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Nothing in Biology Makes Sense Except in the Light of Evolution

- T. G. Dobzhansky, 1973
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Ocana et al., 2015, Current Biology 25, 413-423

Science 325, 995 (2009)
Science 339, 1063 (2013)
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What is true for E. coli is also true for the elephant.
-Jacques Monod

o Escherichia)

L oxodonta
coli '

Whimsical representation of Monod’s famous quip. COURTESY OF
DR. SIMON SILVER, UNIVERSITY OF ILLINOIS—CHICAGO
(Carroll, Endless forms most beautiful, 2005)

(Nature, 2002)
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DNA
Chromosome molecule
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Gene 3

DNA strand 3’
(template)

-

Protein

Amino acid

(National Genome Research Institute, USA) (Campbell, Biology)
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1.IRU%S In situhybridization: 34T mRNA 3R 2.0 B EBLE: 2MEBRBN D

Indirect Immunohistochemistry

<DNA complementary Colored o4

v < Colorless compound
/ln specific mRNA that lwkculm‘.\ l}wurplc Product ®e \ HRPO Immunofluorescence
D
dye when phosphate ./ Signal
T“-A-‘-A‘H Holes in the cell is removed DAB ...ﬂ ignal —
made by detergent (‘ 4 — Labeled Secondary _~ Fluorescent Tag
Cell Antibod
membrane / \ Y e -~ . "
/\ . . Light — Labeled Primary Antibody
Digoxigenin Alkaline phosphatase ® Primary Antibody —
label on uridine / \ Proteins / \ Proteins
1 Wash Wash \\
TITHTT ity
Cell/Tissue Cell/Tissue

. Add digoxigenin-labeled probe 2. Add alkaline phosphatase-conjugate :
1. Add digoxigenin-labeled probe Add alkaline phosphatase-conjugated 3. Add chemical that becomes a dark

antibody purple dye when phosphate is removed; Diagram 1: lllustration of Indirect Immunohistochemistry and Immunofluorescence methods.

dye colors the cell.
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Endogenous gene expression (even-skipped in fly embryo)

even-skipped

stripe 2 enhancer Reporter gene expression directed by tissue-specific enhancer
(even-skipped stripe 2 enhancer)

(Modified from Small Blair & Levine, 1992)
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1. 84244 In situ hybridization: 5 # mRNA & 3 2RBMNEFRE: SR AHNT

Indirect Immunohistochemistry

<DNA complementary Colorless compound Colored o4

/lu specific mRNA that becomes purple Product ®e \ HRPO
D dye when phosphate Signal —

ﬂT\;‘-&H Holes in the cell 4 is removed DAB . .
>/u| ade by detergent ) — Labeled Secondary Fluorescent Tag

Cell \ Antibody

membrane

Immunofluorescence

— Labeled Primary Antibody

l)l;,o\lgulin Alkaline phosphatase Primary Antlbody —_ nghl
label on uridine \ Proteins / \ Proteins
1 Wash Wash §§ ii / \\
TITHTT &

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

Cell/Tissue Cell/Tissue

ibody 3. Add chemical that becomes a dark ) . . ) )
anvocy purple dye when phosphate is removed; Diagram 1: lllustration of Indirect Inmunohistochemistry and Immunofiuorescence methods.

dye colors the cell.
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© 2000 Snavar Ascociates. lac
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Endogenous gene expression (even-skipped in fly embryo)

even-skipped

stripe 2 enhancer Reporter gene expression directed by tissue-specific enhancer

CLIIRORIEUE  (even-skipped stripe 2 enhancer)

(Modified from Small Blair & Levine, 1992)
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(A) Cytoplasmic polarity 4 | .
(maternal effect) | | Bicoid
B BB Hunchback
G
ap genes &) j Kriippel
Odd-skipped

Pair-rule genes @I“D j,
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i NET AL
Mx 1b 1171 T3

Even-skipped

DEVELOPMS

Segment polarity Homeotic Engrailed ~ Antennapedia

genes genes Ultrabithorax
DEVELOPMENTAL BIOLOGY 10e, Figure 6.18 (Part 1)

© 2014 Sinauer Associates, Inc.



Hox BEARRIRUIE R

(A)

Antennapedia complex
A

bithorax complex
A

Ve

lab

Dfd Scr Antp

N\ r N

Ubx abdA AbdB

3 J\. J\L

R £ N

Head Thorax

Y
Abdomen

DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 9.35 (Part 1) © 2006 Sinauer Associates,

, Inc.
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Anterior Posterior
1 2 3 4 5 6 7 8 9 10 11 12 13
Aa i i -
Ab ) BB meas
—— Fishes o - — — —
(Danic) 5> — —
Glll—I— i ..
Cc i -
Chordata p—— i - - — -
HoxA - —E—E—0—— .
——— Mammals Hox8 I——I—— N .. -
Deuterostomia (Wus) HoxC - - I = & I T § N
HoxD l————— = - - - - -
Echi
chinodermata Sea urchins .. I I
(Strongylocentrotus)
Bilateria
Insects lab  pb bcd zen Dfd  Scr ftz Antp Ubx Abd-A Abd-B
(Drosophi[a) _-_-_-'F- - _-_-_-_- -
Ecdysozoa
Onychophorans E— ... L
(Acanthokara)
ProtostonE
Lophotrochozoa Lox5
———— Polychaetes i . .- I i
(Capitella)

¢{ Heffer A, Pick L. 2013.
Annu. Rev. Entomol. 58:161-79
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Drosophila
embryo
(10 hours)

Drosophila lab  pb Dfd  Scr Antp Ubx AbdA AbdB
Hom-C
AN AN AN AN o, A :
Mouse al a2 &3 ad a5 a6 a7 a9 al0 all al3
Hoxa

bl b2 b3 b4 b5 b6 b7 b8 b9

Hoxb (R

4 5 c6 8 9 cl0 cll cl2 cI3

Hoxc .\vp“vn‘vn"vn- Yo e W T e w e awe s e T aw T nwm e e aw )

d3 dg do dio dil di2 di3
Hoxd (g SR e i
Mouse embryo
1
(12 days) Neural tube

Hox10
triple mutant

DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 11.42 © 2006 Sinauer Associates, Inc.

Mutations in cis- regulators

of the Ultrabithorax gene
(Carroll et al, From DNA to Diversity, 2001)
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Control
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(WeIIik and Capecchi, Science, 301:363-367, 2003)
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‘evolution

Mannini et al., Dev. Biol (2004)

100um

’ "»Small eye

Statocyst V" :
Y

Photorecepto
Large eye

Kozmik et al., Dev. Cell (2003)

N ‘J

Tripedalia cystophora (Cnidaria)

Carl Zimmer :,’.;:.«"i .
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(Carroll, From DNA to Diversity, 2001) (Mouse Genome Database)
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(Halder et al. 1995)




RIBELE R Pax-6 B

FIRFFEERIIRE L2 EHER

=

(Halder et al. 1995)
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(Glardon et al. 1997)
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Tissue Tissue
specific specific
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Threespine stickleback (Gasterosteus aculeatus)

Bell and Foster 1994
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(A) Marine

Pitx1 expression

HE S5 RV

Dorsal spines

5<El pitxl EERIRIAEE:

MEANBRARIEN B KERAPHEI—E 2.5-kb PitxI
intergenic DNA ol RIS g+ R @I AIERZRIR

drHsp70

Pel-2.5kbs*"  pm—cre

FFLE A BRRRE R 51 o] DsRiE Ptk IR IR 3K K B #RER AT
BEEIRIR - WHERN RBIEENRFBRIEENSZE

(©) Transcription
fE e @ m :
Thymus Hmdllmb Sensory Pitx1
enhancer enhancer neuron
enhancer

5 AP
drHsp70 N ¢
PS
Tgt < Pel-2.5kb -1 79 .
8 N
PF
AP/OV
Uninjected Sibling v Parental Population
Nasal pit
enhancer

DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 23.3 © 2006 Sinauer Associates, Inc.

(Chan et al., Science, 327, 302-305, 2010)
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(Cretekos et al., Genes & Development, 2008)
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(Cretekos et al., Genes & Development, 2008)
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a Antp Ubx AbdA
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Hox 6 7 é

~ 400 million years ago

Drosophila Artemia

Figure 5.8
Comparison of Ubx and DIl expression in arthropods and onychophora

b Drosophila (fly)

Anopheles (mosquito)

FEENR B

Junonia (butterfly)

Insecta
Hexapoda

Manduca (moth)

Tribolium (beetle)

Folsomia (springtail)

Artemia (shrimp)
Cupiennius (spider)
Ethmostigmus (centipede)

Acanthokara (onychophoran)
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Homeodomain UbdA peptide Polyalanine
Insects s A v 2 N s X N
Fly WFQNRRMKLKKEIQAIKELNEQEKQAQAQKP!
. Mosquito WFQNRRMKLKKEIQAIKELNEQEKQAQAQ
POlyalam{le Butterfly WFQNRRMKLKKEIQAIKELNEQEKQAQAQ
hd Moth WFQNRRMKLKKEIQAIKELNEQEKQAQRQ
Beetle WFQNRRMKLKKEIQAIKELNEQEKQAQAQ
Springtail WEONRRMKLKKEIQATIKELNEQEKQAQAAKAGLFINLGGLIANSF...
Shrimp WEONRRMKLKKEIQAIKELNEQEKQAQNAKQANATAVTPGATTDSTPTP...
C r— Spider WEONRRMKLKKEIQAIKELNEQE  QAQAAKTA----STSTVSSNSNSNN...
aﬁggsrg)c;n— — Centipede WEONRRMKLKKEIQAIKELNEQ KRITPSKLHSNC-SSPTGILVTMKKM

Onycophoran WFONRRMKLKKE 'Q IK LNEQEKK---QRDTLSTV

ERz=AP - Ubx EREZ  —E poly-alanine 75l - E1EFE(E L 2RRITNAEE
MAiER a2 Ubx EREINEERE: -

DEVELOPMENTAL BIOLOGY, Eighth Edition, Figure 23.19 © 2006 Sinauer Associates, Inc.



...from so simple a beginning endless forms most beautiful and #
" most wonderful have been, and are being, evolved.
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 -Charles Darwin, “The Origin of Species” (1859)
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THE NEW SCIENCE
OF EVO DEVO

ENDLESS FORMS
MOST BEAUTIEUL

SEAN B. CARROLL
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‘A compeling scientific adventure story tnat will change forever

vyour INNER FISH

Copyrighted Material

how you understand what it means to be human.”
—Oliver Sacks

A JOURNEY INTO
1
3.5-BILLION-YEAR HISTORY

NEIL SHUBIN

WITH A NEW AFTERWORD ”
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Institute of Cellular and Organismic Biology

PEOPLE = RESEARCH  PUBLICATIONS: SU  PUBLICATIONS: YU  TEACHING  PHOTOS  LINKS
JOINUS  CONTACT

BRotesie WA EL AT I e A SRAB R A& A S 5 5P

SU AND YU LAB Institute of Cellular and Organismic Biology (ICOB), Academia Sinica
Research Group of Development and Evolution
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YouTube site made by Kinya Ota XH &t
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TN LA ZL This is the youtube site of Laboratory of Aquatic Zoology. >
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Student exchange course 2023
— Yilan MRS & Kitasato Univ. Partn2
) HE b Ea L )
. Jiaoxi Yilan Taiwan: ver. Student exchange course Brief introduction of alizarin ~ Paraffin section, Alcian blue,  Stained and Cleared Goldfish Artificial
[ ) 2023-0103-Jiaoxi-Gravity-03 2023 YilanMRS & Kitasato..  red staining: 2020-11-30 Hematoxylin, and Eosin... Specimens in Our Laborator...  Fertilization for...
=i Laboratory of Aquatic Zoology Laboratory of Aquatic Zoology Laboratory of Aquatic Zoology Laboratory of Aquatic Zoology Laboratory of Aquatic Zoology Laboratory of Aquatic Zoology
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https://www.youtube.com/watch?v=aJUKofEhtts&list=PLJlSqiEsciBgkyWqBdfMSqTPDz3yWrepM&index=10

