Results

First, into the distal arm of the germline, | injected a Progeny from F1 (F2s) were cloned out, incubated
mixture containing CRISPR-Cas9 protein and a guide and then genotyped. Four F2 worms contained a
RNA and repair template for cosa-1. As part of a single white mark between the 600bp and 700bp
- 7 cOCRISPR strategy, the Injection mixture also suggesting that they were homozygous.
PSRRI oo, contained a guide RNA and repair template for dpy-10
e which would produce a mutation which results in
rollers when heterozygous and dumpy rollers when

- ' o homozygous?. | incubated the injected worms and
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i/ T/ . Gel imaged from large scale PCR of worms that were

promising to have the wrmScarlet1l insertion. These worms
were picked out from plates of F2s that appeared to have the
insertion. The ones that have a star (*) label on them were
thought to be homozygous for wrmScarlet11.
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Adapted from http://www.wormbook.org/chapters/www_meiosis/meiosis.html

The C. elegans germline is a U-shaped tissue with mitosis occurring distal
from the uterus and meiosis proceeding as cells move proximally, as seen in
the drawing above. Meiosis encompasses a number of different stages:
pairing of chromosomes, crossover formation, chromosome remodeling, and
germ cell maturation. During crossover formation, COSA-1licences
crossovers between paired chromosomes®. To visualize crossovers in vivo, |
attempted to insert part of a fluorescent protein into cosa-1.

| obtained the results from the worms that were
sequenced. In 3 of them a missense mutation
occurred. However, in all of them | saw the deletion
of two nucleotides. This would result in a frame
Gel imaging of the second generation of worms (F2s) that shift, changing the amino acid sequence and

http://www.wormbook.org/chapters/www_transformationmicroinjection/transformationmicroinjection.html

(A) A precise injection into the germline of C. elegans. The were cloned from F1 worms that demonstrated a A .
injection mixture is injected into the distal arm of the germline and wrmScarlet1l insertion. A total of 43 samples were screened confirming thatwe had produced a loss of function.
will disperse evenly in opposite directions, like shown with the to detect a band length of 648 base pairs. The labels that
arrows. (B) A photo of me performing precise and quick injections include a star (*) are the ones that showed promising band ey y— s
and adjusting the focal plane to distinguish the germline.(C) A length due to bright white marks appearing in the 600-700bp e N —
successful injection into the germline using a fluorescent label ladder length. e o
(blue) to visualize the result of an injection. S
Shown above is the fluorescent protein wrmScarlet as viewed from the front ~ Progeny(F1) that were rollers and dumpys had been | looked at the four homozygous lines, and | saw sttt coon s et wncesser:cor eeccorolbocacedcosgdence
i i - . : : i D33 T cosall-FDOB.@bl(15605) | CTOAAGTOTCAATOTACACCETOOTCCARCAATACCACAADTECOTIACCACTEAFTECACChaD bokcreTon
(A) and top (B). It is made up of 11 beta strands and a fluorescent fl_JnctlonaI CRISPR-edited for dpy—lO in the mother, so they were  more males than Wlldtype. This phenotype hinted > 3-s13F sosali T o0b.aDL(3o1s)
group. In order to fluoresce, all the beta strands must be present in a beta | d into individual plates to det i hether th ) 4 ) :
barrel shape. However, beta strand 11 (rainbow) can be on a different protein ~ C1ON€d INT0 INdividual plates 10 determine wheter tney  at a loss of function in cosa-1. Since cosa-1 is \jl
and still form the beta barrel with 1-102 Therefore, we can tag COSA-1 with ~ Were also CRISPR-edited for cosa-1. Then | incubated required for crossovers, and crossovers hold the e o o e n et ety GEEAoreifrosaocpic-coloceies
:he I1_1t_h strfe:nd in an amma(lxt)hsa'ta\ elxprestiesherScarletl-lO constlt_utlve_lly, the F1s and waited for more progeny. | genotyped the paired chromosomes together for the first division, #1028 eoseiHF £0S. bt (11560%)
ocalizing fluorescence to -1, and therefore to crossover sites. To ST S - : .
insert the 11t beta strand into the cosa-1 gene, | used CRISPR. F1s and found that six lines had potential insertions. an ab_s_ence _Of Cosa'_l mlght_ result in Chromosome %MWWM
Progeny of these F1s were followed up. nondisjunction®. This may in turn result in some poothmnes |l re il ten
A. Genome Engineering With Cas9 Nuclease progeny receiving one X Chromosome’ resultlng in {gjﬁ—gg::ﬂ;ﬁ—ﬁgg315;3;‘33; D CTeacTeTCALTeT
males. This suggested that the insertion may not be
Casg GRNA as | had planned, so | prepared to sequence the 4 Sequencing results from our 6 promising worms. In the insertion
homoz li site, there was a gap in the sequence traces; thus, demonstrating
— Ygous lInes. the ab . :
Clotaane - e absence of nuc_leotldes(left rectangl_e), and a nucleotide change
- mzmm R was also apparent in some sequences(right rectangle).
= = — nclusion
= Conclusions -
e « | got worms with insertions in cosa-1
» « Aframe shift occurred due to the deletion of two
Insertion/ . . - - .
¢ deletion | -~ p nucleotides resulting in loss of function in cosa-
— e ) & L)  Loss of function in cosa-1 led to having more
end joining (NHEJ) repair (HDR) e ki3 ; | males
https://www.neb.com/tools-and-resources/feature-articles/crispr-cas9-and -target ed-genome-editing-a-n ew- era-in-molecular-biology H - -
A comparison of a hermaphrodite (top, slim tail) and a male * _Some !50|at95 had a_nUC|90t|de change resulting
CRISPR-Cas9 can locate a target DNA sequence using a guide RNA and cut it. (middle, blunt tail with fan) found in my cloned-out plates. IN @ missense mutation

This induces the cell to repair its DNA. There are two types of DNA repair:
NEHJ and HDR. While NEHJ just sticks the broken ends of DNA back
together, HDR looks for donor DNA that is similar around the cut region and
uses it as template for repair. By making a repair template that includes
wrmScarlet1l along with some homologous sequence to the cosa-1 gene, HDR

From each homozygous line of worms, |1 amplified Future Directions
the DNA in preparation for sequencing. Since mostof < We will determine why the insertion was not as we

uses it as donor DNAand inserts wrmScarlet 11 into cosa-1, as shown below. the lines had multiple DNA bands and we were only expected.
https://www.ncbi.nlm.nih. gov/pmec/articles/PMC1214229 interested in the 648bp band, the PCR prOdUCt Of eaCh b We Wi" reinject With Corrected injection miX and
506 base pairs(bp) http://www. faculty.ucr.edu/~mmaduro/oldnews. htm . . .
Before (o P (A) This worm displays a rolling phenotype (a helically |In§ \;\;]as I’[L)JII'\II Xn a gel, th?_ c(;arrt')e(}t band V\éa_ts cu_tt ofut, screen to generate the correct insertion.
_ twisted body). This worm is identifiable by its rolling ~ @nd e was puritied Defore sending 1t for Acknowledeements
cosa-1 movement and the circle traces that it leaves behind. (B) sequencing. g
After 648 base pairs(bp) This picture is showing a comparison between a T_hankYOU to my mentor Kenny for helpful
- “— dumpy(left, short and wide) and a regular wildtype worm discussions
WS11 (right1 Ipng and skinny). (C) Worms cloned out frqm plates

containing dumpys and rollers were ran on the depicted gel. References

The desired insertion of wormScarlet11 (red) into the cosa-1 gene (green) is Worms  marked with a star(") appeared o be 1) Yokoo et al. Cell 2012; 149:75-87

heterozygous/homozygous for wrmScarlett. The ladder is 2) Goudeau et al. Genetics 2021; 217: 4
labeled with different band lengths and the length of an 3) Paix et al Ger;etics 2015 201’_1_47'_54
insertion (1) and a wildtype worm (W) are also included. ' ’ a

shown above. The primers used for genotyping and sequencing are shown
by the arrows and the expected band lengths are written above the primers.
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