTGCAC
--A--G-C- C-G--CT --- G-C-G-A---G--GG-C--A---TTCCTC ---- C--T --
--------------- Ser ------ Lys ------ Asp ------ PheLeu-----------

AsnAsnGluAlaGlyArgAlaHisValGlnAlaGluMetArgGnGl Cy Ly Cy is
AACAACGAGGCGGGTCGAGCGCACGTCCAAGCGGAGATGCGACAGGA G G CAT
-----------A--G---A--AC ---GTTCT-T------- C-A-A- -- ---- --C
----------------- ThrThr----PheSer--- --
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288
288
96

116
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GGCATGTCCGGATC G ACAGTCAACAC CTrGCGATGCGACTGGCCAACTTCCGTGTG
--G -------- -C --G--GCGC- -C--------- -------CGC-G- -C-CT

.i_- ------------ ProThrLeu--- -Ala

IleGlyAspAsnLeuLysAlaArgPheAspGlyAlaThrArgValGlnValThrAsn***
ATTGGGGACAATCTGAAGGCCCGCTTCGATGGAGCCACCCGCGTGCAAGTGACCACC***
G-G--C- - -GTG- - -CGC-A------ G-C- -C- - -T------ C-TTTACCG- - - -CGA
Val--- AspVal - - ArgAsp----------- Ser------LeuTyrGly----Arg

***SerLeuArgAlaThrAsnAlaLeuAlaProValSerProAsnAlaAlaUlySerAsn
***AGTCTCCGGGCCACCMCGCTCTGGCCCCAGTTAGTCCGAATGCAGCCGGCTCGAAT
GGC - -CM-- --C----T-CC-GG **********************************
Gly--- -Asn------ SerArg ---******* ************************

SerValGlySerAsnGlyLeuIleIleProGlnSerGlyLeuValTyrGlyGluGluGlu
TCCGTGGCTTCCAACGGCCTGATTATTCCGCAGTCTGGTCTGGTCTACGGCCAGGAGGAG

GluGluArg4etLeuAsnAspHisMetProASpIleLeuLeuGluAsnSerHisProIle
GAGCAGCGTATGCTGAACGACCATATGCCGGACATCCTGCTAGAGAACAGCCACCCGATC

256
768
723
241

275
825
783
261

294
882
807
269

314
942

334
1002

SerLysIleHisHisProAsnMetProSerProAsnSerLeuProGlnAlaGlyGlnArg 354
AGCAAGATCCATCACCCGAACATGCCGTCGCCCAACAGTTTGCCCCAGGCTGGTCAAAGG 1062

GlyGlyArgAsnGlyArgArgGlnGlyArgLysHisAsnArgTyrHisPheGlnLeuAsn
GGCGGACGAAATGGACTCGTCCAGGGACGCAACCATAATAGATATCACTTCCMCTGAAC
*******G -GCTGC-G-GC ---G-G

+tiW* 1 LAsb * ._^1

ProHisAsnProGluHisLysProProGlySerLysAspLeuValTyrLeuGluProSer
CCCCACAATCCCCAGCACAACCCACCCGGCTCGAAGGACCTTGTCTATCTGGACCCTTCG
- -CG-AG-C--- -C-T--------T--TC-CCTC-C -----C----- CT-CG-GMA- - -
- - -GluAsp - - -Aa-----------SerProHis ------------ Phe - --Lys - --

ProSerPhe luLysAsnLeuArgGlnGlyIleLeuGlyThrHisGlyArgGln s
CCGAGCTTC rGCAGAAMAMCCTGCGGCAGGGCATCCTGGGAACCCATGCCCGCCAG rGq
- -C-A -- ACGT-C-GTGGC- -CT---- CAGCT- -C- -AG----A--AC
----Asn-- - ThrTyrSerGly- ---Le-- -ThrAla -----Ala-----Al

AsnGluThrSerLeuGlyValAspGly lyLeukeet lyArgGlyTyrArg
AATGAGACCTCGCTGGGCGTCGACGGC rGlGGGCTGATG rG GGGCGTGGCTATCGG
- -CAGCTCG- -T-CC-CGC-G ----- - ---- C- -- -CC-A- - -C-C- -C
----SerSer - --ProAlaLeu---- -L lu- - -Le.---- - - - - -His- - -

ArgAspG luVal
CGAGACGAGGTCGTCGTTGTGGACCG C CC CCTTCCACTGGcrGqGAGCTC
ACGCG-AC-CAGCG- - -CAC---G- -- . .A.M --.-. -C-C-- - -
ThrArgThrGlnArg- ----Thr-- -.-...As.n is- - -

Lys yF LysLeu rgThrLysLysValIleTyrTh U+eu
AAqG AAGCT CGCACCAAAAAGGTCATCTACACqlIGl|CTGTAA
-GCc .CGCCAA -CCA- -CGCGC- -TC-GC- -GA ATGA
Se .LArgAs Lo:rhrHisThrArg---LeuHisGll----ll

374
1122
825
275

394
1182
885
295

414
1242
945
315

434
1302
1005
335

454
1362
1065
355

469
1410
370

1113

FIG. 4. Comparison of the nucleotide (line 2; see error at end of legend) and deduced amino acid sequence (line 1) of the longest open reading
frame of DINT-101 cDNA to the sequence of the murine Int-I gene (line 3) and protein (line 4). Dint-1 gene and murine Int-i sequences are
numbered arbitrarily from the AUG codon giving the longest open reading frame. Identical nucleotides and amino acids are indicated by dashes
and stars represent gaps. Cysteine residues at the same position in both sequences are boxed. The identical glycosylation site in the two proteins
is underlined/overlined. The positions of the introns in the murine Int-1 sequences are indicated by black arrows. C-934 in the nucleotide
sequence (line 2) should be G-934.

murine Int-i in the developing central nervous system (5)
and the differentiating spermatids (6) and the involvement of
the Dint-1 gene in pattern formation suggest a possible
functional relationship within the framework of normal de-
velopmental processes.
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