CHAPTER 10~ SEx CHROMOSOMES 3 SEx LINKAGE

INTRODUCTIONS
-Mendel worthed w/ plants showed patterns of inheritance decived
From gene loci on autosomal chromosomes.
itance in animals \ih'tsmt loci P(eseﬁ

~One_complication in_this madel of in
Rt Dhremosomns i Eex T RES 05 o Tona Frie” hatvere?

* Most of the chromosomes in humans are present in two copies.
-Each has the same length, centromere location # banding
pattern—> called autosomes

- In mammals, males have on of eachh females have & X chromosomes

AutrosoMES § Sex CHROMOSOMES
In diploids, most chromosomes exist in pairs (same length, centfomere
location 3 bandi e w/ 1 set comi m each parent.
These chromosomes are called autosomes.
However, many species have an additional poir of chromosomes thot do NOT look alite.

These are sex chromosomes blw the sexes.

10 humans, males have one of each whie Females hove Z X ChrOMOSOMES.
Autosomes are those chmmsomei‘msm\' \n the SAME number in males & females
while Sex chromosomes are +hose are oT.
when sex chromosomes were first discovered, their function was unknown # ¥he name
X was used {p indicate this .

The next ones were named Y, +hen Z,+then W (depending on the spedies)

TSRO ST RRRARTSS whnin o spedes e assocaied w/
In mammals, fruit Flies 3 some dioecious p\ama those w/ two X
chromosomes are females, while those w/ X 3 Yare males
In birds, moths, 3 butterfiies:
males = 22
females = ZW
Because sex chromosomes hove asisen mulkiple +Hmes dusy volution
+he molecular mechanismés) through which they determine sex™difiess

among +hose oanismg
Ex:Humans 3" Drosophila both have X % Y Sex chromosomes

they hove different mechanisms for ‘determining  sex

How do the sex chromosomes behave dusing meiosis?
In those individuals w/ +wo of the same chromosomes
Cie homogametic sexes XX =females 22=males)
t+he chromosomes 3 segregcﬁof\ duﬁng meiosis T, the
same as autosomes.
During meiosis X ¥ males or Zzw males (hetemgametic sexes)
+he chromosomes pair w/ each other

Pseuno-AutosomAL ReGIONS ON ThHe X & ¥ CHROMOSOMES
+In evolution, before the X 3 Y chromosomes differentioted, +hey used fo be
equivalent  homologs, like an autosome.

*Over timg, +he ¥ chromosome lost  maost of its
but the X chmmosome retained all its geres

-Thus, even though the R chromosome has lost most of
shares some ons w/ the X chromosome.

-This ish‘\'lhe reo\son wh lO\;‘V\OLAgh XiQ (‘;hr-?bmosomes are heteromorphic
(morphologically dissimilar), are oble adct as a homol iC i
orphy %rc\geggol imi rerﬁ\% as a homologous paif in

genes (hence the reduced size),

its genes, it st

mex .
-These common regions, which contain Similar %a\es, permits the X1 o
poir Up 3 are called Hhe PSEUDO AUTOSOMAL REGIONS™
~The name cores from t+he obsecvation that genes in these regions
behave like autosomes in +heil inhesitance.
*Alleles of the genes in this region crossover Just like tihose on the outosomes.
-Thus genes in this region ARE NOT inherited in a sex-linked pattern, even
though they are located on the X chromosome

*The genes found in pseudo-autosomal
in h XV mates 3 XX females, and
inactive Chromosomes.
- Trese geres may explain clinical features in sex chromosomes aneuploidy
- Addition or subtraction of a sex chomosome
A e bod be eithe q fo
-Rs ucts may either under or over expressed in relation
r\ormgﬁf\%«% ¥ mcx\eg "

r?g‘!\on are represented in two copies
us expressed from both active 3

les 1

*0ne of the genes in +his region is called SHOX.
- makhes a protein that prarotes bone growth.
~Ub, XX 3 4oXY people have two functioning copies 3 have overage age, height.
L People w/ 47XQY 3 47 XXX genomes have 3 copies § are taller +han owg.

L>And people w/ US5X have one copy ¥ are Shott.
-Itis the single copy of SHOX i a few T genes in the pseudo-autosomal

region that~causeS health problems for women w/ Taener Syndrome

X-specific _|
? nes
(x-linked)

NoTE: Two of +he chromosomes, the X 2 ¥ do NOT look alike.
These are SEX CHROMOSOHMES

*In mammals (XX, XY) the consequence is all egg cells will cafryan X chromosome
while the sperm cells will cary either an X of a ¥ chromosom
-HalF of +re offspring will recéve two X chromosomes i become female,
while half will recewe an X 3 a Y 3 become male
-In species w/ 22 moles o\l s‘?em\ carry a 2 chromosome, while in females
2w, haf wi\ have a 2 & halfa W

-lrisa “g:pular misconeeption that the X ¢ Q@ chromosomes were named based
upon treil shapes; physically each looks like any other chromosome.
-A : i n
chr%mc)r\ro"r:\eo@tlne doesn g L‘(°°K like a ¥ any more +han a.

like
-The combination of Sex chromosomes within o species is associated
with either mole or female.
*In mammals, fruit flies 3 some flowering plants
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Sex LinwacE:AN ExcepTion To Menpers T¥7 Law

-We have introduced sex chromosomes $ autosomes (non-sex-linked chromosomes)
- The loci on autbsomes, the alleles follow the classic. Mendelian inheritance.
-However, for loci on the sex chromosomes this doesnt fdlow blc most
(oot alY oF +he lodi on the typical X-Chromosome Qe abscent on the
@ chomosove, even though they act asa homologous paif during meiosis.
* Instead they follow a sex-linked paittern of inheritonce
-A X-linked allele in the father WILL ALWAYS be passed on to his
daughters ONLY, X-linked allele In +he mother will be passed on
fo both daughters ¥ sons equally

X-Linken Genes: THE WHITE Gene (N DROSOPHILA  MeLANOGASTER

- Sex-linked gene—> white gene on X chiomosome of Drosophila melanogaster.
-Noimally fiies have red eyes, but flies w/ a mutant allele for this gene
called white— (") have” white eyes bic the red pigments are absent.

-B/c this mutation is recessive fo the wild type w+ allele, females that
are heterozygous have normol red eyes.

- female flies that are homozugous for the mutont allele hove whire eyes
-R/c there is no white gene on e ¥ chomosome, male flies can only be
he\m‘\\zggous for the wild type ollele of the mutant
allele

- A researcher may not Know beforehand whether a. Novel mutation is sex—linked

-Re deﬁniﬁvebneﬂxod 1o feﬁf for sex—légni?@: ismrec'\pcrjo%l c;nssheg

°Thi oss a male it a fema - ve differen

conduct o second Sef o% c?osses, in which +he ﬁ?enoiypgs a?em(@rmn
relative to the sex of +he parents in the first cross.

—Ex:If you were 1o ser yp reciprocal crosses w/ fiies from pure- breeding
Wt} W= strains e results would be...

* Whenever rediprocal o?osses aive diffﬁrent results in the Fi 3 F2 and whenever
the male 3 female offspri ave different +ne usual explanadion is
sex - \inkage. Pand ' phenotypes ual &p
* Remember, if the locus were autbsomal the Fi # F2 progeny would be
different from either of these crosses

* A similar pattern of sex-hWawed inheritance is seen for X-chromosome loci
« In other species w/ XX —XWY sex chromosome system, lndudil\s mammals
3 humans

Q-Linked Genes

In humans, the Y chromosome has been studied is Known to contain

approximately 200 genes which provide instructions for mawing protun.
RB/c only males have the Y chromosome, the genes on Hhis chromesome
tend blte l:gdvo\ved in male sex determination 3 déve\opment.

Sex is determi the SRY gene which is the sex determining (egion of
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Short_| - - Other genes on the @ chromosome are Important for enabling men fo father
armn SRY Gere biologital children (male fertility) B
*Many geres are unique fo the P chomosome but genes In areas Known
as pseudooutssomal regions are present on both Chromosomes.
As a resutt,men i women each have two functional copies of these genes.
+Many genes in the pseudoautosomal regions are essential for normal development-
= __ Centromere -Athough the Y-chromosome is sex-determining in humans i some ofher species,
r not a:tggenes +hat play o rle in sex determination ose Y-link
-Y-linked traits, while few in numboer, do exist.
For instance, the ¥-linked trait of “webbed toes” causes a web-like
connection blw second idm\rd hfs and "potwp\r\e\ man* oﬁwrs when
osomas e skin thickens 3 gradually becomes dacker saly, ou 3w/
v CthN) bristle-lite Oufgmw*hss J 9 9
-52 million bp =Since Y-linked inhedtance invowes the Y chromosome Y -linked inheritance
-~150 genes is passed on from father fo &on.
m— - |dentified as sex - OF-course, Y-linked traits never occur in females & occus in all male descendants
determining in 1905s of an affected male.
+The concept of dominant i recessive do NOT opplg to ¥-linked ttaits ., as
only one’ allele (on +he ¥) is_ever present in any one (male individual
-Ignors XYY syndrome (fare) which affects males
~Caused by the presence of an extra ¥ chromosome
-Males normally have one X 3one ¥
-These individuols have one X 3 two Vs
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