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Abstract Results and Discussions

Multi-view light-sheet microscopy of mutant embryos

The crustacean amphipod Parhyale hawaiensis has recently emerged as a | . . & M o o SIMView multiview lightsheet Muta nt S|de WT Slde
powerful new model system to study the molecular and cellular basis of organ nJECtIOnS osaicism microscopy allows us to live YN B ;T et
morphogenesis and diversification. So far, all imaging studies exploring Percentage mutant phenotype at screening (day 8) The CRISPR/Cas9 system knocks out image the developing mutant
appendage morphogenesis have been carried out with wild-type embryos. Here, Distal-less with high-efficiency in embryos at single cell resolution
we describe and characterize the use of the CRISPR/Cas9 based genome editing 100- faéﬁ’fgexzjrizzor:g:‘ttzfsﬁhc?gif t(:itt ;r;lgxs‘:oci'gegs':rgﬂvsepifjag;'s
system in Parhyale for the first time. By knocking out the Distal-less leg £ sﬁown). Different concentratior:ls of between cell bzhavior in mutant
patterning gene, we are able to probe how it governs appendage morphology % ~ casarvoe SERNA3 were co-injected with either tissue and wildtype tissue.
and cell behavior in a developing embryo. Early stage Parhyale embryos were g . .mRyI\TA Cas9 protein or Cas9 mRNA into 1-cell Quantitative parameters such as ' TN A S TS L o
microinjected with either Cas9 protein or mRNA and one of several short guide E B Protein embryF)s, '!'he graph on the left shows directionality and rate of cell divisions can be extracted from this data Th|s allows us to connect
RNAS (SgRNAS) targeting the Distal-less gene. After embryogenesis, we were able S . that injections performed well with an specnﬁo genetic perturbatl‘ons to th.e roleo they |olay in cell behavior during -developme.nt. Above is

_ . = average mutant phenotype rate a SIMview 3D reconstruction of a single time point of a mutant embryo. This transgenic
to observe mutant organisms with truncated appendage morphology at rates between 60 and 80% at the point of fluorescent embryo was imaged over several days after it was determined to be a mutant. In the
above 70%. Subsequent mutant genotyping experiments confirmed the high screening 7-8 days after injection (when future, random injected embryos will be placed and imaged to capture single cell behaviors during
prevalence of Distal-less out-of-frame alleles and indicated high overall Cas9 200 250 appendage morphogenesis is almost early development.
mutagenESiS rates. By CondUCﬁng SCanning electron micrOSCOpy and multi-view S9RNA T3 Goneentration (ng/IJL) complete). Further analysis shows that Prelimina ry Unilateral Muta nt Genotyping
light sheet microscopy on the Distal-less mutants, we were also able to show 30-50% of embryos both survive and are mutant on day 8 out of the total embryos that exist on Organism 2 Total Allele Distribution o organiem 2 Mutant Side
that Distal-less is specifically required for development of the medial and distal day 4 (day before Distal-less is expressed). This shows that we can pick an embryo for five imaging o . : " .

on day 4 and still have a reasonable chance that it will both survive and be mutant on day 8. This

appendage structures but not for the proximal appendage structures in demonstrates CRISPR’s efficacy for mutant live imaging in Parhyale. o
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Parhyale. Further acquisition of light-sheet microscopy data over the course of
embryogenesis is underway to assess the impact of the Distal-less knockout on
single cell behaviors. Our results here pave the way for GO mutagenesis screens microscopy of a

in Parhyale.and for comparatl.ve studies of tissue an.d orgon morphogenesis unilaterally affected
between wild-type and genetically perturbed organisms in the near future. Distal-less mutant

. . shows specific loss of
Background & Experimental Design the medial and distal

appendage structures _
Appendage morphogenesis in WT Parhyale embryos (purple) on the affected B4
side. All the proximal
appendage structures
including the gill (red),
[f N ) cuticle plates (orange), _- 8
ﬁr Mm“ ‘f’"'” ’ : and proximal segments
| (blue) appear
unaffected. The
antennae also show
notable appendage
truncation (pink).
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So far, we have genotyped three mutant hatchlings (from different injection conditions) by PCR amplifying
from genomic DNA and sequencing (40 reads). These experiments show that Cas9 activity is highly specific
for each tested sgRNA. The majority of sequenced alleles (70%-90%) were modified by Cas9. Multiple alleles
were detected in each genotyped animal, indicating that Cas9 acts after the single cell stage. In addition,
each unilateral mutant was microdissected into wild type and mutant sections that were each genotyped
separately. The wild type side shows several modified alleles, but 90% are in-frame. The mutant side shows
both out-of-frame and in-frame modifications. To confirm and explore some of these initial observations,
however, more reads from more animals are necessary. A python script was written to fully automate
sequence processing and analysis, which should speed up more in depth future analysis.
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Future Directions

Distal-less GFP Knock-In
We are currently testing a CRISPR/Cas9 knock-in approach to generate a live Ph-Dll gene

expression reporter. Our approach, shown below, involves the co-inection of Cas9+sgRNA and a
tagging plasmid that is cut by Cas9 and incorporated into the genomic target site by NHEJ. With
an endogenous reporter, levels of induction of GFP and other targets can be seen over time and
space during live imaging and specific cell behaviors and responses can be tied to the sets of
tagged. This allows us to link temporal gene expression dynamics to cell and tissue behaviors.

Matching sgRNA Target
sgRNA Target —

The marine amphipod Parhyale hawaiensis is the most powerful available crustacean model for
developmental studies. Parhyale is a direct developer. Most aspects of the adult body plan are established
during the 10 days of embryogenesis (at 25°C) when fluorescently labeled embryos can be imaged at high
spatial and temporal resolution with multi-view light-sheet microscopy. Like other crustaceans (e.g. lobsters),
Parhyale are living swiss army knives exhibiting a remarkable morphological diversity along their anterior-
posterior body axis. Each embryo develops a series of appendages that are specialized for different functions
(sensation, feeding, grasping, locomotion) and that differ in size, shape and pattern. Therefore, the Parhyale
body plan offers exceptional material to study the molecular and cellular basis of organ specification, growth

and diversification by comparing neighboring appendages in a single embryo. Proximal Medial & Distal

CRISPR/Cas9 Genome Engineering Tools Emep Ie; of color Czdfd wr Ph-DII mutation truncation ' Distal-less === -
o) The CRISPR genome engineering system consists of a ppenaage morphology paradigm | _|_
3-ufs ngg»sﬁ\( Cas9 protein and a short RNA transcript. The Cas9 Bilateral Mutants Comp/Z’l(sgpé’;giZZes are
Guide ACUygaan ?.L\GUGe("C . . . .
M ' nuclease is targeted using this RNA transcript termed the The vast majority of mutant embryos from single-cell injections surprisingly turn out to be l

Spacer 2 . - short guide RNA (sgRNA). Once bound to the target, the

~ I I ) doubl ded bl unilateral mutants as shown in the SEM above. Rare bilateral mutants that survive to screening T u..
S KRR RRRRRNRRRRN Cas3 nuclease makes a double stranded blunt cut. Non- have notable gut abnormalities and had to be dissected out of the egg for imaging (below). We S
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e A ttih ria ar; fc) ?ntmt;o oce: msertrl]ogs and deletions to tissue abnormalities that unilateral mutants are able to tolerate. 2-cell-injected embryos can ACknOWIedgementS
at the target site (introducing frameshi L . , : L
Distal-less Leg Patterning Gene mutationsgfor knockouts). ° also give rise to mutant appendages on a single side, but are not discussed here. Also, it is expected I’d like to thank all of the following for their assistance and guidance for making this summer and my work

that a biallelic loss-of-function modification is required to evoke the Ph-DIl mutant phenotype. awesome: Tassos (mentorship, assistance), Kate (SIMview imaging, discussion), Igor (beautiful confocal

imaging), Mei (SEM), Harrald Hess (SEM), Phillip Keller (guidance, lightsheet microscopy), David Stern group
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We employed the CRISPR/Cas system to knock out the leg patterning gene Distal-
less (Ph-Dll) in Parhyale. Ph-DIl is expressed in all appendage primordia (shown in
red) and is required for normal patterning of the proximal-distal axis.

We designed and in vitro transcribed 4 sgRNAs targeting different parts of the Ph-Dl/
coding sequence. Based on in vitro activity assays (data not shown), we selected 2 of
these sgRNA, sgRNA1 and sgRNA3, for downstream analysis (cut sites shown below).
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