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Over Labor Day weekend my wife and I visited the dairy farm of a 
friend in Hammond, Wisconsin, about 30 miles east of st. Paul, 
Minnesota. The farm is several hundred acres, growing alfalfa 
and maize, that is farmed under lease by a neighbor. The cow 
herd numbers about 120 with just under 100 being milked three 
times/day. The balance are calves, dry cows and heifers waiting 
to freshen (to calve and produce milk). The milking cows spend 
their time in an airy barn and go outside daily to exercise while 
their stalls are cleaned. The whole operation is an efficient 
milk production factory. 

In the dairy business, you would like your cows to produce 
heifers rather than bull calves as the latter are a byproduct, 
with most ending up as veal. A very few, of exceptional 
pedigree, are kept for breeding. If raising beef cattle, on the 
other hand, you want male calves because steers are said to gain 
weight faster than heifers. 

How do we satisfy these conflicting demands? In a recent issue 
of BioScience 45(8), 525-6 (1995), Anna M. Gillis reports on the 
current technology being used to meet the needs of cattle 
breeders and thereby possibly understand better the complicated 
process in human fertility, which I will discuss later. 

First I will outline how current breeding technology is being 
applied to cows, which we must remember have been selected to be 
hyper-fertile ever since they were domesticated millennia ago. 
Infertile cows produce neither calves nor milk so they were 
generally eaten and thus removed from the breeding population. A 
fertile cow will produce a male calf if her ovum is successfully 
linked to a male reproductive cel l that carries a Y chromosome. 
Sperm are pretty evenly divided between X and Y chromosome 
carriers. The X chromosome is a bit larger and therefore can 
carry more genes than the Y, which explains why there are so many 
male characteristics inherited through the mother, e.g. baldness, 
hemophilia, etc. The genes for these and some other male traits 
just cannot fit on the smaller Y chromosome. The sexual size 
variation in sperm cells, therefore, has allowed the development 
of techniques to sort X and Y chromosome-containing cells. I 
must stress that the current separation system is still not 100% 
certain, but sorting accuracy now r e a c h e s 85% to 95% depending on 
the degree of size difference between X and Y bearing cells. The 
greater the size difference the easier to separate them. Size 
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difference between X and Y sperm cells varies according to the 
species of mammals. (All other sexually reproducing animals 
determine sex of their offspring by means other than the X and Y 
chromosome, but that can be the sUbject of another letter.) For 
example, in humans the X chromosome cell is about 2.8% larger; in 
livestock, about 4%; and in meadow mice an amazing 12.5% bigger 
than the corresponding Y chromosome. 

Because the sorting process is relatively slow (about 400,000 
cells per hour for cattle) and artificial insemination (a.i.) 
requires millions of cells, the sorted cells are most often used 
for in vitro fertilization, which can be done with only a few 
thousand. The first calves of predetermined sex, through the use 
of embryo implants produced from in vitro fertilization, were 
born in 1992 and field trials following the initial tests have 
produced up to 90% male calves. All these techniques for male 
reproductive cell sorting, artificial insemination, in vitro 
fertilization and subsequent embryo implantation are labor
intensive and time-consuming, so their use is still limited by 
economic considerations. For example, a dairy bull with superior 
genetics can be lucrative to own since one bull can service 
thousands of cows through A.I., and it pays to use sorted male 
cells to insure a bull calf. It is not yet economical to select 
for female embryos for dairy cows because an embryo, no matter 
the sex, once implanted, is there primarily to trigger milk 
production. 

As you can imagine there are some hidden costs to this high 
technology. Super dairy cows that can produce 20 times their own 
weight in milk during one milking season (305 days) have their 
endocrine system so geared to milk production, as opposed to 
reproduction, that it takes considerable skill and testing to 
determine ovulation time, which is crucial for embryo extraction. 
The artificially fertilized embryo has to be introduced shortly 
after ovulation so the lining of the uterus is ready for its 
implantation. Eventually breeding technology will improve and 
become less expensive, perhaps to the point that female embryos 
will be implanted. Few milk consumers will be aware of such 
advances, but they should benefit in better quality and cheaper 
milk, as cows are bred to produce milk in larger volumes and with 
higher component content: primarily protein and butterfat. 

However, if this technology is being successfully applied to 
cows, can it not also be applied to humans? The answer is 
clearly yes, but understandably, human application raises ethical 
considerations that have not yet arisen for cows and other 
livestock. In some special human conditions, sex determination 
of offspring may be crucial for the survival of the newborn as in 
the case of some 370 X-linked genetic diseases carried by the 
mother but usually only affecting her sons. 
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A not uncommon example of one such genetically linked infirmity 
is hydrocephalus, an abnormality that results in excessive 
accumulation of cranial fluid in the skull. Although the 
condition can have many causes, including viral infection, it may 
also be inherited through an unnatural neural gene on the X 
chromosome. Because this recessive mutant gene is so located, 
mothers who are carriers could theoretically pass this mutant 
recessive gene to their children of either sex. However, the 
mother and her daughters have another X chromosome, which if 
normal, generally overrides the risk of the infirmity produced by 
the recessive gene on their other X chromosome. Boys having only 
one X chromosome cannot count on another normal X chromosome as 
girls can to suppress the threat and are thus stricken with the 
infirmity. For the sake of a mother carrying such a mutant 
recessive gene on one of her X chromosomes, in vitro 
fertilization with only X-carrying sperm cells would produce 
blastocysts (a fertilized ova prior to implantation on the wall 
of the uterus) destined to be female. Under such a circumstance, 
the sorting of X and Y carrying sperm cells may be justified so 
that the assured female child will not be hydrocephalic as a male 
child would probably be. The healthy daughter, however, could 
still be a carrier of a recessive mutant gene for this condition 
on one of her X chromosomes. For humans, ethical questions 
abound. For example, what should be done with those XX 
blastocysts which are not implanted? Normally only about 60% of 
blastocysts produced in human females implant and grow, so the 
gynecologist, in what is known as "assisted reproduction," 
generally introduces two to four blastocysts into the uterus in 
hopes that at least one will "take." We probably all know cases 
of women who have experienced such procedures, where all the 
blastocysts "took" and unexpected mUltiple births resulted. 

As ethical and intelligent people, we must confront the mystery 
of when a collection of cells becomes human, either 
philosophically, theologically or legally. Some religions 
maintain humanness occurs at the two-cell stage, which condition 
can be actually observed in a Petri dish. Such an approach, 
however, does not really address the fate of the roughly 40% of 
blastocysts (considered as humans by believers) that do not 
implant. Perhaps in time biologists and theologians will discuss 
the problem more readily and a universal agreement will be 
reached on when a collection of mUltiplying cells becomes "human" 
in order best to protect the health and safety of the mother and 
her unborn child(ren). The subject, the origin of ourselves, is 
so miraculous, and I use the word advisedly, that consensus may 
be impossible and each individual will have to decide for him or 
herself when a collection of cells becomes human. 
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Of one thing we can be certain: each of us had a beginning and 
will have an end. Births and deaths within a family remind us 
continually of this condition. Even as a biologist, however, I 
have trouble reconciling myself to the thought that I was once 
only two cells, and in the relatively short time of my gestation 
I passed through almost all the evolutionary stages of life. We 
know now, thanks to Crick and Watson (and their colleagues), that 
when we reached the two-cell stage, all that we would be was 
already at work and the process had begun for these two cells to 
keep dividing until, low and behold, there was me, you, and every 
human. Although we may understand the process better now, I for 
one cannot help acknowledging a miraculous element in the 
creation of each of us from the two-cell stage to our present 
lives. 

David Challinor 
202/673-4705 
202/673-4607 FAX 
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