
Sznce the Kenazssance, human anatomy has been mapped 
in ever finer detail-now the genome project 
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Banding. Fluorescent banding techniques, b Roderick, who is coordi- 
available since 1970, reveal the unique nating data for the mouse 
identity of every chromosome in the mouse. map, believes "the genetic 

The inbred mouse has enabled scientists to and physical maps of the 

map 2600 loci in the mouse, whosegene map human genome will move 
along much quicker and 
with considerably more 
meaning if the mouse ge- 
nome is unraveled si- 
multaneously." Today, the 
computerized mouse da- 
tabase in Bar Harbor lists 
2600 mapped loci (349 are 
cancer-related genes) and 
the number is growing ex- 
ponentially. 

The advent of mouse 
genetics coincided with 
the beginning of human 
medical genetics as we 
think ofit today. Inherited 
diseases can be identified 

with biochemical as well as genetic precision, 
often detected in utero, and, in some cases, 
they can be treated effectively. 

pedigree. This pedigree, The fact that human beings have 23  pairs 
made by Johann H0rner9 of chromosomes-originally thought to be 
a Zurich o~hthalmO1ogist, in 1876, 48-was confirmed in 1956 due to tech- shows that color blindness runs in 

niques of cytogenetics that enabled re- 
searchers to separate chromosomes and lay 
them out on a page in what is now known as 
a karyotype. In 1957, during the "era of 
cytogenetics," the first departments of hu- 
man medical genetics were founded in the 
United States-at Hopkins by McKusick 
and at the University of Washington in Se- 
attle by Arno Motulsky. 

Soon after that, McKusick began cata- 
loging inherited disorders with the vague 
hope that someday science would have the 
techniques to map each disorder to its gene. 
In 1966, he published the first volume of 
Mendelian Inheritance in Man-a catalog of 
1487 genetic disorders. The ninth edition, 

w published at the beginning of this year, lists 
4937 inherited characteristics, with more 
recorded every week. 

By 1968, 68 human genes had been 
mapped to the X chromosome but none to 

Y the other chromosomes: the autosomes that 

a I\\ i\\ -// I , , ,  carry information that is not sex-linked. The 
gap was filled that same year by Roger 

.%- , .V u w r  MH A Y u W  * M W W  * Donahue, then a Hopkins doctoral student 
who decided to look at his own chromo- 
somes and discovered that chromosome 1 
was much too long. Persuading members of 
his own family to give him blood for analysis, 
Donahue found that everyone who had a 
strung-out chromosome 1 tended to have a 
particular "Dufi" blood type, thereby 
showing that the gene for the D u Q  blood 
group is on the first chromosome. 

One of the next great strides came a 
couple of  years later when Torbjorn 

genes for cystic fibrosis, Huntington's dis- 
ease, and other human disorders has depended 
on pedigree studies, as has the identification 
of disease genes in the mouse, which serves 
as an animal model of human disease. 

Mouse genetics emerged as a distinct field 
in the 1950s, largely due to work at the 
Jackson lab, where inbreeding mice is the 
mison fitre. 

As mouse and human gene studies ad- 

vanced, it became clear that there is phe- 
nomenal similarity between the genes of 
mouse and man and comparative mapping 
evolved as a specialized field of its own. 
Data accumulated on substantial similarities 
between mouse and human chromosomes; 
some genes for human disease were cor- 
rectly assigned to a human chromosome 
only after the corresponding gene was map- 
ped in the mouse. 



Roger Donahue, who discovered an 
unusually long chromosome 1 among 
family members, used the genetic pedigree 
to show that the gene for the Dufi  blood 
group is located on chromosome 1. The 
1968 discovery was the first assignment of 
a gene to a chromosome other than the sex- 
linked X and Y chromosomes. 

Chromosome 3. The discovery of the gene 
for small cell cancer of the lung on 
chromosome 3 was among data from the 
1980s that convinced researchers that, in 
some forms, cancer is a genetic disease. 

v 
Chromosome 1. An unusually long number 1 chromosome 
runs in the Donahue family, just the way some families have V long noses. 

?Thyroid hormone resistance 
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Caspersson and Lore Zech at the Karolinska mately, deciphering the sequence of its ge- McKusick points to chromosome 3 as an 
Institute in Stockholm developed a tech- netic bases, could be nothing more than a example. "Mapping has proved that cancer is 
nique whereby every one of the 46  human 
and 4 0  mouse chromosomes could be 
identified unambiguously. By staining 
chromosomes with quinacrine mustard that 
fluoresced under ultraviolet light, Cas- 
persson and Zech revealed that each chro- 

scientific daydream until the 1980s when, in 
a chance encounter at a conference in Alta, 
Utah, two scientists from opposite sides ofthe 
country figured out that "Riflip" technology 
could be applied to mapping human and 
mouse genes. 

Losome has a unique banding pattern. 
Banding was an important discovery. I t  

was complemented in the early 1970s by 
the discovery of restriction enzymes, which 

~ c c o i d i n ~  to a story now beloved by 
geneticists, David Botstein of the Massachu- 
setts Institute of Technology and Ronald 
Davis of Stanford were listening to a talk on 

cut DNA in specific places, and by recom- 
binant DNA technology, which made it 
easier and easier to pluck out a specific 
stretch of the genetic material. With those 

the importance of locating genes by first 
identifying them with known markers on a 
chromosome when it dawned on them that 
"restriction fragment length polymor- 

methods in hand, mapping became a practi- 
cal possibility. In 1973 the first workshop 
devoted exclusively to gene mapping was held 
at Yale, organized by Frank Ruddle. "At the 
time," McKusick recalls, "mapping was a 
recondite effort. Today it is at the very heart 

a somatic cell genetic disease. With the as- 
signment of small cell lung cancer to chro- 
mosome 3, we know that a specificgene is as 
intimately connected to one form of the 
disease as are cigarettes." 

Today, science is moving down the path 

phism," or Riflip technology, could give 
geneticists the wherewithal to find every 
marker and every gene. 

With that, the fine detailed maps of the 
human and mouse genomes that are now 
the center of so much scientific excitement 

of biology and medicine." 
For all of the information gleaned over 

the years about genetic diseases, the idea of 

initiated by Vesalius at a dizzying pace.-~ust 
how fast that pace really is is suggested by 
a remark at the meeting on Roderick's turf 
in Bar Harbor. For the gene mapping in- 

became reality and concepts previously be- 
lieved to be true could be nailed down with 
molecular precision: among them, cancer as 

crowd, the scorecard of genes mapped from 
summer to summer is always a highlight at the 
yearly Bar Harbor meeting, and there were 
years when a handful of genes was a big score. 

mapping every single human gene and, ulti- a genetic disease. 

This year, when McKusick presented the 
human scorecard-1756 functional genes 
and more than 2000 DNA segments as of 27 
June-he offered his audience an apology 
for the fact that his slide, some 3 weeks old, 
was "terribly out of date." 

"By today," he said, "I'm sure the number 
has gone up." As of 10 September, 1884 
genes had homes on the map. 
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