The Chromosoma




Overview: Locating Genes Along Chromosomes

 Mendel’s “hereditary factors” were genes,
though this wasn’t known at the time

* Today we can show that genes are located on
chromosomes*

* The location of a particular gene can be seen
by tagging isolated chromosomes with a
fluorescent dye that highlights the gene

iyt :{* *Note: Mitochondria DNA (mtDNA) encodes 37 genes in human.
- Y mtDNA is inherited from the mother (maternally inherited).




Finding Genes on Chromosomes

 Genes are located on chromosomes

Location of Gene on Chromosome can be
visualized using certain molecular labeling
techniques . FISH (Fluorescent in situ hybridization) technique

Fluoresence In Situ Hybridization
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Flgure 15.1 Enlarged image on next page



FISH: Fluorescence in situ hybridization

Labeling with
fluorescent

http://www.nature.com/scitable/topic e/fluorescence-in-situ-hybridization-fish-327
http://en.wikipedia.org/wiki/Fluorescence in situ hybridization



http://www.nature.com/scitable/topicpage/fluorescence-in-situ-hybridization-fish-327
http://en.wikipedia.org/wiki/Fluorescence_in_situ_hybridization

Figure 15.1

Gene, cell nucleus and the cytoplasm: Cell Multiple staining

The Pem gene (in purple) is shown to be
localized in the cell nucleus (stained.blue), and
the cytoplasm is stained green.
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“‘Alzheimer” Zebrafish - stained for Tau (red),
neurons (green), and pathologic Tau (blue).

Vasculature - the
transparency of zebrafish
larvae makes it possible
to use high-resolution
imaging to visualize in
detail the entire system of
blood vessels.
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Concept 15.1: Mendelian inheritance has its
physical basis in the behavior of chromosomes

 Mitosis and meiosis were first described In the
late 1800s (ch13)

 The chromosome theory of inheritance states:

— Mendelian genes have specific loci (positions) on
chromosomes

— Chromosomes undergo segregation and independent
assortment

* The behavior of chromosomes during meiosis
was said to account for Mendel's laws of
segregation and independent assortment

(E M BERE Z B R 4N th AV R )




Figure 15.2a

The chromosomal basis of Mendel’s Laws
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Figure 15.2b
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Figure 15.2¢
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EXTRA

Common
Name

Black bread mold
Broad bean

Cat

Cattle

Chicken
Chimpanzee
Corn

Cotton

Dog

Evening primrose
Frog

Fruit fly

Garden onion
Garden pea
Grasshopper
Green alga

Horse

House fly

Horse - 64 Chromosomes
Fertile

THE HAPLOID NUMBER OF CHROMOSOMES FOR A VARIETY OF ORGANISMS

Scientific
Name

Aspergillus nidulans

Vicia faba

Felis domesticus
Bos taurus

Gallus domesticus
Pan troglodytes
Zea mays

Gossypium hirsutum

Canis familiaris

Oenothera biennis

Rana pipiens

Drosophila melanogaster

Allium cepa
Pisum sativum

Melanoplus differentialis
Chlamydomonas reinhardi

Equus caballus
Musca domestica

Donkey - 62 Chromosomes
Fertile

Haploid
Number

8
6
19
30
39
24
10
26
39
7
13
4
8
7
12
18
32

Common
Name

House mouse
Human

Jimson weed
Mosquito
Mustard plant
Pink bread mold
Potato

Rhesus monkey
Roundworm
Silkworm

Slime mold
Snapdragon
Tobacco
Tomato

Water fly
Wheat

Yeast

Zebrafish

Mule - 63 Chromosomes

Infertile (Mostly)

Scientific
Name

Mus musculus

Homo sapiens

Datura stramonium
Culex pipiens
Arabidopsis thaliana
Neurospora crassa
Solanum tuberosum
Macaca mulatta
Caenorhabditis elegans
Bombyx mori
Dictyostelium discoidium
Antirrhinum majus
Nicotiana tabacum
Lycopersicon esculentum
Nymphaea alba

Triticum aestivum
Saccharomyces cerevisiae
Danio rerio

Haploid
Number

20
23
12
3
5
7
24
21
6
28
7
8
24
12
80
21
16
25

Phal Purple Martin 4n (left) vs 2n (right)




Today, pea Is replaced by
Arabidopsis (fe[fiZ{H7F) as the primary model plant




Is there Money In Genetic Research ?

« Genome Editing

Technologies
+ (i.e. CRISPR/Cas9)

* Genetically modified
Ny zg%: organism (GmMo)
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http://www.genomics.cn/

Morgan’s Experimental Evidence:
Scientific Inquiry

Pea has its limitation....

Fruit Fly RIfE as the
Model Organism for genetics

Thomas Hunt Morgan (1866-1945)

— Provided convincing evidence that
chromosomes are the location of Mendel’s
heritable factors




Morgan’s Choice of Experimental Organism

BEREINEY

Morgan worked with fruit flies (Drosophila)
— Because they breed at a high rate
— A new generation can be bred every two weeks
— They have only four pairs of chromosomes



The life cycle of Drosophila melanogaster

female male

1st instar larva

2nd instar larva

3rd instar larva



Wild type vs. Mutant phenotype

* Morgan noted wild type, or normal,
phenotypes that were common in the fly
populations

 Tralts alternative to the wild type are called
mutant phenotypes




Fig. 15-3
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Correlating Behavior of a Gene’s Alleles with
Behavior of a Chromosome Pair

* In one experiment, Morgan mated male flies
with white eyes (mutant) with female flies with

red eyes (wild type)

— The F, generation all had red eyes

— The F, generation showed the 3:1 red:white
eye ratio, but only males had white eyes

* Morgan determined that the white-eyed mutant
allele must be located on the X chromosome

* Morgan’s finding supported the chromosome
theory of inheritance




Figure 15.4a

Similar to Mendel’s experimental design

Experiment

P =
Generation Qﬁ I %Oﬂ

F, All offspring
Generation % had red eyes.

Results

Generatlon 9% 9% %O" %O’

3:1 ratio was observed.
But, why male only?

© 2014 Pearson Education, Inc.
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Concept 15.2: Sex-linked genes exhibit unique
patterns of inheritance

* In humans and some other animals, there Is a
chromosomal basis of sex determination

—

—

Hermaphrodite mgigm3se
In Louvre
discovered in 1608

Sequential hermaphrodite Simultaneous hermaphrodite



http://upload.wikimedia.org/wikipedia/commons/6/65/Borghese_Hermaphroditus_Louvre_Ma231.jpg
http://upload.wikimedia.org/wikipedia/commons/6/65/Borghese_Hermaphroditus_Louvre_Ma231.jpg
http://en.wikipedia.org/wiki/File:Mating_earthworms.jpg
http://en.wikipedia.org/wiki/File:Mating_earthworms.jpg
http://en.wikipedia.org/wiki/File:Grapevinesnail_01a.jpg
http://en.wikipedia.org/wiki/File:Grapevinesnail_01a.jpg

The Chromosomal Basis of Sex

* In humans and other mammals, there are two
varieties of sex chromosomes: a larger X
chromosome and a smaller Y chromosome

* Only the ends of the Y chromosome have
regions that are homologous with the X
chromosome

« The SRY gene on the Y chromosome codes
for the development of testes




Fig. 15-5

Human sex chromosomes

L ; i
Short arm—{ - &8 Sex-determining

& “~region Y
entromere (SRY) gene

Long arm This gene is Y

linked because it is
found only on the

w W Y chromosome.

Y chromosome

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

Question: can you think of any applications
based on this knowledge of SRY gene?



XX Vvs. XY In human

« Females are XX, and males are XY

« Each ovum contains an X chromosome, while a
sperm may contain either an Xora Y
chromosome — X-Y system

 Other animals have different methods of sex
determination

— X-0 system, Z-W system; Haplo-diploid system




(a) The X-Y system Z£Ygotes (offspring)

Diversity of Life
@ y

(b) The X-0 system Some chromosomal systems

of sex determination
1 &

o ¢ o8
(c) The Z-W system

32 16
2 o4

(d) The haplo-diploid system
©2011 Pearson Education, Inc. Figure 15.6




Fig. 15-6a

or . ®

Sperm Egg

@ - @

Zygotes (offspring)

Whether X or Y In sperm




Fig. 15-6b

Sperm cell contains an
X or no chromosome

(b) The X-0 system
Copyright € 2008 Paarson Education, Inc,, publishing as Pearson Banjamin Cummings



Fig. 15-6C

Sex chromosome in the eqg

Copyright @ 2008 Pearson Education, Inc., publishing as Pearson Banjamin Cummings



Fig. 15-6d

Fertilized eqg — females
Unfertilized egg — males; no father

- -
(d) [he haplo-dlpI0|d system
Copyright @ 2008 Pearson Education, Inc., publishing as Pearson Banjamin Cummings



Inheritance of Sex-Linked Genes

* The sex chromosomes have genes for many
characters unrelated to sex

* A gene located on either sex chromosome Is
called a sex-linked gene

* In humans, sex-linked usually refers to a gene
on the larger X chromosome




Sex-linked recessive disorders in males

» Sex-linked genes follow specific patterns of
Inheritance

* For a recessive sex-linked trait to be expressed

— A female needs two copies of the allele

— A male needs only one copy of the allele

e Sex-linked recessive disorders are much
more common in males than in females
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The transmission of sex-linked recessive traits
(using color blindness 85 as an example)

Normal Color-blind Carrier Normal Carrier Color-blind

D [xvxN| x| Xey | 3 Q(xvxn| x | XdY |3 QIxvxn | x| Xay | 3

\f T Y

Sperm @'\/@\/ Sperm @\/@/ Sperm @\/@/

Eggs @ XNXn | XNY Eggs @ XNXN | XNY Eggs @ XNXn [ XNY
@ XNXm | XNY @ XNXnm | XnY @ Xnxm | XnY

(@) (b) (€)

©2011 Pearson Education, Inc. Car I’I erm Oth er

_ Carrier mother
Color-blind father 15 Carrier daughter Color-blind father

Dom.lnant homozygote mother 1, Affected son Y Affected son
Carrier daughter Y% Carrier daughter
Unaffected son Y, Affected daughter

Figure 15.7



Sex-linked recessive disorders in males

 Defined: Inherited conditions found on
X chromosome

« Usually recessive
 Females: XX chromosomes
XH XH = healthy
XH X" = healthy carrier
Xh X = disease
 Males: XY chromosomes
XAY = healthy
XY = disease
« Rare in women (back-up X
chromosome)

« Ex: Colorblindness, Hemophilia,
Muscular dystrophy

or




X-linked recessive, carrier mother

Unaffected
father

Y

£
B Unaffected Alt ti
o kit ernative
‘[ Carrier View

A

i,
i

Unaffected Unaffected Carrier Affected
son daughter daughter son

U.S. National Library of Medicine




X chromosome diseases

» Some disorders caused by recessive alleles on
the X chromosome in humans:

— Color blindness (&5
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— Duchenne muscular dys.troph

AN ZE4ETE)

— Hemophilia (I &Z¥K)



http://bryanking.net/hemophilia/
http://bryanking.net/hemophilia/

X Inactivation in Female Mammals

* In mammalian females, one of the two X
chromosomes in each cell is randomly
Inactivated during embryonic development

To present over-expression!

* The Inactive X condenses into a Barr body

* |f a female is heterozygous for a particular
gene located on the X chromosome, she will be

a mosaic for that character Femaeis Male (XY)
gL ® o
e ¥ oy |2
z ‘ " / nuclear&elo%
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Fig. 15-8
X chromosomes
. Allele for

orange fur
Early embryo:
Allele for
¥ black fur
Cell division and
X chromosome
Two cell Inactivation
populations — —,
in adult cat: | five X Active X
Active X nactive
Blabk—fur Oréﬁé—é fur

X Inactivation and
the tortoiseshell cat
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Thinking Question: how to perform gender test?

« Past and current Gender testing at the Olympics
games

Female/male body parts d (‘é( 5

X/Y chromosome

SRY gene on Y chromosome

Barr Body

Testosterone levels (200-1200 ng/dl blood for
males; 15-80 ng/dl blood for females)

bk wWhE

Caster Semenya (1991-)

She is a South African middle-distance
runner and 2016 Olympic gold medallist.
(¥ F800M)




Concept 15.3: Linked genes tend to be inherited
together because they are located near each other on
the same chromosome

 Each chromosome has i
hundreds or thousands of ¥
genes ey

3§ «5

* Genes located on the same
chromosome that tend to
be inherited together are "™ 9{
called linked genes

-

W =

http://digilander.libero.it
/avifauna/articoli_ornico
Itura/PHTright7.html
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How Linkage Affects Inheritance

* Morgan did other experiments with fruit flies to
see how linkage affects inheritance of two
characters

— Morgan crossed flies that differed in traits of
body color (gray vs. black) and wing size
(normal vs. vestigial s - B1t)

Gray body: b+ Black body: b

Normal wings: vg+ Vestigial wings: vg




Figure 15.9a

/ Ch 14 Recombinant \
Chromosomes

WAC

Crossover YR Yr yR yr

Experiment

P Generation
(homozygous)

Wild type (gray NS/ ° Double mutant
body, normal ~o @ (black body, vestigial
' | wings)

wings)

b*b*vg*vg* Y b b vg vg
F, dihybrid testcross Homozygous

Wild-type F; dihybrid recessive (black
(gray body, normal body, vestigial
wings) wings)

b* b vg*vg Q & b bvgvg

© 2014 Pearson Education, Inc.



How does linkage between two genes
affect inheritance of characters?

Parents in testcross

Dihybrid female
Homozygous recessive male

Most offspring




Figure 15.9b

Experiment

Testcross
offspring

Sperm

PREDICTED RATIOS

Genes on different
chromosomes:

Genes on the same
chromosome:

Results

1

Wild type Black- Gray- Black-
(gray-normal)| vestigial vestigial normal
g
b*bvg*tvg| bbvgvg |b*bvgvg|bbvg*vg
1 1 1 1
1 1 0
965 944 206

Note: Statistical analysis: Chi-Square (X?) Test on Page 358

© 2014 Pearson Education, Inc.




Parental phenotypes inherited together

* New findings:

— Morgan found that body color and wing size
are usually inherited together in specific
combinations (parental phenotypes)

— He noted that these genes do not assort
Independently, and reasoned that they were
on the same chromosome




Genetic recombination R AERRR

« However, non-parental phenotypes (the
production of offspring with combinations of
traits differing from either parent) were also

produced!

* Understanding this result involves exploring
genetic recombination a=s4




. o _ AR R T R A A5
Genetic Recombination and Linkage

* The genetic findings of Mendel and Morgan
relate to the chromosomal basis of
recombination

Review Chl13

http://creationwiki.org/Genetic_recombination




Recombination of Unlinked Genes: Independent
Assortment of Chromosomes

» Offspring with a phenotype matching one of the
parental phenotypes are called parental types

» Offspring with nonparental phenotypes (new
combinations of traits) are called recombinant

types, or recombinants

* A 50% frequency of recombination Is observed
for any two genes on different chromosomes




Mendel has reported “recombinants” without knowledge of
chromosome & genetic linkage:

Independent Assortment of Chromosomes

Gametes from green-

wrinkled homozygous <
recessive parent (yyrr)

Gametes from yellow-round
heterozygous parent (YyRr)

® @ ® @

>l

: .l

offspri

ng

YyRr yyrr Yyrr yyRr
N\ J\ J
Y Y
Parental- Recombinant
type offspring



Recombination of Linked Genes: Crossing Over

* Morgan discovered that genes can be linked,
but the linkage was incomplete, as evident
from recombinant phenotypes

* Morgan proposed that some process must
sometimes break the physical connection
between genes on the same chromosome

* That mechanism was the crossing over of
homologous chromosomes

I K I

I
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Figure 15.10a

P generation (homozygous)

Wild type (gray body, Double mutant (black body,
normal wings) vestigial wings)
b* vg* ¢ b v
==ng o ‘:il—[g
GEEED isr— ———
b* vg* ( b vg
\// J
Wild-type F,

dihybrid (gray body,
normal wings)

© 2014 Pearson Education, Inc.



Figure 15.10b

F. dihybrid testcross .
1 Ay b+ vg* \a}é/ bv

=.=E Homozygous

Wild-type F; .
dihybrid — tl) lv»g GI? recessive
| V9 (black bod
(gray body, A (black body,
normal wings) \ l vestigial wings)
btvg*t @ b vg
= == =SE=B
b*vg* b vg
b vg b vg
Sk . e
Meiosis I l Vo / | VY
b* vg*
SET
b* vg Meiosis I and II
b vg*
— = ] _
b vg Recombinant
Meiosis II l chromosomes
Y
b vg
(— e
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Figure 15.10c

Meiosis 11

Testcross
offspring

Recombinant /
chromosomes ‘

965 944 206 185
Wild type Black- Gray- Black-
(gray-normal)| vestigial | vestigial normal
b+ vg* b vg b+ vg b vg*
Gadad 1) GaED| C I=»
eIl | =D | e=iah
b vg b vg b vg b vg
J\. J

Parentyal-type
offspring

Recorﬁbinant
offspring

b vg

Sperm

Recombination=
frequency

391 recombinants

2,300 total offspring

X 100 = 17%

/
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Mapping the Distance Between Genes Using
Recombination Data: Scientific Inquiry

 Alfred Sturtevant, one of Morgan’s students,
constructed a genetic map, an ordered list of
the genetic loci along a particular chromosome

 Sturtevant predicted that the farther apart two
genes are, the higher the probability that a
crossover will occur between them and
therefore the higher the recombination
frequency T |

| ! ]




Constructing a Linkage Map

A linkage map Is a genetic map of a
chromosome based on recombination
frequencies

Distances between genes can be expressed as
map units; one map unit, or centimorgan,
represents a 1% recombination frequency

Map units indicate relative distance and order,
not precise locations of genes




Fig. 15-11

Construction of a linkage map

Recombination
frequencies

9% =4 9.5% >

Chromosome




Physically linked may be genetically unlinked

* Genes that are far apart on the same
chromosome can have a recombination
frequency near 50%

— Such genes are physically linked, but
genetically unlinked, and behave as if found
on different chromosomes




» Sturtevant used recombination frequencies to
make linkage maps of fruit fly genes

» Using methods like chromosomal banding,
geneticists can develop cytogenetic maps of
chromosomes

« Cytogenetic maps indicate the positions of
genes with respect to chromosomal features




Fig. 15-12 Mutant phenotypes

Short Black Cinnabar Vestigial Brown
aristae body eyes wings eyes
67.0 104.5

0 48.5 57.5

Long aristae Gray Red Normal Red
(appendages body eyes wings eyes
on head)

Wild-type phenotypes

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin C
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Human vs. Mouse genome

Pay attention to the distribution of color segments
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Concept 15.4: Alterations of chromosome number
or structure cause some genetic disorders

« Large-scale chromosomal alterations

— often lead to spontaneous abortions
(miscarriages) or cause a variety of
developmental disorders

Varients of Tisomy 21 Insomy 18

v ME W

Image from: http://mattressessale.eu/tag/chromosomal-abnormalities




Abnormal Chromosome Number

* In nondisjunction, pairs of homologous
chromosomes do not separate normally during

melosIs

* As a result, one gamete receives two of the
same type of chromosome, and another
gamete receives no copy




Fi 15.13-1 ; .
gure Melosis 1

Nondisjunction
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Figure 15.13-2 ] .
J Meiosis I

Nondisjunction

Meiosis 11

disjunction

© 2014 Pearson Education, Inc.



Fi 15.13-3 . ;
oure Meiosis I
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Video: Nondisjunction in Mitosis
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Abnormal chromosome number
* Aneuploidy3Ez#Z32 results from the fertilization
of gametes in which nondisjunction occurred

 Offspring with this condition have an abnormal
number of a particular chromosome

« A monosomic zygote has only one
copy of a particular chromosome

« Atrisomic zygote has three copies
of a particular chromosome




Abnormal chromosome number

* Polyploidy Is a condition in which an organism
has more than two complete sets of
chromosomes

— Triploidy (3n) is three sets of chromosomes
— Tetraploidy (4n) is four sets of chromosomes
* Polyploidy is common in plants, but not animals

* Polyploids are more normal in appearance than
aneuploids
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Alterations of Chromosome Structure

* Breakage of a chromosome can lead to four
types of changes in chromosome structure:

— Deletion removes a chromosomal segment
— Duplication repeats a segment

— Inversion reverses a segment within a
chromosome

— Translocation moves a segment from one
chromosome to another

See Figure next




Figure 15.14a

Alternations of chromosome structure
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Figure 15.14b

Alternations of chromosome structure
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(c) Inversion
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Human Disorders Due to Chromosomal
Alterations

e Alterations of chromosome number and structure
are associated with some serious disorders

— Some types of aneuploidy appear to upset
the genetic balance less than others,
resulting in individuals surviving to birth and
beyond

— These surviving individuals have a set of
symptoms, or syndrome, characteristic of
the type of aneuploidy
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Down Syndrome (Trisomy 21) B ERIEREERE

 Down syndrome is an aneuploid condition that

results from three copies of chromosome 21
(which results in overexpression of the genes on the
aneuploid chromosome).

* |t affects about one out of every 700 children
born In the United States

* The frequency of Down syndrome increases
with the age of the mother, a correlation that
has not been fully explained
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Aneuploldy sremeem of Sex Chromosomes

* Nondisjunction of sex chromosomes produces
a variety of aneuploid conditions o
% (3

i e R e

— Klinefelter syndrome is the result of an
extra chromosome in a male, producing
XXY Individuals

— Monosomy X, called Turner syndrome,
produces X0 females, who are sterile; It Is
the only known viable monosomy in humans
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Disorders Caused by Structurally Altered
Chromosomes

* The syndrome cri du chat (“cry of the cat”),
results from a specific deletion in chromosome 5

— A child born with this syndrome is mentally
retarded and has a catlike cry (G558E);

iIndividuals usually die in infancy or early
childhood




Disorders Caused by Structurally Altered
Chromosomes

 Certain cancers, including chronic myelogenous
leukemia (CML), are caused by translocations of
chromosomes

« Chronic myelogenous leukemia (CML / &4
E85MEE f197), are caused by translocations of
chromosomes (chromosome 9 and 22)

* The resulting shortened chromosome 22 is
called the Philadelphia chromosome.




Fig. 15-16
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Concept 15.5: Some inheritance patterns are
exceptions to the standard chromosome theory

* There are two normal exceptions to Mendelian
genetics

— One exception involves genes located in the
nucleus — genomic imprinting

— The other exception involves genes located
outside the nucleus — organelle genes




Genomic Imprinting (FHEEIED)

* For a few mammalian traits, the phenotype
depends on which parent passed along the
alleles for those traits

« Such variation in phenotype Is called genomic
iImprinting

« Genomic imprinting involves the silencing of
certain genes that are “stamped” with an imprint
during gamete production (sperm or eggs)



Figure 15.17a
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Figure 15.17b
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Summary on genomic Imprinting

* |t appears that imprinting is the result of the
methylation (addition of —-CH,) of cysteine

nucleotides
I
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« Genomic imprinting is thought to affect only a
small fraction of mammalian genes

* Most imprinted genes are critical for embryonic
development



Inheritance of Organelle Genes (FEzsE:[K])

« Extranuclear genes (or cytoplasmic genes) are
found in organelles in the cytoplasm

« Mitochondria, chloroplasts, and other plant
plastids (FE47/&E2) carry small circular DNA
molecules

« Extranuclear genes are inherited maternally
because the zygote'sgy Cytoplasm comes from
the eqgg

* The first evidence of extranuclear genes came
from studies on the inheritance of yellow or white
patches on leaves of an otherwise green plant



Fig. 15-18
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Mitochondria diseases

» Some defects in mitochondrial genes prevent cells
from making enough ATP and result in diseases
that affect the muscular and nervous systems

— For example, mitochondrial myopathy (Z#ia=0L
%) and Leber’s hereditary optic neuropathy (8%
(RS BV GEE)




Preventing mitochondrial diseases

Three-parent babies

Treatment using DNA from 3 people, designed to enable women carrying hereditary diseases to have healthy,

genetically-related children

In-vitro fertilisation (IVF) using mitochondrial DNA
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You should now be able to:

1. Explain the chromosomal theory of
iInheritance and its discovery

2. Explain why sex-linked diseases are more
common in human males than females

3. Distinguish between sex-linked genes and
linked genes

4. Explain how melosis accounts for
recombinant phenotypes

5. Explain how linkage maps are constructed




9.

Explain how nondisjunction can lead to
aneuploidy

. Define trisomy, triploidy, and polyploidy

Distinguish among deletions, duplications,
Inversions, and translocations

Explain genomic imprinting

10.Explain why extranuclear genes are not

Inherited in a Mendelian fashion




DNA : the basic concept

(a) Parent molecule (b) Separation of (c) “Daughter” DNA molecules,
strands each consisting of one
parental strand and one
new strand
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Mouse and Human Genetic Similarities

Mouse chromosomes
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The Zebrafish Gene Map Defines Ancestral Vertebrate Chromosomes.

(?RE#% The Zebrafish Gene Map Defines Ancestral Vertebrate Chromosomes
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Presenting the human genome: Now in 3D!

A AAAS

The completion of the human genome sequence in 2001
1S, to me, the most important accomplishment in biology.
1ce then, we have journeyed to the next frontier through
jnificant improvements in our ability to analyze and map
ne expression and transcription factor—binding sites in
> human genome. We now understand that the genome
far more complex than linear information could explain.
erefore, to fully appreciate the rules by which the
nome operates on an organismal level, we have to
mprehend higher-order chromosomal organization. To
ach that pinnacle, we need first to understand how the
nome is spatially organized and how that organization
ects basic nuclear and cellular processes. We also need

learn how transcriptional dynamics and epigenomic
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Comparison of Gonad differentiation between mouse and zebrafish

L. Orban et al. / Molecular and Cellular Endocrinology 312 (2009) 35-41
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Hemophilia A — clotting factor VIII deficiency
(this factor is expressed in liver)
: normal range 0.45-1.58 iu/ml






2015 ranking of the global top 10 biotech and
pharmaceutical companies based 0N revenue (n billion Us. dollars)
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