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Primary - Whether gonads become ovaries or testes
Secondary Sex Characteristics:
Female - hips, breasts, fat, pubic hair
Male - muscles, shoulders, voice, facial hair, pubic hair



3

Karyotype - Picture of chromosomes - What it can show

46 chromosomes (or 45 or 47)

44 autosomes

2 sex chromsomes -- X, Y

Autosomes are homologous chromosomes, Sex chromosomes are not
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Draw on Board
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Equal # of male/female sperm should be produced

Actual conceptions vary

Male fetuses more fragile – higher spontaneous miscarriage rates,  infant mortality rate

Sources: http://anthro.palomar.edu/biobasis/bio_2.htm
http://www.guardian.co.uk/india/story/0,,2022983,00.html

Ratios are getting closer today.
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Let’s take a look at the Y chromosome

Hemizygous – one allele is missing for a gene
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The human Y chromosome is particularly exposed to high mutation rates due to the environment in 
which it is housed. The Y chromosome is passed exclusively through sperm, which undergo multiple 
cell divisions during gametogenesis. Each cellular division provides further opportunity to accumulate 
base pair mutations. Additionally, sperm are stored in the highly oxidative environment of the testis, 
which encourages further mutation. These two conditions combined put the Y chromosome at a greater 
risk of mutation than the rest of the genome.[13] The increased mutation risk for the Y chromosome is 
reported by Graves as a factor 4.8.[13] However, her original reference obtains this number for the 
relative mutation rates in male and female germ lines for the lineage leading to humans.[21]

Without the ability to recombine during meiosis, the Y chromosome is unable to expose individual 
alleles to natural selection. Deleterious alleles are allowed to "hitchhike" with beneficial neighbors, thus 
propagating maladapted alleles in to the next generation. Conversely, advantageous alleles may be 
selected against if they are surrounded by harmful alleles (background selection). Due to this inability 
to sort through its gene content, the Y chromosome is particularly prone to the accumulation of "junk" 
DNA. Massive accumulations of retrotransposable elements are scattered throughout the Y.[13] The 
random insertion of DNA segments often disrupts encoded gene sequences and renders them 
nonfunctional. However, the Y chromosome has no way of weeding out these "jumping genes". Without 
the ability to isolate alleles, selection cannot effectively act upon them.

Hairy ears once thought to be on the Y chromosome – no longer
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SRY Gene = Sex Determining Region of Y
History -

initial search for gene focused on a protein, the H-Y antigen, in male mice that seemed to be produced on the Y 
chromosome.

the hypothetical substance that produced maleness was dubbed “the Testes determining factor”  TDF (umbrella name 
for all genes and proteins making males)

research then focused on XX men (there are also XY females - female phenotype, androgen insensitivity is the usual 
cause)
XX men had X chromosome with a little piece of Y stuck to it (Translocation) - concentrated on this piece - piece 
called ZFY (means - zinc finger of y)

Searched ended in discovery of the SRY gene - only 250 base pairs long (REALLY SHORT - average is several 
thousand!)

SRY stands for Sex Determining Region Y chromosome
SRY Gene makes

SRY Protein or TDF Protein that binds to the DNA- bends it’s shape, this alters other genes expressions and leads to 
testes produced

Female development is the “default”; with out SRY Protein, females will result

New research (2003) also indicates testis formation requires a gene on the X chromosome called  Dax1

Proof:
1. Humans with Y chromosome and many X chromosomes (XXY, XXXY etc.) are males. 
2. There are males of XX (The appearance of the chromosomal makeup of a somatic cell in an individual or 

species (including the number and arrangement and size and structure of the chromosomes)) karyotype. It 
turns out that these males have SRY gene in one or both X chromosomes. (However, these males are 
infertile.) 

3. Similarly, there are females of XXY karyotpe. These females have no SRY gene in their Y chromosome. 
4. Using genetic engineering, mice with XX karyotype but with SRY gene in one of their X chromosomes were 

made. These mice appeared to be male
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It has a long arm and a short arm.
The blue regions are pseudoautosomal (PAR1 and PAR2) with comparable regions on the X 
chromosome.
The heterchromatin region (hatched ) is a region with no genes.  It’s length varies in different men -- in 
some it’s nonexistent and in others it’s much longer.  It’s considered to be non coding.

The SRY gene is the sex determining region gene -- vital to becoming a male.  Others have something 
to do with sperm manufacture or amount of sperm
http://www.bioscience.org/1999/v4/e/krausz/fulltext.htm

More:  http://biol.lf1.cuni.cz/ucebnice/en/gender.htm
Sry protein is a transcription factor of HMG (high mobility group) family. It is expressed in the 
supporting cells of the indifferent gonad and triggers their differentiation into Sertoli cells. 
Sertoli cells then organize into cords that encase the primordial germ cells (PGC) and induce 
their differentiation into prospermatogonia. These epithelial cords later form lumen and 
become seminiferous tubules.



http://pictorial.jezebel.com/one-person-two-sets-of-dna-the-strange-case-of-the-hu-1689290862

Most human chimeras were, at one time, twins. Current theories posits that genetic chimeras develop spontaneously when 
fraternal twin embryos fuse or when one twin absorbs the other. The absorption process is called Vanishing Twin Syndrome, 
a haunting phrase to describe the ingestion process. There are also smaller degrees of chimerism—microchimerism—that 
can arise from organ transplants and blood exchanged by twins in utero

Lydia Fairchild is an American woman who exhibits chimerism, with two different sets of DNA present in her body. She 
was pregnant with her third child when she and the father of her children, Jamie Townsend, separated. When Fairchild 
applied for child support in 2002, she was requested to provide DNA evidence that Townsend was the father of her children. 
While the results showed Townsend was certainly the father of the children, the DNA tests indicated that she was not their 
mother.This resulted in Fairchild's being taken to court for fraud for claiming benefits for other people's children or taking 
part in a surrogacy scam. Hospital records of her prior births were disregarded. Prosecutors called for her two children to be 
taken into care. As time came for her to give birth to her third child, the judge ordered a witness be present at the birth. This 
witness was to ensure that blood samples were immediately taken from both the child and Fairchild. Two weeks later, DNA 
tests indicated that she was not the mother of that child either.A breakthrough came when a lawyer for the prosecution heard 
of Karen Keegan, a human chimera in Boston, and suggested the possibility to the Fairchild's lawyer, Alan Tindell, who then 
found an article in the New England Journal of Medicine about Keegan.[1][2] He realised that Fairchild's case might also be 
caused by chimerism. As in Keegan's case, DNA samples were taken from members of the extended family. The DNA of 
Fairchild's children matched that of Fairchild's mother to the extent expected of a grandmother. They also found that, 
although the DNA in Fairchild's skin and hair did not match her children's, the DNA from a cervical smear test did match. 
Fairchild was carrying two different sets of DNA, the defining characteristic of a chimera.  Wikipedia

If those two "people" are not the same gender, the baby will likely be an intersex individual (also known as hermaphrodite  
click this icon to hear the preceding term pronounced)--it will have both male and female sex organs and other body tissues.  
Some researchers believe that the frequency of chimeras being born will be increasing as in vitro fertilization  click this icon
to hear the preceding term pronounced becomes more common since two or more embryos are usually placed in the uterus 
with this procedure. http://anthro.palomar.edu/biobasis/bio_2.htm

Take the case of Lydia Fairchild, a pregnant woman who was asked by the state to prove the paternity of her two children 
after applying for public assistance. DNA tests confirmed that the father was who Fairchild claimed it was—but that she was 
not the childrens’ mother.
Fairchild was accused of illegal surrogacy and welfare fraud. The court threatened to remove her children from her. The 
Washington state court also ordered that an immediate DNA test be taken of her child at birth, and the results also did not 
match Fairchild’s DNA. She was saved by lucky timing: an article published in the New England Journal of Medicine,
outlining the case of another chimeric woman. Fairchild’s lawyer demanded that she be screened, and testing eventually 
confirmed that she was a tetragametic chimera, meaning that she carried two strands of DNA, the result of two sperm 
implanting with two eggs.
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Let’s start backwards
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Some illegal but still practiced
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The advantage of amniocentesis is that tests can be done on the amniotic fluid as well as the 
karyotyping of the cells

CVS can be done so quickly because the cells of the placenta are rapidly dividing.



Tests Mother’s Blood for Fetal DNA
Can detect birth defects (DS, Trisomys, CF, Hemophilia)
Can detemrine Sex
Available to high risk mothers

cffDNA resuls from  apoptosis of placental cells

Mothers cffDNA is 25 times > fetus

The Non invasive prenatal screening is the most accurate screening test and is offered by Camberwell
Ultrasound for Women.
The Non Invasive Prenatal Screening (NIPS) test determines the risk of trisomy 21, 18 and 13 by 
measuring the relative amount of chromosome material in the form of fragments of fetal DNA (also 
known as fetal cell-free DNA or cfDNA) in the maternal blood. By incorporating information on 
maternal age, gestational age and the relative amount of fetal cfDNA in maternal blood, the risk of each 
trisomy is calculated. The analysis is performed in the United States of America by Ariosa Diagnostics, 
using a blood test called the Harmony Prenatal Test.
Cell free DNA are short fragments of broken up chromosome material in the maternal blood. The 
maternal blood contains cell free DNA from maternal cells and also fetal cells. The relative amount of 
fetal cfDNA in the maternal blood is known as the fetal fraction of cfDNA. The fetal fraction increases 
with gestational age. A fetal fraction of 5% is necessary to achieve a result with the NIPS test. This 
milestone is usually reached at 10 weeks gestation.
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http://pubs.rsc.org/services/images/RSCpubs.ePlatform.Service.FreeContent.ImageService.svc/ImageSe
rvice/Articleimage/2014/LC/c3lc50980j/c3lc50980j-f1_hi-res.gif
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Currently, there are mainly two groups of patients for which PGD is indicated.･The first group consists of couples 
with a high risk of transmitting an inherited condition. This can be a monogenic disorder, meaning the condition is 
due to a single gene only, (autosomal recessive, autosomal dominant or X-linked disorders) or a chromosomal 
structural aberration (such as a balanced translocation).

The second group consists of couples who undergo IVF treatment and whose embryos are screened for 
chromosome aneuploidies. The technique is not used to obtain a specific prenatal diagnosis but rather for 
screening, properly referred to as preimplantation genetic screening (PGS), to increase the chances of an ongoing 
pregnancy.

A fourth group of indications includes all of the ethically difficult cases. These include situations such as human 
leukocyte antigen (HLA) typing of the embryo, so that the child can be a cord-blood stem cell donor for a sick 
sibling (Pattinson 2003). Verlinsky and collaborators described the first case in 2001. HLA typing has meanwhile 
become an important PGD indication in those countries where the law permits it [15]. The HLA matching can be 
combined with the diagnosis for monogenic diseases such as Fanconi anaemia or b-thalassemia in those cases 
where the ailing sibling is affected with this disease, or it may be exceptionally performed on its own for cases 
such as children with leukaemia. The main ethical argument against is the possible exploitation of the child, 
although some authors maintain that the Kantian imperative is not breached since the future donor child will not 
only be a donor but also a loved individual within the family.

A more recent application of PGD is to diagnose late-onset diseases and (cancer) predisposition syndromes. It 
can be argued that PGD for late-onset diseases is unethical since the individuals remain healthy until the onset of 
the disease, usually in the fourth decade of life. On the other hand, the high probability or certainty of developing 
some disorders, and their incurable nature, can lead to a stressful life, waiting for the first symptoms to occur and 
to an early death. In the case of predisposition syndromes, such as BRCA1 mutations predisposing to breast 
cancer, it can be argued that there is no certainty of getting the disease and that the disease can usually be 
treated. It is a fact that although PGD is often regarded as an early form of prenatal diagnosis, the nature of the 
requests for PGD often differs from those of prenatal diagnosis requests made when the mother is already 
pregnant. Some of the widely accepted indications for PGD would not be acceptable for prenatal diagnosis.

Another problematic case is the non-disclosure PGD for Huntington's disease. It is applied when patients do not 
wish to know their carrier status but want to ensure that they have offspring free of the disease. This procedure 
can place practitioners in questionable ethical situations, e.g. when no healthy, unaffected embryos are available 
for transfer and a mock transfer has to be carried out so that the patient does not suspect that he/she is a carrier. 
The ESHRE ethics task force currently recommends using exclusion testing instead. Exclusion testing is based on 
a linkage analysis with polymorphic markers, in which the parental and grandparental origin of the chromosomes 
can be established. This way, only embryos are replaced that do not contain the chromosome derived from the 
affected grandparent, avoiding the need to detect the mutation itself.



https://www.youtube.com/watch?v=64nBnuMbpEM
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By following the various methods outlined in the book, it is proposed that a couple can affect the 
probability of having a boy or a girl. Proponents claim between 75 and 90 percent effectiveness, but 
experts do not agree that the method works; for example, the 1995 article 'Timing of Sexual Intercourse 
in Relation to Ovulation—Effects on the Probability of Conception, Survival of the Pregnancy, and Sex 
of the Baby', in the New England Journal of Medicine concludes that "for practical purposes, the timing 
of sexual intercourse in relation to ovulation has [sic] no influence on the sex of the baby."[1] However, 
this stands in stark contrast to an earlier, much larger study from the New England Journal of Medicine 
(1979) that concluded that "[our] results ... demonstrate that insemination on different days of the 
menstrual cycle does lead to variations in sex ratio."[2] With such conflicting results, it appears that 
more studies are needed to determine if the timing of insemination has any impact on the sex of a baby.
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Cattle and horse Sperm:  Sperm with X chromosome have 4% more DNA

Human - 2.8% more à Weigh more
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1970s Gametrics lab

Livestock breeding  -- male are largely unnecessary in dairy industry

Roland Ericsson

Use viscous material like albumin (egg)

Could only enrich sperm by about 10%

Some researcher suggest having sex a day or two before ovulation will increase boy babies waiting a 
day or two will increase girl babies. 
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Flow Cytometry

Measurement of cells as they pass by a detector

Developed initially to sort Bull Sperm in late 1970s

Flow cytometers use focused  laser light to illuminate cells as they pass the laser beam, 
one  at a time, in a fine fluid stream. 
Light scattered by the cells  and light emitted by fluorescent dyes attached to cells of 
interest  are analyzed by several detectors and processed by a computer.  
Cells may be distinguished and selected on the basis of size and  shape as well as by the 
presence of many different molecules inside  and on the surface of the cells. 
The power of flow cytometry over  other techniques is:

a  great speed (thousands of cells per second  vs. manual counting);
b exquisite precision;
c gentleness with biological materials (cellular viability and function 

unchanged by the process); and
d the possibility of simultaneously measuring  many parameters on a single 

cell.

http://www.xyinc.com/sexselect/flow.php

Dye is:  DNA-specific fluorochrome

Developed by Johnson at the Department of Agriculture (non-humans)

Research and development of human techniques at Genetics and IVF Institute (GIVF) 1992

1993 - offered to families with X-linked disorders

1995 - offered to families for family balancing
http://www.microsort.net/fees.php



www.microsort.net Oct. 2008
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The accurate detection of differences in fluorescent signal intensity between the X and Y bearing 
sperm is critical to successful flow cytometric sperm sorting. Major factors affecting the fluorescent 
signals are sperm head shape, degree of sperm head polymorphism, and the difference in DNA content 
between X-and Y-bearing sperm. Sperm head morphology and the nature of chromatin packaging 
result in a brighter fluorescent signal being emitted by the edge vs. the flat aspect of the sperm head, 
making head orientation relative to the excitation light crucial in sperm analysis and sortin

As sperm move through the flow cytometer, sperm head orientation is random, so only approximately 
10% are appropriately oriented for accurate analysis of DNA content and sorting. The effects of sperm
orientation, coupled with other factors, result in less than 1% of available sperm actually being 
recovered after 4 hours of sorting.
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Flow cytometric sex selection with MicroSortÂ® results in a verifiable and biologically meaningful 
shift in the ratio of X- and Y-bearing sperm that retain their functional competence and result in an 
increased likelihood of conceiving and delivering a healthy baby of the desired sex. This pre-
conception method results in a shift in the ratio of X- and Y-bearing sperm from the expected 50:50 to 
87.6% for XSORT and 69.3% for YSORT, as verified by FISH analysis of the sorted sperm. PGD 
results and fetal/baby sex results are consistent with the shift in X- and Y-bearing sperm incidence, 
showing that MicroSortÂ® does have a meaningful positive impact the likelihood of having a baby of 
the desired sex. The malformation rate for babies born from the use of MicroSortÂ® sperm is 
consistent with that of the general population

http://www.seattleivf.com/gender-selection.html – another source on effectiveness

Why male and female rates different? X-carrying chromosome that appears even slightly dimmer than 
the norm will be sorted as a male producing sperm
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