
L E T T E R S  

Science in lndia is the topic of several letters, which describe some 
encouraging developments-"pT]ha knowledge revolrrtion has 
started fueling a culture of academic and te~hnologlcal  en- 
trepreneurship in India not witnessed beforeu-some sources of 
problems, and an idea for a new funding resource. Regarding specu- 
lations of resurrecting the mammoth species by cloning DNA, a 
reason is given as to why '"it would never work,"And the success of 
the National Science Foundation's Urban Systemic Initiatives pro- 
gram in science and math education is discussed as to  what the 
numbers mean and where credit is due. 

Science in  lndia 

C. N. R. Rao's comments in his Editorial 
"Science in the future of India" (12 Nov., p. 
1295) regarding the state of research and 
science education in India seem to convey a 
degree of despair that I wish to qualify. I 
have myself returned to India after a long 
stay abroad and feel encouraged to find sev- 
eral positive developments. For example, 
the growth of the software industry is prob- 
ably the best example of technology en- 
trepreneurship. The investment in research 
and development (R&D) by companies 
such as IBM and Philips NV (Netherlands) 
with the Indian Institutes of Technology, and 
such investment by General Electric and 
DuPont with the Council for Scientific and 
Industrial Research's National Chemical 
Laboratory in Pune, India, are just a few ex- 
amples among several illustrative of India's 
R&D potential. There is also growth, albeit 
slow, of medical biotechnology companies 
that are entirely research-based enterprises, 
and these are set to grow rapidly. 

It is true that much remains to be done to 
extend primary, secondary, and university 
education to more of the population in In- 
dia, which must be accomplished before we 
can expect to be competitive in the new era 
of knowledge. But certain states in India, 
such as Maharashtra, Karnataka, Andhra 
Pradesh, Kerala, and Tamil Nadu, appear to 
be making progress. Similarly, some of the 
leading academic institutions are attracting 
private R&D funds in growing amounts. 
The more productive academics and scien- 
tists have begun to earn handsome rewards 
from consulting work and industrial collab- 
orations to supplement their salaries, which, 
in turn, have improved as well. 

In a developing country such as India, it 
is unlikely that there will ever be sufficient 
funds for the training and development of 
the entire young population. But the knowl- 
edge revolution has started fueling a culture 
of academic and technological entrepreneur- 
ship in India not witnessed before. This will 
be a key to generate wealth and surpluses 

with which to fiind educational and social 
needs. In a recent,article ( I ) ,  India was 
ranked first as the source of knowledge 
workers (those in software, hardware, and 
related technology industries), ahead of oth- 
er Asian countries such as the Philippines, 
China, Australia, Japan, Taiwan, Vietnam, 
South Korea, Malaysia, Singapore, Thailand 
Hong Kong, and Indonesia, in that order. 

Thus, there are many positive develop- 
ments in the sphere of science, technology, 
and entrepreneurship in India in the last 
few years compared with the previous fifty. 
Although I share, to a large degree, the sen- 
timents expressed by Rao, I am of the view 
that they need to be tempered by the emerg- 
ing developments that are most encourag- 
ing and portend a much brighter future for 
scientific research, education, and en- 
trepreneurship. While conveying my opti- 
mism, I am acutely aware that India still has 
the largest number of people in the world 
who can neither read nor write, and that 
large parts of India's primary, secondary, 
and higher education institutions are crying 
for modernization and change. 

Ashok S. Canguly 
ICI lndia Limited, Post Box 6199, Malabar Hill, 
Mumbai 400 006, lndia 
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It is easy to share Rao's concerns about the 
lack of resources for the development of sci- 
ence in India. However, I do not agree that 
the situation is as bad as Rao suggests. At 
virtually all levels of Indian society, there is 
a tremendous drive on the part of parents to 
provide a college education for their chil- 
dren. The inability of science to flourish in 
India is largely because of a flawed educa- 
tional system. Higher education in India is 
designed to impart knowledge, but there 
seems to be little emphasis on critical think- 
ing, problem solving, or technical skills. The 
result of such an education is scientific re- 
search that lacks innovation and is struggling 
to survive the challenge of limited resources. 

To make matters worse, India desires to 

compete in science with the developed world 
often at a heavy political price. At a time 
when resources are limited critical invest- 
ments required to develop basic science and 
educational infrastructure are spent on 
grandiose projects. Unless Indian science 
sets realistic goals, an occasional spark of 
brilliance will not compensate for the general 
problems with the system. Additional fiind- 
ing will be of little use until there is a basic 
shift in strategies and goals for higher educa- 
tion and scientific research in the country 

Shailendra Joshi 
College of Physicians and Surgeons, Columbia 
University, New York, NY 10032, USA 

Response 
Ganguly brings out an aspect of India that I 
did not touch on. It must be noted however. 
that scientific research in India is almost en: 
tirely funded by the government, as is edu- 
cation. I hope that industry will come to the 
aid of science and higher education in the 
next few years. 

Regarding Joshi's notion that India 
should not try to compete in science with 
the developed world, I do not agree. It is 
necessary for a large country like India to 
be innovative in science and technology for 
various reasons, one being industrial growth 
and export promotion. To compete at least 
in a few chosen areas is a realistic goal. I 
suggested increased funding for education 
to alleviate specifically some of the prob- 
lems mentioned by Joshi. Improving the 
quality of education at all levels should be 
one of the main goals of the country. 

C. N. R. Rao 
Jawaharlal Nehru Center for Advanced Research, 
Jakkur, Bangalore, 560 064, lndia 

Rao rightly points out that as a developing 
country India must delegate resources to "car- 
ry out programs in science and technology 
that focus on the minimum basic needs of the 
common person and on the promotion of sus- 
tainable development,. . . develop an adequate 
infrastructure for energy, transportation, and 
communications,. . .[and] develop its own ex- 
pertise.. . in a few chosen areas of science and 
technology." To meet these goals, India will 
need to invest more in science, but it will al- 
so need more resources than it has now. 

The large number of Indians living in the 
developed world especially in Europe and 
North America, are a major source of for- 
eign exchange for India. In the past, most of 
this money went to families back home to 
buy food and other daily necessities, but 
now much of it is ending up in stock mar- 
kets and business ventures. 

If college-educated Indians living 
abroad endowed to their respective alma 
maters graduate fellowships, professor- 

www.sciencemag.org SCIENCE VOL 286 10 DECEMBER 1999 2083 



ships, research funds, or science prizes, it 
would create a large pool of new funds 
for science. This plan would require will- 
ingness and effort on the part of the Indi- 
a n  educational establishments to develop 
comprehensive databanks of their gradu- 
ates and to approach their alumni for do- 
nations. The current attitude in most Indi- 
an universities seems to be one of disin- 
terest, neglect, and even hostility toward 
their graduates. 

The Indian Institutes of Technology 
(IITs) are one of the few success stories of 
Indian education. The IITs are said to be the 

served mammoth and the possibility of re- 
searchers attempting to resurrect the 
species. It is a matter of debate if it is de- 
sirable to "create" mammoths or other ex- 
tinct species. However, it would never 
work. The excavated organic material is 
thousands of years old, and cloning re- 
quires a cell with a complete and undam- 
aged genome. Just a single DNA base in 
the wrong place could lead to lethality or 
severe genetic disorders. 

A number of DNA studies on mam- 
moths have been published (I), and the re- 
trieval of single-cow nuclear DNA has re- 

cently been reported (2 ) ,  but even the best 
preserved permafrost specimens yielded 
fragmented and damaged DNA. 

Frank Tschentscher 
lnstitut fiir Humangenetik, Hufelandstrasse 55, 
Universitatsklinikum Essen, D-45122 Essen, Cer- 
many. E-mail: frank.tschentscher@uni-essen.de 
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NSF Urban Systemic Initiatives 
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Unprocessed bone marrow Bone marrow mononuclear cells 
Bone marrow ~ ~ 3 4 '  cells Bone marrow ~ ~ 1 3 3 '  cells 
C D 3 4 + ~ ~ 3 8 -  cells Irradiated stromal cells 
Cord blood C D ~ '  T cells Cord blood CDI 9' B cells 
Dendritic cell precursors Committed erythroid progenitors 

4-species panel of bone marrow mononuclear cells 
Hematopoietic assays (colony assays, LTC-IC and ELISA) 

Poietic Technologies performs 
an array of contract bioassay 
services. Data from the 
Lineage Marker ELISA, which " 
documents the differentiation , 
of ~ ~ 3 4 '  progenitors into 
specific megakaryocytes cell lineages as shown (e.g. ,,,I!$ g , 

,- 1 6 
here), correlate well with g 
traditional colony assay data, q '- 
This assay provides a high- 
throughput format for 

l G P l l M l l a  * CFU-Meg 
screeningldrug discovery 
research. 

'' -'" The 1999 Poietic Technologies catalog is now available. 
Contact us today and we will send you this 
8 page listing of all of our products and assays. 

BIOXWHITTAKER 904 Wlnd Rlver lane # 102, Galthersburg. MD 20878 
tel: 888-926-9211, fax 301-926-9224 
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1 I THE FUTURE 

I I H A S  ARRIVED AT 

Science's Signal Transduction 
Knowledge Environment (STKE) 
is a new electronic publication 
on the World Wide Web. Creat- 
ed by the editors of Science 
and the technical staff  o f  
Highwire Press at  Stanford 
University as a state-of-the- 
art tool for researchers inter- 
ested in signal transduction, 
the STKE will provide a range 
of resources never before as- 
sembled in one place. 

At www.stke.org you'll find: 

81 THE CONNECllOM MAP: 
A graphical interface t o  a 
wealth of information on sig- 
naling molecules and their 
relations. Randall Moon, 
Howard Hughes Medical Inst., 
Univ. of Washington presents 
the Wnttp-catenin pathway. 

~~ORKilNAlPERSPKTRlES 
AND REVIEWS: 
Caroline Hill and Richard 
Treisman, Imperial Cancer Re- 
search Fund, London question 
whether transcriptional array 
technology is providing new 
insights into the control of 
gene expression. 

David Rothwarf and Michael 
Karin, Univ. of California, San 
Diego summarize the recent 
flurry of new information on 
signaling through the tran- 
scription factor NF-KB. 

Alan Whitmarsh and Roger 
Davis, Univ. of Massachusetts 
on a mitogen-activated protein 
(MAP) kinase kinase that actu- 
ally switches from an inhibitor 
t o  an activator of i ts target 
MAP kinase. 

I I 81 AND MUCH MORE! 
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