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Lysosomes, melanosomes and platelet-dense granules
are abnormal in the mouse hypopigmentation mutant
pearl. The B3A subunit of the AP-3 adaptor complex,
which likely regulates protein trafficking in the trans
Golgi network/endosomal compartments, was iden-
tified as a candidate for the pearl gene by a positional/
candidate cloning approach. Mutations, including a
large internal tandem duplication and a deletion, were
identified in two respective pearl alleles and are pre-
dicted to abrogate function of the  [3A protein. Signifi-
cantly lowered expression of altered  [3A transcripts
occurred in kidney of both mutant alleles. The several
distinct pearl phenotypes suggest novel functions for
the AP-3 complex in mammals. These experiments
also suggest mutations in AP-3 subunits as a basis for
unique forms of human Hermansky—Pudlak syndrome
and congenital night blindness, for which the pearl
mouse is an appropriate animal model.

INTRODUCTION

The autosomal recessive mouse mutation ppgr({) maps to
distal chromosome 1244). Pearl mice are appropriate models
for Hermansky—Pudlak syndrome (HPS) as they exhibit hypo=

dark-adapted state, suggesting a model for human congenital
stationary night blindnes$)

HPS patients have altered biosynthesis/function of melanosomes,
platelet-dense granules and lysosonteS)( Due to associated
fibrotic lung disease, prolonged bleeding and colitis, HPS leads
to high morbidity and increased mortaliB~L0) in the third to
fifth decades of life. It occurs in diverse populations worldwide
and is especially prevalent in selected regions such as Puerto
Rico, due to founder effects. No curative therapies exist.

Intracellular protein sorting and trafficking are conducted by
means of carrier vesicle$l) whose formation is mediated by
adaptor protein (AP) complexe$2j. An adaptor-related coat
complex, termed AP-3, likely facilitates trafficking of vesicles
from the trans-Golgi network and/or endosomal compartments
by interacting with tyrosine and di-leucine signals on proteins of
lysosomes and other intracellular organelle31(4). AP-3 is
heterotetrameric containing two large subunitsand 3, a
medium subunitpu3, and a small subunig3. Details of the
function of AP-3 in mammals are not well understood. We report
positional/candidate cloning of pearl and evidence from mutational
analysis that the primary pearl gene defect is ifs8fesubunit
(the Ap3blgene) of the AP-3 adaptor complex.

RESULTS

Positional/candidate cloning identifief33A as a candidate
ene for pearl

pigmentation, lysosomal secretion abnormalities and platelddentification of B3A as a candidate for the peapel gene
dense granules with reduced levels of adenine nucleotides amduired high resolution genetic and physical maps. We previously
serotonin §). The latter leads to the prolonged bleedingocalizedpeto a 0.5 cM regionX3) on chromosome 13 between
symptomatic of platelet storage pool deficiency and HP313Mit28/29andCf2r using an interspecific backcross of 1250
Additionally, pearl mice exhibit reduced sensitivity in theprogeny. Further analyses (FIA) showed thaD13Mit28 is
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Figure 1. (A) Expanded and current high resolution molecular map around thegseaeiie. The centromere (circle) is at left; distances between adjacent markers
are given below in map units (cM). Bold markers are expressed genes. Numbered markers are D13Mit microsatellites. Otiverevdekiees! from BAC or YAC

end clones. The darkened portion of the chromosome indicates the maximum genetic interval conta@gege¢hB) Physical map of theeregion of chromosome

13. The 0.4 map unit region betwe2h3Mit28andCf2r is expanded. The positions of individual microsatelliZss3it28 108 161, 169 258and104), YAC ends

(1L and 8L), BAC ends (18E and 2E) and the expressed@f@nare indicated at the top. YACs (Y) and BACs (B) are located at their approximate chromosomal
positions, represented by horizontal lines (not drawn to scale). Triangles indicate BAC/YAC end clones, circles indicatliteisiarsd squares indicate expressed
sequences. Four BACs (B255G14, B326G19, B146H3 and B194B1) were subjected to exon trapping. There is a gap betRdSMaECGhd

o4 |
Y107H6 (1047) |

0.2 cM proximal ofpe and is, in fact, the closest recombinantB3A is mutated in two pearl alleles
proximal marker tge.Also, several new non-recombinant markers

(defined by 1L, 8L, 2E and 18E) derived from yeast artiﬁcabrimers were designed from human and mqﬁm cDNA
chromosome (YAC) and bacterial artificial chromosome (BAC) endequences to search for mutations by amplifying overlapping
clones were positioned on the genetic and physical maps. regions (Fig2). Primers 2092/3102 (Fi§A and B gives primer
This high resolution genetic map enabled the selection of |gcations), within the mouse cDNA sequence corresponding to
series of overlapping YACs and BACs in the regiop@fTwo  the hinge regioni(3) of the3A protein, amplified anB0OO bp
overlapping YACs (Y1 and Y8), selected with markers eithefarger product fronpe/pe compared with +/+ (normal) cDNA
non-recombinant with or flankingg, covered most of the critical (Fig. 2), suggesting an insertion or duplication involved irpiae
region betwee®13Mit28and several markers non-recombinantmutation. Other sets of primers within this region produced
with pe (D13Mit108 161, 169 and258. Twenty BACs were additional novel results (Fig2). For example, primer pair
found later to cover the region that included foaBMitmarkers  1720/2272 gave the predicted 553 bp product from control
that were non-recombinant wihe (D13Mit108, 161, 16@nd  C57BL/6J cDNA, but produced an additional 1.3 kb fragment
258 and four markers that were derived from end clones of eithétom pearl cDNA. This result was expected, given a duplication
YACs (1L and 8L) or BACs (2E and 8E). These markers wergFig. 3B) within the pearl transcript. To further test the duplication
physically ordered by their presence or absence on these BAGsodel, amplification was performed with a primer pair
The physical contig, with a gap between 2E BA@Mit104 is  (2628/2496) contained within the putative duplicated region but
depicted in FigurdB. oriented so that a product is expected from mutant but not normal
To identify candidate genes fpe four BACs (B255G14, cDNA (Fig.3B). As predicted by the duplication model, no PCR
B194B1, B326G19 and B146H3) harboring the eight markernsroduct was obtained from control C57BL/6J cDNA, while a
non-recombinant witipe were subjected to' @xon trapping. A product of (670 bp was obtained from pearl cDNA, confirming
total of 22 potential exons were isolated. One exon-trapped cloti& duplication model. Another primer pair (1476/2112) amplifying
(Xho57) found on BAC255G14 exhibited significant homologya region upstream of the duplication produced the expected
to the recently clonefi3A subunit of the human AP-3 adaptor 637 bp fragment from control and pearl cDNAs. Similarly,
complex (L3,14). Because the AP-3 complex is involved inprimers targeted to downstream regions gave equal size products
vesicle targeting at the tra@®lgi network/endosome subcellular from control and mutant cDNA (data not shown).
sites (3,14), Southern analyses revealed alterations in various PCR amplification across cDNA derived from mice carrying an
pearl alleles (data not shown) and high resolution genetic amibependent mutation, pearl-§&¢), revealed alterations of a
physical maps (Fid.) localized33A in the region ope B3Awas  different nature within this same region of fB@A transcript
considered a promising candidate genegéor (Fig.2). A smaller than expected product appeared when
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. . N N & 2 RS 5.1 kb was detected in pearl and its expre_ssion was cor)siderably
,_\.,x‘f\‘\\: »s"*-&‘ M S 0 @ad aw reduced .(to 17% of _control). A transcript of apprpxmately
R R R A O normal size, but considerably reduced in concentration (12% of
> control), was visible in pearl-8J kidney poly(ARNA. The

13 apparent mutant transcript sizes are consistent with the duplications
s and deletions detected by sequencing using the pearl and pearl-8J

cDNAs, respectively (Fig3).

14761 1 7HH: AN IH2E1F 172001 17200 2in2E[
212R TR AR 246K M96R 26491 tabile

DISCUSSION

Eigg? 2P- CAgeratiolr_}s in_tranicripts t_ﬁ3Af0f normal alnd gearl micek%etected The data from high resolution genetic crosses together with
—| amplification. Transcripts from normal and mutant kidney were i i i
a?nplified by RT—FI)DCR with the indicgted primer pairs below. A negative)(l:DNA mlfltatlon analyses of two independent pearl alleles provide strong
control () was included for each primer pair. The locations of individual evidence that the pearl gene (now designaiab) encodes the,
primers within the33A sequence are given in Figures 3A and B. B3A subunit of the AP-3 adaptor complex. The severe reductions
in expression of transcripts in pearl and pearl-8J mice together
with predicted large truncations in tB8A subunit protein are

peIpeBIcDNA was amplified by primers 1720/2649, suggestingexpected to abrogate or at least seriously affect n@a#abnd
adeletion. No alterations were noted when the same samples wafe-3 functions. Analyses of decreased levels of other AP-3
amplified by primers directed to cDNA regions upstreansubunits in pearl mice (L.Zhezt al, manuscript in preparation)
(1720/2496) or downstream (2628/3328) of the deletion ZFig. support this proposed loss of AP-3 function. The reductiBdAn

The regions of3A cDNA altered in pearl and pearl-8J were transcript levels in all tissues examined indicates that the mutation
amplified and directly sequenced (F84\). As predicted by the likely affects most tissues. Widespread tissue involvement is a
PCR results, the pearl mutation contains a tandem duplication@faracteristic of HPS/7). Further, the effects on transcripts are
a 793 bp region starting at nt 2135 (F8B). Further, the both quantitative and qualitative.
duplication alters the reading frame producing a stop codon at theThe several phenotypes of the pearl mutant mice suggest novel
duplication junction. This is expected to yield a protein withroles for the AP-3 complex in mammalian tissues. Pearl mice
130 amino acids truncated from the C-terminus of the 1105 amit@ve abnormalities in structure and/or function of at least three
acid B3A protein. In contrast, the pearl-8J mutation contains eelated organelles: lysosomes, melanosomes and platelet-dense
107 bp deletion from nt 2504 to 2610 (FBC). Again, an granules §). Constitutive secretion of lysosomes from kidney
alteration in reading frame occurs, predicting a stop codon ptoximal tubule cells of pearl mice is reduced to one third the
position 2644 together with the addition of 12 foreign C-terminahormal rate and thrombin-mediated secretion of lysosomal
amino acids. As in the case of the pearl mutant, the expected resuizymes from platelets occurs at half the normal rate. Increased
is a substantial C-terminal truncation (in this case 233 amin@tes of synthesis of lysosomal enzymes have been observed in
acids) of B3A protein. No additional alterations of tfg8A  kidney of the pearl mutant. Melanosomes of retinal pigment
cDNAs were found in either the pearl or pearl-8J mutants whegpithelium of pearl mice are morphologically abnormal and are
the complete coding regions were sequenced and compared witfslocalized, being absent within the apical processgsThe
their respective parental inbred strains of origin, C3H/HeJ andense granules of pearl platelets are grossly abnormal in content.
DBA/2J, respectively. In fact, the compl@®@A coding sequences Together these varied phenotypes suggest that these three type:
were found to be identical in cDNAs isolated from C3H/HeJ andf organelle are highly related and require AP-3 for their normal
DBA/2J. formation. This conclusion is consistent with an expanding body

Sequence comparisons showed that the coding region of tbibiochemical and cell biological datd) (ndicating that these
cDNA of mousep3A (DDBJ/EMBL/GenBank accession no. organelles share certain membrane and lumenal components,
AF103809) is highly related (88% identity) to the humanmaintain an acidic interior and can receive extracellular components
counterpart 13,14) (DDBJ/EMBL/GenBank accession nos internalized by endocytosis and phagocytosis. Also, the subcellular

U91931 and U81504). locations of the AP-3 complex in the trans-Golgi network and in
more peripheral endosomal regions of the d&€lll4) are within
Expression ofB3A transcripts is altered in pearl alleles the widely accepted subcellular pathway(s) for biogenesis/

trafficking of lysosomes. Further, as pearl is a model for some
The effects of the indicated duplication and deletion of portionforms of human congenital night blindneSy & role for AP-3in
of the B3A transcript on its expression were determined bgensitivity of the retina to light, altered somatostatin bindiy (
northern blotting. The distribution of tHg3A transcript was and acceleration of retinal apoptosis)(is likely.
determined in total RNA from several tissues (B#), including Supporting evidence for participation of the AP-3 complex in
those (kidney, bone marrow, eye and macrophages) affectedgranule biogenesis/processing is derived from reenitro
pearl mice §). The 4.2 kb 13) B3A mRNA was expressed at analyses of binding of granule proteins to AP4®)(and
significant levels in kidney, heart, bone marrow, eye andbrmation of synaptic vesicles from endosom&S) {ogether
macrophages in control mice. However, consistent with nonsensegith studies of lysosomal trafficking in yeast AP-3 mutants
mediated mRNA decay, it was undetectable in total RNA fronG20,21) and pigment granule biogenesis in ¢faenetmutant of
any tissue of pearl mice, nor were transcripts of altered siZ@rosophila (13,22). Additionally, a genetically distinct mouse
apparent. HowevefR3A transcripts were detectable, though athypopigmentation mutant, mocha, has reduced expression of the
considerably reduced levels, in poly{ARNA from kidney of AP-3 complex as a result of a mutation in &sibunit of AP-3
both pearl and pearl-8J mice (F#B). A larger transcript of (23). As expected for mutations affecting subunits of a common
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. 1476F
1471 ATCACTGTTCCTGTGGCTAGAGCAAGCATCCTTTGGCTAATTGGAGAAAACTGTGAACGAGTTCCTAAAATTGCTCCTGATCTTTTCAGG
rTv?>ePVARASTITLUWLTIGENT CEIZ RV YVZPIE KTIA ATPUDTUVTLR

1561 AAAATGGCTAAAAGTTTCACTAGTGAAGATGATCTCGTGAAACTGCAGATTTTAAATCTTGCAGCAAAATTGTATTTAACTAATTCCAAA
K MAKSFTSEDUDILVI KT LO QTIULNILAA AT KT LTYTZLTNS K

1651 CAGACAAAATTGCTTACCCAGTACATATTAAATCTCGGCAAGTATGATCAAAACTACGACATCAGAGACCGCACACGATTTATTAGGCAG
Q TKLLTOQYTIULNIULGI KT YDOQNYDTIRUDZRTT RTETIT RDQ
.1720F
1741 CTTATTGTTCCGAACGAGAAGAGTGGAGCCTTAAGTAAATATGCCAAAAAAATCTTCCTAGCACCGAAGCCTGCGCCACTGCTCGAGTCT
L I vPNZEIZKS S GALSI KT YA AZ KT KTITFTLA APZE KU PAZPTILTLTE S

1831 CCCTTTAAAGATAGGGATCGCTTCCAGCTTGGCACCTTATCTCATACTCTCAACATTAAAGCGTCCGGGTACCTGGAATTATCTAATTGG
P F KD RDRTFQLGTULSHTTULNTII KA ASGT YT LZETLSTNW

1921 CCAGAGGTGGCGCCTGACCCATCGGTTCGCAATGTAGAAGTAATAGAGTCAGCAAAAGAATGGACCCCACTTGGGAAAACAAAGAAAGAA
P EV A PDUZPSVRNVEUVTIESA AZEKTEWTUPTULGTE KTZ KZ K E

2112Rez _____

2011 AAACCCATGAAGAAATTTTACTCTGAATCTGAGGAGGAGGAGGACGAGGACGAGGATGAGGACGAGGAGGAGGAAGAAAAGGAAGATGAG
K PM KK F Y S E S EZEETEUDETDETUDTETDTETETETETETZ KTETDE

—_—————2092F
2101 GATGAGAACCCCTCTGATAGCAGCAGTGACAGTGAGAGCGGGTCCGGAAGTGAGAGTGGAGACACAGGCACCGAGGACAGCAGTGAGGAC
D ENZPSDSSsSsDSESGSGSESGDTTGTTETDSSE D
2272R &£
2191 TCGTCCAGTGGACAAGACAGCGAGACCGGAAGCCAGGCAGAAGCGGAACGCCAGAAGGTGGCCAAGAGGAACTCCAAAACCAAGAGGAAA
S S S G QDS ETGSQAEA AERUI QI KV VA KR RNSIE KTTZ KT R K

2281 AGTGATTCAGAAAATAGGGAGAAGAAAAATGAAAACTCAAAAGCTTCTGAATCGTCCAGTGAGGAGTCCAGTTCCATGGAAGACAGTTCT
S DS ENREI K KNENSI KA ASESSSETESZSSSMETDS s

2371 TCCGAGTCAGAGTCAGAGTCAGGCTCTGACAGTGAGCCTGCGCCCAGAAACGTGGCTCCGGCAAAAGAAAGAARACCCCAGCAAGAAAGA
S ES ESESGSDSEZPAPR RNVAPAIZKTET RIEKTPIOQIOQTER
2496R

-
2461 CATCCTCCCTCCAAAGATGTTTTCCTTCTAGATC TGGACGAC’I'I“I‘AAEE;SEGTATCQAs;s;s;cAG!zEgg; TCCTACACCAGCCCTTTICT

H PPS KDV FLLDULUDDTFNZPVSTUPVALTZPTUZPA ATILS

2649Refe
2551 TAAA TCAA TTCATCAGTCA GTCAGTACGCCTGTCTTCGTGCCAACAAAA
PSLIADTVLEGLNTLZSTSSSVINVSTZ®PVTFVZPTEK
— N 2628F :
2641 ACACATGAGCTGCTTCACCGAATGCATGGGAAAGGACTGGCCGCCCACTACTGCTTCCCAAGACAGCCCTGCATCTTCAGTGACAAGATG
T HEL L HRMHGI K GULA AAHRYT CTFUZPRUG QUPU CTITFSDIEKM

2731 GTCTCTGTACAGATCACCCTGACTAATACTTCTGATCGAAAAATAGAAAACATCCACATAGGCGGGAAAGGGCTTCCTGTGGGCATGCAG
vVsVQITLTNTSDRIE KTIEINTIHTIGG GTE K GTLUZPVGMZQ

2821 ATGCATGCCTTTCATCCAATAGACTCTCTGGAGCCTAAGGGGTCCGTGACTGTCTCAGTGGGTATTGACTTTTGTGATTCTACACAGACG
M HA FHUPTIDSULEZPIZ KGSVTVSVGIDTFTCDSTTZ QT

2911 GCCAGTTTCCAATTGTGCACCAAGGATGACTGCTTCAACGTCACCCTCCAGCCACCTGTTGGGGAGCTGCTTTCACCTGTGGCCATGTCA
A S FQLCTI XKDUDT CT FNVTULIGQU®PZPVGETLTLSZSU PVAMS

3102Re
3001 GAGAAGGACTTTAAGAAGGAGCAAGGAACGCTCACTGGAATGAACGAGACTTCGGCTACACTCATCGCTGCTCCACAGAACTTCACTCCC
EXKDF K KEQGTILT GMNETSATTULTIAATPG QNTEFTP

3091 TCCATGATCCTCCAGAAGGTTGTAAATGTGGCCAACCTCGGTGCTGTGCCTTCCAGCCAAGATAACGTACACAGGTTTGCAGCTAGAACT
S M IL Q KV VNV ANLGA AV?PSSQDNVUHTERTFA AATRT

3181 GTGCACAGTGGGTCGCTGATGCTAGTCACAGTGGAACTGAAGGAAGGCTCCACAGCCCAGCTTATCATCAACACCGAGAAAACCGTGATT
VHSGSLMILVTVELIZ KEGSTAQLTITINTTETZKTUVTI
3328RZ
3271 GGTTCTGTTCTGCTGCGGGAGCTGAAGCCTGTCCTGTCCCAGGGGTAACCTGCTTACATCTGGACTTCAGAATCTGGCACACAACAAAAG
GSVLLRELKPVLSQGZPAYIWTSESGTQQK

2112R 2649R 2649R

2092F 3102R 3328R
1476F 1720F 2272R 2496R 2628F 2272R 2496R 2628F
—\ L L AN Lo £ AN VAR A

GACAGTG|AGAGCGGGTC: - -AGTTTCCAATTG[TG|A|GAGCGGGTC: - - AGTTTCCAATTGTGICACCAAG

> } X [

2135 2927 2135 2927
asp asp cys gln tyr ala cys leu arg ala asn lys asn thr OPA
pe8J GAC GAC T|2504 2610|GT CAG TAC GCC TGT CTT CGT GCC AAC AAA AAC ACA TGA
LT T O NI I I e I e e e
DBA/2J GAC GAC T|TT ... ACC |GTC AGT ACG CCT GTC TTC GTG CCA ACA AAA ACA CAT GAG
/asp asp phe ... asn val ser thr pro val phe val pro thr lys thr his glu

2497 2927
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protein complex, the effects of the mocha mutant on intracellul@orresponding to nt 2461-2582 and 3463—-3445, respectively, of
granules are similar to those of pe&jl (n both, the biosynthesis, human33A cDNA (13).
function and/or morphology of the related cytoplasmic organelles Other PCR primers were: 1476F, TGTTCCTGTGGCTAGAG-
lysosomes, melansomes and platelet-dense granules are abnor@8AGC; 1720F, CGCACACGATTTATTAGGCAGC; 2092F,
Both are appropriate models for HPS. In addition, mocha micBAAGATGAGGATGAGAACCCC; 2112R, GGGGTTCTCA-
display an interesting hyperactive phenotype associated wWilfCCTCATCTTC; 2272R, TGGTTTTGGAGTTCCTCTTGGC;
reduced brain levels of the zinc transporter ZnP-3,(a fact 2496R, GTCGACCAGATCTAGAAGG; 2628F, CGTGCCAA-
which suggests that AP-3 function is lost in brain of mocha an@AAAAACACATGAG; 2649R, CTCATGTGTTTTTGTTGG-
maintained in brain of pearl. A possible mechanism for abnorm&ACG; 3102R, GAGGATCATGGAGGGAGTGA; 3328R, TG-
function of cytoplasmic organelles in pearl and mocha mice is th®AAGCAGGTTACCCCTGG.
the AP-3 mutation causes mistargeting of organellar proteins
similarly to the observed2(,21) abnormalities in targeting of
proteins to the vacuole in yeast AP-3 mutants. Interspecific backcross and construction of physical maps

Pearl is one of a series of 14 distinct mouse pigment muBNts (yith YACs and BACs
which exhibit phenotypes similar to those of HPS patients,
making them ideal animal models for this syndrome. Th
existence of a large number of mouse HPS-like mutants
consistent with finding that >40 separate genes regulate tggion of mouse chromosome 13.

biosynthesis of the yeast vacuol®4@5) and suggests that . Mouse YAC and BAC libraries were purchased from Research

ggoilgg?tﬁli g (;J rq_i?sHI:eS d?cetirgontyﬁaessHg;gjg'tnlgeggaﬂaﬁgg?lm?ﬂﬁil‘év%enetics (Huntsville, AL). Libraries were screened by solution
| P P y CR and/or filter colony hybridization with markers near

by evidence for genetic heterogeneity in HPS patie@i2(). A ccording to the manufacturer’s instruction. YAC or BAC clones

subgroup of HPS patients are altered in genes other than &re subjected to restriction enzyniNo{) digestion and pulse

recently cloned 48) human HPS gene. This indicates thatfield gel electrophoresis to determine the size of the insert. Clones

identification and characterization of other mouse HPS gen L . .
such as thpe-33A gene, in addition to the recently identifiel z%raggr%nmagizgfgyglﬁsags5’:2;%”;? éi?of’/\'/te mapping were
(pale ear) gene2p,30), will be required for complete and '

accurate molecular and mutant animal modeling of these patients.

A large-scale interspecific mouse backcrds8)(was used to
éﬁap the pearl gene with high resolutia®.@ cM) to the distal

YAC/BAC end clone isolation
MATERIALS AND METHODS
YAC and BAC genomic DNA was isolated as descritigt. (
Specific YAC end clones were amplified using a bubble vector
@nnealed template method using a YAC vector-derived primer from
either the right or left arm and a bubble-specific primer. The right
arm primer was STCGAACGCCCGATCTCAAGATTAC-3;

Mice

The pearl fe/pe) mutant occurred spontaneously on the C3H/H
strain (). C57BL/6Jpepe mutant mice together with control

C57BL/6J, C57BL/6pe+ and C3H/HeJ mice were obtained ;
from the Jackson Laboratory (Bar Harbor, ME). Tie&Ype?? the left arm primer was 5 CTCGGTAGCCAAGTTGGTTTA-

mutant was identified in 1995 by Barbara Wilcomb. It occurref\e%ﬁ1 _isc;’uSz\Z\}itEA;irﬁggs Cg;i‘?ﬁgvig? [[sk]()elatéagfsusollrﬂg_r;hee;;ngfa
on the DBA/2J inbred strain. This mutant and control DBA/2 i, .
and peIpe3) mice were likewise obtained from the JacksonoBeloBACH. Amplified products were subcloned into the

. oo : GEM-T vector according to the manufacturer’'s protocol
Laboratory. Mice were subsequently bred and maintained in t : . "
animal facilities of Roswell Park Cancer Institute (Buffalo, NY). Bromega, Madison, WI). Allquqts of 5 DNA from positive

end clones were sequenced using Cy5 fluorescently end-labeled

M13 forward and reverse primers and the cycle sequencing kit
Probes from Pharmacia (Piscataway, NJ). The reactions were amplified
for 35 cycles of 94C, 30 s, 54C, 45 s and 72, 1.5 min with
For northern blotting, a 1.2 kb fragment from theBd of the 1 U Taq polymerase followed by a°f2, 10 min extension at the
mouse33A cDNA was used. Primers for PCR amplification ofend. Products were analyzed on an ALFexpress automated
this fragment were "SAACCCCAGCAAGAAAGACATCC-3  sequencer (Pharmacia). STSs were designed specific for the end
(forward) and 5CAAGAATGTCGAGAGTGCG-3 (reverse), clones using MacVector (Oxford Molecular, Campbell, CA).

Figure 3.(A) The sequence of the region of norf@# cDNA surrounding pearl mutation sites. Vertical arrows indicate the beginning and end of the 793 bp sequence
which is tandemly duplicated in tpeallele. The 107 bp which is deleted in g’ allele is underlined. Numbered forward (F) and reverse (R) primers used to amplify
specific regions of cDNA are drawn above their sequence with numbers identifying the first nucleotidesattioé the primer. The numbering convention is derived

from the mous@3A coding sequence with number 1 indicating the start of the initiation cd&)ofarfdem duplication of a 793 bp region predicts a trun@ad

protein in thepeallele. Nucleotides 2135-2927 of @A sequence are tandemly duplicated (large box). This results in the introduction of a stop codon (small box)
at the duplication junction. Approximate positions of primers used in RT-PCR analyses (Fig. 2) are indicate@)dbeletion of 107 bp dB3A transcript leads

to a frameshift and predicted truncai&h protein in theped) allele. Sequences of cDNAs and predicted amino acid sequences of mutant and the normal DBA/2J
B3A gene are indicated. The deletion (box) extends from nt 2504 to 2610 and produces a stop codon 36 nt downstreanoaof the deleti
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of 22 potential exons were isolated. Aliquots of|xgGf pooled
genomic DNA from the four BACs were digested with either
EcaRI, BanHI, Xhd, Sal, Not or Bglll according to the
manufacturer’s conditions (New England Biolabs, Beverley,
MA). An aliquot of 0.5.g of digested genomic DNA was ligated
into 0.5ug Nrul blunt-ended pTAG4 in a 3 reaction of 50 mM
Tris—=HCI, pH 7.5, 10 mM MgG| 10 mM DTT, 1.0 mM ATP,
25ug/ml bovine serum albumin, with 400 U T4 DNA ligase
overnight at 18C. An aliquot of 1.0ug of ligated DNA was
transfected into COS-7 cells according to the manufacturer’s
instructions (exon-trap kit; Gibco BRL, Gaithersburg, MD). Total
RNA was isolated from the transfected cell lines using the
Promega Reagents kit according to their protocol. Primary cDNA
synthesis was performed using an adaptor primer, AAGGATC-
CGTCGACATC(T)17, and 1.0-3)@g of total RNA in a 2Qul
reaction of 50.0 mM Tris—HCI, pH 8.3, 75.0 mM KCI, 3.0 mM
MgCl,, 0.01 M DTT, 500uM dNTPs, with 200 U reverse
transcriptase for 5 min at 36. A two stage hemi-nested PCR
was performed on the cDNA using primers specific for the SV40
site of the pTAG4 vector and for the adaptor primer at'tea@.

PCR reactions were 30 cycles of @4for 45 s, 58C for 45 s and
72°C for 40 s in a standard PCR buffer. An aliquot ofl.6f

the PCR product was reamplified using a primer specific for the
second exon of the adenovirus gene within the pTAG4 vector
using identical PCR parameters. The PCR products were
subcloned into the pAMP vector according to the manufacturer’s
protocol (Gibco BRL) and used to transform DH10B cells via
electroporation (Bio-Rad, Hercules, CA). Colonies were tested
by PCR and selected based on size. Verification was performed
primarily by hybridizing the trapped exon back to a panel of
digested BAC genomic DNA. Trapped exon clones that mapped
to the appropriate BAC clone were sequenced as described.
Primers were designed to test for expression using pearl and
wild-type (C57BL/6J) retinal cDNA libraries as templates. A
BLAST search was performed on all sequenced clones to screen
for homologies with known genes.

Mouse 33A isolation

Trapped exon clone Xho57, containing a portion of GBA
sequence, was used as a probe to screen a cDNA library derived
from mouse retina/retinal pigment epithelial tissue propagated in
AZap (Stratagene, La Jolla, CA). The Xho57 clone was labeled
with [32P]dCTP (DuPont, St Louis, MO) by the random hexamer
method 83). The cDNA library was screened at a density of

Figure 4. 33A mRNA is altered in size and expressed at very low levels in 50 000 plaqueS/]-SO mm Petri dish, for a total ofi plaques

tissues of pearl and pearl-8J mica) (Total RNAs of kidney, heart, bone

Isolated clones were sequenced in their entirety and used as

marrow, eye and macrophages of homozygous pearl mice and parental contrmgmplates for BLAST searches to |dent|fyﬂerlapp|ng clones.

C3H and C57BL/6J mice were tested by northern blotting wigBAaprobe.
Control C3H/HeJ and C57BL/6J mice were included becaugeetnetation

arose in C3H/HeJ (1) and was subsequently transferred by repeated backcrossrﬁ

to the C57BL/6J strainB) Northern blots of poly(A&) RNA from kidneys of

Primers were designed from identified transcripts of the BLAST
arch and used to amplify theéglons of33A from the murine
NA library or by RT-PCR using total RNA from C57BI/6J

pearl and control C57BL/6J mice and kidneys of pearl-8J and control DBA/2Jret|na/ RPE.

mice were probed witB3A. The migration positions of standard RNAs are

indicated. The same blots were reprobed with mdaetin (below) as a
loading control.

3 Exon trapping

Northern blots, RT-PCR and sequencing

Northern blotting was performed as describ&t).(Total RNA

was isolated from mouse tissues with Trizol (Gibco BRL)
according to the manufacturer’s protocol. The PolyATract mRNA
Isolation System Il kit (Promega) was used for isolation of

To identify candidate genes fqe four BACs (B255G14, poly(A)* RNA. Total RNA (20ug) or 7-10ug poly(A)* RNA
B194B1, B326G19 and B146H3) harboring six markers nonwas electrophoresed on 1% agarose gels, transferred to Hybond-N

recombinant witlpe were subjected to &xon trapping. A total

membranes and hybridizédP-labeled probes were generated from
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