(left) and from Lake Malawi (right)

evolved similar body shapes.

Cichlids from Lake Tanganyika
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SET &EES

FH Note SETI = SETAR EESI = EESA R
Wﬂﬂ CHY ANBSET BOEE. SR NBEES SRR, TR
LERST 5%
" . Extra-genetic BERERZ o rmepe  IR{EREINClusivefd, -
l@.’f?ﬁl‘]EﬂS inheritance ﬂ&—ﬁfﬁﬁiﬁ I—:Ighﬂlﬂﬂ—%\ /%H%EE Z:'TR'TR/E\I.ﬁ% ﬁ%ﬁ%\ M(EEEI'E
o s Niche construction — A#ZIEFIE . , £ HFNIFE R CRERET  Aafes
EMEIMERXER & Plasticity (5 AR ZEl, XET 5 T R MEF. WFLE
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BETROMHME  Plasticity BEEREMIN  RRET. TR o Il mxo s
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SET &EES

Natural selection Genetic variation Mendelian Key Concepts  Focal Topics

(“survival of the fittest”) (alleles of.ln.dlwdua.l genes, inheritance
combining to give
continuous variation)

(2 copies of each gene, e Vil ‘ : S
1 from each parent) s\ _ ;fﬁ’ (

S z
Inclusive inheritance

-

Early 20th Century MOdern

synthesis
Standard evolutionary theory, SET Extended evolutionary theory, EET
“Standard evolutionary theory is gene-centered, and treats as “The EES does not replace traditional thinking, but rather can be

evolutionary processes solely those events that change gene frequencies.” deployed alongside it to stimulate research in evolutionary biology.”

/ EBREEWAARDM




Developmental Bias

o EESETIAA  ERRTEEYVIALERN, BEIHREFOASBEFEEEET G,
« %XB1WZ= (Developmental Bias) @ RELTFEALABUESEN, MELTRILAEMETRERS L,

Positive vs negative Some phenotypes Some phenotypes

effects can be produced, are ‘easier’ to
others cannot produce than others

Positive and negative Absolute bias Relative bias

effects considered

together

Negative effects Absolute Relative

considered alone constraint constraint

Positive effects Absolute drive Relative drive

considered alone

* Developmental Bias.

* Developmental Constraint.

* Developmental Drive.

Mutation is Phenotypic variation is
random NOT random

ERBWHADM T. UIIer, et al.



Developmental bias — centipede segments
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W Arthur, et.al.



Developmental bias - body plan

Midline

e
® Development biasAYEZESCH): o o

idsagital gy .
* Body plan@— AR E BRFHHE OFESFHLE | PR e

T Transverse |

— MBI TS B 2 Mbody plan, MEPIAIRIERYE . NG
ET I EN MR ESZbody planfy—H&BT - o \;

: %?ﬁ%%ﬁﬁuT%ﬁ ER. R BOEREE. | |

REFIALE i

Table 1 Summary of ideas from the early key players that have shaped our current concept of the body plan e
Aristotle 384-322 BC Unity of plan Describes the structural plan used to classify animals based on the ladder of nature
Buffon 1707-1788 Unity of the type States that animal forms descended from an idealized archetype
Cuvier 1769-1832 Function determines form Divides animals into groups based on the function of their anatomical traits Dersal
Geoffroy 17221844 Form determines function Demonstrates the relationships among animals based on the similarities of form &
von Baer 1792-1876 Embryological concept of  Based on his four laws of development, von Baer showed that types reflect » et
body plan the structural organization of embryos rather than that of adults ooty cavity
Owen 1804-1892 Archetype Returns to an animal classification system based on a divine, idealized form bdominal
cavity
Darwin 18091882 Descent from a common Replaced the common archetype used to define the body plan concept with _
ancestor common ancestry i
. . ) : ) L. . . Abdominopelvic
Haeckel 1834-1919 Biogenetic law Concept that individual development repeats the evolutionary history of the adult cavity
morphology of its ancestors




Developmental bias - body plan

predictable gradients distal elongation basal range of variation derived forms
- D G
H ead %: Fj3/P1 ' - distal 8 D
AP [ . [] D
0 T PPt ' D
&
D m
Thorax | -
raptor '
- = = A % ' proximal
T\l Abdom ¢ L
Loy omen RS ) ;
v 2 o 2 MT —
[ ( ' 9 cr* early tetrapods’ /x,_ ph —==
- k- - / 2 modern tetrapods
3 / ( ﬁ
; single module: independently varying
* =joint formed larger-to-smaller metatarsal module
< - joint initiation signals di and ungual phalanx
Ner iy St gradient
—] = inhibition of joint signal

Kavanagh KD, et al.
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Key concepts - DI/R3EMN]

& 5 DURZEN - .
© RISNYRBFNHEFIELL NN TR RHEE R ERHK | —
© ARLTBMFIEAEBHEEBEMNSE, ARFLIETHERAL

Meta-cis

* BEYTMNEBHFALD L EERFNDIRAENE, mEEHEREII,

Constraint
on mechanism

Ontogenies [ t]

- BFIYNRHEREAZGR—DMEFTY, BESKRHEKER.

Meta-trans

Constraint
on form

Phylogeny [ Extent of variation]
i

»
Y L

Fig. 3. The phylotypic egg-timer. This scheme illustrates the convergence of vertebrate
developmental strategies towards the phylotypic progression, the acquisition of a stable
Bauplan. This convergence may be imposed by the necessity to use a meta-cis regulatory
mechanism whose intrinsic properties, linked to those of the genetic material, may
considerably reduce the amount of evolution allowed within this narrow point (see the text).
Such a mechanism may result in the progressive temporal activation of Hox genes along their
complexes. The diagrams of embryos are schematic to illustrate the concept; it is not suggested
that they give an exact description of vertebrate morphologies.
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Key concepts - JAR5ES

e e n e g mmnnnn e ee gy e g o e e mmnmn @ e e o e
near rre Nat.r.pom o’ a pigmented amphibian embryo, 18 transplanted to
different sde m an un-prgrmented embryo; the transplant inilate s a seconda
nvaginabon arnd gastrutabion, wihich evenluaily resulls o an enbre seconda
larve, The graft derived tissues are perfectly integrated anatomically wii
hostcetls (indicaling Spemann’'s “assimilation ") as shown in the transpare)
wview of the secondary tail region (bottom right].

Dorsal views

Neural
groove

Primitive
streak

evandary

Late I'al Views ;l_ l ey’ 8 Tyaginaton
Heart ' '

Ey
Umbilical

cord >
Limb

: ;‘:;-(_% I e SF Ve
C Day 24 buds

0056 g J ’?
ol e
(2.5-3.8 mm) D Day 28 (4 5-6.0 mm) (9,- B

Umbilical
cord




Mt EkAE, RAM~E (Developmental bias) & & A k4 (Developmental constraints) &9 &) L33,
KAAK, TR B RFGFNAFR — A B EFIL,

— 3k AN A #71K R L E L # (Neo-Darwinian theory) &4 7 & A FRH XA A

RF A5 R 89 K F A6 = L2 Maynard Smith5 A (1985) #4tay,



Developmental constraints

RL: T RARANEN, &, ARAHS, NEFEREGZEZE T b L3RR L Fa9RH.

WF et R TR AR AH L, A2JUT PR AR (Fe A A T8 2 Fotiadh) a9 T30 A



Recognize developmental constraints

The Study of Morphology

st FAEST —Frdadr, RALETARGERAZE A i pir AL T 6948 KL R A B3R A &b AR
Ay R3%, TR E] T RF

B— B R Ao K NBRRGRIER IR, AR A FILH P HEIAAE (E25NEAEHILFH4 B P
HRINEA4F 24 )

BETFPOEIMARHIEEA, KA RAT UMY B S M AT AL LTIR, mEbe)TIRR
A A B A OUT AR B B A TR E]



Genetic analysis
KA R EAP2E LA E F A0ig RO FAE D RO f I Ko

Blde, FEHKEFRGREARBFEATNRE, IPERILFHEL.




A Knowledge of Developmental Mechanisms

African Clawed Frog

Axolotl

Alberch#=Gale(1983, 1985)4F 7. T # A& 3 40 F iy
kR 69 BE A AR A

(A) Ambystoma mexicanum

I \\
Ny N, Tibia
—
- g g jbﬂh;
a7 Fibula
av P
v

(D) Hemidactylium scutatum

(E) Proteus anguinus

'y .
\~ Tibia I Tibia
Nes | Sgmes
-.--ﬂ'&&u ‘&QQG
d n Fibula
v P Fibula " ,’
® (©)
-~ ol s
Nq . cTib'a 1 Tibia
-du—hﬁg, ea’ --?""-‘m.m@ 28y
R T
% g Fhula 1= Fibula
v =4

NATURAL
VARIATION

EXPERIMENTAL
VARIATION

Experimental decrease in cell number

AP R T FA g RT FZ B e9AaMlZ &

k£ TATE AL, MEERE R kS @A AL,



Local and universal constraints

FRIRZKTBP1, 1. 2. 3. 5. 8. 13, 21, 34, 55...,
EbPE—RAIAAL A, AR AL GFEE T S
7] 849 A8 AR B, R

BT =A% G R0 RLRIUTH 2 £7% ALK,
T R H A o A LR



The origin of constraints

1.

RN 69 = A8 “ARREy 7 R “RLey” ) thdedl FHRAR, #IEN, &
&S eg FHM B, RARE A LRAEED P KB AR, @A
ML, A 2 ABREF RAoGik, ARELAETT AR A A B XA I Z 49
R RS I A S R o

TR R FF R, LA RIME . REAA— R DIBKE T XATHA,
BEMRIBRIAFEHN T XOBEFEHFLIEFNTR. MILZT, R
BARTaRENE WA FHIangE g, BT @i TR E L6,




Realized Pheno types

— Selection

thnots pes

Osterf=Alberch (1982) & A% T —Am F 242,
et Bk, KREMBTRATRATFHATRGEALT - 4
FRERNGME - MENAETZ T Hd — 2 x AldefTk
MARLFENNEAR, A, ARFEFAEN =2,

& zﬂﬂfd A i X Fe B AN T 42, OsterfeAlberch®giA A2, KEF A
. FRFmE TR RFEZEERAT R,

mMandom rransitions

- Gene Frequencies




R RGBS 1980 F KT %, IS LN AT T T A A,
Neo-Darwinian theory @ %2 &, 4 7 i ANE A

ARXTARABEREZGIENREE BRI —THRZ
Maynard Smith (1998) 52/ T X — &, “dmEK
AL B R F R —E %A 5 K87

SHTE A ST HLE .
Ae EARGLA TR — AT 2 A A B i,



EHTAEMWIEL ¢

- R E, HUEBERNETRETR. EFMETZEMNEEEH,
MR 7 LB SRy ME B (MullerfiNewman 2005), &,
MSHERE 7 1L B 1L

+ H1B% JfFﬁE’JI]ﬁﬂ%%ifﬂ%@@%—a#ﬁ? MS BX 32 PI &4 T3 RO B4
REFENx, B—VIERACESRESHEN. ENMHHN, EFE
’5%9*'1EﬁlmiﬂTf§é%\7ﬁﬁﬁi_L It B T 22 3 — TR E thm%%
HIREZ A8 BE 4 LR (AR HE

- BENBEUNEABETERTBEANMEH A/ NFEHL R LIRME
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Macro-evolution Micro-evolution
—Anhmoﬁﬁ —
— namaiosa. (7 Bilateria Population @
Prispula ( -
w — Mollusca 0 — . ‘
Deuterostomia
= A new species
- mi (74
3 Brachiopoda (il - Chordata ‘
. Chordata @ =
i __ecmm"'-h* — Vertebrate A new genus q
=l — Ctenophora @

‘ ?77? years

A new phylum

W? 2 Jaw animal
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developmental bias : FR&I\VST] 34y

* Rupert RiedlZ 5 — M X WEFUER A BB (AR AHE 1) FH 5 (&
MEB)EEE—EMA

- I, BAWERZINFMIRN, FrlREE T HNEEREFERTHL, LE
THEREFZMNENNESEINA R EX BTN EREE M

s SAMNFRVTEIER, XBAREER L] DUBINI—FM eI gt L4,
Developmental biasfE B BT 5| SBREFTAHANET R, MUEEENr M
F B (BB Nd 1L )

* GN{a] G —u[E IR B E L ITIE Fdevelopmental biasfy “fR<F" 1 “RlIFT
MAHESFIENRR, BHUEREEYFE (evo-devo) FEMEFRFE([O)&,




IE 7\)/ \;i/ 2£JI—LI:%

19155 , EE/RIRAIFEMESER ( C. B. Bridges ) KM —MABSHFHEHIRIBRTIN , TAAKHFPXTERE.
REl A, XRBIRTHE=RT (T3 ) HIRABIT (T2) , NG TBBERRIEES] | XFRREBNIE
RATBISSEER ( bithorax ) . F=HIZMERAI3 MELERIERWIRANBWE S ( BX-C)

Balkashina (1929 ) &Iaristopediass®s , RIBRAAIRIRIBREIRWAAEN. 1940FERINE S
TAKHRAYSSE: | SERTIEEIEMNAYSEE , BiEFR9Antennapedia (Antp , “F" ) RIEE. =Hi%

RS NESRIERSFRNBHESY) (ANT-C) .



TRIEAIAS N
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19785, Lewisikk 7 REEMFIWE —REBEREEENANCN, HiX
mIEXF , XIBHEBERNMIEARN | K TIHFERBEREIEER , 4
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ANT- CFOBX-CHIS N EREAIEM RS 1= Hi B SB IF——XI R,
XBNMEREB—ER180bpRYRFFY , HmZ60NMIEERTLE , [FRAYHAR
ARIXEREEFRYBEEiET TéﬁéDNAéEﬂEH%E’éiEI’\JI)JﬁE , EItiZ 5145
B ARESEFEE (homebox ) , X8NMEREBHMFRIHOXERE], XLE
Té%é%m%lfﬂuﬁ ( Jllﬁtﬂ}ﬂc# ) SN EERIAREEHFR

JIEEREF

IHJJ’

(:A [ Al\\
::/l y " N ) I
5 & (Q“f , - RNAKE (T
AN T'C BX C (’A [ Al
lab pb Dfd Scr Antp Ubx Abd A —(

[ |
lJJr

v

Edward B. Lewis ( 1918-2004 )
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D. melanogaster
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Ohde et al. (2013)

Dual
Rasnitsyn (1981)
Niwa et al. (2010)
Clark-Hachtel et al. (2013)

Pleural
Oken (1809-1811)
s Woodworth (1906)
_©  Kukalova-Peck (1978, 1983)
Averof and Cohen (1997)

Current Opinion in Insect Science
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350 kb Wild type A

17 bp snake-specific deletion

o —-——

\
) mZRS Shh L/
. A Y W0 sesareas . v.e ee N oW W sswRe wwkaes . v sawe
W"d type mouse - - p— - _/}—h— human ATAATAAAAGCAAAAAGTAC-AAAN-TTTTAGGTAACTTCC I TCTTAATTAATTGGACTGACCAG

nouse ATAATAAAAGTAAAATGCAC~-AAAN-TCTGAGGTCACTTCCTCTCTTAATTAGTTGCACTGACCAG

cow ATAATAAAAGCAGAAAGGAC-AAAN-TCTGAGGTAACTTCCTTTCTTAATTAATTAGACTGGCCAG

delphin ATAATAAAAGCAAAAAGTAC-AAAN-TCTCAGGTGACTTCCTTTCTTAATTAATTAGACTGGCCAG

Cobra horse ATAATAARAGCAARAAGTAC-AAAN-TTTGAGGTAACTTCCTITCTTAATTAATTAGACTGACCAG

> : \; > megabat ATAATAAAAGCAAAAAGTAC-AAAN-TTTGCGGTAACTTCCTTTCTTAATTAATTAGACTGACCAG

N { sloth ATAATAAAAGCARAARGTAC-ARAR-TTTGAGGTAARCTTCCTTTCTTAATTAGTTAGACTGACCAG

- == _ ——/ /——_— $ S er en tl Z ed ' platypus ATAATAAAAGCAAATAGTACAAAAN-TTTGAGGTAACTTCCTCGCTTAATTAATTAGGTAGACCAG

chicken ATAATAAAAACAAATAGTACARAAAN-TTTGAGCTAACTTCCTIGCTTAATTAATTAGGTAGACCAG

lizard ATAATAARAGCAAATGGTAGAAAANTTCTGAGGTAACTTCCTTGCTTAATTAATTAGGTAGGCCAG

r i y { boa ATAATAABAGCAAATGGTAGCARARN -~ — e e e e e ] ATTTTAATTAATTAGGTAGGCCAG

I' & python ATAATAAAAGCAAATGCGTAGCGARN = = m v o o o o e o TTTTTAATTAATTAGGTAGGCCAG

) Cit ? '-‘; viper ATAATAAAAGGARATAGTAGCAATT TCTTTAATTAAT----TAGGCCAG

‘' v rattlesnake ATAATAAAAGCAAATGGTAGCAATT) = m oo m o o e e oo o TCTTTAATTAAT ~~~~TAGGCCAG
Serpentized’ mouse - - - SR — e |

% X cornsnake N s B e e e

coelacanth ATAATAAAAATAATCGGTACARAAN-TTTGAGGTAACTTCCTIGCCTAATTAATTAGATAGACCAG
e. shark ATTAATAAAGAGAGCAGTATGAAAN-~TTGCAGTCATTTCCTTGACTAATTAATTAGATCCACCAG

ES0 FSHHERME MNP E R AT HIRFRIAEE T IR ML E.

ShhE [ BB 2F 1557 M 158 FZRSTE LRI BHENY H s IR F .

MEESEZRSE R EH R 17bpiy %k A FETSIE SR M kMR A BRETT

K AERE Tt o] U/ VR R e R Shh BB Zr i s M RA e N B A B B 157 .
Xt A s IR IJETSI—Shhifiz X R 2R U H UK (188) ML ERM.
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Co-option | FEZS
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