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In-class assignment

Assigned paper:
Lonfat, N., Montavon, T., Jebb, D., Tschopp, P., Nguyen Huynh, T.H., Zakany, J., Duboule, D. (2013). Transgene- and locus-dependent imprinting reveals allele-specific chromosome conformations.


Instructions:

1. Form a group of 3 - 5 people.
2. Take out the assigned paper (can be on your mobile device, laptop, etc).
3. Discuss the questions below and, as a group, formulate (and type up) answers ensuring that everybody’s input is taken into account.
4. Designate one group member to type the answers into the assignment. At the end of class:
· type the names of each group member on the assignment;
· email the assignment (as an attachment, one per group) to Pam and cc all group members, so that everybody has a copy;
· keep in mind that this could be one of your top four assignments for your portfolio! 

If you have any questions during the completion of the assignment, please raise your hand and/or ask for help!

Questions:

1. Recall the general rule, “Figure 1 is often the most important figure in the paper”. Referring to Figure 1:

a) What transgenic lines did the author use (do these lines look somewhat familiar)?

The two transgenic lines are HoxDrel5l5 and HoxDInv(rel5-Itga6). The first corresponds to the lines containing the non-inverted transgene, while the second corresponds to the lines containing the transgene inverted into the Itga6 locus.

b) What do the data show (Panel C)?

The beta-gal activity, a measure of lacZ gene expression, is the same in mice that inherit the Hoxd9lacZ transgene from either the mother or father, but when the gene is inverted into the Itga6 gene, expression in the mice that have the maternally inherited gene is negligible compared to that in the mice that have the paternally inherited gene.

c) What is striking/unexpected about the results, and why?

The fact that the imprinting effect is dependent on the position of the transgene in the chromosome is extremely unexpected. 

d) What conclusions do you make from the data?

The conclusion we can make is that there is a position-dependent effect on the Hoxd9lacZ transgene expression, where this position-dependent effect is largely seen only when the gene is maternally inherited as opposed to paternally inherited. 

2. How did the authors show that the observed imprinting is lacZ-specific and position/site-specific? Do you agree with their data interpretation and with their conclusion? 

They showed that it was lacZ-specific by introducing an inversion between Hoxd11 and Hoxd10 that inserted the native Hoxd11 gene into the Itga6 locus. No imprinting effect was seen when this was done. Also, when they produced a Hoxd11lacZ transgene, the exact same imprinting effect was seen upon inversion as with the Hoxd9lacZ transgene. They showed that the imprinting was position/site-specific by demonstrating that when located at its rel5 position before the inversion, the transgene showed no expression bias. Furthermore, when they inserted the same transgene into different places within the HoxD centromeric landscape, no parental-specific expression was found. 

3. Refer to Figure 2.

a. Briefly explain how to “read” the diagrams shown (i.e. what do the rows of circles represent, what do the white vs. black circles represent).

Each row of circles represents the methylation profile of one mouse embryo/germ line cell, with each circle representing a possible DNA methylation site within the Hoxd9lacZ transgene. The white circles represent non-methylated sites and the black circles represent methylated sites. 

b. What do the data in Figure 2 show?

The data in Figure 2A shows the methylation profiles of both +/Paternal and Maternal/+ embryos (where +/Paternal embryos have the transgene inherited from the father and the Maternal/+ embryos have the transgene inherited from the mother) with the inverted transgene from E12.5 presumptive digits. The Maternal/+ embryos have much greater DNA methylation than the +/Paternal embryos. Figure 2C shows that DNA methylation is very strong in oocytes and almost non-existent in sperm containing the inverted transgene. Meanwhile, figure 2D shows that when the transgene is not inverted, the methylation profiles are nearly identical and very low with both the +/Paternal and Maternal/+ embryos. Figure 2B will be discussed in part d.

c. Why aren’t there a “paternal/+” and a “maternal/+” groups for sperm and oocytes?

This is because they are germ line cells and, so, are haploid. Consequently, they either contain the inverted transgene on the given chromosome or do not, and cannot be heterozygous for such a genotype. 

d. What are “escaper” embryos, and how were they identified prior to bisulphite sequencing?

Maternal escaper embryos are the embryos with the maternally inherited transgene that show intermediate beta-gal activity between those embryos with very little lacZ activity (the maternally-imprinted embryos) and the normal embryos with the paternally inherited transgene. The paternal escaper embryos are the embryos with the paternally inherited transgene that show far lower beta-gal activity compared to the normal embryos with the paternally inherited transgene (that have very high beta-gal activity). The DNA methylation profiles of the maternal escaper embryos are intermediate between the Paternal/+ embryos that are completely unmethylated and the normal Maternal/+ embryos that are entirely methylated in the transgenic region, as show in Figure 2B (to answer question 3b. more completely). Thus, the amount of DNA methylation is directly correlated with the amount of transgene expression, as expected.

e. What can we conclude from the data? 

We can conclude that embryos containing the maternally inherited, inverted transgene and oocytes containing the inverted transgene have very high levels of DNA methylation, compared to the embryos containing the maternally inherited, inverted transgene and sperm cells, as well as those embryos with the non-inverted transgene. Figure 2C enables us to conclude that the transgene is truly maternally imprinted. 

f. How do the data in Figure 2 support the claim in the title?

The data supports the fact that the maternal imprinting is transgene- and locus-dependent specific, by demonstrating increased DNA methylation in the Maternal/+ embryos and oocytes, which is directly correlated with the transgene’s lacZ activity. It does not allow us to conclude anything about chromosome conformations, however.

4. Figure 3 depicts the results of a series of 3D chromatin conformation capture (aka “4C”) experiments. Try to “read” the figure and see if you can identify the information described in the text. 

a. What was the experiment, and what are the results?

The experiment is a 4C experiment with the lacZ transgene as the bait for it in E12.5 embryo digits. This experiment shows that when the transgene is not inverted both Maternal/+ and +/Paternal embryos show the same interaction profile, with heavy interactions with the digit enhancer sequences within the centromeric desert. When the transgene is inverted, the Paternal/+ embryos still show increased interactions with the digit enhancer sequences, but the +/Maternal embryos show a decreased interaction profile with the digit enhancer sequences. The +/Maternal embryos largely show interactions with adjacent chromosomal regions, indicating that is tightly compacted, in line with the previous results showing increased DNA methylation in oocytes and +/Maternal embryos, corresponding to lack of transcription of the inverted transgene. 

b. What can be directly concluded from the data?

We can conclude that the inversion of the transgene changes the interaction profile in +/Maternal embryos, decreasing digit enhancer interactions and resulting in mainly interactions between adjacent chromosomal regions. In particular, the silenced allele shows a more compact domain, suggesting tight folding of the transgene with closely neighboring DNA unlike the paternally inherited allele, where the bulk of contacts is skewed towards the inverted centromeric gene desert and the corresponding digit enhancers. 

c. How do the data in this figure support the claim in the title?

The data shows that the chromosome conformation near the transgene insertion site is locus-dependent and allele-specific. There is a change in chromosome conformation in the +/Maternal embryos upon inversion of the Hoxd9lacZ transgene and the adjacent centromeric gene desert, resulting in a much more compact domain of interaction. This is when compared to the large domains of interaction with the centromeric gene desert in +/Maternal embryos containing the non-inverted transgene, and demonstrates that the imprinting is clearly locus-dependent. Since this same change was not observed in Paternal/+ embryos, which maintained the same interactions with the gene desert upon transgene inversion, the chromosome conformations are clearly allele-specific and correlate directly with the maternal imprinting of the transgene observed earlier. 

5. List any findings that you and your group found surprising.

One of the most surprising findings was the fact that the Itga6 gene itself is not maternally imprinted, as demonstrated by qRT-PCR in E12.5 digits mRNA in both +/Paternal and Maternal/+ embryos containing the inverted transgene. They performed qRT-PCR specifically at the Itga6 locus not containing the transgene by using a primer specific to exon 25, which is removed in the homologous chromosome containing the inversion. The lack of difference between paternally and maternally inherited normal Itga6 expression suggests that the Itga6 gene is not imprinted, at least for transcripts including exon 25. Thus, the imprinting results are not only site specific, but also transgene specific, meaning the imprinting must have something to do with the lacZ sequence itself. 


