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THE ALBINO PERINATAL LETHAL MUTATION: IDENTIFICATION OF AFFECTED mRNAs AND MAPPING OF THE LOCUS BY PULSED-FIELD GEL ELECTROPHORESIS 

Gavin D. Kelsey, Siegfried Ruppert, Michael Burchart, Andreas Schedl, Wolfgang 
Schmid, and Günther Schütz 
Institut für Zell- und Tumorbiologie Deutsches Krebsforschungszentrum 
Im Neuenheimer Feld 280, 6900 Heidelberg 
Federal Republic of Germany 

Summary 
The analysis of chromosomal deletions overlapping at the albino locus in the 

mouse has led to the postulation of a number of loci in this region essential for 
viability. One of these, the perinatal survival locus, is thought to be important for the 
differentiation of the liver since its deletion results in the deficiency of a set of liver-
specific enzymes and ultrastructural abnormalities in the hepatocyte. By differential 
cDNA Screening we have isolated and examined the expression of a panel of mRNAs 
influenced by deletion of the locus. This has been done in an attempt to elucidate the 
role of the normal gene product. In addition, as a prelude to cloning the perinatal 
survival locus, a long-range restriction map has been established onto which the extents 
of albino locus deletions are being placed. 

Introduction 

The classical genetic approach to understanding development and differentiation 
is the generation of mutations which arrest or alter these processes. The isolation and 
characterization of the affected genes may follow, according to the mutagen employed. 
The albino locus, designated c, on chromosome 7 in the mouse, was an early target 
owing to the ease of identifying mutational events through changes in coat colour. From 
the pleiotropic effects of a set of radiation induced £ alleles it was inferred that the 
mutations represented deletions of various sizes overlapping at c (Gluecksohn-Waeisch 
et al., 1974; Gluecksohn-Waeisch, 1979). Subsequently, thirty-seven deletions have been 
assigned to twelve groups on the basis of detailed complementation analysis of the 
phenotypes they engender (Russell et al., 1979; 1982). Amongst the phenotypes are 
recessive lethalities (Russell and Raymer, 1979) and at least three regions linked to c 
essential for early embryonic development and one for survival beyond birth have been 
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proposed from the complementation map (Russell et al., 1982; Niswander et al., 1988). 
The perinatal lethality has been investigated extensively by Gluecksohn-Waeisch and her 
colleagues, and the observations of the phenotype would seem to suggest that the 
perinatal survival locus is required for the füll biochemical differentiation of the 
hepatocyte (Gluecksohn-Waelsch, 1979; 1987). 

The perinatal lethal phenotype is associated most strikingly with a reduction in 
activities of a number of enzymes in the liver and with ultrastructural abnormalities of 
hepatocytes and cells of the proximal convoluted tubules of the kidney (Trigg and 
Gluecksohn-Waelsch, 1973). The deficient enzymes include glucose-6-phosphatase 
(GöPase), tyrosine aminotransferase (TAT), serine dehydratase (SDH) and phosphoenol-
pyruvate carboxykinase (PEPCK) (Erickson et al., 1968; Thorndike et al., 1973; 
Gluecksohn-Waelsch et a l , 1974; Loose et al., 1986). A large number of other enzymes 
remain uninfluenced by the mutation, attesting to its specific nature (Thorndike et al., 
1973; Gluecksohn-Waelsch, 1979). This accords with the results of two-dimensional gel 
electrophoresis of liver extracts which have shown that very few Polypeptides are 
visibly altered in abundance (Baier et al., 1984). In the case of PEPCK and TAT it has 
been established that the decreased enzyme activities result from lower levels of steady-
state mRNA (Schmid et al., 1985; Loose et a l , 1986) and impaired transcription has 
been imputed from nuclear run-on assays partly to be responsible for this (Loose et al., 
1986; E. Schmid, S.R. et al., unpublished observations). Aldolase B and metallothionein 
I have recently been added to the list of mRNAs reduced in abundance (Sala-Trepat et 
al., 1985; DeFranco et al., 1988). The synthesis of serum proteins by the liver is also 
diminished (Garland et al., 1976). However, this has no basis in decreased trans-
criptional rates (Sala-Trepat et al., 1985) and may be a consequence of the ac-
companying ultrastructural lesions (see below). The absence of a gene dosage effect on 
enzyme activities in heterozygotes was taken as an early indication that the perinatal 
survival locus acted in trans (Russell et al., 1969). Subsequently, cell fusion experiments 
(Cori et al., 1981; 1983), the mapping of the genes encoding the affected enzymes to 
chromosomes other than 7 (Lern and Fournier, 1985; Müller et al., 1985; Peterson et al., 
1985), or the direct demonstration that their structural loci were not deleted in the 
mutant mice (Schmid et al., 1985; Loose et al., 1986) came as further evidence that the 
locus acted in trans and might be regulatory in nature. 

Most of the enzymes influenced by the mutation play a role in gluconeogenesis 
and the deficiency of GöPase contributes to the intractable hypoglycaemia regarded as 
the cause of death of the newbora homozygotes (Erickson et al., 1968). These enzymes 
are controlled by dietary Status and their expression is regulated by glucagon, via 
cAMP, or glucocorticoids, or both (Greengard, 1970; Granner and Beale, 1985). In 
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addition, although their onsets of expression may differ, enzyme activities rise in the 
immediate post-natal period (Greengard, 1970), presumably in response to the hormonal 
changes occurring at that time. The precocious induction observed in fetuses after in 
utero administration of glucagon or cAMP underlines the importance of hormones in the 
developmental activation (Greengard, 1970; Garcia Ruiz et al., 1978). It was an early 
Observation that in the albino lethal mice GöPase activity was not inducible in late 
gestation fetuses (Erickson et al., 19Ö8). TAT and PEPCK mRNA levels, likewise, fall 
to respond to their activators in livers of the mutant mice (Schmid et al., 1985; Loose et 
al., 198ö) but, whilst the characteristic post-natal increase is abolished, pre-natal mRNA 
levels are identical to wild-type mice (Donner et al., 1988). Taken together, these 
observations have given rise to the hypothesis that the locus encodes a factor that 
confers on the set of genes the competence to respond to hormonal activation (Glueck­
sohn-Waelsch, 1987). 

A second feature of the perinatal lethal phenotype is the disruption of the 
integrity of some intracellular membranes, specifically of the hepatocyte and cells of the 
proximal convoluted tubule of the kidney, as observed by electron microscopy. The 
membranes of the nucleus, rough endoplasmic reticulum and Golgi apparatus are 
involved. There is a tendency to dilation and vesiculation of these membrane structures 
and loss of membrane-bound ribosomes. The abnormalities are first detectable at day 18 
of gestation, and are displayed by an increasing number of cells until birth (Trigg and 
Gluecksohn-Waelsch, 1973). Analysis of microsomal Polypeptide populations failed to 
reveal a significant difference between wild-type and mutant material, however 
(Erickson et al., 1974). The relationship the two characteristics of the phenotype, the 
biochemical and ultrastructural abnormalities, have to one another is not yet clear, 
especially in view of the fact that the deficient liver enzymes are localized in different 
sub-cellular compartments (Gluecksohn-Waelsch, 1979). 

In order to understand the perinatal lethal phenotype more fully and to elucidate 
the nature and function of the product of the perinatal survival locus two experiments 
are underway. Firstly, we have attempted to identify a broader set of genes influenced 
by the mutation than was previously possible: by differential Screening we have tried to 
collect cDNAs for affected mRNAs whose selection is not limited by the availability of 
enzyme assays. This has been done to identify more rigorously a common denominator 
for the affected genes. Secondly, since the ultimate demonstration of the function of the 
gene depends upon its isolation, we are attempting to clone it from the knowledge of its 
chromosomal location. In keeping with the theme of this book, this communication is a 
review of our progress in both these areas. 
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Methods 
Differential Screening of a newborn mouse liver cDNA library. A füll treatment of 
the construction and differential Screening of the newborn mouse liver cDNA library is 
to appear elsewhere (Ruppert et al., 1989). The inserts of the recombinant phage 
isolated were subcloned into Bluescript M13+ (Stratagene) for the purpose of generating 
hybridization probes and partial sequence analysis. Sequencing was performed by the 
chain-termination method using T3 or T7 promoter-specific oligonucleotides to prime 
Klenow Polymerase (Lim and P&ne, 1988). The sequences were compared to those in 
the GEN-Bank data bank. 
Northern analysis. RNA was prepared from various tissues of newborn albino lethal 
(genotype c14CoS/c14CoS) and wild-type littermates (cch/c14CoS and cch/cch) according to the 
method of Krieg et al. (1983). 2S FAZA (Brown and Weiss, 1975) cells were main-
tained in DMEM/HAM F12 (1:1) medium containing 10% fetal calf serum. Two days 
before harvesting for RNA, cells were washed with PBS and induced in complete 
medium in the presence of 3X10"6 M dexamethasone in ethanol or ethanol alone as 
control. Five microgram total RNA was fractionated per lane on 1% agarose/formal-
dehyde gels (Lehrach et al., 1977) followed by transfer in lOx SSC onto Gene Screen 
membranes (NEN), baking and UV-crosslinking. Filters were hybridized at 65-70°C in 
50% formamide; 5x SSC; 50 mM sodium phosphate pH 6.5; 8x Denhardt's Solution; 1% 
SDS and 500 ixgml'1 yeast RNA containing 32P labelled antisense RNA probes. Post-
hybridization washes were O.lx SSC; 1% SDS at 65-80°C. Probes were synthesized 
from appropriate templates by SP6, T3 or T7 polymerases (Melton et al , 1984). 
Additional probes used were the mouse TAT cDNA (S.R., unpublished); the rat SDH 
cDNA (Nöda et al., 1985); a mouse transferrin cDNA (S.R., unpublished, identified by 
homology to the human sequence of Yang et al., 1984) and rat glyceraldehyde-3-
phosphate dehydrogenase (Fort et al., 1985). 
Pulsed-field gel electrophoresis. Very high molecular weight DNA suitable for pulsed-
field gel electrophoresis was prepared from newborn and adult liver by embedding cells 
in low-melting point agarose. The procedure was that of Herrmann et al. (1987), with 
the exceptions that fresh tissues were used and that each 80 LLI block contained the 
equivalent of 0.5xl06 cells. For restriction enzyme digestions, blocks were rinsed 
extensively in TE and placed in 120 |il reaction mix containing the appropriate digestion 
buffer and incubated with up to 20U enzyme (New England Biolabs) for a minimum of 
6 h. In the case of double digestions, blocks were rinsed briefly in water before the 
second incubation. Blocks were loaded directly into the wells of agarose gels without 
further treatment. Pulsed-field gel electrophoresis was carried out in an LKB Pulsaphor 
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apparatus equipped with OFAGE or hexagonal electrode arrays. Gels were 1% agarose, 
except for when resolution of fragments greater than 3000 kb was desired when the 
percentage was reduced to 0.6%. Electrophoresis was conducted in 0.25x TBE (TBE = 
89 mM Tris base; 89 mM boric acid; 2 mM EDTA), with running conditions based on 
those of Vollrath and Davis (1987) and Birren et al. (1988). Size markers were 
multimers of y, and chromosomes of Saccharomyces cerevisiae strain AB972 and 
Schizosaccharomvces pombe. DNA was transferred to Gene Screen (NEN) filters in 
alkali (Jantzen et al., 1987) and immobilized by baking and UV-crosslinking. Hybri-
dizations and washings were performed according to Church and Gilbert (1984). Probes 
were labelled either with [32-P]dCTP by random priming (Feinberg and Vogelstein, 
1984) or with [32-P]UTP by transcription of appropriate templates by SP6, T3 or T7 
RNA polymerases (Melton et al., 1984). Probes used were the tyrosinase cDNA or 
subfragments thereof (Ruppert et al., 1988); a 2.2 kb EcoRLXhoI genomic fragment 
encompassing exon I of the tyrosinase gene (Ruppert et al., 1988); and 12A (Disteche 
and Adler, 1984). 
Animals. Mouse strains carrying the albino lethal deletions c3H and c14CoS were obtained 
from S. Gluecksohn-Waelsch (Albert Einstein College of Medicine, Bronx, New York), 
and c15R60L was provided by L.B. Russell and E.M. Rinchik (Oakridge National 
Laboratory, Tennessee). Each was maintained as a separate line as heterozygotes with 
c* 
Results 

Isolation and characterization of cDNAs representing mRNAs affected by deletion of the perinatal survival locus. 
A cDNA library was prepared from poly(A+) RNA from normal newborn mouse 

liver and duplicate filters were screened with probes representing the newborn liver 
mRNA population of normal or albino lethal mutant (genotype c3H/c3H) mice. Fifty 
plaques out of a plating of 5xl05 showed a more intense hybridization to wild-type than 
mutant probes. Twenty-one of these Signals remained differential through subsequent 
rounds of plaque purification and could be grouped into nine families, XI to X9, on the 
basis of cross-hybridization of their inserts. None proved to represent DNA from the 
albino deletion complex, indicating that a cDNA for the perinatal survival locus had not 
itself been recovered (Ruppert et al., 1989). 

Partial sequence analysis indicated that cDNA X3 represented the mouse PEPCK 
message, by homology to that of the rat (Beale et al., 1985); X4 showed substantial 
homology to human and rat a-fibrinogen cDNAs (80 and 90% identity, respectively; 
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Rixon et al., 1983; Crabtree et al., 1985); X6 to rat serine protease inhibitors (Le Cam 
et al., 1987; Yoon et al., 1987); and the X8 sequence had 90% identity with the rat 
aldolase B cDNA (Tsutsumi et al., 1984). The expression of both the aldolase B and 
PEPCK genes have previously been shown to be influenced by the albino perinatal 
lethal deletions (Sala-Trepat et al., 1985; Loose et al., 1986). The identification of these 
cDNAs in our set indicates the success of the differential Screening approach. The 
isolation of the cDNAs encoding oc-fibrinogen and a serine protease inhibitor amongst 
our set demonstrates that the lesion at the level of the mRNA is not restricted to 
metabolic enzymes. 
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FIG. 1. Postnatal regulation and 
hormone induction of mRNAs 
influenced by the perinatal 
lethality. Total RNA (5 |ig) 
isolated from livers of albino 
lethal mice and newborn 
littermates at the indicated time 
points after birth was analyzed 
by Northern blot hybridization. 
Filters were hyridized with 
antisense RNA probes derived 
from the cDNAs isolated by 
differential Screening, XI to X9, 
and with TAT and SDH cDNAs. 
In the right-hand panel the same 
cDNAs were used to investigate 
the expression of the homo-
logous rat mRNAs in the rat 
hepatoma cell line 2S FAZA 
(Faza) in the presence (+) or 
absence (-) of the synthetic 
glucocorticoid dexamethasone 
(Dex). n.d. indicates no 
expression detected. RNA 
quality and loading was 
controlled by rehybridizing all 
filters to transferrin or glycer-
aldehyde-3-phosphate dehydro-
genase probes. One result with 
transferrin is shown here. 

Northern blot analysis has been used to investigate the expression of the set of 
mRNAs in liver and other tissues, to establish their onset of expression and to deter-
mine in which tissues the mutation has an effect. In addition to the cDNAs XI to X9, 
probes for the mouse TAT (S.R., unpublished) and rat SDH (Nöda et al., 1985) have 
been used. From Fig. 1 it is evident that the level of each of the mRNAs is sub-
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stantially reduced in livers of the mutant mice in comparison to that seen in their 
normal newborn littermates. Some of the mRNAs, such as XI, X2 and X3 (= PEPCK), 
behave like TAT and SDH and show an increase in abundance during the first hours 
after birth, followed by a decline. 
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FIG. 2. Tissue-specific mani-
festation of the phenotype at the 
level of mRNA. RNA (total, 5 
|xg) from various tissues from 
albino lethal mice (A) and their 
wild-type (W) littermates was 
analyzed by Northern blotting. 
The autoradiographs were 
exposed for different times. 
RNA quality and loading was 
controlled as in Fig. 1. The 
apparent reduction in the lane 
marked 'Heart A* is due to 
underloading. 

The mRNAs have the property in common that the highest steady-state levels are 
attained in liver in comparison with other organs (Fig. 2). The spectrum of expression, 
however, differs from the apparently liver-specific, as in the case of SDH, X4, X6, X7 
and X9, to ubiquitous amongst the organs tested, e.g., X5. The influence of the mutation 
clearly extends only to liver and kidney, however. Intriguingly, those mRNAs that are 
expressed in the kidney exhibit different behaviours. Whereas X3/PEPCK and XI 
mRNAs are decreased in kidney of the mutant, others, aldolase B and X5, escape the 
influence. Detection of the mRNAs by in situ hybridization to tissue sections has 
indicated that this difference cannot solely be attributed to expression of the genes in 
different cell populations in the kidney (Ruppert et al., 1989). However, it might be 
relevant that in the rat PEPCK expression is activated by glucocorticoids in the kidney 
(Meisner et al., 1985), whereas aldolase B is not (Munnich et al., 1985). This finding 
has a parallel in the expression of metallothionein I whose mRNA is reduced in liver 
but not in kidney of albino lethal mice, and glucocorticoid responsiveness is apparent in 
the liver but not the kidney (DeFranco et al., 1988). 
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The enzymes traditionally known to be deficient in the albino lethal mice are 
normally subject to regulation by glucagon or glucocorticoids. To begin to examine 
whether the additional mRNAs we have isolated have in common induction by hor-
mones, the expression of their rat homologues was analysed in the rat hepatoma cell 
line 2S FAZA. For those species for which expression could be detected, the abundance 
of the mRNA was clearly elevated after a 46-h treatment with the synthetic glucocor-
ticoid, dexamethasone (Fig. 1). 
Long ränge restriction mapping around the perinatal survival locus. 

We are attempting to isolate the perinatal survival locus from the knowledge of 
its chromosomal location. This has been made possible with the isolation of probes 
mapping to the c locus. Recently, we and others have cloned the cDNAs encoding 
human and mouse tyrosinase (Kwon et al., 1987; Yamamoto et al., 1987; Ruppert et al., 
1988), which is the enzyme encoded at the c locus (Müller et al., 1988) and essential 
for melanin production, and hence crucial for coat colour. This has, in turn, led to the 
cloning of the entire structural gene, which has proven to occupy 70 kb (Ruppert et al., 
1988). Probes from the tyrosinase gene have been used to construct a long-range 
restriction map around c by employing restriction enzymes that cut very rarely in the 
mammalian genome (Brown and Bird, 1986) in combination with pulsed-field gel 
electrophoresis by which very large fragments of DNA can be resolved (reviewed by 
Barlow and Lehrach, 1987). The aim is to superimpose the genetic map of the albino 
deletions onto the molecular map in such a way as to define the minimal region in 
which the perinatal survival locus is located. The following Information is being 
procured: the mapping of the position and extent of the deletions that do and do not 
remove the perinatal survival locus; the orientation of the derived map on the 
chromosome and within it the orientation of the tyrosinase gene so as to indicate the 
direction for chromosomal jumping and Walking. 

The various levels of the mapping exercise are illustrated in Fig. 3. Fig. 3A 
provides a map of some of the relevant complementation groups (modified from Russell 
et al., 1982). Group A, for example, involves the perinatal survival locus and tyrosinase 
but no other known markers. The positions of two deletions belonging to this group, 
deletions c14CoS and c15R60L, have been derived from the use of a probe, 12A, that was 
previously isolated from a library of sorted chromosomes (Disteche and Adler, 1984). 
12A proved to map within the albino deletion complex, but the sequence it recognizes 
is not removed by these two deletions. In addition, the probe must map distal to c, from 
genetic considerations. A crude map, covering approximately 5000 kb, of some very 
large restriction fragments detected by the tyrosinase and 12A probes has been pro-
duced. The limits of the two deletions can be roughly placed within this (Fig. 3B). 
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Legend to FIG. 3. Summary of the long ränge restriction mapping around the perinatal survival locus. A. Complementation map of a set of the deletions at the c locus (modified from Russell et al., 1982). For simplicity, only three of the twelve com­plementation groups are illustrated. Of the deletions referred to in this work, c14CoS and 
C I 5 R 6 O L belong to group A and c3H to E. The boxes indicate six of the loci predicted in this region. tp is the marker taupe and Mod-2 the structural locus for the mitochondrial malic enzyme. B. Restriction map of « 5000 kb surrounding the tyrosinase gene (TYR) and the approximate location of two A group deletions. The deletions are represented by open regions within the filled bars. 12A is an anonymous DNA sequence mapping distal to £ (Disteche and Adler, 1984). C. Restriction sites within 1500 kb of the tyrosinase gene, interpreted from the data in Table 1. The positions of the distal breakpoints of the illustrated deletions were inferred from Information gained with additional enzymes. D. The orientation of the tyrosinase gene within the mapped region derives from the presence of an Xhol site in the first exon and an Narl site in the cloned region 3' to the gene. 

This would indicate deletions of about 1500 kb, which is in accord with genetic and 
cytogenetic considerations which put the c14CoS deletion at lcM, or 2000 kb. 

Table.l 
Fragments Rccognized By 

ENZYME TYR 12A 
Sac II 8 5 0 k b 5 8 0 k b 

Sac II + Bss III! 3 8 0 k b 5 8 0 k b 

Bss HU 1 2 0 0 k b 1 2 0 0 k b 

Sac II +Nae I 3 8 0 k b 5 8 0 k b 

Nae I 9 5 0 k b 9 5 0 k b 

Sac II + Nar I 180 , 3 8 0 , 5 2 0 k b 5 8 0 k b 

Nar I > 1 2 0 0 k b > 1 2 0 0 k b 

Nar I + Xho I 9 0 k b n.t. 

Xhol 1 7 0 k b n.t. 

Restriction fragments detected by the tyrosine (TYR) and 12A probes by pulsed-field 
gel electrophoresis analysis contributed to the maps shown in Fig. 3C and 3D. n.t. not 
tested. 
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A higher resolution mapping has been achieved of the 1500 kb surrounding the 
tyrosinase gene and extending towards the perinatal survival locus. The sizes of 
restriction fragments hybridizing to tyrosinase probes is given in Table 1, and the 
derived map is shown in Fig. 3C. The orientation of the map on the chromosome was 
deduced by linking up the mapping Information for the 12A probe (Table 1). Both 
probes detected BssHII and Nael fragments of similar sizes, but distinct SacII frag­
ments. To demonstrate that the BssHII fragments were indeed the same and that the 
SacII fragments were adjacent, products of complete BssHII followed by partial SacII 
digests were compared. Fig. 4 illustrates the cleavage of the common 1200 kb BssHII 
fragment, via a common 1000 kb intermediate, to the ultimate BssHII:SacII and SacII 
fragments recognized by the tyrosinase and 12A probes have been defined from digests 
with additional, more frequently cutting enzymes (data not shown). 

TYR 

# r-1200 

+ + + 1 + + + + | + Bss HU + - + -
Increasing ^ Increasing ^ Sac // + + + 

380kb h 

1000kb h 

I200kb h 

S a c / / 
I 

Bss HU Sac II 
I I 

r™ri 
Sac II Bss Hll 

I I 

FIG. 4. Linking of the tyrosinase and 12A probes to adjacent SacII fragments. In the left-hand panel, DNA was digested to completion with BssHII, and then with increasing amounts of SacII to achieve partial digestion. In the right-hand panel, DNA was digested with SacII alone or in combina-tion with BssHII. The map below is the Interpretation of the bands detected. DNA was resolved by OFAGE (250 V, 120 sec pulse, 47 h) and a Southern blot hybridized sequentially with a tyrosinase cDNA (TYR) and the 12A probe. Probe was removed between hybridizations. Frag­ment sizes given in kb were estimated from the migration of chromosome of S. cerevisiae AB972. L indicates the limiting mobility region of the gel. 

H I200kb 
H lOOOkb 
H 580kb 

In order to be able to use tyrosinase probes as Start points for chromosomal 
jumps to progress towards the locus, Information concerning the orientation of the 
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tyrosinase gene and restriction sites within and flanking it is required. Fig. 3D depicts 
Sites close to tyrosinase, taken from the data in Table 1. Since the location of the Xhol 
and Narl sites within the 100 kb cloned around the gene are known, the transcriptional 
orientation can be inferred. 

Conclusions and Perspectives 

The properties of a set of mRNAs whose abundance is reduced in the livers of 
albino lethal mice have been examined in order to come to an understanding of the 
nature of the perinatal lethal phenotype. The mRNAs do not constitute a homogeneous 
collection: they encode Polypeptides of diverse function; they possess different tissue-
specificities, although all are most abundant in liver; the kinetics of their expression in 
newborn liver are not identical, although a subset exhibit a transient induction soon after 
birth. It should be stressed, however, that it cannot be assumed at this stage that each 
mRNA is influenced in the same way by the mutation, and this must lead to caution in 
drawing conclusions. Nuclear run-on assays are presently in progress to determine 
whether the mRNAs are all affected at the transcriptional level, as is the case of 
PEPCK and TAT (Loose et al., 1986; E. Schmid, S.R., unpublished observations), and 
to what extent. Similarly, it is not yet possible to distinguish between primary and 
secondary effects of the mutation on these mRNAs. The recent Observation that the 
abundance of a mRNA encoding a putative transcription factor, the CAAT-box/enhancer 
binding protein (C/EBP, Landschulz et al., 1988), is also reduced in livers of albino 
lethal mice might imply a hierarchy of events (Ruppert et a l , 1989). 

A common property of the mRNAs remains their regulation by hormones, 
glucocorticoids and/or cAMP. Thus, in agreement with Gluecksohn-Waelsch (1987), a 
failure in the induction process appears to be the underlying lesion in these mice. The 
Observation that in the kidney PEPCK can be regulated by glucocorticoids and is 
influenced by the mutation whilst aldolase B and metallothionein I are not regulated and 
not influenced is an interesting coincidence that needs further investigation. The 
response of all of the mRNAs to hormonal Stimuli in vivo is being analysed in order to 
test how general this correlation is. Important for any model for the function of the 
product of the perinatal survival locus is whether all or only a subset of glucocorticoid 
and cAMP regulated genes are deficient in the affected tissues. We do not detect a 
difference in the expression of mRNAs encoding the glucocorticoid receptor or cAMP-
dependent protein kinase subunits between wild-type and mutant mice (Ruppert et al , 
1989). 
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The question as to where the primary lesion in the perinatal lethality lies remains 
open and, hence, the function of the product of the perinatal survival locus remains 
elusive. Two possibilities may be envisaged. The factor encoded by the locus might 
have a direct effect on the transcription of the set of genes. For example, by operating 
at the level of DNA:protein interaction or chromatin structure it might confer to the 
genes the competence to respond to their activators, as advanced by Gluecksohn-
Waelsch (1987). Alternatively, the effect of the mutation might be less direct in that the 
absence of the normal gene product may interfere with some other stage of the pathway 
of transducing a Signal from the extracellular domain to the responsive genes in the 
nucleus. An argument in favour of the latter is the altered properties of selected 
membranes in the affected cells (Trigg and Gluecksohn-Waelsch, 1973). Any model 
must account for the fact that the phenotype is cell-specific, and the mutation has 
pleiotropic effects within the cell and interferes with more than one induction process. 

Ultimately, the understanding of the gene product, and associated deficient 
phenotype, lies in the isolation of the perinatal survival locus. This is being approached 
by the generation of a molecular map of the region of the chromosome surrounding the 
locus and by positioning the various £ locus deletions within it. The map is being used 
to guide the construction of chromosome jumping libraries (Poustka et al., 1987). For 
example, a jump of 230 kb has been made from a Smal site within the tyrosinase gene 
to a Smal site associated with the BssHII/Nael/Narl Cluster (see Fig. 3C and D) pro­
ximal to the gene (A.S., G.K., unpublished observations). This Cluster could then be 
shown to be retained in two out of five deletions of the Bi complementation group. 
These deletions remove c but not the perinatal survival locus (Fig. 3A; Russell et al., 
1982). This new probe, therefore, allows the locus to be excluded from a further region 
of the map. Given that it does not presuppose a mechanism of action of the normal 
gene, this approach to pinpoint the locus is a promising one. 
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Cell targeting 153-156, 158, 161 
Cell-cell interactions 6, 222 
Cells made autocrine 327 
Cellular exons 335 
Cellular oncogene 389, 399 
Cellular Signal transduction 373 
Central nervous System 21, 40 
Centromer 347 
Cerebellum 248, 250 
CFC 193, 194 
CFC-Mix 194 
CFU-S 206, 213 
Chain elongation 437 
ChAT 176, 179 
Chemical coupling 155 
Chloramphenicol 96, 105, 137, 264, 

420, 423, 428 
Choline acetyl transferase 176 
Cholinergic neurons 175-177, 180 
Chromatin structure 59, 82-85, 

277, 438, 446 
Chromosome 10, 40, 43, 47, 54, 57, 

59, 147, 148, 150 
Chromosome VIII 287, 289 
Cis-acting elements 96, 108, 168, 

373, 385, 393 
CLE1 255, 257, 262, 263, 269 
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CLE2 255, 257, 258, 262-265, 269 CLE2/GCbox 263-265,269 Clonal origin 348 
Clonal outgrowth 343 Clonal selection 242 CNS 21, 22, 175, 176, 180, 182 CNS disease 180 CNS disorders 175, 182 Cocultivation 142, 144 Collagenase 309, 311, 314-316, 367, 373, 374, 386-392 Collagenase genes 314 Collagenase motif 386-388, 391 Colony assays 211,213-215,321 Colony growth 195, 196, 222, 322 Combination of factors 196, 197, 

212 
Commitment 185, 186, 189, 196, 210 Common proviral insertion sites 343, 344 Common sequence motiv 257 Common sites of retroviral Integra­tion 332 Competitor 358, 360, 366 Complement 42, 114, 116, 117, 141, 143, 157, 162, 175, 176, 298, 399 
Complement clinically important genetic defects 176 Conditioned medium 9-11, 13, 197, 211, 212, 223, 320, 321 Consensus DNA motif 264 Conserved 19, 21-23, 135, 257, 258, 

292, 309, 347, 362-364, 366, 
367, 374, 401, 412, 430, 433 Conserved region 22 Conserved region I (CRI) 309 Constitutive dominant marker gene 
275 Constitutive expression 242, 247, 249, 253, 277, 319, 340 Constitutively active PKC 255, 258, 259, 266, 267 Conventional genetic studies 288 Conversion 25, 26, 113, 135, 261, 
264, 287, 290, 292-294, 302 Cooperation 7, 28 Cooperation in binding 385 Copper binding protein 289 Copy per genome 203 Core origin 438, 441-444, 446 Correct disease phenotypes in vivo 
176 

Cortex 248, 249, 253 Coupling techniques 163 

Covalently closed 437, 440, 444 CR2 298 CRE 387, 388, 392 Crossover 287, 290, 292-294 Crude extracts 438, 441, 444, 445 CSF 6, 186-189, 193-197, 212, 214, 221-224, 233, 255-257, 259-265, 269-271, 319, 333, 334, 432 
CTL 242, 245, 247, 250, 251, 304, 305 CTL/target cell interaction 304 Cupl 292 CUPlr 287, 289-293 Cycloheximide 231, 232, 362, 377, 392 
Cysteine-rich 289 
Cytokine 221 Cytopathic 141, 143 
Cytoplasm 33, 34, 113, 149, 214, 223, 232, 268 Cytoplasmic oncogene 392 Cytotoxic T cells (CTLs) 298 Cytotoxic T lymphocyte 245 
D 
DEC 243, 244, 247 
Deletion 11, 13, 41, 47, 51, 52, 

54, 56, 59, 99, lo4-108, 117, 129, 131, 180, 207, 226, 276, 289, 301, 356, 387, 411-414 Denaturing gels 360 Dendritic 242, 243 
Dendritic epidermal cells 243 
Developmental program 202, 209, 2-10, 217 
Developmentally regulated genes 210 DG 258 DG kinase 258 
Di-beta-D-galactopyranoside 280 Diacylglycerol 258 Dichotomy 288 Different combinations of factors 198 
Different Steps in the transforma-tion process 345 
Differentiation 1-3, 6, 18, 149 

185-187, 189, 193-195, 197, 198, 193-195, 197, 198, 209, 210, 216, 226, 235, 275, 284, 327, 331-333, 338-340, 347, 350, 369, 381, 419, 420, 426-433, 47, 48, 73, 75, 85, 9-11, 
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Dimethylsulfoxide 420 Diseases 2, 8, 24, 63, 66, 78, 175, 180, 182, 183, 209, 210, 217, 
230, 297 DMS-methylation interference ana­lysis 361 DMSO 420,426-430 DNA binding domain 263, 264, 269, 339, 360, 362, 363, 367 DNA binding proteins 19, 265, 358, 385 DNAhelix 443 DNAligase 437,439-441 DNA Polymerase 116, 123 DNA Polymerase a 405, 409, 437, 
438, 444, 445 

DNA template ' l l 5 , 441 
DNasel footprinting 374 
Dominant 24, 63, 66 
Dominant perinatal lethal disease 

in humans 66 
Double hexamer structure 437 
Double Strand gap 287, 293 
Downregulation 378 
Drug selection 275 
dsi-1 344 
Dunce gene 432 
Dyad symmetry 386, 388, 421, 430 
Dysregulated 319 
E 
E-LAM-l 233 
E1B tumour antigen 402, 403 
E2 protein 255, 262-267, 269, 270, 

362 
Early multipotent cells 194 
EBNA 298, 300, 301, 303-305 

421, 
EBV 216, 297-305, 419-423, 431 
EBV positive tumors 216 
EBV-derived Shuttle vector 419, 

421 
EBV-gene expression 301 
EC cells 42, 95-97, 104, 105, 107, 

108 
ECM 71, 197 
Ecotropic 145, 149, 150, 153, 154, 

158, 161, 162 
EGF 315 
EIA 379 
Electron microscopy 35, 49 ; 441, 

442, 444 
Electroporation 1, 2, 13, 210, 422, 

423 

Elements effecting the expression 167 ELISA 171, 172, 243, 245, 260 Elongation 114-116, 437, 445 Embryogenesis 18, 22, 23, 33, 34, 
38-40, 42, 44, 108, 381 Embryonal Carcinoma cells 35, 41, 
84, 95, 365, 376, 388, 389, 431 Embryonal stem cells 9, 95 En 20, 22 Endocytosis 149, 158 Endogenous 25, 26, 34, 39, 66, 69 121, 135, 136, 145, 148 Endogenous Langur Retrovirus 145 Endothelial 194, 232, 233 Endothelial cells 194, 232, 233 Engrafted mice 201, 202, 205, 216 Engrailed 20 

Enhancer 5, 18, 21, 24, 38, 40, 41 166, 202, 205, 255, 258, 263-265, 269, 285, 309, 310, 315, 347, 355-357, 367, 385-387, 399, 421 
Env 113, 133, 154, 161, 414 
Envelope 141-143, 145, 147, 149, 154, 155, 170 
Envelope glycoproteins 141-143, 145, 147, 149 Eosinophils 188, 323, 324 Ep 186-189 
Epidermal growth factor 156 Epidermal growth factor receptor 156 
Epigenetic 33, 38, 44, 283 Epithelial cells 7, 298, 356 Epitopes 412 Erythroblasts 323, 324 Erythroid cells 204, 205, 410, 414, 432 
ES cells 9, 12, 23-27, 95 Ets-1 332 Ets-2 332 
Eukaryotic regulatory gene 378 Evi-1 332, 334, 336-340, 344 Exogenous promoters 202 Exogenous retrovirus 135 Exon 13, 19, 25, 26, 51, 56, 70, 

73, 84, 86, 242, 333, 336, 350, 388, 411-414, 420, 422-426, 430, 432 Exonuclease 264, 437, 440, 441 Extracellular matrix 71, 73, 311, 
314, 316 Extracellular matrix proteins 311 
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F 
F-MuLV 410, 414 FACS 36, 37, 44, 195, 196, 280, 

285, 333, 347 FDC-Pl 320-327 FDCP-Mix 195 FDG 35-37,40,42,44,280 Feedback regulation 236, 441 Feline Leukaemia Virus 145 Fertilized eggs 37, 242 Fetal liver 216 FGF 315 
Fibronectin 71, 176, 177, 179 Fibroplasts 2, 3, 64, 212 Fim-1 334, 346 Fim-2 334 
Fim-3 334,336,338,346 
Fimbria 175, 176, 179 
Fimbria fornix-lesioned 175, 179 
Firefly luciferase 168, 180 Flow cytometry 242, 245, 249, 250 Fluorescence-activated cell sorting 195 
Fluorescing cells 280, 283 fms 333,334,346, 432 
Foetal liver 320-322 Foot printing 288, 374, 378, 443 
Formation of the transcription fac­tor 385 
fos B 365 Founder mouse 39, 242 Friend murine leukemia virus 410, 419 Friend virus 400-402, 409-411, 414, 415 Ftz 19 Functions of the EBV "latent" pro­teins 300 Fushi tarazu 19, 381 Fusion from within 142 Fusion from without 142 Fusion proteins 376 
G 
G-CSF 187-189, 193, 195-197, 221, 

319, 333 
Gl 355,369,380 
G418 41, 117-120, 157-159, 161, 

165, 170, 171, 211-213, 277, 
279, 320 

gag 102, 113, 133 
GAGs 197 
Galactosidase 5, 34-37, 39, 42 275, 

277, 280, 390 
Gametogenesis 33, 34, 37-39, 44 

GC box 258, 262-265, 269 GCN4 360, 363, 374, 388 Gel retardation assay 263, 358, 359 Gene conversion 25, 26, 135, 287, 290 
Gene expression 3, 5, 14, 17, 21, 22, 24, 33, 34, 43, 44, 74, 82, 175, 108, 125, 129, 165, 167, 203, 212, 288, 297, 301, 310, 315, 340, 357, 373, 376, 379, 380, 385, 393, 414, 427, 428, 431, 432 
Gene therapy 1, 3-6, 28, 78, 153, 175, 182, 207 Gene transfer efficiencies 211 
Genetic defect 202 Genetically altered animals 213 
Genomic alteration 400 
Genomic clones 334, 335 
Genotypes 73, 291 
Germ line 2, 4, 9-14, 40, 65, 69, 133, 135, 344, 347 
Germline Segments 276 
Gibbon Ape Leukaemia Virus 145 Glycerol gradient centrifugation 441 
GM-CSF 186-189, 193, 195-197, 212, 214, 221-224, 233, 255-257, 259, 260, 262-265, 269-271, 319, 333 
GM-CSF promoter 255, 262, 263 
GM-CSF regulatory sequence 256 Gpt 275, 277-281 Granulocyte colony-stimulating fac­tor 221 Granulocytes 193, 196, 420, 426-430 Growth factors 6, 185-187, 195-198, 211-213, 215, 216, 221, 223, 224, 309-311, 315, 317, 331-333, 339, 347, 355-357, 386,392, 
Guanine-xanthine phosphoribosyl transferase gene 275 

H 
H chain 241,249 
H-ras 332,334 
Half life 379 
HeLaSSB 437-440,445 
Helicase 405, 441, 443, 
Helix distortion 443 
Helper cell line 118 
Helper molecule 156 
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Helper T cells 241,256 Hematocrit 324 
Hematopoietic growth factors 212, 

213, 331-333 Hemopoietic System 185, 187, 201, 
202, 207, 221 Heparan sulphate 197 Hepatitis B Virus 87, 156 Hepatocyte 47-49, 156, 235 Herpes simplex virus-thymidine ki-nase 24 Herpes tk promoter 357 Heterodimer 245, 253, 365, 367, 
377, 392 Heteroduplex DNA 287 Heterologous 18, 24, 26, 143, 165, 
186, 210, 289, 291-294, 374, 
387 Heterologous hybrids 292 Heterologous promoters 374, 387 Heterologous sequences 210 HID 214, 215 High copy number 135 High efficiency gene transfer 209, 210 

High-affinity binding site 241 
High-yield expression 165 
Histocompatibility complex 136, 241, 256 Histology 243, 244, 248 HIV LTR 255, 266, 267 HIV promoter 267 HIV virus 216 HIV-1 enhancer 386 HMBA 420,426-428 
Holliday structure 293 Homeobox genes 19, 21, 22 
Homo- and heterodimers 362 Homologous 1-3, 12-14, 19, 24-27, 52,134, 135, 229, 257, 269, 287, 289, 290, 292-294, 360, 367, 410, 414, 425, 426, 432, Homozygote 116 
Hormone responsiveness 137 
Host ränge restriction 438, 439 
Hotspots of homologous recombina-tion 135 
Hox genes 19, 21, 22, 24 Hprt 9-14, 24 
Hsv-tk 24 
Human bone marrow 188, 194, 209, 

211-215, 217 Human fetal thymus 216 Human genetic diseases 210 Human herpesvirus 297 

Human immune-deficient mice 214 Human lymphocytes 419 Human metallothionein-IIA 373 Human myeloid leukaemias 319 Human ß-globin expression 201-206 Hybrid 147, 248-254, 258, 287, 289, 
290, 293, 425 Hydrogen bonding 114 Hygromycin 117, 118, 124, 125, 421, 423 Hypoxanthine phosphoribosyl trans-ferase 10 

I 
ICAM-1 233, 298, 301, 304, 305 Ig kappa chain enhancer 386 IgA 156 IGF-I 317 IgH 166 
IL-1 188, IL-1 195-197, 211, 212, 221, 224, 311 EL-2 156, 165-168, 221, 222, 225, 

226, 241-245, 247-254, 255, 
258, 259, 262, 269, 271, 373, 374 

IL-2 promoter 255, 258, 262 EL-2R 241, 242, 248-253 EL-3 186-189, 193, 195-197, 
212-214, 221-223, 225, 226, 257, 259, 262, 271, 320-325, 327, 331-335, 338, 339 IL-4 186, 221, 222, 262, 271, 333 IL-5 186, 187, 189, 221, 259, 271 IL-6 186, 188, 211, 221, 259, 319, 333 

IL-7 221, 222 Immortalization 153, 419 Immune response 141, 331 Immune System 2, 17, 221, 236, 276, 343 
Immune-deficient mice 209, 210, 213, 214, 216, 217 Immunofluorescence 158-160, 162, 

298 
Immunoglobulin enhancer 21, 264, 

269, 347 Immunoglobulin heavy chain 166 In situ hybridization 22, 53, 73 in vitro model Systems 419 In vitro models of haemopoiesis 194 Inactivation 11, 66, 69, 86, 95, 
96, 108 Increased metastatic potential 343 
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Inducible 49, 161, 255, 262, 263, 
309-311, 316, 347, 357, 362, 373, 374, 376, 379, 380, 385, 386, 430, 431 Induction 49, 52, 54, 58, 59, 63, 142, 144, 157, 186, 195, 232, 233, 235, 255, 262, 269, 288, 312-316, 348-351, 376, 378-380, 385-387, 392, 426-431, 433 

Induction of membrane IL1 233 
Infection pathway 158 Infection yields 153, 162, 163 
Infectious particles 165 Infiltration 243, 324 Inflammation 236 Inhibitor 52, 232-234, 377, 386, 437, 445, 446 
Initiation of minus Strand DNA syn­thesis 114 
Inserted gene 167, 201, 202 
Insertions 13, 81, 84, 86, 293, 

332, 338, 340, 344-346, 349, 400, 414 Int-1 344, 345 Int-2 344, 345 Integrase 4, 77, 83, 84, 124 
Integration 1, 2, 4, 12, 13, 40, 41, 65, 69-71, 73, 74, 77-79, 81-88, 123, 124, 129-131, 165, 167, 170, 175, 194, 202, 206, 332-334, 337, 338, 344-346, 350, 402, 422 
Integration libraries 79, 81, 84, 86 Interaction 5, 7, 18, 33, 59, 141, 153, 158, 224, 226, 263, 269, 297, 304, 365, 376-380, 390, 392, 403, 405, 441 Interaction of fos and jun 390 Interference 141, 143-145, 147, 

148, 165, 167, 170, 289, 360, 361 
Interferon 157, 161, 167, 221, 229 Interleukin 165, 186, 193, 221, 

229, 232, 235, 241, 253, 319, 331, 373, Interleukin-2 165, 221, 241, 253, 373 
Interleukin-2 receptor 241 Internal promoter 129, 166 Internalized 158, 162 Interstitial pneumonia 249, 253 Intestine 21, 22, 369 

Intracellular signal transduction 269 
Intron 11, 19, 25, 26, 64, 70, 74, 78, 84, 123, 124, 130, 242, 404, 411-414, 420-426, 430, 432 Isomerization 287 Iterated genes 288 Iterated genetic loci 288 
J JE 309-313, 315, 316 Jun B 356, 362, 363, 365, 367, 369, 380 jun D 356, 362-369 Jun family 355 
Jurkat cells 258-260, 262-265, 267 
K 
K-ras 332 
Karyotype 11, 222, 319 
key 19, 124, 210 
Ki-24 298 
L 
L chain 241, 242, 248-253 L-myc 332 
LacZ 5, 33-35, 37-40, 42, 44, 275, 280-285 LacZ assay 280, 281, 285 
Lagging Strand synthesis 441, 445, 

446 
Late viral proteins 355 Latency 331, 348, 350, 351 Latency period 348, 351 Lck 344 LCR 263 
Leading Strand synthesis 441, 446 Lectin 269 
Lethal myeloproliferative Syndrome 320 
Lethally irradiated 202, 205, 213, 320, 322, 324, 325 
Leucine repeat 367 Leucine zipper 362, 363, 367, 376 
Leukaemic mice 400 Leukaemic transformation 319 
Leukemia 64, 69, 79, 96, 125, 165, 176, 209, 217, 222-225, 230, 242, 255, 258, 259, 331, 332, 334, 335, 338-340, 344, 409, 410, 419, 420, 424, 426 
Leukemogenesis 4, 222, 242 
Leukemogenic 223, 225 LFA-1 298, 301 
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LFA-3 298, 301, 304, 305 
Limitations of the lacZ recombina-tion assay 283 Limited homology 257 Lineage 33, 34, 42, 44, 74, 185-189, 193, 196, 193, 196, 201, 202, 205, 209, 210, 217, 253, 277-279, 283, 284, 298, 

331- 333, 338, 339, 346, 349, 350, 
Lineage-specific genes 210 
Liquid cülture 211 Littermates 348, 349, 351 
Littermates 50, 52, 53 Loci 7, 10-13, 47-49, 51, 54, 56-59, 63-65, 69, 75, 82, 135, 136, 216, 276, 277, 287-293, 336, 338, 344-346, 350, 332- 334, 336, 338, 346, 347, 350, 
Long control region 263 
Long term engrafted mice 202, 205 Long terminal repeat 77, 124, 278 
Long-lasting Stimulation 380 Long-range effects 345 
Long-term bone marrow cultures 194 LPS 229, 234 LTBMC 194 LTR 41-43, 77, 81, 86, 96, 99, 100, 104-108, 133-138 124, 125, 128, 129, 133-138, 166, 167, 170, 177, 180, 202, 205, 211, 224, 255, 259, 261, 266, 267, 283, 285, 333, 335, 336, 347, 350, 365, 368, 423, 424 Luciferase 168-170, 180 Lymphoblastoid cell lines (LCLs) 298 
Lymphoid organs 216 Lymphoid VDJ recombinase 275 Lymphokine activated killer cells 

(LAK) 213 Lymphokine genes 256-259, 262, 
268-271 

Lymphognes 255, 257-259, 271, 338 Lymphoproliferative disease 297 
M 
M-CSF 187, 189, 193, 195-197 
Macrophage 186, 187, 193, 214, 221, 

277, 432 
Malaria 230, 297 
Marker 11, 12, 24, 34, 42, 56, 72, 

156, 201, 202, 275, 277, 279, 

280, 284, 293, 294, 299, 301, 302, 
376, 426 Mason Pfizer Monkey Virus 145 MATa2 19 Mating 11, 14, 19, 84, 288, 290, Mature stochastically 196 Medial septum 177 Medulla 248 

Meiotic copy number changes 287, 292 293 MEL cells 202, 206 Memory loss 180 Mendelian genetics 401 Mendelizing unit 289 Metabolically stable 401, 403, 404 Metalloprotease 386 Metastasing tumors 343 Methyl-cholanthrene-induced sarco-
ma 229, 232 Methylated 95, 360, 361 Methylated bases 360 Methylcellulose 211-213,321 MHC class I 153, 156-159, 161, 162, 
242, 304 

MHC class II 156, 157, 159, 161, 162 Microenvironment 185, 216 Microinjection 9, 13, 25, 26, 38, 39, 43, 63, 64, 409, 419, Microvascular 230 Minus Strand 114-116, 120, 121 Mitogenic response 355 Mitogens 241, 259, 320, 347 Mitomycin C 9, 242 Mixed leukocyte culture 242, 245, 
251 Mlvi-1 334, 344, 346 Mlvi-3 344, 346 Mlvi-4 344 

Mobile genetic elements 134 Monocytes 188, 233, 323, 324, 420, 
426-429, 432 
Mononucleosis 297 
Moribund 321, 322, 324, 348 Mos 332 
Mottled lungs 322 
Mouse embryos 9, 63-65, 69, 73, 85 Mov mice 69 MPA 278, 279 
MPSV 96, 97, 99, 100, 102, 104-106, 166-168 Multi-lineage 201, 205 Multiple myeloma 319 Multipotent cells 194-196 MuLVs 344, 348 
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MURRS 133-135, 137, 138 
Mutagenic activity 134 Mutagenically activated 401 
Mutation 3, 6, 9, 11, 23, 41, 47-49, 52, 53, 58, 59, 64, 66, 69, 70, 73, 107, 108, 134, 180, 213, 216, 264, 386, 387, 400, 412, 415 
myb 224, 332-335, 339, 344 
Myeloid lineages 331 Myelomas 319 Myeloproliferative sarcoma virus 96, 165 
N 
N-myc 284, 332, 343, 344, 349-351 N-ras 332 
Natural killer (NK) activity 243, 245 
Natural receptor 155, 158 Necrosis 124, 125 
Neo 97, 99, 107, 156, 158, 160, 177 Neomycin phosphotransferase 97, 
102 Neoplastic potential 181 Nerve growth factor 175, 176 Nested genes 432 
Neurons 22, 175-177, 180, 182, 369 Neutrophils 188, 231, 232, 243, 323, 324 New oncogenes 350 NF-GM2 264, 269 NF-KB 266 NGF 175-177, 180 NGF expression 177 Nicking activity 439 Nitroblue tetrazolium 426 NK cells 213 
Non-growing cells 355, 357 Nonactivated 263 Nontranslated sequence 167 Novel therapies in human medicine 201 
Nuclear extracts 18, 105, 263, 358, 360, 388 Nuclear oncogene 385 Nuclear run-on analysis 310 Nucleoprotein complex 437, 442, 

443 
Nucleosomes 446 Nucleus 1, 7, 34, 38, 49, 59, 85, 

113, 214, 223, 231, 232, 256, 268, 298, 385, 392 Nude 175, 181, 182, 213 

0 
Offspring 11, 12, 14, 63, 242 Okazaki fragments 438 Oligonucleotides 50, 360, 362 Oncogene activation 134 Oncogenic retroviruses 7, 130, 131 Oncogenicity assay 310 Oocyte 258 
Open reading frame 337, 362, 374 Origin of replication 421, 437, 

438, 442, 443, 446 oriP 421 Osmotic minipump 214, 216 Osteosarcoma 143, 175, 180, 181 Overexpression 393, 419, 420, 431, 432 
Oxidative burst of neutrophils 232 
P 
P-motif 386 p40tax 255, 259, 260, 262, 263, 265-267, 269, 270 p53 7, 399-406, 409-415, 419-428, 430-433 p53 expression 401, 402, 409, 410, 414, 415, 419, 431, 432 p53pl 420,423-432 p53p2 420,423-433 Packaging cell lines 129, 172 PAF 233 Pale livers 322 Palindrome 360, 367, 441-443 Paralysis 322 Parkinson's 182 Parotid gland 431 Pathogenic potential 298, 306 PCNA 437, 444-446 PCR 25-27, 213, 215 PDGF 221, 311, 315, 357 PEA1 355, 357-362, 364-367, 386 PEA2 357 PEA3 357, 367 Peripheral blood 202, 216, 323, 324, 326, 432 Persistent infection 141, 297 Phenotypic mixing 143, 146 Phorbol ester 256, 258, 380, 385-388, 393 Phosphoinositol turnover 373, 380 Phospholipase 231, 233, 256 Physical map of the mouse p53 gene 413 Physiologie effects 202 Pim-1 334, 343, 344, 346-351 Pim-1 gene 343, 346, 347, 350 
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Pim-2 334, 343-347, 350 
PKC 255, 256, 258, 259, 266, 267, 269, 270, 373, 393 PKCA 258 Placenta 229, 347 Plasmid 13, 14, 25, 26, 72, 81, 107, 124, 125, 170, 259-263, 

267, 365, 368, 421-426, 428, 431, 438 Plasmid replication 421 Plasminogen 232, 233 Platelet derived growth factor 221 Pleiotrope 47, 59, 231, 233, 235, 
236 Pluripotent 95, 201, 205, 209, 213, 
217, 420,426 PMA 255, 258, 260-267, 269, 314, 
427-430 Point mutation 66, 107, 108, 386, 
387,400, 415 Pokeweed mitogen 320 Pol 113, 133, 437-441, 444-446 Pol a-primase 437-441, 444-446 Polar effects 134 Poly(A) 123, 124, 129, 130, 310 Polyadenylation 84, 125, 129, 137, 167, 168, 242, 421 Polyclonally infected cell line 
284 

Polymerase chain reaction 2, 12, 25, 213, 215 Polymerase 8 405, 409, 437, 438, 
444, 445 Polymorphie alleles 287 Polyoma 96, 157-160, 355-358, 364, 
367, 386, 400, 437, 438 Polyoma A enhancer 355-357 Polyoma virus large T antigen 158 Polypeptide hormones 373 Polypurine tract 115, 123 Portable promoters 137 Position effects 204, 422 Positive autogenous regulation 381 Positive supereoils 437, 443 Post-translational 357, 377-379 Post-translational modification 357, 377-379 Ppt 115, 123 Prd 20, 125, 128 Pre-B 277, 279-281, 283-285, 350 Precursor 73, 77, 154, 201, 235, 
277, 298 Precursor-progeny 201 Predictable structure 210 Preselection 211, 213 

Primary reeipients 205, 325 Primary structure 316,411,412 Primase 437-441, 444-446 Primer 25, 26, 114, 123, 168, 425, 426, 430 Primer binding site 114, 123 Primer extension 168, 425, 426, 430 Primitive cells 195-197 Processed peptides 304 Production of cell lines 321 Progenitor cells 33, 193, 194, 205, 
209- 212, 214, 216, 340 Progenitors 33, 185-187, 189, 193, 
210- 216, 331, 339 Progression from Gl to S 355 Proliferating cell nuclear antigen 
437, 445 

Proliferating progenitors 331 Proliferation 1, 7, 71, 161, 
185-189, 193-196, 209-211, 213, 221, 225, 241, 250, 309-311, 316, 317, 319, 320, 327, 331, 332, 343, 348, 350, 355, 400, 402, 405, 409, 415, 419 Proliferative foci 194 Proliferin 367 

Promoter 5, 12, 18, 24, 34, 38-44, 50, 70, 74, 96, 105, 107 124-129, 137, 165-168, 170, 177, 180, 202, 242, 253, 255, 258, 259, 262, 263, 265-267, 275, 278, 285, 315, 316, 347, 355-357, 365, 373-376, 378-380, 385-390, 392, 399, 420, 421, 423-425, 429-433 Promoter-less 126, 128 Prostaglandins 232-234 Protease 52, 236, 314, 315, 360 Protein kinase C 7, 18, 231, 255, 
256, 369, 373, 379, 380, 393 Protein phosphorylation 256, 373 Protein synthesis inhibitor 377 Protein-DNA interactions 268 Protein-protein interaction 263, 
269, 376 Proteoglycan 197 Proteolysis 360, 375, 389 Proteolytic cleavage 154 Proto-oncogenes 7, 19, 130, 311, 
332, 334, 343, 344, 432, Protoplasts 290 Proviral insertion 63-65, 343, 
344, 349, 350, 414 Proviral integrant 201, 205, 206 
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Provirus 4, 41, 63, 65, 69-71, 73, 74, 77-79, 81-83, 87 113, 116, 117, 119-121, 123, 126, 127, 129, 133, 159, 202, 210, 333, 344, 346, 350, 351, 414 
Provirus "tagging11 351 Pseudogenes 123, 124, 129, 130, 288 
Pseudotype 141, 143, 145, 146, 148-150 Pulse-chase experiments 444 Purkinje cells 248, 250 Puromycin 170, 171 PWM-SCM 320-322 PyMT 327 
Q 
Quiescent cells 355-357 
R 
Rabies Virus 156 Radioimmunoassay 197 Rat transin 310 RB gene 180, 181, 183 rDNA 288 Rearranged 102, 223, 278-283, 333, 339, 380, 410, 412, 414 Rearranged gene 223, 412 Rearranged locus 333 Receptor 5, 58, 117, 134, 141, 143-145, 147-150, 154-156, 158, 162, 224-226, 231, 232, 241, 242, 245, 247, 249, 253, 254, 255, 256, 258, 259, 262, 269, 276, 298, 304, 367, 373, 380, 432 Receptor Interference 143, 145, 147 Receptor specificity 141, 143, 145, 147 Receptor variable regions 276 Recessive lethal 64, 69, 70 Recessive oncogene 400-403, 405 Reciprocal crossover 290, 292, 293 Recognition sequences 276, 441, 442 Recombinant 2, 17, 35, 40, 41, 50, 63, 79, 81 100, 102, 104, 135, 153-155, 157, 158, 161, 165, 167, 170, 171, 187, 188, 195 Recombinant retrovirus 35, 40, 41, 170, 203 Recombinase activity 275-280, 283-285 Recombination 1-3, 5, 12-14, 24-27, 84, 85, 87, 88, 134-136, 

222, 275-277, 279, 280, 282-285, 287-289, 293, 294 Recombination intermediate 293, 294 
Recombination Substrate 275, 277, 

279, 280, 282, 284 Recombinational activity 135, 138 Recombinational breakpoint 135 Reduced growth control 343 Regulated expression of a 
transduced human ß-globin 
gene 201 Regulatory domain of PKC 258 Regulatory sequence 256, 270 Regulatory Signal insertion 137 Related factors 386 Reovirus 156 

Repeat units 287, 289, 290, 292, 293 Replication 5, 7, 77, 84, 88, 99, 107, 113, 116-118, 123-130, 141, 145, 175, 210, 284, 300, 355-357, 367, 405, 406, 409, 415, 421, 422, 437-446 Repressor 105, 379, 431 
Repressor activity 431 Resting B cells 297-299, 301 
Restrictional analysis 287 Reticular cells 194 Reticuloendotheliosis Virus 124 Retinoblastoma 175, 176, 180 Retinoblastoma (RB) gene 175, 180 Retinole acid 18, 99, 419, 426-428 
Retrotransposons 77, 78, 86 121, 133, 134, 138 
Retroviral infection 34, 129, 154, 159, 161, 162, 201, 207 
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