Genetic and Developmental
Basis of Evolutionary Pelvic
Reduction in Threespine

Sticklebacks

Presentation by Cade Leebron

" Stickleback

12/11/11



llarity

(A)

Marine

Pitx] expression

(B)

©)

Freshwater

ﬁ’ranscription

Thymus  Hindlimb  Sensory Pitx1 Nasal pit
enhancer  enhancer  neuron enhancer
enhancer
DEVELOPMENTAL BIOLOGY, 9e, Figure 19.1 ©2010 S Assocaten .

12/11/11



12/11/11

shortspine (mother) longspine (father)
O e~ M T ——
2

2 : .
3 ———— e —— ; ———o— 1} =location of Pitx1
= —— D A ———
8 b 5

7 et 7 — e

I3 : i 12345 6 7 Pitxl

G Major T
a Linkage group7 2T
Y /
“long" %1 Polic spine
2] — Pelvic girdle.
—a—  Ascending branch
1 ———— S —i— : e o
B . —
3 3 § =
B = e e ]
: §w
7 4T|-O-|—H—r 7 30
E 20
0
%0 20 4w 6 8

Map position (cM)

Diagram of Cross between Shortspine and Longspine

Major QTL
Linkage group 7 P <
5 8
4 6
L —o— Pelvic spine §s )
—e— Polic girdlo 3
0 ~—a—  Ascending branch § 1 Towd 2
- “W . ..
= Ul 00 20 40 60 80 100 9 10 20 30 40 50 60 70 80 90 100
@ Map position (M) Map position (M)
50
2 Linkage group 4 e Linkage group 10
S S8
Pitx2 5
4
% 3
2
2 1
T 20 % 4 % 0 10 2 0 40 $ 6
Map pesition (cM) Map position (cM)

Fiiure 1I a-f




0 1 2 3 4

Figure 1, g-h

Table 1 Location and magnitude of effect for major and minor pelvic reduction QTL

Trait LG Marker Map position (cM) LOD

Complete versus reduced pelvis 74 82.8 NA
7 72.6 NA

Pelvic spine length 7 82.9 165.3
7 72.6 143.7

= 19.1 7.6

4 32.4 5.8

Pelvic girdle length 7 82.9 5.8
7 72.6 D7.8

1 451 5.6

2 19. 11.1

4 32.4 5.6

ending branch height 7 82.8 44.5

7 726 22.2

10 0 8.6

7 82.9 31.5

7 72.6 13.5
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« There are no coding mutations that would alter
the amino acid sequence

« RT-PCR and sequencing studies confirmed that
BOTH populations of fish correctly assembled the
three exons into an intact, spliced Pitx1 transcript

 Thus, the problem is NOT in the mRNA or in the
protein
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Site-specific Regulatory Changes ef
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And shows that Pitx1
expression is higher in the
. ventral caudal fins of marine
larvae

Stage 30

Hypothesis: It is the hindlimb enhancer
thatds eliminated

Hindlimb reduction Directional asymmetry

d U C 10X d ; C C
lethal, however, elimination of

y \ the Hindlimb enhancer is a
viable regulatory mutation.

Also shows that left-right
asymmetry is a characteristic
feature of Pitx1-linked pelvic

reduction in mice and Paxton
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« Pitx1 is most likely (out of Pitx1, Pitx2, and Tbx4) to be
related to hindlimb loss

« Marine and benthic populations are both able to assemble
Pitx1 exons

 Thus, the problem is not with the proteins or the mRNA

« Pitx1 regulation is site-specific, Pitx1 still appears in benthic
population's thymus and neuromasts

« Most likely explanation: hindlimb enhancer elimination

« Why this isn't definite DNA proof: guess and check was used
to pick which three transcription factors to study in the first
place

Figure 19.1 Modularity of development: enhancers
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