
ter is onlv cold. Because the main ~roblem 
with R = 1 cosmologies containing only 
cold dark matter is that the am~litude of the 
galaxy-scale inhomogeneities is too large 
compared with those on larger scales, the 
presence of a little hot dark matter could be 
just what is needed. 

If the new data (21) from high-redshift 
supernovas suggesting that R = 0.4 are con- 
firmed, then the amount of neutrino mass 
allowed is decreased, because there will be 
less cold dark matter (18). But the success 
(1) of the cold + hot dark matter model in 
fitting the cosmic microwave background 
and galaxy distribution data certainly sug- 
gests that low-R cosmologies with mostly 
cold and a little hot dark matter should be 
investigated in more detail (22). 
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Cloning for Profit 
Gary B. Anderson and George E. Seidel 

T h e  genetic "parent" of Dolly-the cloned 
sheep that captured the imagination of the 
scientific community and the general public 
last year-was the nucleus from a single adult 
mammarv eland cell (1 1. This nucleus was . , 
substitutedufor the chromosomes normally 
provided by the sperm and egg at fertilization. 
The resulting embryo, transferred to the ovi- 
duct of a surrogate mother, grew to be Dolly. 
While the media concentrated on the poten- 
tial benefits and pitfalls of cloning in hu- 
mans, after Dolly, embryologists have been 
using cloning procedures to efficiently gener- 

ization of procedures in cattle in which single 
embryos were split into several pieces (usually 
two), each giving rise to a complete embryo. 
Such efforts have produced many thousands of 
cloned calves that are routinely used for cattle 
breeding. Because such split embryos (as well 
as embryos in which the nucleus has been re- 
placed) can be cryopresewed, researchers with 
sufficient foresight could freeze some members 
of genetically identical sets. Thus, it already 
was possible, even before Dolly, to copy an 
adult from a cryopresewed, genetically identi- 
cal embryo (4). 

blasts derived from a 55-day boiine fetus. 
To many people, cloning was invented 

with the birth of Dolly. In fact, cloning has 
been practiced for millennia in plants and for 
decades in mammals, and Dolly's birth fol- 
lowed an orderly progression of experiments 
that started with cloning mammalian em- 
bryos. Broadly defined, cloning is asexual re- 
production that results in a genetically identi- 
cal organism. For example, when a plant cut- 
ting is rooted, a new clone is produced, com- 
pletely identical to the parent. Cloning of 
mammalian embryos first became a useful 
laboratory technique in the 1970s when pro- 
cedures were developed for the culture of indi- 
vidual blastomeres. This allowed commercial- 
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USA. E-mail: gbanderson@ucdavis.edu. G. E. Seidel is 
at ARBL, Colorado State University, Fort Collins, CO 
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The first successful mammalian cloning 
by nuclear transfer, in which cells from 
cleavage-stage sheep embryos were fused 
with unfertilized sheep eggs, was reported in 
1986 (5). The reconstituted embryo con- 
tained not only the nucleus of the donor 
(parent) cell, but its cytoplasm as well. This 
procedure, therefore, results in two sources 
of mitochondria, producing a mitochondria1 
mosaic if the donor and recipient cells are 
from different maternal lines. Subseauent 
experiments defined the conditions that 
were needed for suwival and develo~ment 
of nuclear-transfer embryos, and also ex- 
tended nuclear donation to cells from older 
and older embryos (6). Successful cloning 
from older embryos (and ultimately from an 
adult cell, in the case of Dolly) challenged 
conclusions from work on amphibia and 
mammals that indicated that. as cells be- 
come more differentiated, they become un- 
able to support normal development. Re- 
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' cently, lmba were successfully generated 
from eggs with mclei frxmn embryonic cell 
lines that had been establihed and main- 
tained in hg-term d t u m  (7, 8) and a p  
peared to have Mer.e~tiated. Fetal fibro- 
blasts also have been used as a source of do- 
nor nuclei €0 pruduce live kmbs (1,2). 

Practical application of clczninp technol- 
ogy i s  the nofin in the plant field; entire for- 
ests are composed of genetidly desirable, 
cloned trees. When the apgropriate tech- 
nology becomes sufficiently reliable, clon- 
ing could be us&d to multiply unique animal 
genotypes for agricultural production, but 
the f h t  application will be to produce 
transgenic animals for commercial use. Ini- 
tial examples are sheep that were engi- 
neered to produce the h m a n  blood-ciot- 
ting protein factor IX in their milk (2); the 
efficient generati0n.d qansgenic calves ex- 
pressing a marker gene (3) illustrates the 
m e  principle. 

Themostmmmonprooedureforproduc- 
ing mnsgenic fxxmmab uses mhphjection 
of DNA inm cxwcell zygotes, ht the effi- 
c ~ o f t h i s ~ i n l a q e ~ s p e -  

is cbappintingly low and the cost, dis- 
co- h&. ASt al-* apptoach is 
tomanqdmb*omeof+ih&mand 

mbxqwndy used far nuclear &et. The 
Cibelli et al. (3) report of deriving transgenic 
dves h tmmgenk tibroblass cements the 

duced. The sex ofthe d e i  eat alw be deter- 
mined beforehand, the problem of 
mosaicism in the aanqgenic i d ,  which 
can result in failure of uawgem translnission 
in the game-, is elin&&& In the &atre, 
manipulation of somatic ;ce;lls d * 
transgenic animals to be made witk a change 
atatmgetedsiteinthegemme. 

Despite the high-prodik.1 ta.mems wifh 
nuclear rransfer in marmnah, &s basr~ d l  
biology of the eloning proms is notyet wdl 
understood. Origixdly it was believed 
differentiated cells would be inamriatr:  
as nuclear donors because d change+ in the 
DNA during differentiation-& example, 
epigenetic methylation of cytosines. Indi- 
vidual cells of art early embryo are totipo- 
tent, hut as embryonic cells differentiate, 
their lineages become defined and totipo- 
tency is lost, or.at least becomes difficult to 
reestablish. Now it is clear that m e  differ- 
entiated cells can regain totipotency, but to 

Fibroblasts 
talcen from 
55day 
bovine fetus 

transfecHon, 
and clonal 

Cattle on demand. Production of transgenic 
animals by somatic cloning. 

do so their nuclei must be able to repeat the 
kprnenml  events initiated- in the re- 
CX&' f&&& %. LhXk  OM about 
the chagea in.& DNA m d m g  from a 
cell's dung cm a speciatkxd function and 
i.EbouthowW&angesaretev&&a 
rkuckua is to the recipient egg's 
w o ~ l a a n ; d y = m H t ~ ~ = a ~ e  
more amenable to undergoing these changes 
than others. 

Nuclear transfer with e m b  and fetal 
cells more reliably d t s  in live than 
does nuclear aansfer with actult c e M  un- 
h r e a s o n s P e h a p s r ) l i s ~ k d u e  
to decreased and variable t e l m  length in 

adult cells. Random selection ofnu- 
clei may yield those with &cimuY 
long telomeres only rarely, which may explain 
why few adult cells [l of 247 in the paper by 
Wilmut et ul. (I ) ]  are s u d  donors. Spe- 
cies d&remes also exist. For example, m m  
nuclear d e r  procedures in mice have been 
unsuccessful except with nuclei from embryos 
at the earliest stages of development. 

The list of somatic cell types that can 
support development of animals to term af- 
ter nuclear transfer is short-including only 
mammary cells, fetal fibroblasts, and fetal 
muscle tissue. But if the ceIls are taken from 
the embryo, fetus, or ncpnate, additional 
cell types [for example, fetal or neonatal 
skin (9, 10)J can establish pregnancy from. 
embryos reconstituted by' n u c k  transfer, 
Differences among cell types might be ex- 
pected iadreit reponse to nuclear transfer, 
but prediction of which cell types are most 
likely to be s u c c e  reprogrammed fat 1 
normal development to tdrm is not yet pos-, 
sibk. An intuitive conclusion is that adult; 
cells that no longer divide, such as neu- 
rons, would be poor mdidates, and con- 
versely, cells that conthously divide and 
differentiate. sudi as midennaI cells, would 
be good canhidates; hAwever, no dehnitive 
conclusions can be drawn without addi- 
tional research. 

An important re-ent in nuclear 
transfer is that the stage of the d l  cycle for 
the nuclear doa& 9nd the host cympiasm be 
compatible. Cbapmbility can be managed- 1 

in several ways. h e  investigators have ar- 
gued that forcing the danar cell into a quies- 
cent Go stagc ofthe e l l  cycle by reduung tha 
serum content ofthe b r  cell's c u l m  me- 1 

d i m  enhances nuclear rep-, per- 
haps by switching off genes in the differenti- 
ated ceJk But CibgUi et d. have shown rhaP 1 
calves can be gemrated after nuclear &S ' 
with actiety growing fibroblasrs, probably 
fromdmsethat~ketobeinG~ddneceU. 
cyde. Thus, s e w  starvation & tmmmmq I 
for term development. The mpkl pace of 
d i a n  cloning eqmbwnt9 promises 
new knowledge in developmental biologv 
and n u m m  sppommities to apply cloning 
and related biotechnobgies. 
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