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Visualizing gene expression in developing animals

1. In situ hybridization: visualization of mRNA

<DNA complementary

Colorless compound
/m specific mRNA £e8 oueh

5 that becomes purple
9__ dye when phosphate
Tﬂ'&“l-n Holes in the cell e is removed

made by detergent
Cell
membrane

mxigenin Alkaline phosphatase g ®
label on uridine

w Wash Wash

! |[ ! ! mRNA m%] mﬁl

1. Add digoxigenin-labeled probe 2. Add alkaline phosphatase-conjugated

: 3. Add chemical that becomes a dark
antibody

dye colors the cell.

2000 Sinaser Accociates e

SoxB expression in amphioxus CNS

purple dye when phosphate is removed;

2. Immunohistochemistry: visualization of protein

Indirect Immunohistochemistry

Colored @g | fl
Product @@ \ mmunofluorescence

HRPO
./ Signal —

— Labeled Secondary
\ Antibody

f -~
Primary Antibody — Light -~ — Labeled Primary Antibody
/ \ Prutein\s / \ Proteins

Sy

Cell/Tissue CellfTissue

DAB 0:-"'
- Fluorescent Tag

Diagram 1: lllustration of Indirect Immunohistochemistry and Immunofluorescence methods.

Vasa protein in amphioxus primordial germ cell

3. Reporter construct with cis-regulatory elements of specific gene

— - — wrm—— I

Reporter
even-skipped
stripe 2 enhancer

(Modified from Small Blair & Levine, 1992)

Endogenous gene expression (even-skipped in fly embryo)

Reporter gene expression directed by tissue-specific enhancer
(even-skipped stripe 2 enhancer)
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Pair-rule genes
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Segment polarity Homeotic

Engrailed ~ Antennapedia
SENES genes Ultrabithorax
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eve str.3-7.lacz

L)

‘

eve str.3-7.lacz; Eve

eve str.2.lacz
— 1 kb
3 | IT I | | | | ITel | %
SR U 7 TP R
eve

N #4 evenskipped Fl WEC‘JF%?@

Accurate expression of evenskipped
(eve) stripe 2, and strips 3+7,
generated by individual cis-
regulatory elements.

A. Transgenic embryo carrying

3/7

B. Expression of endogenous eve gene plus
reporter construct A

C. Transgenic embryo carrying

B o

Davidson, 2006



LRSI R

Cis-regulatory Design:
e Integration of spatial inputs at the cis-regulatory level
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' Domain 1 Domain 2
A hypothetical embryo i omain omain

. . Initial
with 2 domains Regulatory State F |

1 (alk
2 (b) (c) TELLS
® ®

[ |
2 {f}£
l s Y
Differentiation Pma (9) cell type 2
gell ype 1 (:)i (d) 4 ®

( )
1 o ® .. o Later
00 ®%,% o Regulatory State
e 0o B Initial State Later State Initial State Later State
2 [ . L .. ° GRN G

(W,7) = (H,N.J) (W) = (H.m.Jm)
Davidson, 2006

e Two adjacent domains of an embryo

e Transcription factor and signal ligand genes
e |nitial regulatory state: a postively TF and a
e Positive feedback systems consisting of gene b and c (once the red system is activated, there is no
further dependence on the initial transient input- generation of new state)

e The ligand encoded by gene d is received in domain 2 and provides input to gene f

e The outcome of operation of the GRN is to produce the later regulatory states

e Inputs/outputs
e “AND” logic processing
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Endomesoderm Specification up to 30 Hours November 21, 2011
This model is frequently revise_d. |I. is based on Ih_e latest The current ViA includes not yet published cis-regulatory data of
Maternal Inputs laboratory data, some of which is not yet published. Smadar de Leon, Joel Smith (in press), Andrew Cameron, Qiang Tu,
Sagar Damle, Andrew Ransick, Christina Theodoris, and, in addition to
T published data, is based on recent perturbation and other results of
M G-cadhertn Additional data sources for selected notes: 1: McClay lab; 2: Angerer lab e o Malerna (Neh domain
! - L y £r F ' and Joel Smith (CP domains) of the Davidson Lab. Relevant perturbation
[Mat cp] IMat—“TtﬁI Mat O] 3,4: McClay lab; 5: Rogers and Calestani, 2010; 6: Croce and McClay and expression data from these studies are presented here.
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Copyright © 2001-2011 Hamid Bolouri and Eric Davidson
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William Bateson: Homeotic transformation in animals (1894)

From Bateson 1894, Materials for the study of variation: treated
with special regard to discontinuity in the origin of species
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Figure 3.4
The Drosophila life cycle
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Homeotic genes are used to specify
segmental identity in Drosophila

Mutations in cis—regulators_
of the Ultrabithorax gene

Antennapedia mutation

DEVELOPMENTAL BIOLOGY 10e, Figure 6.38
© 2014 Sinauer Associates, Inc.
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Hox genes have a similar fragment of DNA
(homeobox) that encodes a 60-amino acid
protein domain
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Scr TKRORTSYTRYQTLELEKEFHFNRYLTRRRRIETAHALCLTERQIKIWFQNRRMKWKKEH

Antp RKRGRQTYTRYQTLELEKEFHFNRYLTRRRRIETAHALCLTERQIKIWFQNRRMKWKKEN

Ubx RRRCROTYTRYQTLELEKEFHTNHYLTRRRRIEMAHALCLTERQIKIWFQNRRMKLKKEI

abd-A RRRGROTYTRFQTLELEKEFHFNHYL TRRRRIETAHAL CLTERQIKIWFQNRRMKLKKEL
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consensus -RRGRT-YTR-QTLELEKEFHFNRYLTRRRRIETAHALCLTERQIKIWFQNRRMEK - KKE-
Helix 1 Helix 2 Helix 3
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DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 11.42 © 2006 Sinauer Associates, Inc.

(Carroll et al, From DNA to Diversity, 2001)



Conserved signaling system involved in D-V patterning
between arthropods and chordates
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Inversion of BMP-Chordin axis?
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DEVELOPMENTAL BIOLOGY 10e, Figure 5.1
02014 Sinauer Associates, Inc.

Mouse Drosophila

The same set of genes patterns the CNS
of both protostomes and deuterostomes
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(Carroll, From DNA to Diversity, 2001) (Mouse Genome Database)
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(Halder et al. 1995)



(Halder et al. 1995) % i Pax-6 - & Pax-6

g 5 % # 4 cPax-6 ZE’}'_?]JJ RN TR  FO hr 0  Se

5 B% Pax-6 & 3 Pax-6 k* PaxB
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DEVELOPMENTAL BIOLOGY. Eighth Edition, Figure 23.3 © 2006 Sinauer Associates, Inc.



(Cretekos et al., Genes & Development, 2008)
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Homeodomain UbdA peptide Polyalanine
Insects s A Y s \ r x N
Fl‘Y WFQNRRMKLKKEIQATKELNEQEKQAQAQ

. Mosquito WFONRRMKLKKEIQAIKELNEQEKQAQAQ
Polyalanine | _
\ Butterfly WFQNRRMKLKKEIQAIKELNEQEKQAQAQ
_E Moth WFQNRRMKLKKEIQAIKELNEQEKQAQRQ
Beetle WFQNRRMKLKKEIQAIKELNEQEKQAQAQ VDPN
Springtail WEONRRMKLKKEIQAIKELNEQEKQAQAAKAGLFINLGGLIANSF...
Shrimp WEQONRRMKLKKEIQAIKELNEQEKQAQNAKQANATAVTPGATTDSTPTP...
C r— Spider WEQONRRMKLKKEIQAIKELNEQE QAQAAKTA----STSTVSSNSNSNN...
alfcré‘sr{g;“— L— Centipede = |WFONRRMKLKKEIQAIKELNEQ KRITPSKLHSNC-SSPTGILVTIMKKM

Onycophoran WFONRRMKLKKE Q IK LNEQEKK---QRDTLSTV

i PLAGRIL1 > Ubx 7] 19T %'~ Fpoly-alanine ™) « sl (= e forpp -
T/”lﬁ’?f FLEFUbX i F l’E’TﬁJHSFIUElﬁ@ 0

DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 23.19 © 2006 Sinauer Associates, Inc.
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Of the five echinoderm classes, only the modern sea urchins generate a

specified embryonic micromere lineage that ingress before gastrulation and
then secretes the biomineral embryonic skeleton.

The skeletogenic micromere lineage is a derived character that appeared after
not long after 250 mya.

E hin i EueChmOids A. miniata S. purpuratus
Cidaroids

Holothurians
Ophiuroids

O Asteroids

A Crinoids

\— Present

500 400 300 250
. Gao & Davidson, 2008
Million years ago Hinman et al., 2003



Adult skeletogenesis in sea urchin and sea star larvae

Sea urchin

P o i i 1)

Starfish

Gao & Davidson, 2008



Sea urchin
larvae

Sea star
larvae

Ets1 Alx1 Hex Tbr

Gao & Davidson, 2008
Many genes used in the biomineralization of the

embryo skeleton are also used to make the similar

biomineral of the spines and test plates of the adult
body



On one side most of the regulatory genes
are used in both, and on the other side of
which the regulatory apparatus is entirely
micromere-specific.

* Genes expressed in juvenile skeletogenic
centers and micromere lineage
* Individual cooptions

Gao & Davidson, 2008, PNAS




PNAS | April 22,2008 | vol. 105 | no.16 | 6091-6096

Transfer of a large gene regulatory apparatus to a
new developmental address in echinoid evolution

Feng Gao and Eric H. Davidson*

* Pleisiomorphic state is adult skeleton only A—| bcatenin / Tell |
] Micr/Nuc Mat Otx |

e Echinoid embryo skeleton appeared since

Permian-Triassic extinction since it is only l—f@—f—__l_r
L. . L. . Pmarl sC ES

euechinoid, as did echinoid skeletogenic

lineage

|Fr_!)_'

* Echinoid micromeres have Pmar1l system Delta
used for other things (ex. Delta) | p
Nrl

* Minimun path to steal adult skeletogenic

pathway: ' @
- Put HesC sites in CRM of Ets, Alx1, Tbr; L'@%

put HesC under Pmar1 control

thr
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8992-8997 | PNAS | June2,2009 | vol.106 | no.22

Differential recruitment of limb patterning genes

during development and diversification

of beetle horns
[embry>| 1st >| 2nd >| 3rd instar >I pupa >

Armin P. Moczek' and Debra J. Rose
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Yellow protein — promote black melanin formation
Yellow protein

D. melanogaster

48 mya

D. subobscura

DEVELOPMENTAL BIOLOGY 10e, Figure 20.3
© 2014 Singuer Associates. Inc

60 mya
Co-option of
pigmentation genes D. virilis
Into existing wing
modules

Figure 7.5

Evolution of body color and yellow gene regulation in Drosophila species
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Elytra — the hardened forewings of beetles

In Drosophila, Apterous gene is expressed in the wing disc.
In beetles, Apterous activates exoskeleton genes in the forewing.

Recruitment of one module (exoskeletal development) into another
(forewing development) (B)

DEVELOPMENTAL BIOLOGY 10e, Figure 20.4

© 2014 Sinauer Associates, Inc.
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Co-option of one into another

New structure is formed by the recruitment of existing modules
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