Lecture 1

The Basics of Heredity
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History of genetics ,pre-mendelian era”

* The effects of heredity are observed by
human kinds form its down

* Children resembles of their parents
* Domestication of animals and plants,
selective breeding for better traits

* People of Mesopotamia used hybrids of
domesticated and wild donkeys to pull their war
chariots about 4,500 years ago ( Y-chromosomal
and mitochondrial DNA)

* Sumerians horse breeding records

SCIENCE ADVANCES | RESEARCH ARTICLE

GENETICS

The genetic identity of the earliest human-made hybrid
animals, the kungas of Syro-Mesopotamia

E. Andrew Bennett'#t%, Jill Weber?, Wejden Bendhafer!, Sophie Champlot’, Joris Peters®?,
Glenn M. Schwartz®, Thierry Grange'#t, Eva-Maria Geigl'#+




History of genetics: early Greek philosophers

e Vapour theory (Pythagoras)
* man body — embryo — uterus of female)

* Fluid theory (Empedocles)
* fluid from all parts of each parent create embryo

* Spontaneous generation (Aristotle)
* Origin of live from decaying matter

e Reproductive Blood Theory- embryo is produced due to the
mixing of reproductive blood of the two parents

* Pangenesis (Hypocrates)

* invisible “seeds ,” from organs of parents are like miniaturized
building components and are transmitted during sexual
intercourse, reassembling themselves in the mother’s womb to
form a baby




History of genetics: Middle age
theories

1) Preformation theory (Malphigi, Swammerdan, Bonnet)

* miniature individual of extremely small size is present in
sperm or egg, grows into a new individual after it receives
nourishment in the womb of a female

* Spermists vs ovists — which cells bear key components for
gender development?

» Da Vinci — proposed equal contribution of parent’s traits to of
spring

» Van Leeuwenhoek - animacules (aka sperms of mammals nad
frog) are associated with eggs

» Malphigi, Swammerdan, Bonnet miniature individual of
extremely small size is present in sperm or egg (hommunculus)

 Homwmculus 4§

CHnmcmm un fale casere Nomunculus e 4
pu esserciscruitaed allevaca come ogni alcre
bambino finoalleca adulca quando otcerra. 3
gludizioed tncellezzo:




History of genetics: Middle age
theories

2) Particluate theories — 18 - 19th century

* Theory of Acquired Characters (Lamarck)

» new character once acquired by an individual shall pass on to its progeny (neck of
giraffes x Wiesmann — progeny of mices with cut tails had long tails...)

 Theory of Pangenesis (Darwin)

» gemmules or pangene partilces (of given, oragn, tissue etc) are carried by the blood to
the reproductive organ and are deposited in the sex cells, which again carry them to the
next generation.

* Theory of Germplasm (Wiesmann)
» Organisms with sexual reproduction carry two types of cells
- somatic cells make up body (somatoplasm)
- reproductive cells make up sperms and ovas (germplasm)



Gregor Johann Mendel
(1822-1884)

* 20th July 1822 Hyncice, North Moravia,

e 1840 - 1843 Philosophy at Olomouc University

* 1843 —join the Augustinian Abbey in Brno

* 1849 - 1851 - teacher at high school in Znojmo (Greek, Latin and German language, mathematics)

e 1851 - 1853 University of Vienna (math, — Doppler, deep understanding of statistics, Dawrin’s work (but Darwin
did not known Mendel cause wrote in German language)

1854 — 1868 — teacher at Realschule at Brno (physics, biology)

1854 — 1863 first experiments with pea in abbey garden

1865 — series of lessons about his experiments in conference of biologists in brno (2nd and 3th of March)
1866 — publication ,Versuche Uber pflanzen-hybriden” (Experiments on Plant Hybridization)

1868 - abbot of St. Thomas' Abbey in Briinn

1881 — director of Moravian bank in Brno

6.1. 1884 — Mendel died from chronic nephritis, buried at Central Cemetery of Brno, Leos Janacek played the
organ at his funeral



Mendel's education — Natural science at university of
Vienna (1851-1853)

Experimental physics

(prof. Doppler)

Combinatorics, probability theories,
mathematical description of results...

Plant physiology (prof. F. Unger)

,continuity of cells and cell lineage
is necessary for birth to other
organisms”

?ﬁv’/f <2,
ran = >



* Knowledge of basic principles of _ _
plant physiology, hybridization and Prof. Franz Unger: Botanische Briefe
plant selection combined with (1852)
methodology of ,hard data“ ”
collection bring Mendel to idea of
existence of discreet particles,
which are located inside cells and
responsible for expression of
different traits

* During his studies, he developed a
theoretical model of transfer of the
traits from one generation to
another with the use of those
particles

* He returned to Brno with this
,project”




Wild pea (Pisum sativum) - model object of Mendel's

experiments

*True - breeding, self - pollinating plant with big blooms
* large number of varieties

* easy to grow, regular and steady yield

» possible control of plant fertilization

* 7 pairs of chromosomes (2n = 14)
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matured into pod

O Planted seeds
from pod
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offspring: all
purple flowers

Copyright © Pearson Education, Ine., publizhing as Benjamin Cummings.
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Mendels” s experiments - character of trai\_

7 traits — stand alone, binar (,,yes or no“)

« 34 varieties — 2 years of observing - 22 varieties with steady difference of traits

Parental varieties = homozygotes (AA, aa) - differences:

1. Seed shape: round / wrinkled (chromosome 7)

2. Seed color: white / bright yellow or green (chromosome 1)
3. Bloom color: white / purple (chromosome 1)

4. Pod shape: inflated / constricted (chromosome 4)

5. Pod color: green / yellow (chromosome 5)

6. Flower position: axial / terminal (chromosome 4)

7. Stem length: 1,9-2,2m/0,24 - 0,46m (chromosome 4)




Example of monohybrid crossing: height of the pea plants

(tall / dwarf)

1 pair of trait observed in parental (P) generation
offspring - 1st (F, ) and second (F,) generation

DOMINANT trait overcome in F,

RECESIVE trait,

which shows itself in generation F,

Tab. 3.1

Vysledky Mendelovych monohybridnich kiizeni

rodifovské variety potomstvo F; pomér
vysoké rostliny x nizké rostliny 787 vysoké, 277 nizké 1,84:1
kulati semena x hranati semena 5474 kulati, 1850 hranati 2,96 : 1
Zlutd semena x zelend semena 6022 zlutd, 2001 zelena 3,01:1
fialové kvéty x bilé kvéry 705 fialové, 224 bilé 3,15:1
klenuté lusky = zafkrcované lusky 882 klenurté, 299 zatkrcované 2,95:1
zelené lusky = Zluté lusky 418 zelené, 152 Zluté 2,82:1
tZlabni kvé&ty = vrcholové kvéty 631 ailabni, 207 vrcholové JA4:1

P generation Tall Dwarf
(True - _I?_rreeding} (True - breeding)
it

%@
2

F, generation
All tall (Selfed)

F, generation

gametes gametes

Heterozygous
tall plant

Heterozygous
fall plant

Offspring (F_)

genotypes (]

Genotypic Ratio : 1]

Phenotypes

Phenotypic Ratio
Monohybrid Cross



Monohybrid Cross

v @
CItti, E,;ﬂmﬁ*i“"" 2 identical copies of gene (alleles) segregate into
Bon
. b Choededol gametes
Gametes  y ¥ gamese.
N
] vy The heterozygous F; F, monohybrid (heterozygote) carry 2 different
s i e unique alleles in given proportion 50% (0,5)
Gametes v ¥
- > 9 Sef-poliination of the
L | Yellow Yellow  Fioffspring produces
e F oflspring with a 31
Yy ratio of yelkow to green

Yellow Graen SEeds. e e .
P gametes are joining randomly YY (0,25), Yy
® i\/ (0,25)*2, yy (0,25)

Genotype Phenotypo

Phenotypes Genotypes Fatio ratio
Yy 1 3
Yellow Yy o

Green vy 1 1




Identity of reciprocal crossing

There is no difference if trait comes from mother or father!

A cross, with the phenotype of each sex
reversed as compared with the original
cross, to test the role of parental sex on
inheritance pattern

— identical results in F,

74. Vysledek reciprokého kfiZeni v gene-
raci F1 u hrachu setého (Pisum sativum) pri
uplné dominanci.




dominant homozygote x heterozygote x heterozygote

recessive homozygote P A
: Aa x Aa
P: AAX aa

gameles

JAY:)

recessive homozygote x heterozygote dominant homozygote x

_ heterozygotee
P: aa x Aa
P: AA X Aa

AA Aa

JAVANAV:]
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Backcrossing - what kind of gametes and in what
ratio are present in hybrids?

* B, z— backcrossing of F, hybrid with parent with
recessive alleles for given trait (Aa x aa)

B, Aa x aa

Gametes of hybrid will join with
gametes of a parent carrying recessive
alleles = highlighting the combination
of alleles in gametes of the offspring!




P: RRx rr — F,=— Rr

Round Wrinkled Round

Backcrossing B1 (F1 x P)

F1 P Bl

B1 ,analytical” O —

With recessive parent

2 types of gametes R, r ; ratio 1 : 1 B1 - 2 phenotypes; ratio1: 1

B1 , non-analytical” o o — o o

With dominant parent

Only 1 type of phenotype



Mendel” s conclusions from the monohybrid
crossing

* Each trait (f.e. shape of the seed —round/wrinkled) is controlled by a
some form of inheritance factor or determiner (now known as genes)

* Every parent has a pair of genes in for every trait in all cells of the
organism

* Genes are transferred to the next generation by sex cells

* F1 generation from two true-breeded varieties has one allele dominant
over another, which is recessive. Those tow together create allelic pair

* F1 offsprings show only one parental trait - dominant

* The results of reciprocal crossing were all the same no matter whether
which parent transferred dominant or recessive allele



Mendel” s conclusions from the monohybrid
crossing

* only one of the two gene copies present in an organism is distributed to each
gamete (egg or sperm cell) that it makes, and the allocation of the gene copies is
random.

LAW of SEGREGATION

 Gametes fuse randomly and without regard to other associated gene pairs

* Trait not shown in F, generation reappeared in F, generation in 25 %
offsprigns and the most importantly

* Traits had qualities same in offsprings, did not blended and behaved as
distinct units!




Dihybrid Cross — 2 traits, are they inherited

independently?

Connection of two dominant
and two recessive traits

Each parent is homozygous
for 2 genes = 2 allelic pairs

Gametes — one allele from
each pair

Alleles of both pairs
segregates INDEPEDENTLY =

Dihybrid RrYy creates 4
types of gametes

Round, yellow

& Round, green
Whrinkled, yellow

4 Wrinkled, green

rle: Y'Y wmiperY
(wrinkled, yeliow) i

A Rir . ¥iy
(round, yellow)

i J
R/R,y/y =Ry

(round, green)
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1
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Dihybrid cross
Two possibilities pf parental crossing !!! Punett square

P Rrryr X nebo X rrYY

Gametes: RY ry ﬁ/ ry

F1 RrYy

F2.

fﬁ,& RY Ry ry ry

" RY| Rr RRYy RrYY y

N

Ry | RRYy y @
rY | RryY RpXy rr rrYy
ry RrpYy ry rrYy
Genotype ratio 1 2 2

RRYY

Phenotype ratio
9 R-Y- Round yellow
3 R-yy Round green
3 rrY -wrinkled yellow

1 rryy - wrinkled green

- & - - - - - - - F

® Diagonals of heterozygotes
and homozygotes

® Breed novelties
novel homozygous combinations
different from parents

g & A E kg 2 m 2

RRYy RRyy RrYY RrYy Rryy rrYY rrYy rryy



Dihybrid cross

0 Backcrossing

RrYy x rryy

S
xCe
((\e

@ RY Ry rY

ry RrYy @ rrYy

ry
4 phenotypes

RrYy Rryy rrYy rryy

s i = 1 1




Generalization for n-hybridism

n=1 n=2 General
Nr. of gametes of hybrid 2 =21 4 =22 [2° Number of
Nr. of different zygotes 3=3! |9=32 (3" —> |different
Nr. of different homozygotes * 2 = 21 4 = 22 2N genotypes
Nr. of raising novelties 0=2-2 [|2=22-2 [2"-2
Genotype ratio of F2 generation (1:2:1)1 (]_:2:]_)2 (1:2:1)"
Phenotype ratio of F2 generation** (3:1) 1 (3:1 )2 (3:1)"

* In all given allelic pairs
** |n case of complete dominance in all allelic pairs

n- level of hybridism
Aa — n=1
AaBb — n=2
AaBbCc — n=3




Mendel's conclusions from dihybrid
crossing

F, hybrids express only one variant from both parental traits — always dominant.

F, generation present novel variants completely different from parents ( in our
example yellow-wrinkled and round-green seeds). The exist because of new
combinations of parental genetic material = recombinants

Recombination of hereditary factors (genes) is made according to laws of
probability. Alleles of given genes are in each generation chosen randomly
(alleles of different genes are combined independently)

\ 4
LAW OF INDEPENDENT ASSORTMENT

* Hybrid F, generation showed all combinations of parental traits in specific
rat|0 9:3:3:1 (full dominance)



Mendel’s discoveries: overview

Traits are inherited as discreet pieces (elements)

Units of heredity (genes)
1) are material in nature
2) come in pair (inherited from mother and father)
3) they are twofold: dominant or recessive (hidden)
4) they are transmitted to the next generation via sex cells
5) they are inherited separately - they are not blended in nature

* F, offsprings show only one parental trait (dominant one)

Heterozygous alleles segregate into gametes in random fashion

Alleles of different genes segregate (combine itself) independently of each
other



Mendel's sweet pea traits...
nowadays

Dominant alelle - | T 4: I : t I;

..ATCGGGAATCGGACCCGATG... 1‘% if ¥

Round | Yelow | Infited | Green | Puple | Axal Tai

~ATCGGGAATCGTGACCGATG... | gm A ¢ iﬁ s
Recessive alelle - mutant ) A

Wrinkled | Green |Constricted | Yelow | White | Terminal | Short

l

Mutation In pea genes create new allele!



Seed shape — round x

wrinkled
RR x rr

Cause of creation of r allele (wrinkled):

Mutation (transposone insertion) in gene which encode enzyme
participating on creation of starch in seeds (SBEI) — development of

inactive version of the enzyme

Result:

Accumulation of sacharose in seeds — change of osmotic pressure —
wrinkled shape of the seeds after drying

EcoRl EcoRV Hindlll
RR rr RRrr RR rr
kb

231

9.4
6.6

4

: .:f 2 -3
i 20

- 06

Bhattacharyya et al. (1993)



Mendel's principles and chromosomes

a) The reason for segregation and combination of alleles is the behavior of chromosomes during meiosis
| (spacing of chromosomes during anaphase | of first meiotic division)

b) The principle of combination apply for genes located on different chromosomes

A B a b
Q P L X 3 >
-y oo 2 O
A B a b
/ A B a b
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- - 0O
0 7 DO oum
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Description of genes and alleles on metaphase
chromosomes

Gene A

Genotype AA

Genotype Aa ?

Metaphase chromosome = 2 identical chromatids!



AaBb  <—— gjhybrid — CcDd

R an

Linked genes (on same chromosome

DG
) i “ )c. TI""""?”""E"H

'll !( h “ ’ B umanraronge

mitosis




Exceptions from Mendel s ratios

Incomplete dominance
Effect of alelles of

Codominance
Multiple allelism — one gene

Lethal alleles

e Penetrance _
e Expressivity —> Gene interactions

e Pleiothropy _
e Phenocopy — Gene linkage



Phenotype effects of dominance

exceptions
AA Aa aa AA Aa aa AA Aa aa
1,0 1,0 1,0 -
! ' Aa-notin =
half Aa - exactly
50%
0,5 0,5 | 0,5 -
0,0 | . 0,0 - 0,0 -

Full Incomplete Codominance
dominance dominance




incompieie aominance — Anurrninum

majus
Explanation
Color of bloom depends on
amount of product .
Allele R - color production O % ¥
Heterozygote R'R? — approx.. ' :
half amount of color production v F *
compared to R'R' *
R'R2x R' R? F; XF % "%

R2R2 - no color l 4 | *

o § b4

1/4 R*R? white ;F % %




Incomplete dominance — human familial
hypercholesterolemia

xanthomas

e Hereditary disease, incidence
1/250 in CR, cca 500 mutations
described

e Caused by high levels of LDL
(low density lipoprotein)
cholesterol

e FH gene heterozygotes have
approx.. only half amount of

 Heterozygotes

Plasma cholesterol (milligrams/deciliter)

forFH LDL receptors responsible for
a0 - cholesterol
o o e Homozygotes in FH gene have
y - ' no receptors — very rare

Brain and heart attacks risk at age 20 years



Codominance — human blood groups

ABO Blood Types

Antigen A Antigen B Antigens A and B Neither antigen
A nor B

L)

Anti-B antibodies Anti-A antibodies Neither anti-A nor Both anti-A and
anti-B antibodies anti-B antibodies

)
Vi 4
Plasma I (€
{ = .
Blood type Type A Type B Type AB Type O \

Jack Westin

Erythrocytes

N

d

Gene I — chromosome 9, 3 alleles /A, B, |

Total of 6 genotypes
Heterozygotes AB express both antigens (both alleles active)
Codominant alleles A and B, both dominant to i

Importance — blood transfuses, paternity testing, ..

Blood Type Genotype
LA
A LA
A A
i AD
B,
I BB
B B .B B
i1
LA B
AB I AB
O if 00
Type A Type A
#op P
gl re| re gl re| g
Type AB | AB | Type AB | B
B slre|re| B slrel| p
AB | AB AB | B
Type A Type A
A ® ® i
5| AE | PP el re | s
Type AB | AB | Type AB | B
Bodwip s i Mt
A | A A |l o




Recessive lethal allele in humans — Tay
Sachs disease

e Mutation genu HEXA (enzyme hexozaminidase A

Tay-Sachs
absent) Disease
e Abnormal accumulation of lipid complex G,
ganglioside on the surface of neurons (function: I Y ]
protection of cells) due to absence of degradation B e

process of G,
e Newborns are normal

e After 6 moths of age — neurological degradation,
mental retardation, deafness, blindness, at 2 years
unable to move, death usually 3-4 years

e Ashkenazi Jews - heterozygotes Aa 1:30
(incidence 1:3600)




Penetrance and expresivity

Diseased - Complete Penetrance
e Incomplete penetrance — @ © ©
individuals do not show given .....--
trait, even though they have given
genotype

e Variable expressivity - the of
expression of gene differs in
individuals carrying same trait
(different phenotype

® Reason — effect of environment,
genetic background...1




DEFINITION

MEASUREMENTS
TAKEN IN

VARIABILITY

o o

Penetrance vs Expressivity

-

More Information Online

with a given genotype
who exhibit the

associated phenotype
with that genotype.

A population

Statistical variability

among a population of
genotypes.

WWW.DIFFERENCEBETWEEN.COM

" d
'

Percentage of individuals

The intensity of the
phenotype in an
individual.

A single individual

Individual variability.




Incomplete penetrance: polydactyly

expresses

e Influenced by genetic
background

i@iéi?&:ﬁb DT‘oTi
T

e The trait is conditioned by
a dominant mutant allele P

e Its expression is showed
in just a few individuals

Mutation effect not expressed
— healthy individuals

oful




Pleiotropy

- Most genes are pleiotropic

— one gene affects more than one
phenotypic character

» 1 gene affects more than 1 trait

« dwarfism (achondroplasia)

w_ww.xrayZUDD.ca.u'k

v 'ht'ti.ns://www.youtube.com/watch?v=0xehHPwTFtk&ab_channe



Phenocopy

traits induced by environmental effects are identical to
phenotypes caused by genotypes

Phocomelia — Teratogenic effect of
inherited malformations of thalidomide taken during
human arms and legs early pregnancy



Gene interactions

Traits are based on cooperation of more genes (pathways)

Gene interactions — quantitative traits arise from cooperation of
two and more allelic pairs from different genes

If two genes interact with each others, same rules as in dihybridism
applies (same for n — hybridism)

Differences are detectable in phenotypes — in cases gene
interactions there is lower number of phenotype classes



Gene interactions

e Epistasis dominant / recessive
in dominant epistasis, the dominant allele of one gene masks the expression of all alleles of another gene, while in recessive

epistasis (Dahlia variablis bloom colors)
the recessive alleles of one gene mask the expression of all alleles of another gene.

- Typical example — color of dogs coat

e Complementarity -
both dominant alleles are necessary for creation a product ( L. odoratus)

e Inhibition
inhibitive allele has not another effect on phenotype than ability to suppress an effect of dominant allele (Feathers color of

domestic fow)
e Multiplicity
bilateral relation of alleles of interactive genes, but in comparison with complementarity, each single dominant allele of any of
these genes, even in itself, is sufficient for expression of a corresponding trait.
a) non-cumulative (Siliqua shape of shepherd’s purse) - phenotype is determined any dominant allele
b) cumulative: (number Caryopsis color of wheat) - expression of phenotype is based on number of dominant / active alleles



Interaction of two genes
changes in F2 ratios

Dihybrid crossing 9:3:3:1
Inhibition 13:3
Complementarity 9.7
Re_cessive epistasis 9:3:4
Dominant epistasis 12:3:1
Duplicity non-cumulative 15:1
Duplicity cumulative (dominant) 9:6:1




Heredity of sexuality and sex-linked traits

e Evolution — asexual to sexual and haploid to diploid
organisms

® Reason = to maximize to genotype variability

e Sexual organisms — change of haploid / diploid stage,
reduction of diploid number of chromosomes (meiosis)

® Some organisms can reproduce asexually or can change
periods of sexual /asexual reproduction

e The most of the eukaryotic organisms use sexual
reproduction



Heredity of sexuality and sex-linked traits

e Basic features of sexuality are the same in all
eukaryotes — there are two types of sex (sexual
organs with production of male or female gametes)
and new generation arise from connection of both

gametes
e Anisogamy - difference in size of male / female

gametes )

e Evolution of separate sex leads to creation

Man 1072 sperms per life

of haploid gametes - meiosis Woman 2.5 millions of
oocytes only 400 will mature



Heredity of sexuality and sex-linked traits

Sexual differentiation

e Primary differentiation
— Include creation of reproduction organs (gonads)

e Secondary differentiation

— Include differentiation of other organs (mammary glands, genitalia, etc.)

e Organisms can carry

A) just one type of gonads (male / female) dioecious (plants) , gonochorism (animals, higher mammals)
- The sex in gonochorism is determined by genetic traits (GSD) or by environmental factors (ESD)

B) both male and female gonads at same time - monoecious, hermaphrodites



Discovery of sex chromosomes

1891: H. Henking — ,additional® chromosome in Pyrrhocoris males

1902: McClung - two types of sperm in several kinds of insect

1905: N. Stevens - discovery of sex chromosomes in Tenebrio
- small one (Y) is responsible for male sex determination

1906: E.B. Wilson — XY designation of sex chromosomes
- Protenor AAXX — females, AAXY males

1913: Seiler: butterflies AAXY — females, AAXX males



Chromosomal determination of sex

Autosomes (somatic) x gonosomes (sex chromosomes)
Humans 22 pairs of autosomes + 1 pair of gonosomes
Designation of sex chromosomes: X and Y (or Z and W)
XX: homogametic sex (one type of gametes)

XY: heterogametic sex (two types of gametes)

AA: two batches of autosomes

e There are 3 basic systems of chromosomal determination of sex
e mammal type — (Drosophila)

e bird type — (Abraxas)

® type Protenor




Chromosomal determination of sex:
Mammal type

Female sex: AA XX - homogametic ety
Male sex: AA XY — heterogametic |

Each pair produce 50% of sons and 50% of
daughters = sex ratio 1:1

Carriers of the sex traits are males

O~
§.0r 2
g_)wk&e—e.\-led\-‘r‘ema\c.\l O g’ \g’

X Y
Two types of sperms are produced with ¢ S e
females @ waales O7
same probability
F -
Eggs are a.lways of sa.me genotype (X) ~ o - ="
Mammals, insect, reptiles, several plants GP X, X XY
F, XX XY
1 1
50% 50%




Mammal type of sex determination in
plants — dioecious type of plants

XX female and XY male plants



Chromosomal determination of sex — bird
type

Designation of genotypes ZW - females, ZZ males

Carriers of sex traits — females (2 types of eggs — Z,W o

M a Ies prod uce On Iy One type Of Spe rm (Z) JAE;I.‘I:::::::‘:; - ggééﬁagszlﬁJzasniazr:'IZ(ﬂlnogsifzt:er;'z:;22010?3\\'! Snuégmplu%aniﬂztﬁﬁ?gg uuuuuuu
- z:l::':::':;ue The avian Z-linked gene DMRT1 is

Chromosome Z — locus of DMRT1 gene — Qe Cheken o cmasen e

development of male gonads require 2 copies IO ST

If one copy is disabled — females




Chromosomal determination of sex — type
Protenor

e Protenor (Lygaeus kalmii)
e Female sex: AA XX - homogametic; Male sex: AA X - heterogametic

e Mostly insect species Parents XX x XO
Female Male

Gametes e @ @

MqUllo gamete

Female XX X0 Male

Sex ratio 1 : 1
Females — 14 chromosomes
Protenor (Lygaeus kalmii) Males — 13 chromosomes




cnromosomal determination or sex: naplio -
diplpoidy

P generation
Female Male

\ - (2n) ()
e Order Hymenoptera 2 2 O : |
(bees, ants, wasps) | 50 % c—‘—; —
Gametes M Egg ,Egg 100 % Sperm
® Bees

No fertilization
- no sex chromosomes

- sex is determined by total number of chromosomes

e Females: AA - diploid
e Males: A -haploid

— Fertilized eggs (2n) produce females
— Un-fertilized eggs (1n) - parthenogenesis = males

-~ Females have on average 75 % of common genes — higher ‘\ ﬁ '1
genetic affinity — high level of social cooperation = o -

Fig_04-06 Ganetics, Second Edion © 2005 WH. Freeman and Gompany

n=16, 2n=32



Environmental sex determination (ESD)

e Sex is determined by external factors f. e.
a) Temperature (reptiles) - genetics (XX/XY or ZZ/ZW)+TSD (temperature dependent sex determination)

l-.,mpn,ratun, dL‘pLI]dLnl

—Il

b) Social factors - Bonellia viridis

— |If egg develops in isolation = females

— If egg migrates into the tract of female = males
— Males 1000x smaller than females




Genetic determination in humans

® Presence of different sex chromosomes and product of
one specific gene SRY (sex-related region Y) determine the
phenotype (sex) of the individual

e Expression of SRY activate the cascade of events leading to
development of female or male gonads (master-switch
sex determining gene)



Determination of sex in humans —
significance of chromosome Y

Karyotype:
Male 46,XY

Female 46,XX

7 8
_st - _ﬁé
L
14 15
_i;g_ _B__ﬁ-_
20 21

Frg
Hln:-!

16

e

22

46

tid
28 12
L i :l:

g ®
i 3

X -1669 genes 7 I

Y — 200 genes X ¥

(50-60 genes protein-coding)

45X — females

>
47,XXY- males

Proof of chromosome Y is
responsible for sex
determination



Genes located on chromosome Y

Sex differentiation, sperm production 1t — N o R
10-15% sequences comes from ~  Shortarm —
Euchromatin SRY, RPS4Y1, ZFY, TGIF2LY, PCDH11Y, TSPY2, AME

YP  Tspva, TSPYs, TSPY3, TSPY1, TSPY10

chromosome X

Centromere — x

Cca 60 millions of base pairs AZFa  USPOY, DDX3Y, UTY, TB4Y
Yq
Spermatogenesis - genes encode 9 protein N |
o . . ongarm
families in 2-35x copies Euchromatin AZFL
Sex Chromosome AZFc
B XY
Homologous region
betw?aenXa?de= ' ' - sterochromatin ——
¥ /_m_'rxztﬁgnce
Non-homologous region
between X and Y
}'nke':
inheritance PAR2 _{

320kb VAMPT, ILSR, HSPRY3, SYBL1, CXYorf!

shutterstuck:




Development of sex in humans

® |long-term process — start at 1st trimester
e activation of 37 proteins + sex hormones

e Ended after individual sexual maturation

Primordial
Genital Ridge
DAX1 WT1, Lhx-9, Lim-1 FOXL2
DHH Sf1, Emx2, Gata-4 Fst
cBS2 WNT-4
SOX9 R-spondini
SRY
Wnt 7a
. HOXas
Testis Pas2 LIM1 Ovary
MALMD1  Testosterone NOBOX
CXorf6 Mis BNP15
il GDF9
LHR :

Semiferous Uterus FIGLA
=i Tubules, Tubes FSHR
Fgﬁz Prostate Vagina Estradiol
TSPYL1

DihydroTestosterone
External Genitals External Genitals

Information derived from MacLaughlin, NEJM, 2004

Fig. 1. Sex determination and gonadal differentiation require many proteins and endoecrine stimulants to engender a fetus.! '"MacLaughlin DT, Donahoe PK. Sex determination and
differentiation. N Engl | Med. 2004;350 [4]:367-378.

Indifferent stage

Gonad

Wolffian duct

i [
o i
Y chromosome Y chromosome
present absent

\ 2

Testes

Vas deferens % Fallopian tube

Penis

Testis

Female

Mullerian duct




(A) = \Primordal female germ cell &
dert gz 8
5 months i oo
in uter 7 22 mitot
l / \ / \ divisions
j i
e i e
Birth J
= o * = + =
Sexual !
maturity First polar body L o aiotic
fﬂ [ divisions
Fertilizatio! |
Second polar body J
Zygote
B Primordal male germ cell
(B) -
15 years / \ / \ \ 30 mitotic
/ \ i / \ / \ divisions
Yk T / \ S
Puberty S) S)
One stem-c // \
division e 4
16 days / \
) L 4 mitotic
/ \ / divisions
Sy .ﬂ
X / < /J\ K
M MM M M M M M >
o A
: M M 2 meiotic
S) stem cell ‘ / \ divisions
G) gonial cell * Spermatids @@ @
| i i
ioti Il | |
e e Spermatozoa \ I\
cell death s Sl

tll by apoptosis

Differences In
development of gametes
in humans

Women — 24 cell divisions

Men - 25 years
sperms — 265 divisions

Men - 50 years
sperms - 840 divisions !!!
Spermatogenesis - 64 days

!

DNA replication — errors in the
process - mutations in older men



Different classifications of biological sexual characteristics

Conventionally male

Karyotypic
Genotypic
GONADAL
Gonadal
SOMATIC
Primary somatic

Secondary somatic

XY
SRY positive

Testes

Penis, scrotum

Face and body hair

Narrower hip structure

Greater upper body strength
Ability to rapidly gain muscle mass

Conventionally female

XX

SRY negative

Ovaries

Vagina, cervix, uterus, fallopian tubes, clitoris

Breasts

Little face and body hair
Broader hip structure

Less upper body strength

Less ability to add muscle mass
Increased body fat

Menstrual cycle




Heredity of sex-linked genes

Gonosomes (X,Y) are consisted of two regions

carrying genes — heterologous and Homaloaous
Segment
homologous U U U
XY XX
. : — o Q
e Non-homologous regions - determine
genes with full sex-linked inheritance o
. . Homologous
e Homologous regions - determine genes B
with incomplete sex-linked inheritance (= Chromosome Chromosome

Mendel s laws)

— Genes with loci of Y non-homologous regions
determine holandric traits (father to son — Y-
linked inheritance)

— Genes with loci in non-homologous regions of X
chromosome - X-linked inheritance




Morgan’s discovery of non-
Mendelian ratios in Drosophila

* Mendel was the pea guy

* Developed a theory to explain all his
results = law of independent
assortment

» New results from 20t™ century didn’t
fit his model

* Thomas Hunt Morgan developed the
idea of linked genes to explain the
?Ino malies investigating Drosophila

ies

* Male and female flies showed
different inheritance patterns = sex
linkage

“II-_.."‘




T.H. Morgan 1910

“Certain factors follow the
distribution of the X
chromosome and are therefore

supposed to be contained In
them.”

Genes lie on chromosomes !!!

SEX LIMITED INHERITANCE

IN DROSOPHILA

T. H MoORGAN

Woods Hole, Massachusetts

Sex-linkage heredity

MENDELIAN SEGREGATION 19

;- /) i;i

y /"‘s :-"-.-,—,‘# ] ‘J'
] g\ it
] \f / \ i .'I *"‘ /
LI Ly

Fra. 10.—~White-eyed female by red-eyed male (D ampeioph:]a}.
The factors for these characters are carried by the X chromosomes, the
factor for red by the black X, and the factor for the white by the Lu 1 X
The history of the chromosomes is shown in the middle of the ::{Jagram.



Sex-linked heredity
D. melanogaster

Genes located on non-homologous region of chromosome Y

\ i LY X
00 x ([ 00 x @8
\ & ) \J\ J CROSS heredity !

P
X+X+ XwyY XwXw |X+Y
N —
\ \/ 3 \
F1 00 x 00 00 < (D
x+)(wl X+Y XWX+1 XwY
A %\uizpf\

\ Non-uniform!

5 pavs . 5 N[
oolRooN | YooK |

X+X+ X+4Y X+Xw XwY XwXw X+Xw XwY X+Y

Mendel s law of uniformity of F1 hybrids and identity of reciprocal cross does not apply here !!!



1.

Rules of sex-linked inheritance (Morgan
1910)

If an individual carry dominant sex-linked trait (gene), whole F1
population will show same trait as dominant parent regardless of sex.
In F2 there will be ratio 3:1 in this trait and individuals carrying
recessive variant (allele) will be same sex as recessive

If individuals with homogametic sex carry recessive sex-linked trait
(gene), there will be shown both dominant and recessive variants but
in opposite sex than in parents. In F2 regeneration the both variants
will manifest with same frequency in whole population and in
population of given sex




X-linked recessive inheritance

® Recessive allele in males — s e | SN SR
hemizygous (only one member of ) g

® Produce affected males in most times #ﬁ e ' —_—

1) XAXA x X2Y (women healthy) (? ., |2 26 () @
- Healthy sons; daughters = carriers of the T& -‘ L- F 54 i

disease

e XAX? x XAY (women carrier, man .

healthy) . g—m

- Y sons affected, % carriers " 06 00 [
-~ Rare cases in women: daughters of affected | '
man + woman carrier; women with 45,X “’ | o0 O+© W ?;C)
karyotype — ——
v gom 0OmO® mOO

e Examples: DMD, Hunter disease




Haemophilia: 1/10000 in men; 1/100 000 in women
zen — pedigree of europeanm ruling houses

Wound
olEq | i
W Alexej
Factor Xl Factor Xlla
oV Eq |
2 %
Factor XI Factor Xla
o1Eq |
OV
Factor IX FactorIXa

(Absent in hemophilia B) o V

©2009 John Wiley & Sons, Inc. All rights reserved.
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