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Talk by Bill Dove for the Semi-centennial of Medical Genetics and Centennial of Genetics 
Saturday May 22, 2010 

Ebling Center for Microbial Sciences 

A GENETICALLY ASSISTED ASCENT FROM REPLICATION IN MICROBES 
 TO CANCER IN HUMANS 

[1] Today I shall discuss an ascent of the research in our own laboratory that has thrived on 
our campus. I will trace our studies going from an investigation of replication in a simple 
organism to studies of cancer in animal models and humans. I place this talk in the con-
text of the evolution of the subject of medical genetics starting from the Renaissance,  when
the anatomy and physiology of humans was 
first studied, through the 20th century with the 
development of major technologies by which to 
dissect biology at the molecular level [2]. This 
Picasso captures spirit of analysis. 

In looking forward 50 years to the Centennial of 
Medical Genetics here at the UW luckily 
my projections will be safe from critique by 
some people in this audience.  But Students 
in the audience may have a hand in what 
transpires over the next 50 years, as witnesses if 
not as agents of change. Thus, my talk 
today will end by addressing the Students. 

[3] My research is carried out at the McArdle 
Laboratory, which was the first cancer research 
institute placed on a University campus.  In hiring 
me, trained at Caltech as a chemist, the director, 
Harold Rusch gave me the opportunity to develop 
my research in a university where I was able to 
study DNA replication in a simple bacterial virus, 
phagelambda.  From there, the breadth of research 
on this campus, enabled me to extend my initial 
studies on controlled replication to those in a 
“simple” eukaryote, later to that of cancer in 
animal models and now to the biology of colon 
cancer in the human.

I shall refer to several communities today.  First, 
by belonging to two different colleges, the 
Laboratory of Genetics is intrinsically an inclusive 
scientific community. The efforts that I have made 
for the genetics graduate program centered in that 
Laboratory have allowed me to connect across the 
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campus.  Secondly, the McArdle Laboratory for 
Cancer Research presents the problem of cancer 
within a university context where expertise from 
many disciplines can affect the research.  Thus my 
research in McArdle draws me into connection with a 
number of disciplines on campus.  But there is one 
very important feature of the faculty that makes the 
McArdle Laboratory cohesive.  Most of the staff 
meetings of this faculty involve discussions of 
ongoing research.  Therefore, instead of matters of 
budget, space, and patient accrual, this faculty has a 
common enemy – the biology of cancer.  

From the outset, my life at the university involved 
interactions between these two communities.  The 
day on which I was recruited to McArdle included 
lunch at Rennebohm’s with two members of the 
Laboratory of Genetics – Masayasu Nomura and 
Julius Adler.   My work week then came to include 
regular Monday lunch with Nomura and Millard 
Susman from Genetics, Bernie Weisblum, and my 
McArdle colleague Howard Temin.  (I shall return 
to the concept of Lunch later.) 

[4] I began on my research by working on phage 
lambda, shown here in this EM portrait.  The DNA 
within the head of this virus has a size comparable to 
one single mammalian gene, 50 kb.  
(Parenthetically, especially speaking in Ebling, 
this wonderful center for Microbial Sciences, let me 
state that I have found that phage lambda is more 
intelligently designed than I am.)  [5] Lambda 
was discovered at Wisconsin by Joshua and 
Esther Lederberg back in the 1950s, when they 
created the whole science of bacterial genetics at 
Wisconsin.  It is interesting to realize how phage 
lambda came into being.  [6] It originally was in 
hiding, carried as a provirus inside all of the E. 
coli strains with which the Lederberg’s were 
developing microbial genetics.  Phages 
were released spontaneously, but without an 
electron microscope one had no sense that these 
phages were present because the strains were 
naturally resistant to that virus, reflecting the 
symbiotic relationship between host and virus.  
However, when Esther found a mutant that was 
cured of its lambda genome, she observed that 
the supernatants from all other strains would make
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plaques on this cured, sensitive derivative. The moral 
of this story is that symbiosis, common across 
the biosphere including humans, can be 
unleashed by the introduction of a sensitive host. 
Indeed in latter days, Joshua Lederberg led the study of 
the risks to human biology of xenotransplantation from 
other mammalian species. 

[7] Now Lederberg’s work in bacterial genetics earned 
him the Nobel Prize in the late 1950s and he went 
on to Stanford University to establish in their Medical 
School the Department of Genetics to emphasize 
medical genetics.  Wisconsin responded to the loss of 
Lederberg by hiring a number of molecular 
biologists and geneticists.From that cohort of what 
I call “the twelve answers to Lederberg”, three 
Nobel Prizes finally emerged, and Medical 
Genetics went on to develop over its first 50 years 
as we are discussing today. 

[8] Now let me indicate how the trajectory of our 
research has developed from its early studies of a 
simple bacterial virus.  A large cohort of investigators 
have studied lambda and have been able to tease apart a 
very intricate regulatory system in this putatively 
simple organism.  Here is a pictorial summary that Ira 
Herskowitz made in which a number of the early acting 
genes are shown by the regulatory loops that connect 
them together.

[9] The specificity for viral replication of lambda was 
shown to be controlled by a segment that covered most 
of this early region.  This was fundamentally a 
haplotype, a segment from a related virus, phage 82, 
that brought in a number of specificity elements both 
genes and their targets, that differ from those of 
lambda.  How to find out the functions of individual 
targets within this haplotype then became a matter of 
finding point mutations in the system. Our laboratory 
went on to develop a set of mutants affected in 
lambda’s replication as a virus, benefiting from the 
ability to propagate such mutants in the passive state of 
provirus.  We used the haploid genetics of lambda to 
discover loss-of-function mutants in the three 
replication genes N, O, and P.  We then used selection 
schemes in diploids to find the cis-dominant mutations 
that defined the origin of replication for the virus and
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promoters that control the activity of that origin by 
transcriptional activity in its vicinity.  . Fred Blattner 
brought Sanger DNA sequencing to Wisconsin and 
interacted with us to determine the sequences affected 
by these regulatory mutations in lambda. 

The complexity and redundancy of negative regulation 
for the lambda C1 repressor was puzzling and we 
turned to longitudinal phenotyping to begin to 
understand why lambda uses two different ways to 
inactive its origin of replication.  [10] In this 
experiment, carried out on agar surfaces on a 
microscope slide, we infected E. coli with wild-type 
lambda, on the left, and observed many hours later 
microcolonies forming full symbiotic relationship. 
But on the right, when we infected with a 
lambda mutant that was unable to repress the 
activating transcript across its origin of replication, 
we found that the infection did not lead to viral 
growth.  Instead it led to an aborted symbiosis in 
which cells failed to divide, forming non-productive 
long snakes.  

Next, our research on controlled replication moved 
from the simple bacterial virus to a mre complex 
microbial system, Physarum polycephalum, optimized 
for a molecular analysis of the eukaryotic cell cycle.
[11] In the Bacteriology Department worked a 
remarkable naturalist, Ken Raper.  It was Raper who 
discovered and popularized the cellular slime mold, 
Dictyostelium, but also introduced Harold Rusch to the 
syncytial slime mold Physarum polycephalum. [12] In 
one of the phases of its life cycle Physarum presented 
as a single cell the size of a pizza with the synchronous 
replication and nuclear division of more than a billion 
nuclei.  This microorganism then allowed us to study 
cyclic molecular events in the eukaryotic cell cycle.  
[13] Here, we see the exponential increase in tubulin 
mRNA level in anticipation of mitosis followed by the 
rapid decline of this RNA after cell division has been 
completed.  With Physarum, we were able to develop a 
rational genetic analysis of the complex tubulin gene 
family through a genetic analysis of its alternative 
growth phase – the haploid myxamoeba. 

During the ‘70s, the vision of developing a rational 
genetic  analysis  of  mammalian  biology  including
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cancer was obscured by the uncontrolled ploidy of 
cultured mammalian cells. For us, this obstacle was 
overcome by extended fruitful interactions with two 
faculty members in the Laboratory of Genetics and with 
the pioneering faculty in McArdle studying chemical 
carcinogenesis.  [14] Bob DeMars developed a rational 
form of somatic cell genetics by studying 
heterozygous lymphoblastoid lines for the loss of 
individual alleles of the HLA locus.  [15] At the 
same time, Oliver Smithies (shown here taking an 
on-campus sabbatical in our laboratory) learned 
lambda genetics, met Fred Blattner in Waclaw 
Szybalski’s laboratory in McArdle, and went on 
to develop targeting vectors and his Prize-winning 
targeting of single genes in the laboratory mouse.  
His key laboratory associate, Natalie 
Borenstein, then became a member of our laboratory, 
so the loss of Oliver and Nobuyo later in the 
‘80s, benefited us in McArdle by the gain of Natalie. 

[16] The synergy between McArdle’s research and 
Genetics at Wisconsin was further developed by the 
expertise in Chemistry that had been created in 
McArdle.  Jim and Betty Miller, Charlie Heidelberger, 
and Roz Boutwell each brought attention to the mode of 
action of carcinogens and this then allowed the 
development of major experiments in mouse biology in 
McArdle. When these leaders retired we had the 
opportunity to develop mouse genetics without any 
prior track record in the field. 

At that stage our work on creating mutations in 
laboratory mice was benefited by the power of chemical 
carcinogenesis and mutagenesis that was developed in 
the McArdle Laboratory.  [17] An English sabbatical 
visitor, Peter Brookes, introduced us to the nitrosamide 
alkylating agents that interact directly with DNA, 
requiring no metabolic activation.  Indeed, our studies 
of lambda genetics had sensitized us to this issue: 
nitrosoguanidine, the bacterial mutagen of choice, 
creates clusters rather than single point mutations 
because it depends on activation through sulfhydryl 
groups on proteins at replication forks.  At the time we 
began our experiments with the direct alkylating 
compounds, Bill Russell, in the large Mouse 
Mutagenesis Center at Oak Ridge, published that ENU 
was an effective germline mutagen in the mouse, and
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we were primed to use such mutagenesis to develop of 
a series of informative experiments in our laboratory. 
These were developed under the direction of Alexandra 
Shedlovsky with the assistance of Linda Clipson and a 
series of wonderful postdocs and graduate students. 

[18] This program has led us to a detailed study of 
colon cancer in the mouse and, more recently, the 
rat.  The Min mouse, discovered by Amy Moser when 
she was a postdoctoral fellow here, and worked on by a 
number of genetics graduate students, including 
Karen Gould shown here, was isolated by its 
phenotype.  By contrast, Jim Amos-Landgraf and Larry 
Kwong, in collaboration with Michael Gould in 
McArdle, identified the Pirc rat by molecular 
screening of animals carrying mutagenized 
paternal genomes.  [19] The Min mouse and the 
Pirc rat are each heterozygous for an ENU-induced 
mutation lying near the center of a gigantic 
cytoplasmic regulatory protein, APC.  Just as the 
cI protein of lambda is a master negative 
regulator, so the APC protein of mammals is a 
master negative regulator: when it loses function, 
colon cancer emerges. 

Although the loss of this master regulator leads to 
intestinal cancer in both the mouse and the rat, the story 
of cancer is more than a single master regulator:, a 
number of other genes impact the cancer pathway. 
Thus, it is important to identify genetic modifying 
factors for the full assessment of cancer risk in 
populations.  The class of modifiers with non-
autonomous action, that can be discovered only in the 
intact animal, is also important for designing 
therapeutic and chemopreventive strategies. We can see 
the field of Medical Genetics evolving beyond the study 
of highly penetrant but rare disease-causing alleles to a 
comprehensive study of each disease through modifier 
genetics, tests for non-autonomous action, and 
epigenetic analysis. 

[20] It was Norman Drinkwater who established the 
first set of such modifier experiments, in his case by 
studying chemically-induced hepatocarcinogenesis in 
the mouse. [21] In parallel, Michael Gould has been 
able to relate polymorphic loci in the rat and the human, 
affecting breast cancer in both species.  (Interestingly, 
one of the factors seems to act non-autonomously.) 
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[22] The Jackson Laboratory has successfully 
distributed the standard C57BL/6J-Min strain around 
the world.  As a result, a number of laboratories have 
been able to study genetic modifiers of Min. These 
involve knockout alleles as well as 
polymorphisms between inbred strains.  Among the  
polymorphisms, only one has been identified at the 
molecular level - a locally secreted phospholipase 
is one of several modifiers encoded in the Mom1 
region.  When studying the Min phenotype 
quantitatively, we find that many of these modifiers 
show an effect in heterozygous form, the modifiers 
seem to be dosage-sensitive.  This observation has 
led to the strategy we are developing to discover 
through mouse and rat genetics the full set of 
genes in the genome that can mutate to dosage-
sensitive modifying alleles for colon cancer. 

[23] Studies of modifying loci in animal models for 
cancer are being joined by studies in human genetics 
for genome-wide associations (“GWAS” studies).  In 
many of these cases polymorphic modifying alleles lie 
in gene deserts. [24] It seems likely that the major 
source of these polymorphisms is hypervariability since 
the functions controlled by these regions may not be 
strongly selected and thus subject to drift.  Further, in 
these cases, it is not clear what is the causative element 
(or elements) that modify the cancer phenotype. The 
polymorphic segments that are identified in GWAS 
studies, like those identified by modifier genetics in the 
mouse and rat, contain hundreds of base pair changes.

[25] So, there is a difference between studying genetic 
epidemiology and developing a functional analysis of 
the system impacting the development of a particular 
cancer.  Genetic epidemiology identifies preferentially 
regions that are polymorphic in the population, which is 
important in assessing the relative risk within 
populations.  A functional analysis, by contrast, 
depends on null alleles of single genes.  Such alleles 
may be rare in human and murine populations. 

[26] We have been exploring the development of 
modifier genetics in which we search for mutagen-
induced null alleles of genes with the heterozygous 
loss-of-function phenotype.  The scheme sketched on 
this slide involves establishing a kindred from sons of
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mutagenized males. Each kindred to be tested is 
saved as cryopreserved sperm from which the 
kindred can be reconstituted, thanks to recent 
progress by Kathy Krentz in our laboratory.  The 
kindred is then progeny-tested by a two-generation 
protocol that is quantitatively scored in the second 
generation.  But how can we map a newly-induced 
modifying allele, without the introduction of the 
many polymorphic quantitative modifiers from the 
mapping partner?. 

[27] During  my 22-year collaboration with Jim Crow 
to edit Perspectives on Genetics, [28] I have come to 
appreciate the classic foundations of our science. [29] 
As Muller points out, [30] isogenicity is the Holy Grail 
for geneticists.  Could we develop a mapping partner 
for our mutagen-induced modifier program that is 
isogenic to our standard C57BL/6J strain?  We 
have developed a number of derivatives that we call 
the B6-SNP strains.  After ENU mutagenesis followed 
by brother/sister inbreeding, we have made any 
newly induced SNP marker homozygous 
viable.  We have tested seven such B6-SNP strains 
in heterozygous combination and found that none of 
them dominantly affect the Min phenotype Can we 
find the SNP markers lying within these 
mapping partners for our “isogenic modifier genetics”?

[31] Well, the power of genome sequencing keeps 
increasing.  David Adams in the Sanger Center near 
Cambridge, has determined the full sequence of one of 
the B6-SNP-G strains  and compared it with the 
published B6 sequence.  Here is a plot a number of 
putative differences between published B6 and 
Adams’s B6-SNP-G.  Which of these putative 
differences is erroneous due to error either in the 
published B6 sequence or in Adams B6-SNP-G 
sequence?  Here, a bit of classical genetics goes a long 
way in error correction.  

[32] We are validating a putative candidate mapping 
marker by sequencing its site on DNA from B6 X SNP-
G)F1 animals.  Here are three examples in which we 
find a heterozygous sequence trace at the candidate site, 
validating them as markers that allow us to map and 
then clone newly induced point mutant modifiers 
without the introduction of polymorphic modifiers. 
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[33] As we embrace this post-genomic world, 
we are confronted with complex data sets and the 
need for statistics.  [34] Here again, on this campus 
we have been fortunate to interact with two 
collegial and interested biostatisticans, Michael 
Newton and Christina Kendziorski.  We could 
not enter this world without the guidance provided by 
their interest in the biology and expertise in 
analyzing several rich sources of data: expression 
arrays,, spatial distributions, and serum proteome 
biomarkers. But this progress towards under-
standing colon cancer isn’t complete if we cannot 
connect with the human population. [35] Here, 
again, this campus has provided for us an entry 
thanks to our Radiology clinic. Perry Pickhardt 
has developed a annual cohort of several hundred 
patients who undergo virtual colonoscopy. Those who 
have tumors proceed to the GI clinic of Mark 
Reichelderfer and give informed consent for the 
analysis of their tumors and of blood samples before 
and after removal of the cancer.  This capacity to 
obtain paired samples from a patient, before versus 
after removal of an early tumor, allows the 
individual to serve as his or her own control in the 
statistical analysis of blood-born molecular markers 
by which to detect early colon cancer. This 
opportunity to acquire paired samples mirrors the 
strategy of “isogenic modifier genetics” that we have 
discussed above. 

[36] In the same way, we are studying longitudinal 
analysis of colonic tumors by endoscopy of both the 
Min mouse (as shown in recent experiments by Richard 
Halberg in the Department of Medicine) and the Pirc 
rat. Thus we can study tumors that grow, as well as 
those that become static or even spontaneously regress. 
Interestingly. each of these three fates are found in the 
Radiology-to-GI patient cohort of Pickhardt and 
Reichelderfer. 

In describing the trajectory taken by our research today, 
I have alluded to the wonderful colleagues with whom I 
have been privileged to work on this campus – 
undergraduates, graduate students, postdoctoral fellows, 
and faculty.  This richness illustrating the wisdom of 
placing a cancer research center on a university 
campus.  Before closing, I want to draw attention to the 
individuals currently in my laboratory [37].  Most 
recently Jen Pleiman has joined our research group
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from Genetics, and Amy Irving from Envir-
onmental Toxicology. Jim Amos-Landgraf, trained 
in human genetics and now advanced onto the 
Scientist Track in McArdle, leads much of our current 
molecular genetics research and collaborates with 
Amy Irving in our biological studies on the Pirc 
rat model.  From the Veterinary Pathology staff 
of the Research Animal Resource Center, Ruth 
Sullivan is our consulting pathologist.  Linda 
Clipson has worked with us for 32 years and was 
recently given the Chancellor’s Award for Research 
Support. Her expertise has evolved in pace with the 
demands of new techniques and complex data analysis 
required in our research.  Finally, both my 
personal life and my research have developed life-long 
with Alexandra, all the way from MRC Cambridge 
where we worked together on bacterial viruses. Along 
with her training in molecular biology, Alexandra 
brings special familiarity and enjoyment of working 
with the laboratory mouse.   

[38] In closing, we have been asked to think 
about the Future.  I feel it’s foolish to try to 
extrapolate what experimental methods will come 
along even in the next two years, much less the 
next 50.  Rather than speculating on the next 
great analytic breakthrough (and beyond).  I have 
already stated the importance of moving beyond the 
highly penetrant but rare disease-causing alleles to 
the discovery of disease-modifying alleles. 

But I prefer to address how our community can 
work toward improving the health of individuals 
over the next fifty years. 

[39] To understand human biology, as in 
Genetics, one learns much by studying differences. 
These differences now can be analyzed at both the 
level of the genome and at the level of the 
expressed genome, or the epigenome.  [40] An 
experiment currently being carried out by Jim Amos-
Landgraf and Michael Newton shows how the 
current speed of sequencing of cDNAs from very 
small biopsies from tumors allows us distinguish 
between two tumor pathways, one involving a form 
of genetic instability and the other involving 
epigenetic silencing of the master regulator negative 
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APC.  Yet, we know that Each person is more 
than his or her genome.  Experience throughout life 
is imprinted in the epigenome.  How can our 
community embrace the future prospects of what 
Josh Lederberg called “euphenics”? 

[41] First, note that arrayed along the lakeshore of 
Lake Mendota, Wisconsin has wisely placed 
all its professional colleges from Letters and 
Sciences to Agriculture, to the School of 
Veterinary Medicine to the School of Pharmacy to 
the School of Medicine and Public Health.  In 
principle, if one discovers an investigator working 
somewhere in this complex, it is a simple matter to 
arrange to have lunch together and plan an 
experiment.   

The second structural feature that may help to guide the 
development of medical genetics over the next 50 years 
is the transition of the medical school to School of 
Medicine and Public Health.  We need to understand 
not only the genetic underpinnings of differences 
between health and disease, but also the epigenetic 
histories that are written in every person from birth to 
death.  Here it is important to have extended access to 
longitudinal studies of individual people, whether 
healthy, afflicted by a disease, or responding to a new 
environment.  [42] The Wisconsin Idea is being 
implemented by the Wisconsin Genome Initiative. Most 
importantly, the longitudinal database of 20,000 
patients at the Marshfield Clinic is now connected to 
the analytic power of the centers in Madison and 
Milwaukee.  I believe that our state of Wisconsin, by 
implementing this aspect of the Wisconsin Idea, can 
become a proving ground for the ways in which the 
growing power of basic science and analytic studies can 
intersect with a broad cross-section of our population 
and contribute to a deeper understanding of the biology 
of individual and the improvement of the quality of 
each life. 

Epilogue: I shall end my talk today by telling you a 
story about a farm boy growing up in Iowa early in the 
early 1900s.  He developed a passion to understand 
ways to improve cattle breeds, and in high school and at 
Iowa State became expert in judging cattle by 
phenotype and progeny test.  The only way in 1922 to
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study for a PhD in Genetics was with LJ Cole at 
Wisconsin. , However, he had no money nor were there 
training grants.  Determined, the young man established 
a simple lifestyle that enabled him to earn his doctorate 
in genetics in 1927.  He made his meals over a Bunsen 
burner in the lab, and he slept year-round near Picnic 
Point.  In a May 1926 journal entry, he said : 

For the past three years I have slept out-o-doors. 

A beautiful little one room, vine covered, cottage set 
in under the outstretched branches of pine and 
spruce at the side of the Pharmaceutical Garden 
nearly two miles away. It serves for protection from 
rain in summer and wind thru the winter, but on all 
other nights the pine trees and elders and mountain 
ash are the only roof overhead.  Throughout the 
winter no fire of any sort has been kept.  One can 
sleep with no fear of freezing to death, as two 
winters have been the proof.  Undressing and 
dressing in the cold are not so disagreeable as they 
seem.  I would trade, at any time, the opportunity to 
undress in 20˚ below zero to 90˚ above zero. 

This person was Franklin Dove, my father, who 
treasured to the end his experience as a student on this 
campus, and to whom my family has dedicated a bench 
overlooking Picnic Point in the new Lakeshore Nature 
Preserve.  In this spirit, I dedicate this talk to the Next 
Generation of Students who come to Madison to learn 
how they might contribute to new knowledge and the 
quality of life. [43]
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