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Five to ten percent of breast cancer in the western
world may be attributed to the inheritance of highly
penetrant mutations in the breast and ovarian cancer
susceptibility gene, BRCA1. The biological function of
BRCA1 and factors affecting expressivity, such as
gene—environment and gene—gene interactions, may
be more effectively studied in appropriate animal mo-
dels. We report the cloning and sequencing of the ca-
nine and murine BRCA1 genes and contrast the
sequences with human BRCA1. The amino terminal
120 residues of the gene are >80% identical among the
three species. The C-terminus is also highly con-
served, containing an 80 amino acid stretch that is over
80% identical. Motifs of likely functional significance
are maintained, including the amino terminal RING
finger motif (amino acids 24—64) and the granin con-
sensus sequence (1214-1223). The distribution of mis-
sense mutations and neutral polymorphisms identified

in BRCA1-linked breast cancer suggests that disease
associated missense mutations occur at highly
conserved residues whereas polymorphisms are in
regions of lower conservation. Among eighteen
missense mutations with unknown consequences,
seven occur in amino acids that are identical across
species. Four of these seven (E1219D, A1708E, P1749R
and M1775R) are also within conserved domains.
Taken together, these data predict regions of the gene
which may be critical for normal function.

INTRODUCTION

novel breast-ovarian cancer susceptibility geB&CAL(4,5)
and BRCA2(6,7). Inherited mutations in either gene confer a
lifetime risk of breast cancer greater than 80% and an increased
risk of ovarian cance2(8,9). BRCA2mutation carriers appear
predisposed to a broader spectrum of cancers, with a striking
elevation of male breast cancer rigk?j.

Several lines of evidence indicate tBRCAlandBRCAZ2act
as tumor suppressors. The majority of mutations identified in both
BRCAL(5,10-28) andBRCAZ2(7,29-33) are protein truncations,
likely representing loss of function alterations characteristic of
tumor-suppressor genes. Among breast and ovarian tumors from
patients with inherite@RCAlmutations, >90% have lost the
wild-type allele 84-36). Similarly, all chromosome 13g12-13
losses detected in tumors froBRCAZ carriers involve the
wild-type allele 87). Although few somatic point mutations or
frame-shift alterations have been identified thus farl6,16,
19), gross somatic mutationsBRCAlare frequently found in
breast and ovarian tumors from patients not selected for family
history. LOH in theBRCA1region ranges from 40% to 80%
among sporadic breast carcinom@8&39) and from 30-70%
among sporadic ovarian carcinomas9,$840-42). LOH
frequencies at thBRCAZ2locus are more difficult to assess, as
analyses are confounded by simultaneous loss of the neighboring
RB1 tumor suppressor gend3@4). A growth inhibitory
function forBRCALis also suggested by the decreased levels of
BRCAlexpression in breast tumors from patients not selected for
family history, ranging from none detectable to approximately
50% of that in normal breast epithelial cell§)( Experimental
inhibition of BRCAlexpression with antisense oligonucleotides
indicates a highly tissue-specific effect, leading to accelerated
growth of normal and malignant mammary epithelial cells, but
not of epithelial cells derived from non-mammary tissdés (

Despite evidence of tumor suppressive function, the absence of
significant homology betweeBRCAlor BRCA2and known
genes provides few clues about the mechanisms by which these

Breast cancer is the most common malignancy among womeygnes exert their growth regulatory effects. In the cdBRGA1

with a cumulative lifetime risk of one in eight for a female borrthe significance of the amino terminaHC, RING finger motif

in 1990 (). Five to ten percent of all breast cancer is attributabl@!6) was underscored through identification of germlirizl(3)

to inheritance of a highly penetrant mutation in an autosomahd somatic 15) missense mutations of conserved cysteine
dominant susceptibility gene2,8). Linkage analysis and residues. Protein truncating mutations occur the entire length of
positional cloning strategies have led to the recent isolation of VBRCA1(5,10-27), with mutations in the'ortion conferring a
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lower risk of ovarian cancer than mutations in thenl £2,47).  redundancy. Because of difficulty in obtaining independent
Nevertheless, a mutation truncating the extreme C-terminal tlones, however, two regions were sequenced from only one
amino acids leads to very early onset breast cancer, indicating ttlzne: between base pairs 4945-5431 (bp 5055-5526 in the human
region is essential for the normal function, conformation osequence) and between base pairs 1-118 (bp 120-237 in the huma
stability of the protein1(3). The apparent lack of mutational sequence). A minimum redundancy of two independent cDNA
clustering has hindered the identification of additionatlones and/or PCR fragments was also used to assemble 5593
functionally important domains. nucleotides of murinBRCA1sequence encompassing a 5437 bp
Conservation of protein domains in evolutionarily divergenbpen reading frame. A region corresponding to nearly 80% of
species may reveal regions critical to gene function. In the casehoiman BRCA1 exon 11 (HSU14680 nt 742-3480) was PCR
p53 protein domains conserved between human and mousenplified in overlapping fragments directly from Balb/C genomic
correspond to areas of disease associated mutation clust€)ing (DNA, indicating that this large human exds) {s conserved in
Additionally, the normal biological function RCA1may be mouse, as it is in the canine genome.
better evaluated in animal models. The mouse is particularly Several cDNA variants were identified among both canine and
amenable to such studies, as specific genetic alterations cannii@ine clones spanning the junction between huBRGA1
readily introduced into the murine genor@,%0). Analysis of null  exons 2 and 3 (HSU14680 nt 199/200). Of six canine clones, three
mutations in various oncogenes has revealed the normal role of thes€ode an amino acid sequence identical to human and two had
genes in embryonic developmentiyc(51,52) andc-src(53)],  a 39 bp in-frame insertion at the boundary of exons 2 and 3,
demonstrated cooperativity between genes in tumorigepéSis [ predicted to encode 13 amino acids: HLPMLETQNANTR.
andRh (54-57)] and led to identification of genetic modifier loci Interestingly, comparison of this sequence against the total human
which mitigate the effects of the original mutatiés)( genomic DNA sequence showed significant homology to a 39 bp
Similarities in biological, epidemiologic, and apparent genetisequence of intron two, as shown below.
characteristics of canine and human mammary tumors suggestjuman intronic DNA: CAC TTA TCC GTA TTG GAA GCT
that dogs may provide a useful model for the study of humapaA AAT GCA AAT ATA CAG:;
breast cancebp-61). First, as with humans, the most common Canine 39 bp insert: T CAC TTA CCC ATG TTG GAA ACC
malignant canine breast tumors (95%) are adenocarcinom@gaA AAT GCA AAT ACG CG.
arising from the glandular epithelial tissii,63). Second, as  |n the human genomic sequence, intron two is 8.2 kb in length;
with humans, canine breast cancer is a disease that usually oc@ySsequence homologous to the insert occurs 3.9dfeRon 2
late in life; the median age of incidence is about 10 years, ag#7). Sequences flanking the human homologue of the canine
tumors rarely occur before 5 years of ag#.(Third, necropsy cDNA insert resemble and 5 splice sequences. Although these are
studies suggest that high rates of metastasis are found in dags. perfect matches to the consensus, they are similar to the
Thisis compe}rable to that_seen in humans, but contrasts Wlth E'E@ﬁresponding sequences flanking exons 2 and 3, suggesting tha
low rates typically found in rodent§q). Fourth, most canine they may function to generate alternatively spliBRCA1Ltran-
breast tumors metastasize to the regional lymph nodes and luggipts. In addition to this variant, one canine clone had the same 39
as do human breast tumd#$,67). Fifth, canine tumors, like human pp insert preceded by an additional 44 base pairs producing an
tumors, have estrogen and progesterone recep&s) Finally,  immediate stop codon at the junction of exon 2 and the insert. One
hormonal effects are evident, and early ovariohysterectomy in dagsthe three mouse BDNA clones was also found to contain a 75
(before 2.5 years of age) confers some protection against bregstinsertion at the splice junction of hunBRCAlexons 2 and 3
cancer §0,70). Inherited cases of breast cancer have been reporigflich would result in an in-frame addition of 25 amino acids
in canines, although virtually nothing is known about genes Whic{*PQGSFLIWLCTWSAGTVWKVLFEEGS). These variants have
might be responsible’{,72). , not been noted in any human clones reported to date. Hence, they
In an effort to identify existing animal models BRCAlorto  may reflect the occurrence of either alternative splicing or
establish genetically engineered models, we have cloned t#\%omplete splicing which occurrétlviva or they may simply be
canine and murinBRCAlgenes and present a Cross-Speci€gtefacts of reverse transcription which occtinaitro. Incomplete
comparison of the human, canine and murine [this manuscrigljicing is unlikely, at least for the canine variant, since the 39 bp

and (73-76)] BRCAlhomologues. insert does not appear to be immediately adjacent to exons two or
three, as noted by the absence of PCR product when primers derivec

RESULTS from the insert are tested in combination with exon two or exon three
primers on genomic DNA.

Sequence analysis Pairwise comparison of the human, dog and mouse homo-

logues of BRCA1 at the nucleotide level using the DNA*
A PCR-based strategy was used to clone the cBRIGAAlgene  alignment program (Madison, WI) revealed high cross-species
in sequential overlapping fragments. The majority of exon 1Tonservation. The human and canine genes are 84% identical at
which encompasses about 60% of the gene, was initially clon#fte nucleotide level, whereas the muBRCAlgene retains only
from canine genomic DNA amplified using humBRCAL1 72% identity to human. The murine and canine homologues are
primers. The remainder of the gene was cloned usirg9% identical. The predicted caniBRCAlprotein consists of
PCR-amplified canine cDNA and primers derived from humai878 amino acids, whereas the murine homologue encodes 1812
sequence, or a combination of human primers and primeamino acids, in agreement with previous reporé-(6). A
derived from the canine sequence. To minimize sequence erratsnber of short gaps, including one of 14 amino acids
due to early cycle misincorporation during PCR, approximatelgorresponding to human residues 1048-1061, account for the 51
90% of the 5637 bp coding sequence was independentind 66 amino acid difference in length between mB&REA1
amplified, cloned and sequenced with a minimum of two-folénd the human and canine homologues, respectively 1{Fig.
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CanineBRCAIcontains a 5 amino acid duplication cquaegling  predicted pl (5.14), canine an intermediate pl (5.28) and mouse
to human residues 1753—7 as well as a seven amino acid exten8&CALlis least acidic (pl = 5.37).
beyond the human carboxy terminus. Allowing for length Disease-associated missense mutations and neutral poly-
differences, the overall amino acid identity between human amdorphic variants were compared to determine cross-species
canineBRCAI1is 73.8%, whereas amino acid similarity is 89.6%conservation of both specific amino acid residues and the
Murine BRCALlis more divergent from both the canine homo{ocations of the alterations with respect to conserved domains of
logue (52.6% identity/78.5% similarity) and the human (55.99BRCA1 (Table 1) (5,10-13,15,18,24,27,28,80-82). Missense
identity/80.1% similarity) than human and canine are from eadditerations were classified as disease-associated if they segregate
other, reflecting the more recent evolutionary divergence afith breast-ovarian cancer in multiple high-risk families, whereas
humans and dogs ). polymorphisms were defined as variants which occur at a
frequency >0.05 in control chromosomes, or which were
identified in patients carrying a second, truncating mutation of
Cross-species comparison BRCAL All other missense alterations were classified as having
unknown consequences for the purpose of this analysis. The mean
structural similarity value of the individual positions of all

a multiple alignment of the human, canine and mouse amino a(%ssensg gli[egai['onz Vi’gze de_tgrmln_edd as werehthe values for the
sequence was generated using the Blosum 50 substitution ma?rY)?rage ;o1 an residue windows at these positions.

(95). Following alignment, a table of the mean raw structural | '€ results are given in Tatileand the locations of the three
similarity values at each position was created, with a minimut‘H‘"lsses of missense alterations are indicated with respect to '_[he
value of =5 and maximum possible value of 15 "The overall megiaPh of the 51 residue averages of the mean structural similarity
structural similarity value of all positions in the muitiple Yalues for human, canine and mowRCALin Figure 2b.

alignment is 4.98. The raw values were then averaged oJgiS€ase associated missense alterations occur in highly conservec
windows of 21, 51 and 101 residues. A graphical representatigﬁ'ﬁ'dues within colnserlved dot?jalns. gg(ythe other _hand, three gf
of the 21 and 101 residue averages between all three proteinlfg S€ven_neutral polymorphisms (43%) occur in conserve

shown in Figur@a, while the 51 residue averages are depicted fgS!dues: This is consistent with random occurrence of poly-
Figure2b. The positions of the8IC4 RING finger motif, the morphisms throughout the gene, excepting a few constrained

putative nuclear localization signal$(79), the granin motif and positions. It is interesting to note that the known polymorphisms,

the putative leucine zipper are shown. Evolutionarily conservéq(f[lﬁd'ng the ?]c_)nhsgrvedtpolymor[f[)hm residues, reside 'Q 569'0'?5
potential dibasic cleavage sites are also mapped to identflyy!¢ 9&ne which do not appear to comprise conservead domains

possible proteolytically processBRCAlproducts that contain 0! BRCAL(Tablel: mean structural values of the 21, 51 and 101
highly conserved domains. residue windows are not significantly above the overall mean

The amino and carboxy termini 8RCALare highly con- structural similarity value for the whole gene, 4.98). The single

served. A stretch of 125 residues (human 1671-1796) within tRECEPton is the 21 window mean structural value for the
conserved carboxy terminus is >85% similar among all thrégPnserved polymorphism, L871P. Among the eighteen missense
species with 80% identity of residues 1673-1752. This highit€rations with unknown consequences, seven occur in absolute-
degree of conservation is maintained between human and carph§ONServed amino acids, seven in residues that have conserva-
BRCAlthroughout the remainder of the protein (85% identity follve substl'tutlor_]s across species and four are in residues that are
residues 1797-1863), whereas muBRCALdiverges some- Ot evolutionarily conserved.

what (47% identity) but retains 74% similarity. Conservative

substitutions within the C-terminal 200 residues maintain thB|SCUSSION

biochemical features of this region across human, canine and

murineBRCA1 The dog and mouse proteins are both longer thaequence analysis of humBRCAlrevealed several possible
human, with extensions of 7 amino acids. At the amino terminusotifs; the RING finger at amino acids 24-64, two basic motifs
the first 200 residues are 90% identical/96% similar betweeat 500-506 and 604-614, the granin site at amino acids
human and dog and 71% identical/90% similar between huma214-1223, and the leucine zipper at amino acids 1209-1230.
and mouse. Within this region, the 40 amino acid RING fingeFhe functional importance of a sequence motif is most effectively
domain differs only at a single site, a conservative amino acfifoven by demonstrating that the gene product has the
substitution in the canine gene (K55R). biochemical features predicted by the sequence [@3)]. (

The central portion dBRCAZ1 largely corresponding to exon Alternatively, conservation of the motif across species can
11, is fairly divergent retaining only 70% identity between therovide independent support for functional hypotheses. One
human and canine proteins and 53% identity between human dincitation of argument from conservation, however, is that some
mouse. However, as seen in Figlreseveral short domains are consensus sequences are not well-defined. Hence, lack of
conserved across all three species. One such region (human residaaservation may reflect the functional irrelevance of the human
1335-1420, >80% similarity across all three species) is high§equence, different functions in different species, and/or incom-
acidic, containing 18 conserved acidic residues, relative to Betely defined consensus sequences.
conserved basic residues. For the protein as a whole, the distributicAmong the possibIBRCALlmotifs, the RING finger is the
of acidic residues is higher in the carboxy terminal two-thirds ahost highly conserved. The 40 amino acid RING finger motif
BRCA1than in the amino terminal one third, reflected by a ng46) contains only a single amino acid substitution (K55R in the
excess of 11 conserved basic residues in the first 700 amino acidsafine sequence) among all three species studied here. This
the protein, compared to an excess of 32 conserved acidic residsigsports the importance of the RING finger to the normal
in the remaining two thirds. Hum@#RCAlexhibits the lowest function ofBRCA1 Of the two basic motifs previously described

To gain insight into the structure-function relationshipRCA1
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Figure 1. Alignment of the human, canine and mufBRCAlamino acid sequences. Amino acid identities and similarities were shaded using the Box Shade
program (K. Hoffman and M. Barron: http://ulrec3.unil.ch/software/Box_form.html). Identities are highlighted in black. Similarities are highlighted in grey.
HS-Homo sapiensCF-Canis familiaris(GenBank Accession no: U50709), Mlis musculus.
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(76), one at 500-505 is identical in mouse and human, but diffeitsese data predict regions of the gene which may be critical for
in dog, and that at 604614 is perfectly conserved. Howeverprmal function.
neither motif corresponds completely to the functionally-well Assessing the functional relevance of these regions may be
defined nuclear localization signal (RTKA)KK(RQNTSG)FO). more effectively accomplished in appropriate animal models.
Recent biochemical characterization suggests that hum@&anine and human breast cancer share a number of critical
BRCAIlshares functional features, as well as sequence similargpidemiologic and histologic features and substantial evidence
with the granin family of proteins3g). The granin consensus €Xists that inherited factors may be important as we|l’g).
sequence 84) is completely conserved in hum@RCA1 Cloning of the caninBRCAlgene thus permits testing the
(1214-1223), however the canine and murine sequences diffefigificance of this gene in pedigrees and breeds of dogs with a
amino acid 1216. Wheth®RCA1functions as a granin in all high incidence of breast cancer. The mouse genome is readily
three species remains to be determined. A putative leucine zippeahipulated, enabling construction of strains harboring specific
motifin humarBRCAlcompletely overlaps the granin consensugnutations in the murinBRCAlhomologue. Once established,
sequence (residues 1209-1230). Although substitution of tﬁ@lmal models will provide a means to directly study disease
second leucine in both canine and muBRCALwould not be  etiology, as well as to develop treatment protocols.
sufficient to disrupt a leucine zippeBYj, the absence of
hydrophobic residues at the ‘a’ position within the heptad repe
(abcdefg) (86) indicates that the periodicity of leucine residuesﬁfATERIALS AND METHODS
at this Ioc_a’_cion may not reflect a functional Ieucin_e zipper. C?nine cDNA preparation
One striking features of all three gene products is the degree o

conservation at the carboxy-terminal domain. The region frofyta] RNA was isolated from 100 mg of beagle testis homogenized
1671 to 1796 is more than 85% similar among the three specigf.ice in 1 ml of RNAStat-60 (Tel-TestB Inc.). Organic extraction
However, there are no significant homologies to other gengd RNA precipitation were carried out according to manufacturer’s
products or functional motifs. The remaining portion of thepecifications. cDNA was prepared from polyy RNA using the
protein (human amino acids 1797-1863) is 85% identic@uperScrigM Preamplification System for first strand cDNA
between human and dog, and 74% similar between human asyeithesis kit (GibcoBRL Life Technologies; Gaithersburg, MD)
mouse. Both dog and mouse sequences contain C-termigdh both random hexamers and oligo (dT) primers.

extensions of seven amino acids. All three species conserve the

tyrosine at amino acid 1853, which is the site of a truncation .

mutation in a human family that leads to very early onset bredstoning the canineBRCAlgene

and ovarian cancerl®). This tyrosine may be important for

protein stability, or it may represent a functionally importanPifferent regions of the canirBRCAlgene were cloned from
phosphorylation site. PCR amplified DNA using either first strand cDNA or genomic

A small number of mouse and canine clones had insertions A as template. PCR conditions were as described previously

aregion corresponding to the junction between human exons tity) USing 30 cycles and annealing temperatures of 5C-3&ie
and three. As far as we know, insertions have not been observe &nd was the exception and was cloned by Rapid Amplification
this site in human cDNA clones. In dogs, the inserted sequenc f CDNA Ends (RACE) using standard protoc@iS)(All PCR

found in testes cDNA and is similar to a 39 bp open reading frarRéQdUCtS were cloned into either the Invitrogen pCR 1I vector,

L ’ . ; : the Original TA Cloning Kit (Invitrogen; San Diego), or
within human intron two 7). The insertion would disrupt loop 1 using . ;
of the conserved RING finger moti#7) thus altering its function. Mo the Promega pGEM(-T vector (Madison), using the

: ; pGEM-T Vector Systems kit. Clones were transformed into either
Testes_ EXpress high levels BiRCAltranscrlpt .5'74).’ h_owever INVaF cells (Invitrogen) or XL1Blue cells (Stratagene; La
there is no evidence of a phenotypic effect in this tissue amol

. ) . e ﬁglla). Single colonies were selected and processed using prime
mutation carriers9). Alternative splicing has been observed formanufacturer's suggested protocols.

several genes in testicular tissue, conferring tissue-depende rimers derived from humaBRCAL cDNA sequence
biological function in several instance88{91), raising the SU14680) were used to amplify and clone fragments corre-
possibility that the observed splicing variants may be of biologicé onding to HSU14680 nucleotides 421-527, 1971-2485,
significance. _ _ _ 2510-2978 and 2738-3948 from canine genomic DNA and
Finally, the location of humaBRCALmissense mutations may nycleotides 37074391, 37074886 and 4348-5119 from canine
ultimately prove useful in suggesting which are disease-associategNaA. A combination of human and canine cDNA derived
The two unquestionably disease-associated mutations in the RINEmers were used to obtain subclones corresponding to nucleo-
finger are in a completely conserved domain. Of the seven amifi§es 464—2197 and 5071-5666 from canine cDNA. Nucleotides
acid polymorphisms, two are at the most divergent locale in the0—477 were cloned from cDNA using a canine primer and a
sequence; the others are in regions of average or less than avefa@Rer with wobble between the human and mouse sequences.
cross-species similarity, excepting L871P. This polymorphism tehe 3-end (nucleotides 5527—6010) was cloned using a canine
more prevalent in breast/ovarian cancer patients than in unakimer and an adapter primer to the RACE dT-adapter oligo.
fected controls48) and occurs in a conserved residue at the er@ubclones spanning nucleotides 1194-4130, 2161-4130,
of an acidic stretch of 30 amino acids with 90% similarity acrosg161-2760 and 4833-5054 were obtained from genomic DNA
species. Of the eighteen missense mutations with unknowsing primers derived entirely from the canine sequence. To
consequences, seven occur in amino acids that are identical ackesiy the specificity of the canine sequence, PCR primers
species. Four of these seven (E1219D, A1708E, P1749R adetrived from canine sequence were used to amplify canine cDNA
M1775R) are also within conserved domains. Taken togethdor the regions corresponding to human nucleotides 216-1210,
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Table 1.Missense alterations BRCAL

Clemame Asaczieted Miusalizea z
Maes Evruciuny Valuss
Human BRCAT Cautlre W rlca
Cogion ezrmed Eullsnt ERCAL sl [Halissnce Lewindew 2lsawindow 1 ga window 100 s wisdow
81 G Gy Cps Cys LE] 13 L %] 6.0 5,98
L2 G Ly Cya Cys 12 18 -] [ .86
AVERAGE: 13 [ ] 888 5.08
Mautmal Potrmershisms
Maman BRTAT Caning Muiina
Codon  Homal Yarlant EBCH Breal Bafaranin
a8E [F1 Bsg n P B 1,687 2.8 3.88 4.28
LER Leu P Lew L B =14 448 178 3.53
1008 Cay ] fel L8] 13 L] 2.4 R 3.24
1045 ar Agn iy Gy 12 13 2,067 .8 2.0 393
(AL =] LyE A oar Arg 5 067 3.5 3.5 4.2
(LR ] er =y e = 5 5 2.5 2.5 3,04
(LiFL] L] Vel Sar Wl 28, & =10 1.7 2.58 3.4
AVERAGE: 3.20 2.8 3.2 ERL
Hutatiom with Unknosm Cocaequences
Hurran BEACAT Le ] Muiring
Coden  Hommal Easani BECH] Brogl Bafaress
arg e M lw Wal 1 4.3 654 2.0 R ]
BRI Asp 4] o Als 28 0.3 1.8 .11 e
TTZ Wl L Wil Wl 2 L] 4,48 3.28 3De
B2g Thi Ly Thi Thi 11 L] 2,44 i.a8 ar
Bat g Tip n [ 2a 3 1.97 L] 345
1008 M [ ] M Ger 0 1 1,84 .8y 301
1140 S iy e Gy % 1.07 4,58 3,53 381
1218 T Aap G Gy za L] 6.7 4.3 381
1547 Hrg Gy Argl kizi d, a2 i a.91 3.32 166
1443 Argl aly L Fro 1z =353 2.87 3.82 aAre
166 Thr L] b That g, 82 1.67 a9 5.33 o
160G Lys ki Gin (F—1 24 6T 1,84 2,44 a3
i&ar Pro L P Pra 1% 1 204 2,82 34T
1708 A Le ] Al 14 1] 6.8 5.5d 456
1713 Wal A Wal lia 18 4.33 8.37 B.9% 347
1748 Pm Ang Fm P i i 6.75 5.2 561
TS Ll g Mes Mai 5 10 7 5.25 &85 503
LLL] Thr = Thr Al =14 1.87 3.78 3.87 4.8
AVEILALE: 418 4.5 3.93 383

3966-5054, and 5527 to the RACE adapter primer in theonditions, clone isolation and PCR amplification of the cDNA

untranslated region. insert have been described previougl).(
TenBRCAIclones were isolated: three derived from then8l
Murine BRCA1cDNA isolation (corresponding to hum@RCAIcDNA nucleotides 1-1462) and

seven from the '&and (HSU14680 nucleotides 4474-5711).
At the time these experiments were initiated, the mB&@A1 However, no clones were identified that span the intervening
gene had not yet been cloned. We screenetitf independent  region using either hum@RCA1PCR fragments or the mouse
clones from an 129/Sv strain embryonic stem cell cDNA liboranBRCA1 cDNA clones as probes under reduced stringency
kindly provided by Philippe Soriano (Division of Molecular hybridization (& SSC, 1% SDS, 5% dextran sulfate) and wash
Medicine, Fred Hutchinson Cancer Research Center, Seatttenditions (¥ SSC, 0.1% SDS) at 3G. This central portion of
WA), with BRCAZspecific PCR products amplified from humanBRCA1 was thus isolated by PCR amplification from either
lymphoblast cDNA, using primers and conditions described iBalb/C genomic DNA (human nucleotides 742-1985,
(13), or newly isolated cDNA inserts radioactively labelled with1861—2930, 2833—-3480) or Balb/C testes cDNA (HSU14680 nt
the Multiprime labelling system (Amersham). Hybridization3102—4532) using relaxed annealing temperatures and long ramp

Figure 2. Structural similarity oBBRCAlprotein in humans, dogs and mide) Graphical representation of mean structural similarity values from the three pairwise
comparisons between the human, canine and mBiR@GA 1protein sequences averaged over a 21 residue window (thin black line) and a 101 residue window (thick
grey line). The overall mean structural similarity value for the whole gene is B)9lhree classes of missense mutations are graphed with respect to the mean
structural similarity values averaged over a 51 residue window. Disease associated mutations are shown as an X, neutral polymorphisms as open circles and m
mutations with unknown consequences as filled circlesBR@A1protein coding structure, drawn to scale is shown below the graph, with the locations of the RING
finger motif, the putative nuclear localization signals, the granin motif, and the putative leucine zipper indicated. Conserved dibasic cleavage sites at which prote
processing oBRCA1may occur are indicated by filled triangles.
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times with a combination of hum&RCAlprimers and murine 4. Hall, JM, Lee, MK, Newman, B, Morrow, JE, Anderson, LA, Huey, B, and

primers derived from the neW|y sequenced cDNA clones. King, M-C (1990). Linkage of early-onset familial breast cancer to
chromosome 17g28cience?50 1684-1689.

5. Miki, Y, Swensen, J, Shattuck-Eidens, D, Futreal, PA, Harshman, K,

DNA sequencing and analysis Tavtigian, S, Liu, Q, Cochran, C, Bennett, LM, Ding, W, Bell, R, Rosenthal, J,
Hussey, C, Tran, T, McClure, M, Frye, C, Hattier, T, Phelps, R, Haugen-Stra-

Canine cDNA and genomic subclones were sequenced using ho, A, Katcher, H, Yakumo, K, Gholami, Z, Shaffer, D, Stone, S, Bayer, S,
either the Tag DyeDeoxy terminator cycle sequencing kit or the Wray. C, Bogden, R, Dayananth, P, Ward, J, Tonin, P, Narod, S, Bristow, PK,

. . : . - Norris, FH, Helvering, L, Morrison, P, Rosteck, P, Lai, M, Barrett, JC, Lewis,
Tag DyePrimer cycle sequencing kit (Applied Biosystems). C, Neuhausen, S, c?annon-AIbright, L, Goldgar, D, Wiseman, R, Kamb, A,

Samples _Were analyzed _usmg an ABI 373A sequencer. All T‘?‘q and Skolnick, MH (1994). A strong candidate for the breast and ovarian
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