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First, I would like to thank the organizers for inviting me to 
participate in this conference. I always look forward to the op- 
portunity to talk about the work that is being conducted through 
the human genome initiative, especially to audiences some- 
what outside of our traditional area. 

I will also ask your indulgence as I may rush through par- 
ticular structures or terminology, so please feel free to raise 
questions or ask for clarifications, in the discussion period. 

What I am going to talk about is one of the things in which 
we are very interested in the field of human genetics, which is 
a classic paradox that we face in human science right now. 
That is, we know a great deal about what causes disease or 
particular phenotypes, but we know almost nothing about which 
individuals are going to develop particular diseases. 

To illustrate, let’s focus on a very common behavior and 
relationship that we are all very familiar with - cigarette smok- 
ing and lung cancer. 

We nearly definitively know that cigarette smoking is di- 
rectly related to lung cancer with 80% to 90% of lung cancer 
in the United States related to cigarette smoking or exposure 
to cigarette smoke. However, the interesting paradox is that 
only one in 10 smokers develops lung cancer. So even though 
we know that smoking is important in the development of can- 
cer, we also know that the majority of smokers actually do 
survive quite well without ever developing lung cancer symp- 
toms. 

In fact, this whole paradox is ubiquitous throughout the 
entire public health arena. You can’t open a newspaper, read 
a magazine or listen to a local newscast without reading or 
hearing about the latest thing that’s bad for you or that in- 
creases your health risk by 50% or 100% or 200%. But each 
of us sits back and says, “Well, O.K., but almost everybody I 
know does that and hardly any of them ever gets sick.” 

We can probably all name a person who drank three pints 
of whiskey and smoked four packs of cigarettes a day, ca- 
roused a lot, did all the horrible anti-health things that you 
could think of, and still lived to be 110 and died with his or her 
boots on, depending on how you view it. 

What we actually do know of the human genetic evolution 
is that the key factor that differentiates who will develop dis- 
ease and who does not is likely mediated both by exposure 
and by one’s genetic constitution. 

Unfortunately, it is not easy to just pop open somebody’s 
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chest, take a peek inside, and see what their genetic constitu- 
tion is. We need to develop tools and have a strategy by which 
we can actually determine what this person has or what is 
different about that person. This is really the focus of this dis- 
cussion today. How can we use the genetic tools that we are 
developing to allow us to figuratively (if not literally) crack open 
this person’s chest, look inside the person and see why one 
person developed a disease while another person did not? 

To understand the phenomenon and its difficulty, I think it 
is important and relevant to put into perspective what we are 
trying to do when we say that we want to find those genetic 
events that are important. 

Cancer phenotypes that we are interested in are phenom- 
ena that occur at the cellular level. What we want to do is to 
be able to identify events at the gene level, or more precisely, 
at the nucleotide level (which means functionally). We need 
to traverse several orders of magnitude of resolution in order 
to be able to characterize these particular traits. 

However, to find a gene that is involved with a particular 
disease or trait, it is similar to saying that we want to find a 
particular house in a specific town, given only the information 
that it is located somewhere on the planet earth-a some- 
what daunting task! 

What the human genome project is doing - and I believe 
the goal of much of the experimental work in agriculture - is 
actually developing a whole mapping strategy that will allow 
us to walk from the cellular level all the way down to the gene 
level and beyond, in a manner that is relatively straightfor- 
ward, economical and efficient. 

Initially, we describe things at the site or genetic or chro- 
mosomal level, but the initial localization of a genetic trait oc- 
curs through its establishment in a genetic linkage map. 

Then, through a variety of increasingly higher resolution 
maps, we walk from this disease localization at a point in a 
genetic map, through physical maps that include a YAC 
contigs, cosmids and ultimately nucleotide sequence, to help 
us find what those specific genetic traits are. 

The focus of my topic today really touches only a small 
percentage of the total effort associated with the human ge- 
nome project, and will focus on this very top layer of genetic 
mapping. Then at a later time, hopefully, you will become more 
immersed in what these are. All I would like to do today is 
discuss one of the key early critical steps in this localization, 
because it puts us into the pathway that allows us to then 
move directly from a primary characterization to the identifi- 
cation of the specific genetic event that may be important in a 
disease or a trait. 

I want to show you, essentially, where human gene map- 
ping was about five years ago. In 1990, the state of human 
genetic mapping was quite primitive. While the human ge- 
netic map in 1990 was composed of about 250 to 300 loci, we 
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have to put this into some sense of perspective. The human 
genome has somewhere between 50,000 and 100,000 genes, 
and it is composed of about 3 x 1 O9 base pairs. So what we 
have are 300 “road signs” out of an organism that had several 
billion base pairs of information. 

But those crude maps actually were serviceable maps that 
allowed us to do particularly interesting things in 1990. I don’t 
want to suggest that genetics was invented then, but we could 
see that we had certain regions that were reasonably well 
characterized. 

This is not unlike what the Scandinavians thought of the 
world in the 10th century. Certain areas of Europe were rea- 
sonably well described, in terms of both proportionality and 
boundaries. But there were huge vast regions that nobody 
knew about at all, or which were very poorly described. For 
instance, they knew that North America existed, but (at least 
from an American perspective) it was somewhat under-repre- 
sented in its overall importance and magnitude. Likewise, Af- 
rica was poorly described, and Australia was still totally un- 
known. 

This is representative of the state of the art of genetic map- 
ping of humans about four years ago. As a consequence of 
this, the human genome initiative, as it was undertaken in 1991, 
recognized that if we were actually going to be able to under- 
take this large strategy, that first and foremost we must gen- 
erate a complete fully-connected human genetic map of rea- 
sonably high density - a map that had markers every two to 
five “centimorgans.” 

A centimorgan (cM) is a sort of “mile marker” unit that is 
used to measure genomes, and the human genome is com- 
posed of 3,000 map units, or 3,000 cM. So the goal was to put 
a marker, or a “road sign,” every two to five cM, which was felt 
to be a reasonable level at which we could begin that tra- 
versal to that higher level of physical mapping. 

To undertake this effort, one of the centers that was funded 
was a group called the Cooperative Human Linkage Center 
(a group of which I am a member) founded at the University of 
Iowa and headed by Jeff Murray. The goal of this center of the 
National Center of Human Genome Research was to gener- 
ate, maintain and distribute a high-resolution human genetic 
map composed of “user-friendly” genetic markers, high het- 
erozygosity, and PCR-based genetic markers. The comple- 
tion of the genetic map was constituted as our mission, as 
suggested in the goals of the genome project. 

To do that, we undertook a reasonably novel structure as 
centers go, and formed a center without walls, the Coopera- 
tive Human Linkage Center. The Center’s geographic distri- 
bution has performance sites at Harvard University in Boston, 
at Marshfield, Wisconsin, at Iowa City, Iowa, (the administra- 
tive home of the center), and Fox Chase Cancer Center in 
Philadelphia. 

The goal of this Center was actually quite “heroic” at the 
time, that being to establish and map 4,200 highly polyrnor- 
phic genetic markers. In addition to these 4,200 markers, we 
were going to generate 8,000 sequence tag sites; these are 
other non-polymorphic reference points that would punctuate 
the map. Onto this map of 4,200 markers, we were going to 
place 2,500 genes out of that total collection of 50,000 to 
100,000. So we were going to generate a very high-resolution 
map, and punctuate it with a collection of genes that had been 

identified through other components of the human genome 
project. 

One of the key traits of the markers that we were construct- 
ing was that we wanted them to be a new class of genetic 
polymorphisms, based on what is an increasingly ubiquitous 
laboratory procedure called PCR. 

The PCR procedure starts with a very small amount of DNA, 
and from this simple information we can then amplify that small 
amount of DNAto huge quantities. The advantage of this tech- 
nique is that it required us to have very little basic reagent. In 
other words, the DNA or the samples that we needed from 
individuals could be very small. The other advantage is that 
this is much less labor-intensive than many other approaches 
that were used. 

To briefly describe the procedure, we start with a piece of 
target DNA. We then use reagents or “primers” that recognize 
the small piece of the target DNA. We melt the DNA, anneal 
the primers to the DNA, and then let the cell’s machinery that 
normally replicates the DNA make an additional copy of that 
DNA. We repeat this time and time again, each reaction cycle 
doubling the amount of DNA. Within a few cycles- as few as 
30 cycles -we come up with huge amounts of DNA from the 
original source. 

The other approach we are taking is to use a new genera- 
tion marker that is also PCR-based; these were called simple 
tandem repeat polymorphisms. These polymorphisms are 
based on an interesting observation made by one of my col- 
leagues in the Center, that there are a high frequency of simple 
tandem repeats distributed throughout the entire human ge- 
nome. This is a cytosine-adenosine (CA) repeat with the se- 
quence motif - CA, CA, CA, CA, CA - repeated literally 
tens of thousands of times throughout the human genome. It 
is estimated that there may be as many as 30,000 copies of 
this simple repeat motif distributed throughout the human ge- 
nome. 

What we can do, then, is use our PCR methods to design 
pieces (or primers) of DNA that flank these repeats, and am- 
plify this piece of DNA. 

The most provocative observation at the time was that these 
repeat motifs actually vary dramatically in length between any 
two individuals. In one chromosome, the CA motif is repeated 
five times; in another chromosome, this CA motif is repeated 
10 times. If we amplified across these and then sorted them, 
we actually got different sizes of fragments as a function of 
the total number of repeats present in a particular unit. 

We can use this approach because humans, like most 
mammals, are diploid organisms. We can thus distinguish the 
individual allele composition for individual persons in a study. 
This is important in humans because we cannot construct 
crosses in humans to our desire, and we have to take advan- 
tage of the fact that polymorphism naturally exists. These poly- 
morphisms result in a natural class of markers that are consti- 
tutionally useful in genetic studies. 

Our group decided to use these simple motif repeats as 
the genetic basis of our markers, but also explore types of 
motif other than the CA phenomenon. 

We looked at repeats other than the CA class that included 
tri-, tetra-, and pentanucleotide repeats. This approach has 
the advantage that when the polymerase in the PCR reaction 
amplifies the reagent, it is very faithful to the replication; it 
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Figure 1 
Sex Averaged Skeletal Map of a Genome. 
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doesn’t get significantly confused when it has a triple or qua- 
druple repeat, minimizing replication errors. 

The downside of using these particular types of markers, 
though, is that they are not nearly as ubiquitous as the CA 
class. As I mentioned before, there are literally tens of thou- 
sands of the CA’s. In our screening of these, the most fre- 
quently observed so far is the G-A-T-Aclass, represented in a 
couple of thousand copies in the genome, rather than in tens 
of thousands. Therefore, it has been much harder for us to 
find these. 

We use a particular type of technique developed by 
Geoffrey Duyk, the investigator at Boston, who uses marker 
selection techniques to enrich these particular classes (I won’t 
go into the details of this procedure, but I can provide further 
information for those interested). We generate the libraries of 
the markers from those enriched for these particular motifs. 

We have now generated and mapped more than 500 of 
these markers in the human genome, a collection of tetra-, tri- 
and pentanucleotide repeats. The very highly polymorphic dis- 
tribution of frequency of the markers differs between any two 
individuals due to heterozygosity. Looking at the probability 
that two individual ilials are different within an individual, the 
mean value of heterozygosity turns out to be about 70%. So if 
we took all the people in this audience, 7 out of 10 of you 
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would have (for any specific marker we look at) differences 
between the two ilials, since you got one from your mother 
and one from your father. 

We then took these markers, in conjunction with a collec- 
tion of about 3,000 other markers we have, and constructed 
primary maps of the human genome. We use a very rigorous 
algorithm in order to reduce the amount of errors, because 
very early in our mapping efforts we discovered that even small 
amounts of gene typing errors or laboratory errors can result 
in very dramatic changes in the maps. These errors actually 
result in incorrect orders in the maps, resulting in maps that 
are grossly inflated. As you can see, we go through a great 
number of details to assure these maps are rigorously con- 
structed. We start with a particular collection of points and 
actually build up the map one locus at a time, with data integ- 
rity checks built into the map at each point that we introduce a 
locus. These “checks” assure that we can statistically evalu- 
ate the map to provide as strong or as rigorous a point as we 
can possibly build. 

We believe that by doing these steps, we can build maps 
that have virtually zero error associated with them in terms of 
laboratory error, and “myotic error” (error associated with vio- 
lations of the assumptions of the map construction statistics). 

Shown in Figure 1 is a map that is a product of this algo- 
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Figure 2 
Sex Averaged Framework Map of a Genome. 
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Figure 3 
Sex Averaged Scaffold Map Composed of CHLC Markers Ordered Using an Integrated Framework Map. 

Marker 

GATA4H04 
GATA27E01 
GAAT4DlO 
GATA27F07 
GTAT1 A7 
GATA26G09 
GGAA7C04 
GATA5G07 
GAATl D9 
GATA109 
GATA6A05 
ATA2E04 
GATA25 
GCT1 C9 
GATA12A07 

12.2 
10.4 
30.9 
9.3 

16.9 
12.4 
8.6 
1 .o 
7.7 
3.2 

10.3 
13.0 
20.3 

3.5 
6.5 

0.0 
12.2 
22.6 
53.5 
62.8 
79.7 
92.1 

100.7 
101.7 
109.4 
11 2.6 
123.0 
136.0 
156.3 
159.8 

Marker 
Map 

Interval 

GATA25B02 
ATA4E02 
GATA31 H02 
GATA7CO 1 
GATA7CO 1 
GATA43DlO 
GATAl OC02 
GATA46C02 
REN 
GATA42A04 
GATA4HO9 
GATA4HO9 
GATA3DO 1 
GATA4AO9 
ATA5E03 

34.7 
8.7 
1.6 
0.0 
0.0 
7.2 
6.1 
4.5 

12.7 
12.6 
0.0 
2.2 

39.1 
3.9 

166.3 
201 .o 
209.7 
211.2 
211.2 
211.2 
218.5 
224.6 
229.1 
241.8 
254.4 
254.4 
256.6 
295.6 
299.5 

rithm. We call it a skeletal map because it is a map that is 
somewhat sparse, but absolutely rigorous and firm in its con- 
struction and statistical integrity. We have constructed for each 
map using that rigorous algorithm, with one map of each chro- 
mosome. We presently have 24 different chromosome maps 
with an average density of 6.5 cM’s. They are not quite as 
dense as the projections of the human genome project re- 
quired, but they are as firm in construction as can be esti- 
mated with a high degree of order. 

We also have generated a series of maps that are some- 
what more annotated than these skeletal maps called frame- 
work maps (Figure 2). These framework maps are built using 
the standard criteria that the human genetics community has 
established for the construction of maps. In other words, the 
first set has very rigorous requirements as to the loci, but can’t 
inflate the map. 

In framework maps, we actually “deconstrain” to the point 
that allows additional loci into the map. What we can see is 
that these maps then increase somewhat in density. The av- 
erage density of this map now goes up to 4.5 cM, rather than 
6.5 as seen in the skeletal map. We are very close to where 
we want to be now in the targeted closure, although “very 
close” is certainly argumentative. If we are at 4.5 and our de- 
sired resolution is 2.5, it just means we have to do twice as 
much mapping as we have done to date to get to full closure. 

There are a couple interesting properties that I won’t dwell 
on, but I want to note. Looking at the skeletal map, we see 
that there is a region at the top of the chromosome that is not 
very well mapped. Even when we deconstrain and allow more 
markers in, some of these regions still aren’t very well mapped. 
We are not sure whether this represents an actual flaw in the 
distribution of the types of markers we’re using, or whether 
they represent some interesting regions where the genetic 
map distance is actually quite large in proportion to the physi- 

cal distance. Several laboratories (including ours) are con- 
ducting experiments to determine the true state of that 
anomaly. 

To reiterate the difference between a skeletal map and a 
framework map, we use a diagnostic that measures map area 
by looking at how much inflation is associated with the intro- 
duction of a particular locus. So, if we introduce a locus, the 
map will actually get larger (or smaller when you remove it, 
depending on how you want to look at it). The skeletal map is 
virtually flat, which is what we want. It has less than 0.1% 
typing error associated with it, whereas if we look at a frame- 
work map built with the standard human genetics criteria, we 
have about a 0.5% typing error associated with it. So we be- 
lieve the effort is worthwhile. 

We have constructed a series of maps that we think will 
also be of great use to the human genetics community, called 
scaffold maps (Figure 3). These maps are actually subsets of 
the framework maps, and are composed solely of the tri-, tetra- 
and penta-nucleotide repeat markers which are very easy-to- 
use markers. These maps have an average density of 10 cM. 

The advantage of these maps is that not only are they user 
friendly, but they actually permit a very straightforward and 
easy screen of the human genome at a coarse level. You will 
see later that this will be important, because we want to be 
able to have tools that we can use rapidly to find disease genes 
and similar characteristic traits of interest. 

The other thing that we are doing is making an extensive 
use of electronic media for the publication and distribution of 
our work. I would encourage you to consider this approach to 
your work as well. We distribute our maps and our informa- 
tion long before publication via a variety of electronic sources 
- FTP, Gopher, and now through Worldwide Web. 

We have established a system that allows people to add 
points to the maps and collaboratively map, even without our 
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participation, by using these electronic servers. One of the 
things I would like to emphasize is the introduction of a graphic 
user interface we maintain that allows literally “point and click 
access by anyone to all of the genetic information (the map- 
ping reagents, the primers, the map locations, the diagnos- 
tics). Anybody in this room who can log into Internet can ac- 
cess, read, take to your lab, and look at any and all of the 
information. It is all done literally through “clicking” any infor- 
mation points that are highlighted. You can pick up a map, 
any of the data, copies of our newsletter, etc. 

As I noted previously, we have been mapping with approxi- 
mately 3,000 markers. We have been somewhat challenged 
recently with the introduction of a collection of about 2,000 
additional markers, which we hope will ultimately bring us to 
our closure goals, since we need to do about twice as much 
mapping as we are doing right now. This should bring us very 
close. However, when we make the jump from mapping 3,000 
markers to nearly 5,000 markers, it amplifies the challenge 
somewhat and we have to devise new or alternative strate- 
gies for building maps, compared to what we had been doing 
previously. I would like to spend a moment focusing on this. 

In this newest strategy, rather than de ROVO reconstructing 
the maps every time from a collection of 3,000 markers, we 
are starting with our original collection of markers, comprising 
the scaffold maps and generating what we call a “recombi- 
nant interval data base.” All our maps are constructed using 
this same collection of families, called the CEPH Reference 
Family, which is distributed out of France. For our reference 
map, we identify only the subset of individuals that actually 
contain recombination events in the particular map that we 
are looking at. 

The advantage to this approach is that if we are generat- 
ing a 10 cM map (what 10 cM means is the frequency with 
which we see a recombination event in that interval), only one 
in 10 individuals actually has a recombination event. We can 
then reduce our genotyping, characterization and statistical 
analysis literally by 90% by using such a strategy. We then 
only focus on information on the recombinant intervals. 

The key point is that we actually start with afixed map, and 
find out where in the map a new locus is placed. Once we 
identify a new point in the map, it is placed in the appropriate 
orderwith the smaller intervals. Starting with a reference map, 
we determine where new markers would lie in this reference 
map with a minimal amount of typing typically using a 10 cM 
reference map. Then we simply order this (based on their com- 
bination events that we previously described in the parental 
origin of those events) until we find the minimum number of 
recombination events, (or the total number of recombination 
events) that were originally in the interval. 

The other key advantage to this approach is that it allows 
us to use state-of-the-art computing techniques. We now break 
our map - instead of considering one continuous 3,000 cM 
map; we break it into 300 ten cM maps, and use distributed 
processing to dissect and analyze the map. To update the 
map, we distribute it to a whole variety of servers, who then 
redistribute it back and the map gets reassembled. 

Thus, operations that used to take literally days to run now 
run in hours because we can simultaneously use multiple pro- 
cessors and make very efficient use of computing resources. 

At this point, you may ask, “So you have these high den- 

sity maps. What are you doing with them and why are they 
valuable? How can you go about applying them, and how can 
you make use of them?” 

I want to reply to this with where we originally started our 
studies in human genetics, and what the main paradigm is in 
the application of genetic maps for the finding of disease genes 
or interesting traits. 

Historically, and continuing today, the major approach that 
human geneticists have used in trying to find genetic traits 
was to identify interesting families that appear to be behaving 
within the parameters of simple Mendelian or statistical or 
genetic rules. We then trace the segregation of the trait through 
those families, and look for cosegregation of the trait with a 
marker in a particular genetic map. 

Perhaps one of the more famous success stories of this 
(at least in terms of public health significance) is the localiza- 
tion of the human breast cancer gene. Over the last three to 
five years, there have been 50 genes that have been local- 
ized; and probably within the next five years, almost every 
gene that can be mapped by this process will likely be mapped, 
given the current maps that are available to us. 

Basically, the technique is to take a family that appears to 
be transmitting a particular trait and then follow the transmis- 
sion of that trait with the markers (or the individual loci) within 
the genetic maps. Therefore, within this family, everyone who 
ultimately develops breast cancer has inherited this ileal. What 
this technique does is provide us with a powerful tool in that it 
allows us to both characterize and identify the location of a 
disease gene within a genetic map so that we can ultimately 
go through the rest of that hierarchical process to identify and 
clone it. But it also provides us with an immediate diagnostic 
test to further characterize the epidemiology and the clinical 
nature of the disease itself. 

For instance, in terms of diagnostics, once we establish 
that a specific ileal is the risk ileal, those women with the ileal 
are at virtually zero risk (or at least a much reduced risk of 
developing breast cancer) compared to their sisters, because 
they do not share the ileal. With this information, we could 
immediately reduce the anxiety relative to risk in this family, 
from concern that they had a 50/50% chance of developing 
breast cancer by the time they were 50, to saying that if you 
don’t have the disease gene, you have essentially only the 
overall population risk of developing breast cancer. 

In other instances, this approach permits us to look at 
women who actually carry the risk ileal, but who have not de- 
veloped breast cancer, or conversely, look at the women in 
the same family who have developed what would be consid- 
ered sporadic breast cancer, but do not carry the disease il- 
eal, to assess why those women have developed cancer. To 
determine this, we statistically examine the cosegregation of 
the markers and the disease trait in a family to identify in- 
stances where there is statistically non-random transmission, 
or where the cosegregation of these events is non-random, 
based on statistical criteria. 

To this point, I have used cancer as an example. This pro- 
cedure has also been used to identify and localize a gene for 
Alzheimer’s disease. It has been used to locate genes for 
congenital birth defects. It has been used to localize genes 
for a variety of different types of cancer. This technique is a 
very powerful and well-demonstrated technique at this point. 
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We could also use these genetic maps to look at events 
that are not necessarily simple genetic events, or events that 
do not involve genes being transmitted, but are events that 
are occurring somatically in an individual’s tissue or constitu- 
tion. 

One area of discussion is how a tumor develops in an indi- 
vidual who has a genetic predisposition vs. an individual who 
doesn’t. The current thinking is that tumors develop by loss of 
genetic material in individual cells, and that one has to lose 
both copies of a controlling or a suppressing locus in order to 
develop cancer. 

We also know that the development of cancer requires us 
to lose material, not just at a single locus, but at multiple loci. 
Therefore, we need to characterize the genetic maps so we 
can look for these transitional events by comparing a tumor 
sample to the normal constitution, looking at the variant pat- 
terns in the normal tissue and the tumor tissue. By looking for 
the differences, it can tell us where the genes involved in can- 
cer (or other somatic alterations) might occur. We can look at 
genetic markers on each of the individual chromosome arms, 
to see which chromosomal arms show high frequencies of 
alterations. This indicates to us that there is a cancer gene 
located on that particular arm. 

We now have maps that allow us to actually identify simple 
traits that are “well-behaved” within families; but what can we 
do about the majority of cases? When we talk about the type 
of breast cancer or the type of most of the diseases we are 
looking at, they actually represent a very small proportion of 
the total burden of human disease that we are examining. For 
example, the BRACI locus, that will probably be cloned in the 
next three to four months, constitutes less than 2.5% of the 
total burden. So even though we will find the genetic basis of 
an individual type of breast cancer (and I don’t want to belittle 
the significance of knowing some basic genetic etiology of 
breast cancer), we will still be left with having to determine 
what the other 97.5% of breast cancer is related to. 

What I want to close with is how we might go about using 
these genetic maps and reagents to address traits that are 
more complicated than these simple traits, and to address the 
kind of traits that this audience would likely be interested in - 
complex traits, and traits that are the product of interactions 
between genes and environment that produce specific phe- 
notypes. 

Historically, there have been two approaches to finding 
human disease genes. The first is through the family studies I 
described previously. But the second (and more provocative) 
approach has been through candidate locus studies, where 
we look for association of a disease gene with a trait, rather 
than look for co-segregation of a disease gene and a particu- 
lar marker trait. 

What these studies assume is that any trait that has an 
underlying genetic basis should be consistent. Two people 
who have a given trait that is genetically determined should 

be more similar, genetically, than two people who do not share 
that trait. This is the fundamental premise of this approach. If 
we start with that premise, it is a very powerful tool, because 
we can now scan the genome and look for regions where 
people are more genetically similar than you would expect 
them to be by chance alone. 

If we look at cases for a particular trait (versus controls) 
such as lung cancer and we assume that lung cancer has a 
genetic component associated with it, we can assemble people 
who have lung cancer and compare them to individuals who 
do not have the disease. When we look at the appropriate 
genetic location, we should see that the people with lung can- 
cer are more similar than people who don’t have lung cancer, 
using statistical tests to detect this. 

Another important factor about using association studies 
is that we don’t have to be perfect. We do not have to hit 
exactly the variant that a particular disease is associated with, 
but in fact only need to be reasonably close. There is a phe- 
nomenon called “linkage disequilibrium” that says that indi- 
vidual polymorphisms remain correlated over periods of time 
even if you’re not looking exactly at the disease trait (or vari- 
ance) itself. Markers (or variances that are very close to it) will 
show association. So we do not have to actually hit a home 
run on this; we only need to be within the ballpark to be able 
to identify these associations. 

Given that we have a well-spaced, high-density genetic 
map, we can literally traverse the genome sequentially, look- 
ing for regions or locations within the genetic map where the 
variants are not randomly distributed between people who have 
a disease or trait, and people who do not. 

To do this, we require a genetic map of about three cM’s in 
density in order to have a reasonable chance of being able to 
be successful. 

I would like to close with this thought: I think that what we 
are doing in humans is applicable and equally important to 
animal studies. I think that the next generation of genetic prob- 
lems that we are going to address, both in humans and (I 
assume) in other experimental organisms, including those of 
agriculture importance, is the interface between environmen- 
tal effects and the combination of genetic effects that ultimately 
result in the outcome of an important phenotype. In humans, 
it may be disease; but it may also be important traits for agri- 
culture. With increasingly dense genetic maps, and the ability 
to characterize the environmental effects, we now can have a 
reasonable chance of identifying the aggregation or combina- 
tion of genetic traits that will result in desirable phenotypes. 

Editor’s Note:This paper is based on a transcription of Dr. 
Buetow’s presentation and was not edited or proofed by him. 
The work of Dr. Buetow and his colleagues in the Cooperative 
Human Linkage Center can be found on the Internet through 
the World-Wide Web at http://www.chlc.org/. 




