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a Figure 3 The long-range effect
foa of Sqt does not depend on the
roleal induction of the endogenous cyc
toluy through ¢ 1y¢/ Il rect\ elay through other or sqt genes. a, Design and
or Sqt Qop-dopendont wignal - predictions for the experiments
o Jrco e shown in b-e. b-e, Single-cell
e '.’ (. injection of 4 pg of sqt RNA
cyeqt et CALLL plus lineage tracers biotin-
B gt FINA nil W ol 4 linnge tracer dextran and rhodamine-dextran
b into wild-type (b, d, n = 18/18)
c - \ and cyc;sqt double mutant
’ embryos (c,e,n = 12/12) at the

128+256-cell stage. b, ¢, Focus
is on the expression domain of
ntl in marginal cells; cyc;sqt

: . double mutants were
Wila type oyeiedt distinguished from sibling
d e embryos (b) by the lack of ntl
L 0 ' expression on the dorsal side (c).
" } d, e, High-magni®cation views
" - >’ of the embryos in b and c; the

‘ lineage tracer biotin-dextran was

Wild type cye " aqt” detected with the ABC kit from
Vectastain (red).

The zebrafish Nodal signal Squint functions as a morphogen, by Yu Chen &

Alexander F. Schier.
Figure 3, reproduced above, demonstrates that “The long-range effect of Sqt does not
depend on the induction of the endogenous cyc or sqt genes.” Discuss this experiment
and how the authors can draw this conclusion.

Cells overexpressing sguint were Cransplanted into host
embryos. Even if the embryo was unable 2o itselt make
Functional cyc or st mBNA, the cells expressing sgt From
mBNA injection were able o induce a response (nt/
expression) in cells at a distance Fror Zhe injected cells.
Thus, 2he 59t protein must have diffused through the tissue
Zo Zrigger the response, there is no way that the secreted sgt
From the injected cells could induce expression and secretion
of’ functional cyc or 59t from the host cells. Thus, sgt
must have diffused and acted directly on Zhe ne:lg/?éor/ng
cells.
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Genetic and developmental basis of evolutionary pelvic reduction in threespine
sticklebacks
Michael D. Shapirol*, Melissa E. Marks1*, Catherine L. Peichel2*, Benjamin K.
Blackmanl, Kirsten S. Nerengl, Bjarni Jo'nsson3, Dolph Schluter4 & David M.
Kingsley1
Hindlimb loss has evolved repeatedly in many different animals by means of molecular
mechanisms that are still unknown. To determine the number and type of genetic changes
underlying pelvic reduction in natural populations, we carried out genetic crosses between
threespine stickleback fish with complete or missing pelvic structures. Genome-wide
linkage mapping shows that pelvic reduction is controlled by one major and four minor
chromosome regions. Pitx1 maps to the major chromosome region controlling most of the
variation in pelvic size. Pelvic-reduced fish show the same left-right asymmetry seen in
Pitx1 knockout mice, but do not show changes in Pitx1 protein sequence. Instead, pelvic-
reduced sticklebacks show site-specific regulatory changes in Pitx1 expression, with
reduced or absent expression in pelvic and caudal fin precursors. Regulatory mutations in
major developmental control genes may provide a mechanism for generating rapid skeletal
changes in natural populations, while preserving the essential roles of these genes in other
processes.
Marine Paxton benthic The left figure from the
5 Shapiro paper shows

expression of pitx] in marine

ﬂ\ versus fresh-water
sticklebacks. The paper was
on pelvic reduction (abstract
above). Propose a

hypothesis to explain why
there is more pitx1 expression in the caudal fin of the marine form.

%%poz‘hesis 1: The pPromoter element 2hat drives expression of

Stage 30

Pitxl in the pelvic £ins also /s re6pon6/é/e for a/rf\//nﬁ
expression in the cawudal £in. Ths promoter element 15 active
in marine £1sh but inactivated in Paxton benthic.

Hypothesis 2: a new element has evolved in marine Fish, such
2hat there IS now expression of pitxl in the caudal £in in
Marine £ish.

Note: There does not sSees to be a Auge difference in
devel/opment of the caudal £in between populations. It may
be that closer exarination of the caudal £in will show that
Chere is a s/ight difference between the Species, or it may be
that another gene can compensale for differences in pitxi in
the caudal Fin (such a compensation doesn '? exist in the
pe/\/l‘c /’fn).
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When the AER is removed early, only proximal limb structures develop, while when
the AER is removed later, more distal limb structures develop. How does the

progress zone model explain this observation? 74e ce//s Z2hat /eave Zhe
pProgress zone ear/y a’eVe/O/) into proxfmd/ Zissues.

What is an alternative model to explain the stage-dependent effects on limb
patterning of AER removal? 7Aere /s a constant, absol/ute number

of cells that die after HER removal, and when 2his happens
early Csmall limé bud), the cell death wipes out the proximal
and distal elements (Z‘hey‘re all in a small area). wWhen the
AER |s removed later, the liméb But is much éigjer and thus
the same armount of cell death /eads to the /oss of only
distal structures.

Explain the differences between in situ hybridization and immunohistochemistry.
Be clear on what type of molecule is being detected, and what provides the

specificity for each technique Z» s/Z« hyérz‘a//zaz‘ion USes anti-Sense
RNA to bind specifically to a particular mRNA, while I¥/C
uses an antibody specific 2o a particular protein to bind
specifically 2o a particular protein.

In many vertebrates, there is no dorsal-ventral gradient of BMP4 protein during
gastrulation, however, there is a gradient of BMP4 activity. How might this be

accomplished? BMPqy inkibitors are not wuniformly distributed,
Chey are at Aigher concentralions on ZAhe dorsal side of Zhe

eméryo .
A neural tube
somite 24 hours
“'C\; | — [ \ R\ — \/f \\\} P P .
\\V \V /& \{/ N What do you conclude about somite
© oo plate \é/ ® patterning from the above experiments?

B stage | somite

During normal somite
deve/opment, the dorsal ha/f of
Z2he Sornte c/e\/e/ops into the

C stage |ll somite

dermomyotome. I the Somite /s
rotated 15§0° early in deve/ocpment,
12 15 the NEW dorsal half that
develops into the dermomyotome. This means Zhat

a/ermomyoz‘ome fate 1S delderriined 5}/ Zhe environment of Zhe
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Somite. The somite i5 not comritted to Form a Specific
¢issue at Chis Cime, its nefg/?éorl‘nj tissues are responsible
for patterning. When the sonrite is rotated /ater (6Z‘a33 IID,
2he dermomyotone develops From the NEW ventral side (Zhe
old dorsal), we conclude therefore that the dorsal somite is

d/reaa/y comrtted 2o Fornr dermomyot‘ome.

Pieces of the notochord, when grafted into the anterior of the limb bud, will cause digit
duplications. Propose a hypothesis to explain this result. 74e notochord

Secretes the same 51‘3/7&/:‘/73 molecule that the zZone of
polarizing activity secretes (shh).

13. The following molecules play important roles in specifying cell fate. For each
protein, write whether it is a secreted protein, a membrane protein, a cytoplasmic
component of the signaling pathway, or a transcription factor (1 pt each).

Sonic Hedgehog Secreted Protein (Limé patterning, eye
maintenance and taste bud c/eVe,/opme,nz‘)

MyoD 7ranscription Factor (muscle specification and
differentiation)

Ephrin 7ransmembrane Protein (Mfgraz‘/on of Newural Crest
cells and Sclerotore)

HoxC6 7ranscription Factor (vertebral axial identity)
Chordin Secreted Protein (dorsal ventral polarity in
Xenopus 3asz‘ra/az‘/on).

For ONE of the above proteins in any tissue or cell type, briefly describe how this
molecule functions to specify cell fate (2 pts). I am more interested in the embryonic
process that this molecule is involved in than the molecular basis for the molecule’s
action.

See Textbook Ffor the pProcesses /isted add'QCenZ‘ 2o each

protein.

Put the following terms in the appropriate boxes
in this cross section of a chick embryo:

) » Notochord (4pts) BotZonrr Center
L v > sclerotome (2 pts) AMidd/e right
‘{ﬁﬂ%" "ﬂb' . r"r -

u ,{il’-’ fl
(G . i ) L]
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» dermomyotome (2 pts) Second £rom Zop on right
> spinal cord (2 pts) 7op center

Fill in the blanks.

Fill in the blanks. All answers must come from the list of words and phrases; most of the
above words will not be used, and some may be used more than once. Some questions
may have more than one possible correct answer.

For questions 1-6, choose from the following secreted signals and transcription factors:

BMP4 chordin, emxl epidermal growth
factor (EGF)
fibroblast growth goosecoid | noggin pax2.1
factor (fgf)
siamois sfrp sonic hedgehog tlc
(shh)
vegT wnt/a hoxC6 B-catenin

Fill in 4 boxes, putting gene products on the appropriate side of the Xenopus gastrula:
chordin, noggin, siamois, BMP4 (not all boxes will be filled).

Animal Dorsal is on the r,g/;z‘, and coou/d

Neural ectoderm

Epidermal

ectoderm Shoew expresSSion of a/zora//n, 19 1y

and Siamois. Ventral is on the lefZ,

o [ y .
I:\j "J_ 4 |: and woutld show expression of
‘ Mesoderm | I:l

M
Cnd()dCI'n]

Vegetal

il

<& Surface
°° ectoderm

5. FGF

6. SHY
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Figure 13. Possible Mechanisms by Which Sonic hedgehog May Act
to Pattern the Mesenchyme

Sonic hedgehog may function in limb patterning as a diffusible morpho-
gen (A) or it may function by initiating a series of cell-cell interactions
(B). This instructive signal could directly affect limb mesenchyme or it
could act through an AER intermediate (C). In each panel, the hatched
regions along the posterior margin (the bottom of the limb bud) are
ZPA cells expressing Sonic hedgehog.

(A) Here the intensity of the stippling in the limb bud is meant to suggest
a graded distribution of the Sonic hedgehog protein. (B and C) Here
the arrows are meant to suggest a potential signal cascade, initiated

by Sonic hedgehog.
The last figure and figure legend in the Riddle paper is reproduced above. They
raise three possibilities for the action of shh in patterning the anterior posterior
identity of the limb. Based on the Chen paper (available to you in the exam), what
kinds of experiments would you do to distinguish between these models. You have
the corresponding technical ability and tools that Chen et al used in their paper.

Znject shh protein into the liméb bud (or shh mRNA into
a cell in the limé bud), ask if digit IV and IIZI identity
/S established at a distance. THis cowuld be done in the
posterior of a limé bud which does not have shh, or
into the anterior of a limé bud. The /atter experiment
was eSSenZ‘l‘a//y done in Kiddle, and it worked.

. Do the same treatment as above, but in a /imé bud in

which the progress zone and HAER cannot respond 2o shh
(a smoothened mutation, but you don '? have to remerber
that). I there is no development of digit IV and IIZ,
2hen it demonstrates that cells wunable 2o respond o
Shh are wunable to make digit IV and IIZT.

. Do the same treatment as above, but in a situation where

Zhe cells éel‘nj assayea’ can reS/)‘ond 2o shh, but there /s
a /arge group of cells which cannot respond, Separaz‘/ns
2he assayed cells From the shh. IF the effect of shh /s
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the same as in experiment |y, 2hen a relay 2hrouqgh Che
Shh-unresponsive cells is not needed. This elirinates
mode/ B above.

4. Do the same treatment as above, but in a Situation where
2he assayed cells can respond to shh, but the AER cells
cannot respond. If the effect of shh /s the sare as in
experiment |, Chen a relay Chrough the shh-unresponsive
AER cells is not needed. This eliminates mode!/ C above.

Fig. 5. Expression of Tbx5
(A-C) and Tbx4 (D-F) in
three types of Dasokus (the
extra limbs developed after
experimental manipulation).
As judged from their
positions, (A,D) are wing-
type, (B,E) are intermediate-
type and (C,F) are leg-type.
w, wing bud; d, Dasoku limb
bud; le, leg bud. Anterior is
to the top. (A) TbxS5 is
expressed in the wing and
Dasoku limb buds. The
arrowhead indicates the
posterior limit of Tbx5
expression in the flank.
(B,C) TbxS5 is expressed in
the cephalic region of the Dasoku limb buds. The arrowheads indicate Tbx5 expression in
the flank. (D,E) Tbx4 is expressed in the leg bud and caudal region of the Dasoku limb
buds. Tbx4 is not expressed in the flank between the Dasoku and the leg bud (arrow in
D). (F) Ventral view of an embryo with a Dasoku on the right side. Tbx4 is expressed in
the leg and Dasoku limb buds. Tbx4 expression appears weak in the cephalic margin of
the Dasoku limb bud (arrowhead). The broken line indicates the expanded domain of
Tbx4 expression on the right side, compared with the left.

How were the ectopic limbs induced? FGF expression in 2he surface
ecloderrr of the £lank.

How does this experiment support the idea that tbx5 and tbx4 confer limb identity?
There was a very 3ooa/ correlation between the Zype of limbs

2hat were Formed (anterior or po6t‘ern‘or) and the version of
26x which was expressed.




a Low-LG/ABN High-LG/ABN
| A N | A N
GR exon 1
promoter g -
(acetyl-H3K9 IP)
B-actin
promoter-o. - -
(acetyl-H3K9 IP)
GRexon 1,
promoter >
(NGFI-A IP)
ER-o.exon 1b
promoter > —-— -
(NGFI-A IP)
C_
8 0.9 7 ELow-LG/ABN
[ 0.8 7 OHigh-LG/ABN
o 0.7 4
G 06 1
3 05 4
£ o4 * *x
> 03 -
8 024
'-E 0.1 4
< 0 T
Acetyl H3K9 NGFI-A

Immunoprecipitation
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Weaver et al. concluded from the figure on the
left that maternal behavior (High versus Low)
led to epigenetic effects.

What were the epigenetic effects
demonstrated in this figures? Ace?y/at/on
of ¥/istone ¥/3 on Ly\s/ne 9.

Do the dark bands in panel a represent
protein, mRNA, or DNA? 74e dands

represent DNA, because the
immunoprecipitaled acez‘y/—-%3i<q
was Saé/'ecz‘ed 2o a pcr reaction
2o amplity the DNA in 2he
particular promoter region

indicated (GR rexonyl or B-actin).
How do the bands demonstrate that there
were epigenetic effects? 7Aere /s a

difference in the amount of acety/ated histone /3 Between
Zhe Low and Zhe %/jh Zreat ments.

Describe the importance of the B-actin bands? 74/s /»ndicates 2hat the IP
was egually effective in the ¥/igh and the Low. IZ is a

control/ for the actual immuncprecipitation and the PCR
reaction. Thus, lower inz‘ensiz‘y in the GR rexonyl band in the
low 15 not a reswult of a falure 2o do a 3ooc/ IP in that

SQMp/e



