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Dolly and Bonnie




The Spemann Experiment
Spemann & Mangold, 7923



 Main observation: A graft of a specific tissue (the organizer) to a
specific location can induce Siamese twins connected at the

belly




“A piece taken from the upper blastopore lip of a
gastrulating amphibian embryo

Such a piece can therefore be designated as an

7

Orginial blastopore lip

o~ -4

\ @
Vegetal view '

Graft




« Spemann won the Nobel prize in 1935

» Hilde Mangold died in 1926...

* “Spemann Organizer” was found
In all vertebrates, including human

The organizer secretes both
and their inhibitors which diffuse
throughout the embryo



Universal mechanism of animal development
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CELL INTERACTION CELL MOVEMENT

Figure 21-1. Molecular Biology of the Cell, 4th Edition.



Cell signaling

Development is progressive

second
messengers




* In the process called induction

— Signal molecules from embryonic cells cause transcriptional
changes in nearby target cells




3rd instar

“At 25°C incubation
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e Morphogen — substances that define
different cell fates in a

concentration-dependent manner

 Interaction of two signaling centers
located in the anterior and posterior

poles of the egg pattern insect body
axis



= Soluble molecule that

causes cellular commitment but Is
secreted some distance

from the target cells.

= concentration




pagneHTbl MOpdOreHoB

benku, koagmpyemMbie reHaMuy,
(pYHKLMOHMPYIOLMMHN B XO4e CO3peBaHUNA
AL, U TPaHCNOpTUpPYEMbIe TyAa U3
NMUTAIOLWMX KJ1ETOK,

m  pacnpeaensiroTcs no ocu nua,

m 06pa3ys rpagueHTbl, cneundnueckm
XapaKTepHble ANA NPOAYKTOB KaXKAoro

reHa












Some mRNAs Become Localized within Eggs and
Embryos due to an Intrinsic Polarity in the Cytoskeleton

* The asymmetrically distributed
MRNA is transported along element
of the cytoskeleton

* from — to the growing + end.



morphogene receptor

morphogene
receptor

of morphogene mRNA

nolarized actin flament



Influence of Other Cells

Morphogen Receptor Gradient =

frequency gradient of the receptors for

a morphogen in target cell cell
memhranes

Morphogen gradie

0g:2n receptor gradient



Morphogens

» Coordinate the cell growth and differentiation.
« Formation of a long-range concentration profile.

» Cellular response is concentration dependent.
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21/2 -3 days

Third
instar larva

Adult

31/2-41/2 days
in pupal stage

Drosophila life cycle

Fertilization

Embryo/O

/)
1da)x

First
instar larva

1 day

Second
instar larva

Life cycle



Many Adult Structures Develop
from Imaginal Discs in Larvae and Pupae

Discs for:
Mouthpart

Frontal plate
and upper lip

Antenna

Leg

Haltere
—— Wing

Genitalia

Metamorphosis




Position or Spatial Organization is Everything

Copyright @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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(a) Body plan found in many animals



Ventral

amnioserosa
dorsal ectoderm

prospective [—
anterior gut ventral ectoderm

endoderm
mesoderm

parasegments
visualized

bY regions

of specific
gene activity

prospective
posterior gut
endoderm




(a) The first three hours after fertilization

Anterior Posterior

Diploid zygotic nucleus
30min

(, — Cortex

Mitotic cycle 7 l 1h10min

( “ Multinucleate syncytium

Most nuclei migrate
out to cortex

1h30min

Pole cells
forming

Primordial germ cells
("Pole cells")

2h30min 3h15min

Membranes in
egg's cortex
grow inward

3h15min

s Cellular blastoderm

(b) Early embryonic stages in cross section




'‘a) Cellular blastoderm 'c) Segmentation
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 MopdoreHbl
aKTUBUPYIOT

e [eHbl cermeHTauumm
aKTUBUPYIOT

 [OMEeO3UCHbIE reHbl
aKTUBUPYIOT...



Genetic Analysis of Early Development:
Scientific Inquiry

 The study of developmental mutants
— Laid the groundwork for understanding
the mechanisms of development

Wild type Mutant



First phase is establishment of body axes

fertilization, specialized

move maternal mRNAs (morphogenes) into maturing oocyte

Then morphogens are distributed in the oocyte prior to fertilization

Morphogens

These positioned mRNA will initiate a cascade
of gene activations following fertilization

sliigo co3peBaeT B 0co60M kamepe — cdonnukyne.

B cponnukynax - reHol €
eLle A0 onJI0A0TBOPEHMA flilla cCnepMaTo3oMaoM

, KoTopblie (hyHKLMOHUPYIOT

B cponnukyne oount u 15 OrpoMHbIX NMUTAIOLMNX KNIETOK,
KOoTOpble cMHTEe3upyroT «PHK MopdoreHbl» M nepekaumBaroT UX B OOLIMT.
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MNurse cells Somatic follicle cells




Movement of
maternal

Posterio Oocy

Nucleu -
3

Cellular
blastoderin

Nuclei line up along
surface, and membranes
grow between them to
form a cellular
blastoderm.

Segmented embryo prior to hatching

I
Metamorphosi

- Three larval
stages




Syncytial
blastoderm

Cellular
blastoderm

Anterior determination

bicOIdRNA :

€) bicoid RNA is localized in the
antenorregnonofmeegg

bicoid prmaln

chcoidpmteinfom\sagmdiemby
diﬂusingmwardmoposteﬁor '
of the embryo.

3 nmmwmeh.

© hunchback is transcribed and
- tmnslatadhmeamerbr
of the embryo.




F'pagneHT MOpdoreHos
aKTUBMpyerT
3UroTHbIE reHbl

[locsie TOro Kak rpagMeHTbl B ikLle CO3AaHbl,
NnPoOuCXoamT ONnJiIoaoTBOpPEeHME U HAUYNHAEeTCH
aApob6neHue 3apoabiwia

ob6bpa3syercs ogHocnonHaa 6nacroaepma. Kaxxaas
KJIETKA B HEM 3aHUMAaET ornpeaesieHHoe NoJIoXKeHue
Nno OTHOLUEHMIO K cchopMMPOBaABLLUMMCS
rpagveHTam,

- obnapaet onpeaeneHHoON NO3MLIMOHHOMU
nHdopMaLumen.

MopdoreHbl B3aMnMoAEeUCTBYIHOT C perysiiTOpHbIMMH
YaCTKaMM reHOB, aKTUBUPYIOLLUXCSH Y 3UTrOT
3UroTUYECKMNX FreHoB).



Hours after
fertilization Anterior Posterior
g e - Maternal-
: effect genes

nanos
gradient gradient
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Segment-
polarity genes

Homeotic
~10 hr genes

Copyright € 1557, by John Wiley & Sons, Inc AR rights reserved

Expressed during oogenesis by
the mother

Expressed after fertilization

Control the identity of a
segment



Nurse cells secrete maternally produced bicoid
and nanos mMRNAs into the oocyte

-Differentially transported by microtubules to
opposite poles of the oocyte

-After fertilization, translation will create
opposing gradients

of and proteins

43



Movement of bicoid mRNA moves
maternal mMRNA toward anterior end

Microtubule nanos mRNA moves
toward posterior

Anterior Posterior




bicoid (bcd) Encodes the Anterior Morphogen

(c) Bicold protein is a morphogen.
Mother Anerice

bicoid "/ bicoid ~

1 dose

(a) Localization of bicoid mRNA

bicoid 7/ bicoid *

2 doses

Anlenor










Bicoid and Nanos control translation of two
other maternal mRNAS, and

, that encode transcription factors
= activates anterior structures
= activates posterior structures
The two mRNAs are not evenly distributed
-Bicoid protein inhibits caudal mRNA translation
-Nanos protein inhibits hunchback mRNA translation

48



““nanos mRNA
~~hunchback mRNA
bicoid mRNA

Concentration

Anterior Posterior

a. Oocyte mRNAs

Anterior

bicoid mRNA ’ T

caudal mMRNA ~* Caudal protein

Posterior

nanos mRNA =+ Nanos protein |

hunchback mRNA unchback protein

b. After fertilization

..Nanos protein
~Hunchback protein
_Bicoid protein
_Caudal protein

Concentration

Al

C. Early cleavage embryo proteins



How Bcd Protein Works

MRBNAs in oocytes

bicoid
« /hunchback nanos 7

-
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Anterior Posterior




Proteins in early cleavage embryos

[Hunchback - Caudal

Protein concentration

Bicoid

—

Anterior Posterior



Maternally produced
IS placed into the oocyte
-Not asymmetrically localized
Oocyte nucleus synthesizes gurken mRNA

-Accumulates in a crescent on the future
dorsal side of embryo

After fertilization, a series of steps results in
selected transport of into ventral
nuclel, thus forming a D/V gradient

52



Segmentation genes act sequentially to
divide the embryo into segments

3 thoracic




ITapacerMeHTHI (compartments) COOTBETCTBYIOT I'PaHHIIAM SKCIIPECCHH
Pa3IHYHBIX T€HOB CeIMEeHTallHH H CMelleHbI BJIeBO 0T MOP(OIOrHYeCcKH
BBIpa’KeHHBIX CEIMEHTOB (Ha I10JI CerMeHTa)

Segmentation in Drosophila

A = Anterior
P = Pocterior

Mx|Lb|[T1|T2|T3|AT |A2|A3 |A4|AS |A6 |A7 |A8 A9

alplalplalplalplalplale 7-7

Adult . /
| A4

Segments  Ma

Compartmments |plalplalplaiplalelalpialpialpialp

Head Thorax Abdomen

(Klug & Cummings 1997)



The body plan is produced by sequential activation of
three classes of
Segmentation Is Initiated by Localized RNAs
at the Anterior and Posterior Poles of the Unfertilized Egg

-Map out the coarsest subdivision along the A/P axis

-All 9 genes encode transcription factors that activate the
gene class

-Divide the embryo into seven zones
-The 8 or more genes encode transcription factors

that regulate each other, and activate the next gene class

-Finish defining the embryonic segments

next

95



3 rpynnbl reHOB CerMeHTaL N

Maternal co-ordinate
genes

Pair-Rule genes

Segment polarity
genes




 Gap genes
— Expressed first

— Gap mutants show a gap in segmentation
pattern at positions where particular gene is
absent

— Binding sites in promoter have different
affinities for maternal transcription factors

— Gap genes encode transcription factors that
influence expression of other gap genes



Gap genes

gap gene expression

Knirps Tailless Knirps  raijless

Giant yruppel Giant

- These genes establish the segmented body plan
of the embryo along the anterior-posterior axis.



Gap gene expression

The A-P axis Is divided into broad |y
regions |
by gene expression

tailless

A




Zones of Expression of Four Gap Genes:
Hunchback, Kruppel, Knirps, and Giant in Late
Syncytial Blastoderm Embryos

(a) Zones of gap gene expression

. B Knirps
B Hunchback Giant




Defects in Segmentation from Mutations in Gap Genes

&

Kruppel hunchback knirps

normal




Mutations in Gap Gene Result in Loss of Segments
Corresponding to Zone of Expression

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
(c) Gap genes: a summary

Anterior Posterior
68%




One dose of bicoid

hunchback expression

Concentration of bicoid protein

threshold

Six doses of bicoid

hunchback expression

Concentration of bicoid protein

threshold




Kriippel gene expression in wild type

Concentration of
hunchback protein

Activation

Concentration of maternal
hunchback protein




Establishing the Polarity of the
Bicoid

FeRIRMAMA of the
egg triggers the
production of bicoid
protein from maternal
RNA in the egg. The
bicoid protein
diffuses through the
egg, forming a
gradient. This
gradient determines
the polarity of the
embryo, with the
head and thorax
developing in the
zone of high
concentration (green
fluorescent dye in
antibodies that bind
bicoid protein allows
visualization of the
gradient).

Laying Down the Fundamental

ARG later,
the gap genes
switch on the
“pair-rule” genes,
which are each
expressed in seven
stripes. This is
shown for the
pair-rule gene hairy
. Some pair-rule
genes are only
required for
even-numbered
segments while
others are only
required for odd
numbered
segments.

Hair

Setting the Stage for
AbotE SIPENaHon

after fertilization,
bicoid protein turns
on a series of brief
signals from
so-called gap genes.
The gap proteins act
to divide the embryo
into large blocks. In
this photo,
fluorescent dyes in
antibodies that bind
to the gap proteins
Krippel (orange)
and Hunchback
(green) make the
blocks visible; the
region of overlap is
yellow.

Kriippel Hunchback

(=2

Forming the

The final stRginents

segmentation occurs
when a “segment-
polarity” gene called
engrailed divides
each of the seven
regions into halves,
producing 14 narrow
compartments. Each
compartment
corresponds to one
segment of the future
body. There are three
head segments (H,
bottom right), three
thoracic segments (T,
upper right), and eight
abdominal segments
(A, from top right to
bottom left).

Engrailed







Homeotic-Selector/ HOX
Genes



Production of Body Plan




Production of Body Plan

Interestingly, the order of genes mirrors
the order of the body parts they control



Dfd  Scr Antp







[OMeO3UCHbIE NeHbl

Bo/1bLUOU KJ1aCC reHoB
- KOHTPOJZIMPYIOT pa3BUTHUE 4YaCTU Tena
- M3 onpeaesieHHOro CerMeHTa.

m B pesynbtare roMeo3sMcHOM MyTauum
mE U3 [4AaHHOro cerMeHTa pa3BuBaeTCs
m Apyras yacrtb Tena

Hanbonee nsBecrTHbl
[1 Antennapedia-complex (Ant-C).
[J1  Bithorax-complex (BX-C) n




 Antennapedia complex

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

(a) Normal fly (b) Mutant fly

a: ® Juergen Berger/Photo Researchers, Inc.; b: F. R. Turner, Indiana University




fruit fly

1% fruit fly embryo

Antennapedia Complex  Bithorax Complex
(Anterior) (Posterior)

lak Dfd antp Ahd-B
Fly Chromosome = -,




Normal fly Antennapedia mutant fly









[lomenosucHaa mytauua y Drosophila (nogasneHne akTMBHOCTU reHa
ultrabithorax) npueBoanT K obpa3oBaHuo BTOPOW Nnapkl KpblifibeB BMECTO
KyAKalneu

: Haltere
(rudimentary wing)

Ultrabithorax




TI'oMeo3HCHBIE TeHbI OTHOCATCS K CeIeKTOPHBIM I'eHAM.
Yepe3 cBOH 0€JIKOBbI€ IPOAYKTHI -TPAHCKPHNIIHOHHBIE
(paKTOpPHI - OHH H30HPATEIbHO BO3elICTBYIOT HA TeHbI
HAYAJIBHBIX 3BeHbEB reHeTHUYeCKHX
(opMo0oOpa30BATENbHBIX POTPAMM, ONpeae/sisi BLIOOP
au(pepeHNNPOBKH IeJI0T0 YIACTKA TeJia OpraHu3Ma.

KoaupyeMmble HMH TPAHCKPHIIHOHHBIE PAKTOPHI 1714

H30HPATEIbHOCTH BO3AeHCTBHA MOI'YT HCIO/Ib30BATH

Ko(pakTopsl. ¥ Drosophila - 3170 0e1K0OBBIE IPOAYKTHI
reHoB Extradenticle, tearshirt u ap.




T'oMelio3HCHBIE (TOMEOTHYECKHE) T€HbI
AKTHBHOCTH I'OMeHO3HCHBIX T€HOB HHHIIHHPYIOTCA PO yKTaMH
SKCIIPECCHH I'€HOB CETMEHTAIlHH, a 3aTeM IO JepKHBAKTCA
CaMOCTOSATEIBHO

()




-All of these genes contain a conserved
180-base sequence, the

-Encodes a 60-amino acid DNA-binding
domain, the

-Homeobox-containing genes
are termed
-Vertebrates have 4 Hox gene clusters

81



Production of Body Plan

Drosophila HOM _ Mouse Hox
ChromBsom Chromosomes
rosop |IaIHOM genes 9 1 11§ 1 9

I I
Antennapedia complex Bithorax
|

1 rcomplex—————
lab pb Dfd Sc Antp Ubxabd-Aabd-
OB 1= 1)

Hea Thora ¢Abdomen
I q I ’XXI I 1 I

Fruit fly



/
Diptera

Lepidoptera

i

Evolution of Hox-independent forewing
patterns and Ubx-regulated
hindwing patterns

Four winged ancestor

Coleoptera




K yeMmy npusoauT aeneuuns BX-C?

9M6pUOH pa3BMBaeTCa A0 onpeaeneHHon CTaAgum U 3aTeM rmbHer

OM6pHOH nmen
NpoTOpaKaJ/ibHblX CerMeHT, a
BCe OCTaJIbHble — Me30TOpaKaJibHble

Ecnu 6bl 3TOT OpraH1u3M BbDKWUJ1 [0 B3POC/ION MYXM,
oHa 6b1 MMena 10 nap kpbisibeB 1 10 nap Hor

dyHkuunsa reHa BX-C

- AHAKTUBaALMA reHoB, (hOpMUPYIOLLUMX HOMM U KPblJibsl BO BCEX
nocsiieayroLmMxX Nocsie BTOPOro TopakaJibHOro cerMeHTax,

- pa3BUTUM BCEX CTPYKTYP Ha 6pHOLLIHbIX cerMeHTax



[TpeamoraraeMas MaKpO3BOTIOIHOHHAS POJIb TOMeHO3HCHBIX MYTAallHil - BRI
OHOIOTHH Pa3sBHTHA B 3BOTIONHOHHYIO TeOpHIO. OTHOKpaTHAS MyTalHs OTHOTO
uau rpynnsl Hom-C reHOB MOKeT IPHBECTH K 00pa30BaHHIO (YIpaTe) mapsl
KPBITbEB HIH HOKEK

Figure 22.4 _ '
Differences in larval and adult morphology due to Hox gene differences. (A, B Larva and
adult of Drosophila, a dipteran. An arrow points to one of the halteres of the adult. The larva
lacks probegs; its anterior end is at the left. (C, D) Larva and adult of Dhanaus plexippus, the
maonarch butterfly, 1 lepidopteran. The anterior of the ¢ aterpillar is 10 the left, and a proleg s
indicated by an arrow. The adult has hindwings eather than halteres. The regulation of Hox
penes determines the presence of prolegs, and the targees of Hox genes Jn:tnm_ ne whether
the third thoracic segment is to gencrate halteres or hindwings. (A courtesy of M Ivier; B
courtesy of E. B. Lewis; C courtesy of G, Savage: D by Bill Beatty/Visuals Unlimited.)




Knactep romeHo3HcHBIX reHOB Drosophila - Hom-C. AKTHBHOCTE T'€HOB B
3apoBIlIe H BO B3pOoca0H ocoGH. I[TocaenoBaTeIbHOE pacloNoKeHHe

IT'€HOB B KiIacTepe (Ha 3-H XpOMOCOMe) OIIpeacisieT IIOCIEI0BATCIIBHOCTD
HX 3KCIIPECCHH B ITapaCceIrMeHTax BI0/Ib nepenne-aanneﬁ OCH

Figure 9.27 TR
Homeotic gene expression in Drosophila. In the -
center are the genes of the Antennapedia and
bithorax complexes and their functional do-
mains. Below and above the gene map are the
regions of homeotic gene expression (both
mRNA and protein) in the blastoderm of the
Drosophila embryo and the regions that form in
the adult fly. Darker shaded areas are those seg-
ments or parasegments with the most product.
(After Dessain et al. 1992 and Kaufman et al.

1990.) Antennapedia complex bithorax complex
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Vertebrates have four Hox complexes,

with about 10 genes each.

They can be aligned in 13 groups of paralogues.
They display colinearity:

a) Temporal colinearity: genes on one end of the
complex are expressed first, those on the other
(posterior) end are turned on last.

b) Spatial colinearity: the more anteriorly expressed
genes are in one end, the more posterior ones at
the other end of the gene complex.

c) Anterior Hox genes are activated sequentially by
retinoic acid.



PaHOHEI SKCIIPECCHH F'OMEOTHYECKHX I'eHOB B OlIacToAepMe 3apoablia
Drosophila H HeCKOIBKHMH YacaMH I03Ke€ B HEPBHOH CHcTeMe (TEMHEBIe
II0JIOCH - §en0oK, cBeTable -HPHK)
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posterior




Adult
fruit fly

Fruit fly embryo
(10 hours)

Fly
chromosome

Mouse
chromosomes

Mouse embryo
(12 days)

™ i Y

"”ﬁm-&"\v‘"‘ﬂ“q
-5 ‘ |

Adult mouse

L 3




K.1acTepbl TOMeH03HCHBIX I'€HOB BBICOKO KOHCepPBATHBHLI. OHH
c(popMHpOBAHEI B ABHOM BHI€ V Bilateria H NpHCYTCTBYVIOT B
OPraHH3MAaX BCeX THIOB ‘KHBOTHBIX, BRIKYAafA T€/T0BEKA.
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Igure 3 Distrbution of Hox ganes in biaterians, The tree on the left summarizes panes, Uncartain orthology relatonships are indicated by question marks,
18 185 [ONA phyiogeny of Aguinaldo a¢ af %, B, common bilatarian ancastor; D, dashad boxes indicate shart PCR fragments, sold boxes ndicate completa or
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L Common protostome ancesior. Horzomal black lines nadicate mapping dala pod Hox saquances. Tha organisms studied n this peper are underined.
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YV N03BOHOYHEIX BHIABIAETCH HE MeHee HETBhIPEX KIACTEPOB MMapalOrHYIHBIX

roMeHO3HCHEIX IT'eHOB. UHC/I0 TeHOB B KilacTepax BhllIe, 4eM y Drosophila,
HO He BCe IapaJorH4YHbIe I'eHbl COXPAHAKTCA B OTJEIbHBIX KiIacTepax

Drosophila
HOM-C

Generalized
insect HOM-C

Hypothetical
common
ancestor

Amphioxus
Hox cluster

~ ~
a5 a6 a7 a9 al0  all alld
Mouse —

Hox-A BoEe B Ao B b e ket b b St

; bl b2 b3 b4 b5 b6 b7 b8 b9
x\ 1 - W TR W RS TR WEee— W W— -
o™ e . B e e St S i it

¢4 ¢ «cb 9 clo <cll  cl2
Mousc —— A ———————

Hox-C: N e
dl L d4 d8 d9 dio dll d12 di3

Mouse — S S ———

— ——— -
Hox-12 W

Figure 22.11

Postulated ancestry of the homeotic genes from a hypothetical ancestor of both deuteros-
tomes and prototomes. Amphioxus has only one cluster, similar 1o that of insects. Vertebrates
have four clusters, none of which is complete. (After Holland and Garcia-Fernindez 1996.)




Anterior - : - Posterior

 tab pb %% ptg ser fz Antp  Ubx abd-A Abd-B
Drosophila =
Hox cluster I i 1 =t n
Hox1 Hox2 Hox3 Hox4 Hox5 Hoxé (central) Ho]x_l7 (posterior)

—d

Ancestral
Hox cluster

r Y L

A1 A2 A3 A4 A5 A6 A7

‘A9 A1D AT11 A13'

Bi B2 B3 B4 B5 B8 B7 B8

Dg D10 D11 D12 D13

Anterior B Y, Posterior



Thymus Gland

Adrenal Glands

Ovary Glands
& 47

Testis Glands

A




Hierarchy of Gene Activity in Early Drosophila Development

Maternal effect genes (egg-polarity genes)

.

Gap genes

. Segmentation genes
Pair-rule genes of the embryo

.

Segment polarity genes

Homeotic genes of the embryo

.

Other genes of the embryo




Homeobox & Homeodomain

o 1HK cBsi3biBalOLLMKN MOAY/Ib
e(PaKTOPOB TPAHCKPUNLIUN
ereHoB AnddepeHLNpPoOBKH

180 nH

60 aMMHOKMUCJ/IOTHbLIX OCTAaTKOB



T'oMeoTHYeCKHE IeHbl KOTHPYIOT TPAHCKPHIIIHOHHBIE paKTOopsl -T D,
comepxamue JTHK- cBa3pIBaromHi roMeonoMeH (60 a.0.), HMeIOIHHA
CIPYKTIVPY - COHpPaab-noBopoT-ciupansb- Helix-Turn-Helix (HTH).
Vyactox JHK, Koaupyomui roMeogoMeH - romeoooke (180 v.m.). He
BCe TOMe00OKC-CoJep/Kall He TeHbl - TOMeoTHYeCKHe, a TOIbKO BXOASIIHe
B cOCTaB Kia1acTepa reHoB - Hom-C. Bce romeogoMeH-cogepxamue T
OOHHAKOBO Y3HAIOT nmocjaegoBaTeIbHOCTE TAAT, HO pa3sIHYHO
¢raakupyromue TAAT HYKIeOTHIBL.

(B) Bicoid site, base pair7 Antp site, base pair 7

Cytosine Guanine Thymine Adenne
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Homeodomain-DNA interactions, (A) Homeodomain helix-turn-hefix
saquence within the majoe groove of the DNA, (B) Proposed pairing
between the lysine of the Bicoid homeodomain and the CG base pair of
ils recognition sequence, and between the glutamine of the Anten-
mpedia homeodomain and the TA base pair of s recognition se-
quence. 1n both cases, the ninth amine acid of the homeodomain helix
bands with the base pair immediately following the TAAT sequence. (A
after Riddshough 1992; B after Hanes and Brent 1991)







HOMEOBOX PROTEIN VND / DNA COMPLEX (1NK2)
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HOMEODOMAIN PROTEINS bind to DNA and regulate gene expression. They are
composed of a variable region, which determines a protein's specific activity, a
small connective hinge region and a homeodomain, a 60 amino acid sequence that
is similar in all proteins of this type. This sequence is encoded by the homeobox
regions of genes. The homeodomain consists of four alpha helixes (1-4), one of
which (red) recognizes and binds to a specific DNA sequence in the target genes.




GRADIENTS of homeodomain proteins can be seen in these zebrafish (right), the concentration of XIHbox 1 protein is
stained limb buds. In the chick wing bud (left), the concentra-  highest in the anterior region (left edge). The fish pectoral finis
tion of Hox 5.2 protein is highest in the cell nuclei near the the evolutionary precursor of the tetrapod forelimb. Gradients
posterior region (right edge). In the pectoral fin bud of a are efficient mechanisms for conveying positional information.
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Normal mouse  Retinoic acid: More ret|n_0|c ac!d:
embryo loss of many no posterior region
vertebrae formed

Vitamin A has caused the homeotic HOX genes 1-4 to become
expressed in groups of cells that usually do not express these genes. It is
well known that high doses of vitamin A taken by women early during

pregnancy can disturb the regulation of HOX genes even in the human
embryo and cause severe malformations.



Hierarchy of genes in Drosophila
development

Maternal factor

Gap genes

Pair rule genes

Development

Selector genes (Hox genes) of the features
of the

segments



Hox genes in the Animal Kingdom
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Sponges
- Sponges are the simplest animals, with bodies that are not organized along a
% body axis.
Anemones
_ - & S —— Y — Anemones have a primitive body axis, showing radial symmetry.,
TR
Flatworms The other animals shown in this figure have a more complex form of symmetry
4 called bilateral symmetry, meaning that their bodies are organized along a well-
L\P defined anteroposterior axis, with right and left sides that show a mirror symmetry.
Such organisms are called bilaterians. Flatworms are very simple bilaterians.
Insects i
_— Invertebrates such as insects are structurally more complex than flatworms, but
: s — less complex than organisms with a spinal cord.
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SHpIo Chordsies @ Animals with spinal cords are known as chordates. The simple chordates lack
o Rl e < bony vertebrae that enclose the spinal cord.
- i}
3
Mammals § @
L — R i ©
Sl | § | — 2 | The vertebrates, such as mammals, have vertebrae and possess a very complex
————— | 4 A AN — % | body structure.
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