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Dear Bob
I thought I might put down my thoughts on the Human Genome 

Institute.
1) I would see the scientific work split about 50-50 between 

a highly programmed, mission-oriented mapping and sequencing of 
the human genome, which I think needs to be fully supported by 
institute funds, and a highly innovative program in basic 
research on human genetics and biology (in the sense of human 
genes and development). The basic research side also should 
involve work in model systems, especially mouse, but also 
possibly nematodes, yeast, etc. where direct work on genes 
related to development and direct experimental genetics is 
possible. These other programs might be in the Santa Cruz 
biology department.

Within the institute, the basic side might be largely 
staffed with scientists on rolling 5 year appointments, being 
supplied by the institute with a technician and core research 
support but encouraged to apply for outside funding for postdocs, 
further support, etc. This would permit the development of 
major research groups going beyond the institution's own funding 
resources and provide some outside peer review on the quality of 
the basic research. The research on the mission-oriented side 
needs review and targeting from time to time— some outside review 
system for this should be set up early (to report to a board of 
directors.)

2) Size— maybe 10 scientists and 40 technicians in the 
mission oriented part: covering physical bank and map, rflp map,
sequences, technique development, and data-base maintenance and 
creation. On the basic side, genetics, molecular and 
developmental biology, engineering and robotics development, 
advanced statistics and program development— 20 scientists, 20 
technicians (one for each, 10 postdocs (on institute funds but 
free to get involved anywhere). This group would be able to 
expand its effort by getting grants— to maybe 5 people/scientist 
on average— another 80 students, postdocs, or technicians.

Support staff— administrators, secretaries, accountants, 
purchasing and stockroom, workshop, building maintenance, etc. 
is probably another 20 people.

Overall, 120 people on institute support and a running budget



of 10-12 million a year— going up to 200 people with grant 
support and a budget of 15-20 million. (The budget of 12 million 
for 120 people is fully loaded with the depreciation of the 
building etc. This is what it would cost with leased building 
and equipment).

This is a total endowment of 240 million (assuming 5%/year 
above inflation). If from the Hughes foundation, for instance, 
this might come in over 4-5 years, as the institute built up. I 
would expect the mission oriented side to build up over three 
years, work on the map, both rflp and physical, and on sequencing 
technique improvement should begin immediately, while the basic 
side should build up over 8 to 10 years, with the continuing 
choice of good people.

Other funding possibilities— a group of private donors for 
the whole endowment. Or a private donor for the building along 
with an endowment for its maintenance, the building would be about 
25M (200 benches, 25,000 net sq. ft. of lab space plus instrument 
rooms, other support, probably 60-80,000 sq ft gross, with a 
maintenance cost of 2-2.5 M or an endowment of 40-50M) and a 
state pledge of the rest of the running budget— about lOM/year.
Or a state supported set of fte's and donor endowment for 
research.

3) Scale of effort and timetable.
The physical map involves ordering, storing, and analysing 

some 100,000 cosmids. At current techniques, some 40 person- 
years, with improvements it might be done by ten people in two 
years. The rflp map, to be correlated with the genetic map will 
constantly improve, but the major portion might also be done, in 
collaboration with other groups by 20 people in 2-4 years.

Sequencing, since the current technology is about 10*5 
bases/person year, the whole project looks like 30,000 person years 
and a cost of 3 billion dollars (one $ per base). Technology will 
improve.

I would suggest the sequencing should focus on selected 
gene areas, in the early years the institute may want to be a 
sequencing resource— taking genes and probes from outside and 
returning sequences, cosmids, and probes to the outside. Some 
selection may have to be done as to which are the most 
interesting genes to be done first. The gradual increase of 
sequence around genes, placed on the physical map, will mean that 
the information available at the institute is of great scientific 
interest and use throughout all the first phase of the institutes 
existence. I expect that the most rewarding information 
scientifically will be in the first 1% of total sequence, if the 
work is focused, that most of the information, in the sense of 
interesting differences will be in the next 10%, and the last 90%
— of intron and intergenic region— will be the least informative, 
but the increase in speed of sequencing should make each of these
three phases take roughly equal times or possibly make the last
faster than the first.

Phase 1) the first 3x10*7



Even using current technology (10*5/person-year) thirty 
people can do this phase in 10 years.

Phase 2) This needs an overall rate of 30 megabases (mb)/ 
year from the working group. I think just changes in strategy, 
along with automated reading and storage, will attain this rate.
A directed strategy, coupled with a simple form of the genomic 
sequencing, along with the improvement made by mass production of 
the input clones and labeled fragments should get to 50,000 bases 
/5 people/week (as a group) which is 0.5mb/50 people/week.

Phase 3) This needs 300mb/year or about 1.5mb/working day 
from the sequencing group. Mechanization of the DNA fragment 
handling technology (robotics), sequencing, and storage will be 
needed.

Thus in 30 years (at most, with the steady improvement of 
techniques) the institute would have sequenced a reference human 
genome. The continuing viability of the institute as a center 
for human biology-which will take unpredictable forms— would be 
assured by its basic research side— and by the use of its 
techniques and focus to provide other sequences, such as mouse, 
for comparison.

4) Benefits: The total human sequence is the grail of 
human genetics— all possible information about the human 
structure is revealed (but not understood). It would be an 
incomparable tool for the investigation of every aspect of human 
function.

More modestly: the correlation between the rflp map and a 
physical map makes it possible to isolate and identify (at the 
institute and elsewhere) the genes for all human genetic diseases 
— some 3000. Any human genetic marker can be tracked down and 
analysed.

The human development genes and nervous system 
genes will be analysed— probably found by comparison with the 
mouse genes.

By making available filter sets bearing all the ordered 
cosmids, (one hundred filters, one for each 30 centimorgans, each 
with 600 spots) suitable for blotting, the speed of cloning new 
human genes by the general community, both academic and 
industrial, will be greatly speeded (that step some 100 fold).
The centralization of all such information, created by open 
exchange, is of great value.

cc. Bob Sinsheimer


