Additional notes about the Fly segmentation lab

Fly stocks available

Fly strains used in this lab may be ordered from the Bloomington Drosophila Stock Center (http://flystocks.bio.indiana.edu).  They are maintained with the following stock numbers and formal genotypes.  

	Stk #
	Genotype

	5330
	Df(2L)ed1/CyO; P{ry[+t7.2]=ftz/lacC}1

	5331
	Kr[2]/CyO; P{ry[+t7.2]=ftz/lacC}1 - DEAD at BDSC

	5332
	P{ry[+t7.2]=ftz/lacC}1, ftz[13]/TM3, Sb[1]

	5333
	P{ry[+t7.2]=ftz/lacC}1, ftz[14]/TM3, Sb[1] – DEAD at BDSC

	5334
	P{ry[+t7.2]=ftz/lacC}1, opa[5]/TM3, Sb[1]

	5335
	P{ry[+t7.2]=ftz/lacC}1, opa[8]/TM3, Sb[1]

	5336
	P{ry[+t7.2]=ftz/lacC}4; ftz[13] ry[506] e[s]/TM3, Sb[1]

	5337
	P{ry[+t7.2]=ftz/lacC}4; h[41]/TM3, Sb[1]

	5338
	P{ry[+t7.2]=ftz/lacC}4; hh[21]/TM3, Sb[1]

	5339
	P{ry[+t7.2]=ftz/lacC}4; kni[10] hb[4]/TM3, Sb[1]

	5340
	P{ry[+t7.2]=ftz/lacC}4; opa[8]/TM3, Sb[1] – DEAD at BDSC

	5341
	P{ry[+t7.2]=ftz/lacC}4; ru[1] h[1] th[1] st[1] ftz[14] cu[1] sr[1] e[s] ca[1]/TM3, Sb[1] - DEAD at BDSC

	5342
	P{ry[+t7.2]=ftz/lacC}4; th[1] st[1] ftz[7B17] ry[506]/TM3, Sb[1] - DEAD at BDSC

	5343
	en[59]/CyO; P{ry[+t7.2]=ftz/lacC}1

	5344
	eve[1]/CyO; P{ry[+t7.2]=ftz/lacC}1

	5345
	odd[5]/CyO; P{ry[+t7.2]=ftz/lacC}1

	5346
	prd[9]/CyO; P{ry[+t7.2]=ftz/lacC}1

	5347
	ptc[9]/CyO; P{ry[+t7.2]=ftz/lacC}1 - DEAD at BDSC

	5348
	slp1[1]/CyO; P{ry[+t7.2]=ftz/lacC}1

	5349
	slp1[2]/CyO; P{ry[+t7.2]=ftz/lacC}1

	5350
	slp1[3]/CyO; P{ry[+t7.2]=ftz/lacC}1

	5351
	wg[l-8]/CyO; P{ry[+t7.2]=ftz/lacC}1


Reading the runes

	The transgene construct

	P{ry[+t7.2]=ftz/lacC}
	This is the name of the engineered P transposable element construct that contains the ftz regulatory region driving lacZ expression.  It really is ‘lacC’ and not ‘lacZ’, because it was the third in a series of ‘ftz/lac’ constructs.  Upon transformation into a ry- strain, the presence of the construct was confirmed using wild type rosy eye color marker ry[+t7.2].  P{ry[+t7.2]=ftz/lacC}1 and P{ry[+t7.2]=ftz/lacC}4 refer to two different chromosomal insertions of the same transgene construct—‘1’ is on the third chromosome and ‘4’ is on the second..

	Assorted genotype elements

	CyO
	“Curly-O”.  This is a second chromosome balancer marked with the dominant Cy[1] (Curly) mutation which gives a curly wing phenotype.

	TM3
	This is a third chromosome balancer usually marked with the dominant Sb[1] (Stubble) mutation, which gives a short, blunt bristle phenotype.

	th[1], st[1], ry[506], ru[1], th[1], cu[1], sr[1]
	Assorted recessive, visible marker mutations that are heterozygous in these stocks.

	e[s] and ca[1]
	ebony body color and claret eye color recessive marker mutations also present on TM3 balancer.

	/
	Separates one chromosome from its homolog in a genotype

	;
	Separates nonhomologous chromosomes in a genotype

	Segmentation genes

	ftz
	fushi tarazu

	Kr
	Kruppel

	opa
	odd paired

	h
	hairy

	hh
	hedgehog

	kni
	knirps

	hb
	hunchback

	en
	engrailed

	eve
	even skipped

	odd
	odd skipped

	prd
	paired

	ptc
	patched

	slp1
	sloppy paired 1

	slp 2
	sloppy paired 2

	wg
	wingless

	Df(2L)ed1
	A chromosomal deletion that removes both slp1 and slp2


Which of these stocks are the best ones to use for a class?

The three mutant genotypes that disrupt the pattern of ftz expression most clearly are Kr, h and kni hb.  These cause grossly abnormal patterns.  They may be examined in stocks 5331, 5337 and 5339.

The hh[21] mutation (5338) gives a dramatic cuticular phenotype, but does not change ftz expression.  This genotype may be used to demonstrate that segmentation involves parallel genetic pathways.

Genotypes which cause less dramatic changes in ftz expression are ftz (5332, 5336, 5333, 5341 and 5342; 5332 and 5336 being the best choices because of allelic strength),  eve (5344), slp1 (5348, 5349 and 5350; slp1[2] (5349) being the strongest allele) and slp1 slp2 (=Df(2L)ed1, stock 5330; note that cuticle preps will likely be impossible from this stock).

The remaining stocks have subtle or no effects on ftz expression at the cellular blastoderm stage.  Some affect ftz expression in the central nervous system and were used to demonstrate that segmentation of the nervous system is under different genetic control than segmentation of the epidermis. An additional lab exercise could be devised to examine ftz expression in early CNS cells.  Midline precursor 2 (MP2) cells normally express ftz in a segmental pattern.  In h mutants (stock 5337), the CNS has half the normal number of segments and half the normal number of MP2 cells.  In opa mutants (stock 5335 (a strong allele) and stock 5334 (a weaker allele)), there are no MP2 cells.  In prd mutants (stock 5346), the normal number of MP2 cells are present, despite the cuticle having only half the normal number of segments.

There are other, more detailed experiments that a motivated student might pursue, which would likely be too difficult for an entire class.  Copied below are some suggestions from Yash Hiromi, the person who generated these stocks
(1) Hierarchy of segmentation genes.

Take representatives of gap, pair rule, and segment polarity mutations and

show that all of the gap, some of the pair rule, and none of the segment

polarity class affect ftz stripes.

Of the pair rule, I recommend hairy (which broadens ftz stripes), ftz (which

decreases the levels of expression due to block in autoregulation), and

paired (which does not affect stripes).

(2) A variation of (1) would be to give students three stocks (hb kni, h

ftz, hh) all of which produces a lawn of denticle belts.  By using ftz/lacZ

as a probe, they can learn that similar cuticular phenotype can be produced

by different mechanisms.  

(3)  One can also focus on ftz autoregulation, a theme that I studied

myself.  Using the ftz/lacC reporter, one can show that the expression of

the reporter is dependent on ftz activity, indcating autoregulation.  One

can also look at ftz/lacA reporter, which lacks the cis-acting site through

which Ftz acts, and see that removing the trans-acting factor (Ftz) has the

same effect as removing the cis-acting site (the upstream element).  An

additional experiment that can easily be included is to look at the effect

of ectopic Ftz.  Ubiquitous expression of Ftz using hs-ftz construct does

not activate the reporter expression ubiquitously; instead, ectopic lacZ

stripes emerge within the interstripes.  This indicates that there are

factors other than Ftz that is required for autoregulation.  Depending on

the level of the students and the interests of the instructor, slp mutation

can also be included.  The loss of slp mimics the effect of ectopic ftz,

i.e. ectopic stripes in the interstripes.  The reason for the existence of

many slp alleles in this collection is because the single allele present in

the original Nuesslein-Volhard/Wieschauss collection was a hypomorph

(slp[IIM105]), and I made efforts to collect stronger alleles.  Df(2L)ed[1]

is a deletion that includes both slp1 and slp2, but is not ideal for a lab

course because it does not live long enough to produce cuticle suitable for

examination.

(4) Different modes of segmentation in the epidermis vs. CNS

If students already know the basic mechanisms of segmentation, they could

then ask whether segmentation in the CNS is regulated in the same way as in

the epidermis, using ftz-lacZ reporter to label a specific neuronal

precursor, MP2 (midline precursor 2).  Take hairy, opa, and prd mutation and

examine st. 11 embryos.  In hairy mutants, half the normal number of MP2s

are present, indicating that hairy CNS also has half the normal number of

neuromeres, as expected from the cuticle phenotype.  prd mutants have normal

number of MP2s, despite having only half the number of segments.  opa

mutants, on the other hand, have no ftz[+] MP2s.  This is not due to opa

deleting more than one segment-wide primordia (as can happen in runt),

because the weakest allele of opa, opa[13D92] (=opa[5]), also has the same

MP2 phenotype.  These results indicate that the mechanism of segmentation in

the CNS is different from that in the epidermis.  They can also look at wg

(normal number of MP2s) and ptc (no MP2s) to determine which part of the

neuromere MP2 arises from.

For the course (1) described above, I think it is better to use hb or kni as

a representative gap mutation, because Kr produces pattern duplications that

might confuse some students.  

The effect of eve on ftz/lacC is minor and would be difficult for an

unexperienced observer.

Yash Hiromi

