2661 TAdY 6]26€ TOA}TUNIVN

U JO S1SaTRFRINU 2A[IOIYR ) U0 sayarx AFerens den susd Inp
*(TMOYS JOTL BeP
isisd[eue J01q twanog Aq paurguod sem 1dry jo Supefiey) stusas
Sunodae; Trysseoons Jo IMSAI AT} UM SITUO[OD 35Y) JEY PIIBLS
~UoUWap $31U00d JuessaI-upinomd woxy spnpord 9OvY ¢ 93
Jo Supuanbag auad 1idiy 5 JO UONUT PUOIIS 13 03 TOREUIIIOIAT
snodojowoy 4q posdiel sem 11 ‘pawrpaid se suad v den pnoo
qsomdy g BYaym UIISLP o, ‘suotlar Furpod urejuoa 03 £y
ST 3T 95123 SAYDILS SSRQRIBP Wl darTeurtofn §1 3didsuer vosny
a1 jo aouenbas Junmsar ayJ, ampasord apqeewoine ‘apdurs
2 IOV ,£) spua N2 Jo uoneagrdure prder Aq pourelqo oq ues
ausd padden a1 Jo 2ouanbas oy pue paddes aq 01 paqudsuel] 3q
jou pasu auad e ‘udisap snp v (g1 “313) 20uanbas voneiduspedod e
Jo uoniippe pue ouad padden v Jo wzonsumop suoxs ojuz Supids Aq

A0 paasTyoR 2 PINOD 20UR)SISaT trdtroind Jey) pajedmdIUR 9p4
_ ‘(vdqoaddsayIvs 1o vdqoadgys)
souanbas uoneiAuspedied v Aq pamoroF Sual INYIBWT HXPUWILIO[OD
Q[QeINPS 1 0] pasny sousnbas 103ds00r 201]ds © JO SISISU0D JRIE JUAT
~odwod stuaSeynur ¢ (7) pue Hgomdyng) ssuanbas 10uop a01ds
SNSUISUOD JIIAPUAS B AQ PamOT[0] T Inq aduanbas wone{uapedjod
® sYr] 181} souanbas Burpoo awed sserspsuenidisce-n undmoeind
2U} 03 Pasny S[0 S Ul 2AnDe ([-aseup| syeisnd[Soydsoyd Bur
-poota o128 asnow ) wroxy) rjourord e jo Funsisuod yuauodwos
uonssinboe asuanbos © (1) isyum [euonOUR] oM] GO paseq (07HIDIA
pue e I0IA ‘el ‘9r1) s101004 dexy susf padopaasp am ‘suornelmuy
2591) AUFDIA0 O "ouad wMOoID] ¥ 0] Jua§ paleinwy sy YUl o}
OGP 15 Sunfew ‘sarads U3amIA( PIATSSTIOD SS3] ST PIIE SISEGRIEP
153 pue yN(J Arejustmordizos ommrousd i pajussaidarispun st
uonemIopul 22usnbas Yong “suoIdar pajejsuenun G IO PIGLIDSUEI)
-uou 03 puodsarzed wsyo sFey aouanbos oy pue ¢ UCHEIFIIERP!
aual paddeny a jo wopewolne moqe o) pezramdo uaq joU
aary sudtsop dexy jsour w1ep o, -ad4y a0 zemonred Aue ur pajenw
2q weo yey: sauad Jo Jas o Surormser ‘spefrey are sousd sapoe
ATmo yeys st siopea Surdden snopasad 3o woRIrII| B[(EIOU JSOUI 2}
‘Juruop Juanbasgns 10y sauad a1py 53y pue SoUS U §)H2AD HONIISTT
JO UONDas Ay} 107 sMo[[e 4321118 © yons ylnoyy ‘2ued aapoe A
~wondiIosue) € Jo F230101d € 10 WOXD UR ‘UOLI] Ue TIHIM SHISTT
1Lyt possazchs 9q AJUO Wed JIONIRWI Y, ., UsBeIn I € s U IoNIeTT
a[qeIees 10 Iaztodar v 10§ Burpon yi(I Jo yuswdely € sasn ey

stsouRdeInu [RUCHIISUT WOPURT Jo poipjaw e st Surdder; suany
"paqLIdsap axe sawad o)z wr suopeu pagde;-sousnbas poym
WOT YURGIUWQ Payfes SR G Jo ATeiqy e eax> 03 sonbruypa;
asor) Sursnt o om ‘opeds afae] v uo uopouny swed Jo Apmys
31 S1BHOLY O, "ST[3> S UI snje)s uorssaxdxa xpouy jo ssoppaedorx
sousd sayeynwu pue sdex) porowd sryy *souad payenur 1)) wroxy
sfe} oouanbas Jo wonesYRUIPI parewoyne a1 smofe jeq) Surddesy
suaf wo paseq poippwr sisawaSeynur ndySnorg-ydiy v aquosap
am Y . swsruefio samof ur paystqelsa fom st yoeoxdde sup
U1a)SAS uBIRTIIRUT 2 U Tonmmy 9uad Sureiunis)ep 1oy yreoadde
pmod e sepracad sisouaSeymur wiopuer padley Aq ajeos a81e]
B UO S[[30 (SH) WIS JTUOAIQUII UT SHOLJBINUT 2JeaId 0) AVIE ],
POYNULGPI 3Q WEDd UOIDURN] JIRI) Yorgm Je ajex o) Supedino ey
soad MaU Jo wonesynuapt oy yim ‘def uopnouny Jusg, v paje
-om sey souanbos onnouad pue (sysH) s3] svuanbas passaxdxos
JO WEX0] 2Y) ul wopeuLIoyUT Axuanbas UT ssearour dneUrRIp Y,

VSIT “T8ELL SPXIT, ‘SPUBIPOOp 3Y ], 2ALIT 15340, Y2DISTY DOOF SIHIUIL) UOANXIT

spues ‘i iNYyuy @ uosiad aydoisuysn ‘Biragsepl "1 uels
‘uoixng 0 g 'YOUPpa1ld "y UUIJY) ‘ZOIMOIUIERZ d uellg

S|j99 Wa}ls sluoiiquida asnow
ulsauab 00 0‘2 jo uonesynuapl
aouanbsas pue uomlmsm

809

BHFUN JO 3II[JO [RIFOIPE UOPIOT a3 e ueypayg Aiejy wog 4dod saded se
0 {0 aMTFwsamSATI) 23S oA 2PIM-PHOM SAIUN LO 3|GE[TRAL 31 wegeuron A1puaumiddng

{ELGER0EY ISQRINY TO[SS0R) ISBYRILD [FLTe] . paysedap

.uaaq BT SILUPONOG UOXa-UOIIU] PUE WRfEF 30§ VNCI? Jo saausnbos spnospuu ayy, -(df-svomy

‘P QUUIPSNZIULYS HIRG-3) "§'N 0F DISSAIPPE 2y Pinoyy s[ENATRM 10f sisenbas pue auspuedsaitery

"UALEpUNG,] HOSUPLIR [PUCIEN 3 49 pue <undef
‘amimyy pue s120dg ‘A3ualeg ‘wonEINpg Jo ANSrT 21 Aq paraoddng sea Apms sty 30jApe esnsyaa
10§ RZIGIYG f pUR wIOUEET, f, poe opvivdaid duosnuziu up 33urISIsSE 10} (BRI Y suomsnasip
101 Yyopmy [ pue supweiey <y sadwses poogq o sannue Ji- Wﬂme} A IR A, SpRpapmony

{6861 90K, sap Togrelf Sutrds pios ssaly AropeicgeT Jeqrer]

Hupzds proD) pnuvpy dinthioquT v Sigtiop) somasepy 1, SPRUERY 38 F CH ‘Yosiuy [ Sjeoiqumeg

(6461} 10V—p6E 'BEE AN S1saualnlq AWOSOQL SaleyIoe uninbign o uoysny

asotpa su1o1d Bwsoscq ale s1esinsad upiobign jo <y oy, 'y Sopaegsren g Pary “q Kequig or
"(066T) £5€8-VaeR
‘g9z “wiayD) oxg °f “sisdiparord parepawr-unmbrqn w vonepeidop o] atensyns 19816 0f wergns 81

wiesp> niinbiqupmm paymy-apndadosy aiioun y oA TR R 1D 'STISNOD U W ‘yasang + ‘uedan ©r
(5661} £2T~GTT L youd =03 iy ainy

‘uopepeifap maold agpnyoenu o woyeSaa oy pue sawoseesd Unmbiqn (W “sssesyR0L] $T

{(F66T) 12-€1 ‘6L 115D Avasgped snfjosond swosemozd-unmbiqn an g, -y Sssoueypary ‘g7
(966T) 6TGT—ATST “8FE Jound f iy “aseossp Apoq Ama asngrp

@ syuaned jo suIRig 9y woip saTpeq AMST JO TOTRZLINRINYD PUY HOLEIYLIN JU 12 [, 'CqusIeny *77
(TTGT) TLB—608 ‘0¥ L ‘joyrnd f ey s)mewms@

[EIR[EY50142 J[NIOSUT TIRILOY Salpoy AMST Jo Sjuselld "0 AR R 'O YA 1  Yemoeo 17
‘(8861)
SOP—£6E L ‘lenan IXg foqrudownapy [ 's3tpoq AMaT pue satpog yord ‘seffue: Leuquomau jo

Aanpesrouninun e[, pue unmbiqn g-Tfv (1 W KL R AL TD 20D 5 “BPRMD “T OHES “§ 9407 0T
(5661}
BOLET-ZOL6T ‘DLZ Ty forsy f “eria uy vonepriSsp wajord suspuadap-upinbiqn suqpgun upoad

-d projdury (7 40qudpien 3 A " M ‘puBsON M W BNz d-opaiondyy 0 sysng “p tuodamy g1
"(€661) 0OTE—ISLL *DT HOMNBN SIURUIRLG [eDIY padied

Ut ey passasord AEupnLRl-ouRme M pazednfuod s1 uminbign w2 RWIYSEMEY-BUITSIICI 8]
(2861} PPO1-TH9L 'SET auapag “asuasip

SJIFWIATZTY U SiUatejy [eayjy parred jo Juauedusod v st uninbign A ‘ereyr i of ‘opuwy g HOW LT
(2661} LFDT-SPOT 'QLE #xaLrs taseas)p

SUOSUR{IR] ILM SITTUIR] W1 Paynuapl 2usd wiapouds-o up vopEagy v 12 *H W ‘sofnodozaudjeq 91

{£661) OFE—G6ER “G8E AN SAPOY AMar] W wapnuAy-0 0 12 -5 By ‘meeqdg g7
(5661} +£2—59¢ “LLEL vy sydorg wmpag

“aSeastp suosumyId Jo swausdogred pue ASojons oyl W WAPUOYDOINU JO IOy Y 17 L OUMZIN FT
{0661} LEB—EC8

PG HBHI0MEN *f *ISRISIP §BOSUDHEG UT AdUaayop | xapdwed EUpEPOIEN (B 12 A T Y endeydg ey
(T661) 0STZ-15TT T ABojosian

"BSUISIP SUCSER[AL] JO 25eD 3y3 a1l SIGHSUT MIN ' "D 'Vapsie] 3 A H Y ‘eadeyog g euve] 77

(€861} 6SFI—LET "L Jasittr] “veasip suasup{xed Jo AS0jonoy m [ ‘uelsBue] 3 g 'q SuED 11
(FGOT) THP~LEP FF ASofotniaN

ey v our Apras oifoayred poe [edmAp wsUosted apusanl [ERIE] B FT CHSRYRRL 01
(966T) 6595 “0F 1S "waipary spusf[ ‘uonemias puondrosaen

PejeIpawT-uREIoNy? o) swoyesyduwy (radun qId oqL, o Y ‘Uemng x [ 1L ‘uosqrs) “yf ‘puRswy 6
9661} P1Z-80T ‘12 12§ "aya0iy

SPU2LY SOND IRJJRUTS B AV ST S20(] '§  “4u0waat] )¢ N "W Appog g "1 Y ‘Uaprog f "y unmes g

(166T) 69—GT °L ‘forg Way "nitty ‘ucpeummbyqn) A wyD g el Sopur] L

(£661) 6£—68 *161 20132) “Buraaros pidel pur UONONLSEOY) ATRIGH DV UBIUNE Ju )3 S ‘eme{esy '
“(ssaad 3t ) sapmrenan; (A(-FY) Uiusmosuppred s[maan]

SAISSAIRT [EUIOSOING JO ATUIE] € UL GHESYQ JO UOTIBPPOIOIKS & T0J DIUAPIAY 01 12 [ “QUILIMSIERY G
(2661} 965—88S ‘DY FaNa0) Winy f Wy (7-7'sgho awosowrens 01 (J{-1V)

wistesuped ajusan{ jo nUoY 2A1S300T LTMOSONE o) au2T & 10 UOREEIOT B 12 T VUTRINSIVY F
(966T) 991-091 ‘¥ ABajouanapy wsizosuppred apuasn( addy

AAJSSIDOI [RIICSOIRT Y3ia sanjnuey asauede] 71 vl siuaped 41 O SISATRUR [B3MULY) °§ “HNLL 39 Y BMB[YS] ¢
(E661) 96F—T6T ‘vE (odyar } Joanapy Wy sefpis [eordofoqed pue jesruip-uonzniong

Jenip yipa STUOSUDETRd Josuo-dpey g ‘einuseyen g L ‘BwreALgey Yy OMITY ©f ‘unumewg) g

{4191 ‘uspuoT ‘puemoy pue wieySuanym ) g Sunyoys sy so Jvss vy | ‘uosunjieq 1

ot

by

“g661 AEnIqat 01 pardanne Y661 12010 0 PIAIINY

‘sapio

SF Toj pareadal pue UTIE T 10] 0, 89 S 0E 30§ 1, 96 S 0E J0J D, 6 18 2UOP SBM
A0 *,E-DOVYOVOVIDOVIDDVYIVODD-,S {€86—€96 sepnaspnr) tatfxd
SSIDAII PUB L, £-DVVVD VODDOVIOVOODDVDOD-,S {TL6-15¢ sapprosjenu)
Jowpid presmIol M 0 J10f Pasn AROIIp SeM INIXT WONDER 2yl pue
(sl BATaRog) ) walsds YNHJA-IY Fqni-2uc uesr] e Suisn uTw gg
I0F D, 05 3¢ patriid sem T [er0) Sur 1 Jo wondiosiuen ‘ssrassy *ampadoxd
wojoroTga-fousyd-ajeuedton); wmrrpuens poe 23 0 Surproade 7 Ay
w Z-11 yuspied Jo anssT) UTRIG 1)) WIOT PABOSE Sem YN B[0P0 [EICL, "HDd-1Y
"PAY0ANP S PIZIPLGAY pUR (YoauoD)) poseyoind 21oM $301q WISRIONU 51881}
-epdnmpy *, P3quEossp se IUop sem uoneZiplIqAH olsuaixa tawd wopwer
Aq uop sEM S0P YN(I2 JO BUTRqR]-,, SURIQIUAUL U0WU 0Ju0 pano[q pue
pasazotpdonsa(s ‘pgoag yimm paasaBip axam yT orousd yoes jo sweiSornm
220, 'ST[32 $1-¥1 g WO pUe SIaqUILII Y AJueg a3 Jo saldooynal poolq
A 0L PAORIIAT SEM YN(] JIUIOUD) “SISAIEUR 0] UJSYLIOUL PUE WIaLInog
"I [ELAILIII0D

e pue srowud yo4 sendordde ayy pesn Supusnbas opddy upw -8 g
10§ D, 89 ‘S 0F 10] D, £5~06 S 0F 10} D, T6 T8 SA[24d G¢ 2Tam SUONIIPUO? WD
“{(rBurryeey) aserswidiod byy Suof puedxs n ¢¢rp pue sswnd yoes jo T 60
ALNP goea Jo Il 96¢ (D8N N 5271 YOSH HN) W FT (D, 2 1R 76 1)
[DH-S1AL, WW 0S) 1100 dDd YN SU G0T PAUIRITOD YOTYM JO o8I ‘SUOEIEl




trapped genes. Previous studies of gene trap vectors using SAPgeo-
bpA have shown that it can disrupt endogenous messages and create
null alleles®” %!, We tested both VICTR20 and PGKpuroSD inde-
pendently for their ability to mutagenize the Hprt locus. Gene
targeting of VICTR20 to the second intron of Hprt resuited in
colonies resistant to 6-thicguanine, indicating disruption of wild-
type Hprt. In contrast, targeting PGKpuroSD alone to the same
position in Hprt did not yield colonies resistant to 6-thiognanine.
Targeting for all constructs at the Hprt locus was confirmed by
Southern analysis (Fig. 2). Although these data do not guarantee
that VICTR20 will be mutagenic at ali loci, they support previous
data that most gene trap events containing SARgeobpA in a retro-
virus will result in a null allele,

Having established the basic functionality of our gene trap
constructs, we expanded the application to a large-scale mutagen-
esis program. ES cells were electroporated with a PGKpuroeSD
plasmid or infected with recombinant VICTR3 or VICTR20 retro-
virus produced from a MoMLV-based packaging cell line. After
transduction of the gene trap vectors, puromycin selection pro-
duced clonal lines, Lysis of cells from each clone provided RNA for
3" RACE. Direct sequencing of 3' RACE products yielded high-
quality sequence 80700 nucleotides fong from 75% of the clones
when the process was performed manually, and from 60% when
performed robotically. The sequence tag from each clone, termed an
Ommnibank sequence tag (OST), was entered into a relational
database for analysis and archiving, The first 3,000 OSTs were
compared to GenBank (version 100.8) and SwissProt (version 34)
databases using the BLASTN or BLASTX algorithm®, respectively,
to search for sequence similarities. Cormpiling all matches that result
in a BLASTN probability score of 107 or less, we found that 18% of
OSTs match known genes {see Supplementary Information}), 10%
match human and rodent ESTs, 10% match repeats such as B1, B2
or transposable elements, and 61% do not match any sequences in
the databases.

To demonstrate that OSTs can identify the gene that is trapped

PGK

a Pl
B

puro SD LTR
VICTR3 i

VICTR20

B TR G T oo

b Wildtype locus

| I// e [T,
) wrememmn fe o e w,»AAAAAAn

Figure 1 Vectordesign for 3’ trapping. a, The retroviral constructs VICTR3 {forviral
construct for trapping} and VICTR20 are drawn schematically. The splice donor of
PGKpuroSD in VICTR3 and VICTRZ0 Is preceded by stop codons in all three
reading frames to prevent expression of fusion transcripts as well as unique
sequences for nested 3’ RACE and direct sequencing. The spiice donor was
added to puromycin using a PCR primer containing a unique sequence for 3
RACE, the sequence of the 0BS sequencing primer, and a consensus spiice
donor sequence {5'-CCG CTC GAG ACT TACCTG ACT GGC CGTCGT TTTAA
GAC GAG CTC CCT AGC TAG TCA GGC ACC GGG CTT-3). LTR, long terminal
repeat; PGK, phosphoglycerate kinase-1 promoter; puro, puromycin N-acetyl-
transferase gene; SB, splice donor sequence; SA, splice acceptor seqguence;
IRES, internal ribosome entry site; 8geo, galactosidase/necmycin phospho-
trangferase fusion gene; pA, polyadenylation sequence. b, A representation of a
VICTR20 retroviral insertion into a three-exon gene. The resulting Integration
would produce two fusion transcripts, one containing purc sequences at the 57
end and sequences from the frapped gene at the 3’ end, and the other containing
sequences of the trapped géne atthe &' end and pgeo sequences at the 3' end.
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and determine the position of retroviral integration, we carried out
Southern blot analysis on DNA isolated from a gene trap event at the
Bruton’s tyrosine kinase (b2k) locus'. The btk OST sequence began
with exon 2, suggesting that the insertion occurred in the first intron
of the btk gene. Southern blot analysis using several different
restriction enzymes confirmed the locatiop of the retroviral inser-
tion in the first intron of the gene (Fig. 3). Comparing OST
sequences to cDNA sequences for 108 known genes revealed that
44% of the viral integration events were near the 5' ends of genes
{within the first 350 nucleotides of the 5' end of the encoded
cDNA), 44% were in the middle of genes, and 12% were near the 3’
end of genes {(within 350 nucleotides of the 3" end of the encoded
c¢DNA}. Our data suggest that, although there may be some bias
towards 5' integrations, VICTR trap events integrate throughout
genes.

1k

a \TR  VICTR20 LTR
targeting vector — } {7}
\/
G probe
WT HPRT } bt 3
2 3 71 kb 4
@
targeted allele
! —o —r 4+
2 H 3 H4
9.2 kb
b Hindli digast -4 &

6TG BTG WT WT

Figure 2 Targeting of VICTR20 1o the second intron of the Hprt locus. Hort
targeting experiments were carrisd out as previously described®, PGKpureSC
and VICTR20 were placed into the Fce Rl site of pRIVE.9L, a, The targeting vector,
wild-type Hprt aliele and targeted allele are shown. Open rectangles denote the
retroviral LTRs and the black numbered rectangles dencte exons 2, 3 and 4 of
Hort. (B Hindlll, b, Southern blot of the targeted 8-thioguanine resistant (6-TG)
clones verses non-targeted wild-type (WT} clones. The blot was probed with
sequences &' of exon 4.

Kpnl  Nhel
1 kb
- Bamd VICTR20
BamHi Kpnl  Nhal Nhel Kpnl
: . 1 .
. —1} . —
Nhei digest exon 1 axon 2
BTK W7 N ,
probe
Enzyme WT band BTK band
Konl 16.3 kb 8.4 kb
Nhel 11.5 kb 8.5 kb
BamH| 185 kb 13 kb

Figure 3 VICTR20 has integrated into the first intron of the btk gene. The diagram
shaws the position of retroviral integration into the btk locus. The Southern blot
shows the Mhel restriction-fragment length polymorphism produced by VICTR20
integration and the table shows the fragment sizes observed after digestion of
DNA from wild type versus the btk gene trap ES cells.
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several reports suggest that most of the genome is accessible to
retroviral integration’'® with a subset of the integration events
landing in ‘hotspots) and with the remainder representing random
integrations'. Qur data support this model because most genes in
Omnibank are represented by single gene trap events. Additionally,
this percentage of single hit genes has remained stable as the number
of OSTs has increased. ‘To provide support that VICTR20 has a large
target size and is mutagenic, a large-scale infection of ES cells was
carried out, followed by selection for mutations in Hprt using 6-
thioguanine. One 6-thioguanine-resistant colony was identified in
80,000 gene trap events and Southern blot analysis and RT-PCR
confirmed it to be the result of an integration in the Hprtlocus (data
not shown). Although the gene target size for VICTR20 will become
apparent as the OST numbers grow, our data suggest that the
number of potential target genes is large.

We have automated the processing of mutagenized ES cells in the
96-well plate format resulting in the addition of at leagt 500 OSTs to
the Omnibank library each weel. This library represents a new type

‘of functional genomics resource as it both contains sequence
information of mutated genes and provides the ability to rapidly
produce mouse mutants to analyse the function of large groups of
genes. Future work will involve the production and analysis of mice
from this resource and the further development of vectors and
delivery systems that will maximize the number of unique gene trap
events in Omnibank.

Methods

Vectors and cefl culture. PGKpuroSD, SARBgeoPGKpuroSD and SAIRESPgeo
PGKpuroSD were all placed into the Xhol site of pGen™ (ref. 18) in reverse
orientation. VICTR3 and VICTR20 were packaged in the retroviral producer
cefl line GP+E86 as described™. Electroporation and retroviral infection were
carried out as previously described and ES ceils were selected for 10 days in
2.75 mg ml™! puromycin (Sigma)®", After expansion, two portions of each ES
cell clonze were stored in vapour-phase cryofreezers and one copy was processed
to obtain sequence tags.

RNA isolation, 3' RACE and sequencing. RNA was isolated from ES cells
grown on 35-mm plates using RNAzol (Tel-Test), Fivst-strand ¢DNA synthesis
and 3’ RACE PCR was carried out as previously described” using Qt primer to
prime cDNA synthesis and two rounds of PCR using primers Qo and P, (5'-
AAG CCC GGT GCC TGA CTA GCT AG-3"). PCR products were purified
using Sephadex G-50 (DNA grade, Pharmacia) and sequenced with dye
terminator cycle sequencing reactions and AmpliTaq FS DNA polymerase
{Perkin Elmer). Reactions were carried out using 7 pmal of primer OBS (5'-
CTG TAA AAC GAC GGC CAG TC-3") and approximately 30120 ng of 3°
RACE product, Reactions were run on an ABI Prism 377 with an XL upgrade
according to the manufacturer’s instructions.

RT-PCR and northern blotting. RT-PCR was carried out using 40 cycles and
the reaction conditions described above for 3° RACE. Northern blofs were
prepared using Clontech multitissue biots and were washed at a high stringency
of 65°C in 0.2 X 58C, 0.1% SDS for 1 h.
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The development of the vertebrate limb serves as an amenable
system for studying signaling pathways that lead to tissue pattern-
ing and proliferation’. Limbs originate as a consequence of a
differential growth of cells from the lateral plate mesoderm at
specific axial levels®. At the tip of the limb primordia the progress
zone, a proliferating group of mesenchymal cells, induces the
overlying ectoderm to differentiate into a specialized structure
termed the apical ectodermal ridge. Subsequent limb outgrowth
requires reciprocal signalling between the ridge and the progress
zone’%. The Rel/NF-kB family of transcription factors is induced
in response to several signals that lead to cell growth, differ-
entiation, inflammatory responses, apoptosis and neoplastic
transformation’. In unstimulated cells, NF-kB is associated in
the cytoplasm with an inhibitory protein, I-kB. In response to an
external signal, I-«B is phosphorylated, ubiquitinated and
degraded, releasing NF-xB to enter the nucleus and activate
transcription’. Here we show that Rel/NF-kB genes are expressed
in the progress zone of the developing chick limb bud. When
the activity of Rel/NF-kB proteins is blocked by infection with
viral vectors that produce transdominant-negative I-xBo
proteins, limb ouwigrowth is arrested. Qur results indicate that
Rel/NF-kB transcription factors play a role in vertebrate limb
development.

Rel/NF-kB transcripts are first detected in the chick presumptive
limb bud mesoderm at stage 15 HEH®, coincident with the first sign
of limb budding (Fig. 1a). As limb outgrowth proceeds, transcripts
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