


Respiration Loss Assay

The frequency of spontaneous respiration loss in wild-type versus sgs1A strains
were compared using the respiration loss assay. The strain was patched on YPG from
the -80°C freezer. It was incubated for approximately 24 hours at 30°C before being
streaked for singles on YPD and incubated at 30°C for a following 3 days. A series of 3
eppendorf tubes were prepared for a serial dilution of a single colony: the first
containing 100uL sterile dH,0O, the second two with 500uL. A colony was put into the
eppendorf of 100mL sterile water and vortexed. 5mL of this solution was then diluted
into the following 500mL sterile water and vortexed. The last step of the dilution was to
transfer another 5mL of the second solution into the third eppendorf, with 500mL sterile
water and vortex it. Subsequent to dilution, 100uL from the third eppendorf tube was
plated onto YPD+0.2% dextrose and this was repeated for 15 colonies per strain. After
3 days at 30°C, the colonies were counted and differentiated based on size. The petite
colonies are considered to have lost respiration capability and ceased growth upon
dextrose depletion. The large colonies maintained respiration abilities post fermentation
and continued to grow. For each plate, the number of petite colonies was divided by the
total number of colonies, to calculate respiration lost frequency. For each round of the
assay, the median frequency of wild-type and mutant respiration loss is calculated and

are then averaged to use in comparison.

Figure 5. Respiration Loss Assay. The flow chart above is a representation of how the respiration loss
assay is performed. The strain in question is patched onto YPG for a minimum of one day, then streaked
onto YPD. After three days, a single colony undergoes a serial dilution and plated onto YPG + 0.2%.
Fifteen separate plates are prepared per strain and assay. This assay will measure the frequency of
spontaneous respiration loss in strains of yeast.
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Direct-repeat Mediated Deletion Assay

Spontaneous direct-repeat mediated deletion events (DRMD) were measured in
the wild-type and sgs1A strains. By using multiple plating mediums, both the nuclear
and mitochondrial activities were being evaluated. The desired strains were patched
onto SD-U-A from the -80°C freezer and incubated at 30°C overnight. From these
patches, the yeast was streaked for singles on YPD and incubated at 30°C for the
following three days. A set of 3 eppendorf tubes were prepared for a serial dilution with
100uL of sterile dH,0 in the first and 500uL of sterile dH,O in the remaining two. A
colony was added to the first tube and underwent the serial dilution, this was repeated
for 15 colonies per assay. 100uL from the first tube were plated on YPG, 100mL from
the second was plated on SD-Trp, and 100uL from the third tube was plated on YPD to
serve as a cell count. After 3 days of incubating at 30°C, the plates were counted. A
threshold size was determined and all colonies meeting the threshold were counted on
the YPG. Every single colony that grew on both the SD-Trp and YPD plates were
counted. The medians of the SD-Arg and YPG plates were used in Lea and Coulson

protocol to calculate the rates for each assay (Lea and Coulson 1949).
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Figure 6. Nuclear and Mitochondrial Reporters. The figure above illustrates the nuclear and
mitochondrial reporters that make direct-repeat mediated deletion assays possible. The left displays the
nuclear reporter that is comprised of the URA3 gene flanked by 96bp repeats and the TRP1 gene. The
URAZ3 gene is strategically inserted 99bp into the TRP1 gene and after the start codon, rendering it
functionally inactive. Similarly, in the mitochondria, the ARG8™ gene is 99bp into the COX2 gene and is
flanked by 96bp repeats. Homologous recombination has the potential to excise the URA3 gene and
ARG8" restoring the transcription of the TRP1 and COX2 genes in the nucleus and mitochondria,
respectively.
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Figure 7. DRMD Assay. The flow chart above outlines the procedure on the direct-repeat mediated
deletion assay. The subject strain is plated ono SD-U-A for a minimum of one day prior to being streaked
on YPD for three days. A single colony undergoes a serial dilution and each of the three dilutions are
plated onto separate media. The YPD plates will provide a cell count, growth on the YPG plates is
indicative of mitochondrial homologous recombination events, and growth on SD-Trp is indicative of
nuclear homologous recombination events.

Lea & Coulson Calculations

The rate of homologous recombination in DRMD was determined by the
calculation protocol designed by Lea and Coulson. To calculate the number of cell
divisions, the number of colonies that grew on YPD were counted and averaged. This
average was subsequently multiplied by two and divided by two to establish a range.
Any set of plates where the YPD count was outside of this range were omitted and
regarded as outliers. If necessary, the average of YPD colonies was recalculated. The
average number of colonies was then multiplied by 20,000 as a means to determine the
approximate number of cell divisions on each plate. The median colony counts were
determined for both YPG and SD-Trp, this number for SD-Trp was its ro. To calculate
the ro for YPG, the median was multiplied by 100. Individually, each range that these ry’s
fell between was found on ro column of the Lea & Coulson table and the smaller ry of the
range was subtracted from the experimental ro. This number was divided by the
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difference between the ry values that the experimental ro was found to have fallen
between and then multiplied by 0.1. This number was added to the ro/m value displayed
the table that corresponds to the smaller ry of the range. This ro/m was divided by rp to
determine the number of mutations. Mutations per cell division were found by dividing

this number by the total cell count of given agar plate (Lea and Coulson 1949).

Induced Direct-repeat Mediated Deletion

The induced homologous recombination events in both wild-type and sgs14
strains were measured for the nucleus and mitochondria through the induced direct-
repeat mediated deletion assay. The relevant strains were patched on SD-U-A from the
-80°C freezer. After growing for one night at 30°C, cells are inoculated in 20mL of
S+Raff-U-A and grown for another night at 30°C on the shaker. Approximately 1-2mL of
this was diluted into 50mL of S+Raff-U-A until an ODggg between 0.07-0.08 is achieved.
Every two hours, the ODgoo was measured until reaching between 0.1-0.2. When this
ODggp Was reached, this solution was the pre-induced culture. 22.5mL from each of this
pre-induced culture was then added to 2.5mL of 20% galactose and 25uL of 1000x L-
arginine and put at 19°C on a shaker from 16-18 hours to induce a double-stranded
break. A serial dilution with two eppendorf tubes of 500uL of sterile dH,O was also
prepared for the pre-induced culture. 50mLof the culture was pipetted into the first
eppendorf and vortexed, then 5mL was diluted into the second eppendorf tube and
vortexed. 100uL of the diluted culture was plated on YPD. This was repeated for six
plates for each strain both with the functional and dead plasmids. After growing at 30°C
for two nights, the YPD plates were replica plated onto SD-Arg and YPG. All three kinds
of plates were grown for one more night at 30°C. The YPD plates were counted to get a
cell count. The colonies that grew on YPG were counted and the colonies that did not

grow on SD-Arg were counted.

The culture incubated at 19°C for 16-18 hours was also subjected to a serial
dilution through two eppendorfs with 500uL of sterile dH,O. 5mL of the culture was

pipetted into the first eppendorf tube and vortexed, then 5mL was diluted from that into
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the second eppendorf and vortexed. 50mL of this post-induced diluted culture was also
plated on YPD and repeated for 6 separate dilutions and plates. The exact same
procedure for the pre-induced replica plating and counting was repeated for the post-
induced. For both the pre-induced and post-induced data, the following calculations are
performed: The data was adjusted by subtracting the colonies that were unable to grow
on both YPG and SD-Arg from the total count of colonies of YPD. The total number of
colonies that grew on YPG was divided by the adjusted total cell count to obtain the
percentage of homologous recombination that restored the ability to respire. The
percentage from the pre-induced is subtracted from the percentage of the post-induced

to correct for cells that developed the ability to respire spontaneously.
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Figure 8. Induced DRMD Assay. The figure above is a flow chart that outlines the procedure for the
induced direct-repeat mediated deletion assay used to measure homologous recombination repair of
double-strand breaks. The subject strain is patched on SD-U-A for a minimum of one night prior to being
inoculated into S+Raff-U-A. Once this solution is saturated, it is diluted into S+Raff-U-A and grown to the
appropriate ODgpo. Samples of this solution undergo a serial dilution and are plated onto YPD while some
is incubated at 19°C for 16-18 hours. This solution is then plated onto YPD in a relatively similar manner.
After two days of growth on YPD, both sets of plates are replica plated to SD-Arg and YPG. The data
from these plates will indicate the effectiveness of homologous recombination repair following an induced
double-strand break.
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Results

sgslA::kanMX Strain Construction and Confirmation

The generation of a complete deletion of a gene by one-step transplacement is
the necessary first step to evaluating the phenotype of a mutant strain relative to a wild
type strain. It involves encouraging recombination and selecting for a mutation at a
specific locus thereby creating a strain of yeast that has effectively lost the function of a
certain gene, in this instance, SGS1. A culture of wild type yeast was diluted further into
YPD broth and incubated. After washing in sterile, deionized water, the cells are
suspended in LIOAc, TE. A mixture of this solution, carrier DNA, and a PCR knockout
cassette was incubated and PEG, LIOAc was subsequently added. After further
incubation and heat shock, the cells were resuspended in sterile, deionized water and
plated on specific media. This sgs7A strain of DFS188 background, designed for the
respiration loss assay, was plated on YPG. The colonies that grew depicted functional
mitochondria, they were patched onto YPG, and frozen down in 20% glycerol for
storage. Growth on YPG indicates that a glycerol sugar source was used in oxidative
phosphorylation to produce energy for the organism. The sgs7A strain of LKY196
background intended for the DRMD assays were plated on SD-U-A to confirm the
appropriate reporters were present. The colonies that thrived on this media were then
patched on SD-U-A and also frozen down in 20% glycerol for storage. High efficiency
yeast transformation was also used to introduce the function and nonfunctional (E234
and E240) plasmids to the sgs1A LKY196 strain necessary for the induced DRMD.
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Figure 9. kanMX Knockout Cassette. The above is a visual of how a kanMX knockout cassette
incorporates into a genome via homologous recombination. The sequences that flank the kanamycin
resistance gene are homologous to those within the gene in question, in this case, SGS1. When the
cassette integrates into the host genome, it interrupts a coding region of the original gene and the strain
can be selected for based on kanamycin resistance. In the relevant research, the kanMX cassette inserts
into the SGS1 gene, thus this yeast can no longer transcribe a function al Sgslp. Adapted from Kara
Bernstein’s Resection Activity of the Sgs1 Helicase Alters the Affinity of DNA Ends for Homologous
Recombination Proteins in Saccharomyces cerevisiae (2013).

Two major modes of confirmation were employed to prove the presence or lack
of specific mutations within the strains. One mechanism of verification was plating or
patching on selective media that would only permit growth if the genetics of the strain
contained specific components. sgs7A DFS188 grew on YPG ensuring the strain was
originally capable of performing oxidative phosphorylation because the only sugar
source available to the organism is glycerol which is used by their mitochondria for
oxidative phosphorylation. It also grew on SD-Arg and SD-Ura, indicating intact ARG8™
and URA3 because growth on media lacking an essential amino acid indicates that the
yeast has the capability to produce it themselves. The strains for DRMD and induced
DRMD assays were patched onto SD-U-A from the -80°C freezer where growth
indicated that both of the genes, URA3 and ARG8"™, were intact. For induced DRMD,

the second mode of confirmation was via PCR and gel electrophoresis on an agarose
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gel. Whole cell PCR was used for each of the strain samples, appropriate primers were
employed to amplify target genes, and they were run adjacent to Hyperladder | of
known molecular weights. When sgs7A DFS188 and sgs1A LKY196 were amplified with
SGS -494 F and kanMX 373R, bands were apparent on the gel at approximately 900bp.
When they were amplified with the primers SGS -494 F and SGS 79R, no bands were
evident besides that correlating to the entire genome. To ensure the sgs1A LKY196
strain incorporated the E234 and E240 plasmids, prior to the transformation, the yeast
had to demonstrate they grew on SD-Trp and did not grow on SD-Ura, exhibiting loss of
URAS3. Following the transformation, they grew on SD-Ura due to the fact that the
plasmids carried a reporter that coded for uracil production. This is a reliable indicator

that the strains incorporated the plasmids versus a PCR and gel electrophoresis.

Respiration Loss Assay

YPD YPG YPG +0.1% Dextrose
rhot  grow rho+  grow rho+ grow
rhoo  grow thoo  no growth rho- grow then arrest

Figure 9. Respiration Proficient versus Deficient Colonies. The figure above is a visual representation
of how the frequency of spontaneous respiration loss in yeast is measured using the respiration loss
assay. The YPD and YPG plates are not actually prepared in the assay, they are included here as tools to
understand how the sugar source can effect growth. The YPG + 0.2% dextrose is the media plated on for
this assay. A total cell count can be calculated by counting every colony and the small colonies are
indicative of cells that lost oxidative phosphorylation capabilities and therefore, mitochondrial function.
The percentage of petit colonies represents a frequency of spontaneous loss of mitochondrial genome
stability.

The respiration loss assay is performed as a means to calculate the frequency of
spontaneous respiration loss. When the yeast has exhausted all of the dextrose in the
media, it can no longer perform its preferred form of energy production- fermentation.

The colonies that have not lost mitochondrial function will continue to grow off the
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glycerol via oxidative phosphorylation. For the respiration loss assay, the strain was
patched onto YPG for a single night and then streaked on YPD for 3 days. A single
colony underwent a serial dilution and was plated on YPG+0.2% dextrose. This was
repeated for 15 colonies from each strain per assay and then they were grown for three
days. The respiration loss frequency was calculated by the petit and large colonies
being counted separately and the total petites being divided by the total number of

colonies for each plate.

The wild type strain displayed a 2.10% respiration loss while the mutant strain
showed 4.56% respiration loss. In other words, the consequence of sgs74 was an

approximately 2.2 fold increase in respiration loss.

Average Frequency of Respiration Loss in Wild Type versus
sgs1A Mutant Strain
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Figure 10. Frequency of Spontaneous Respiration Loss. The figure above is a graphical display of the
difference between wild type respiration loss and the sgs7A DFS188. The mutant strain demonstrated a
2.2 fold increase to 4.56% spontaneous respiration loss compared to the 2.10% seen in wild type strains.

Direct-repeat Mediated Deletion Assay

The DRMD assay is used as a means to measure the rate of homologous
recombination events in wild type versus sgs1A yeast strains. The strains were patched

on SD-U-A and streaked on YPD. Colonies underwent a serial dilution and volumes
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from the most concentrated to the least were plated on SD-Trp, YPG, and YPD
respectively. The colonies that grew on SD-Trp were counted and result from nuclear
homologous recombination events. The colonies that grew on the YPG plate were also
counted and these result from homologous recombination in the mitochondria and the
colonies that grew on the YPD plate provided a cell count for calculations. Using the
Lea and Coulson calculation technique, it was determined that the sgs7A strains
showed a homologous recombination rates of 28.9"'° " and 34.4*°”7, for the nucleus,
approximately 2.4 and 2.8 fold increases compared to the wild type’s 12.2°7. The
mitochondria showed that the sgs7A strains had homologous recombination rates of

1432.4° " and 1616.5*° ", approximately 1.5 and 1.7 fold decreases from the wild
type’s 2442.6 107
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Figure 11. Rate of Homologous Recombination in Nuclei and Mitochondria. The above is a graphical
representation of wild type and sgs7A strains rate of recombination events in the nucleus and
mitochondria on the left and right, respectively. The nucleus showed a 2.4 and 2.8 fold increase in rate of

recombination with the loss of Sgsip. In the mitochondria, a 1.5 and 1.7 fold decrease in rate of
recombination was measured with the loss of Sgsip.
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Induced Direct-repeat Mediated Deletion Assay
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Figure 12. Temperature Induced Double Strand Break. This illustration reflects how the double-strand
break is generated in the induced DRMD assay. A temperature sensitive intein binds to the restriction
endonuclease, Kpn, rendering it inactive. At 19°C the intein releases Kpn, permitting it to become active.
Kpn then cuts both strands of the helix in a specific gene, in this example ARG8", causing the yeast to be
unable to produce the corresponding protein. Homologous recombination is indicated by the restoration of
gene function of the adjacent gene, in this example, COX2. If COX2 transcription is restored, the yeast
will grow on YPG and it can be inferred that homologous recombination occurred.

The induced DRMD assay narrows down the methods of homologous
recombination repair that Sgslp prove to be important for. The strains were patched
onto SD-U-A and inoculated in S+Raff-U-A and allowed to grow. These cultures were
subsequently diluted and grown to the proper ODgoo When the pre-induced samples
were plated onto YPD. After 16-18 hours at 19°C, the post-induced samples were
plated on YPD as well. After two nights of growth on YPD, both the pre-induced and
post-induced plates were replica plated onto SD-Trp and YPG. All of the colonies on
YPD and YPG were counted. The colonies that showed no growth on SD-Arg were
counted and the corresponding colonies that displayed no growth on both YPG and SD-

Arg were counted.

The YPD plates provided a cell count. For the pre-induced plates, the number of
colonies that were Arg” YPG™ were subtracted from the total number of colonies counted

on YPD, giving the new total of colonies that are in question. The number of colonies
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that were YPG" were divided by this new total to provide a baseline recombination
frequency. For the post-induced, the Arg" YPG  were also counted and subtracted from
the total colonies counted on the YPD plates. The number of YPG+ colonies were,
again, divided by this new total. The baseline recombination frequency was then
subtracted from this number to determine the percentage of recombination events
induced by the double-strand break. The wild type and mutant strains with the inactive
E240 plasmid displayed 2.60% and 0.11% rate of double strand break repair,
respectively. The wild type strain with the functional E234 strain showed a 57.24% rate
and the mutant strain with the functional E234 strain showed a 55.27% rate. The p

value calculated was ~0.66.

Rate of Double Strand Break Repair in Wild Type versus
sgs1A Strains

60.00%

50.00%

£0.00%
©
o
(7]
80.00%

20.00%

Rate of Double Strand Break

10.00%

2.60%

0.00% 0.11%
. ()

Wild Type Mutant Wild Type Mutant

w/ E234 w/ E234 w/ E240 w/ E240

Figure 13. Rate of Double Strand Break Repair. The above is a graphical display of the rate of double
strand break repair in wild type and sgs7A strains with the E234 and E240 plasmids. There is no
significant difference between the wild type and mutant strains with the E234 plasmid. The wild type and
mutant strains with the inactive E240 plasmid have minimal rates altogether.

Discussion

RecQ family helicases are known to be involved repair mechanisms, specifically
through their role in end resection, and resolving double Holliday junctions. Previous
research of SGS1 has primarily focused on its presence in the nucleus, but efficient
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genomic repair is also essential in the mitochondria to maintain mtDNA stability. The
focus of this study is on the significance of SGS1 in the mitochondria. The respiration
loss assay simply identifies if SGS1 is significant for mitochondrial genome stability.
DRMD narrows the focus to homologous recombination in general and the induced
DRMD allows us to concentrate on specific homologous recombination schemes. Thus
far, this research suggests that SGS1 does have a significant role in mitochondrial
stability. The loss of Sgslp is correlated with a decreased rate of recombination events,
but not necessarily in double-strand break repair. SGS1 also appears to be involved in
homologous recombination at direct repeats within the nucleus, but in the opposite

fashion. SGS1 may play a limiting role for recombination when regarding the nucleus.

sgslA::kanMX Strain Construction and Confirmation

PCR was employed following transformations to confirm the presence or
absence of the sgs7A allele. The SGS -494F and SGS 79R primers were used to
amplify an approximate 573bp segment of the genome that would only be visible on an
agarose gel if the SGS1 gene were present. If SGS1 had been effectively knocked out,
the SGS 79R primer would not anneal and no segment would be amplified. The SGS
494F primer was also partnered with the kanMX 373R primer to amplify a region of the
DNA that was only present if the mutant allele had inserted into the proper location. The
amplified sequence would begin in the same location, but only be completed if the
kanMX 373R primer could bind and amplify from the opposite direction. This is only
possible if the cassette containing kanMX had integrated into the genome. A band at
~900bp confirmed that the kanMX knockout cassette had, in fact, integrated into SGS1.

By plating yeast on particular media, inferences about the genetic characteristics
of the strains could be made. Prior to respiration loss assays, both the wild type and
mutant strains were patched on YPG. This provided the knowledge that this assay
began with yeast containing functional mitochondria because the only way for it to grow
in the presence of glycerol, was via oxidative phosphorylation. The DRMD strains had to

show growth on both SD-Ura and SD-Arg to demonstrate that these reporters were
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intact to begin with and homologous recombination had not yet restored TRP1 or COX2.
Designing the induced DRMD mutant strains mandated a transformation with the sgs7A4
allele and a plasmid. The mutant allele was confirmed with PCR and gel electrophoresis
and growth on SD-Ura established the presence of the plasmid. Wild type LKY196 and
the sgs71A mutant previously prepared grew on SD-Trp and then underwent
transformation with the E234 and E240 plasmids. Growth on SD-Trp implied that the
URAS3 gene had been recombined out of the genome, restoring TRP1 function. The
plasmid carried an allele for URA3 therefore, the yeast that could subsequently grow on
media lacking uracil again implied the plasmid was present in them. By selecting for
yeast that lost URAS3 prior to transformation, yeast that took up the plasmids could be

tracked by their ability to produce uracil once again following transformation.

sgs1A strains displayed an increase in respiration loss frequency compared to

wild type

After greater than three trials of respiration loss assays, sgs71A4 strains were
found to have a 2.2 fold increase on spontaneous respiration loss compared to wild type
DFS188. Respiration loss is a naturally occurring, spontaneous event in yeast where a
mutation effectively eliminates the organism’s ability to perform oxidative
phosphorylation whether it's caused by a point mutation, deletion, et cetera. This assay
will not specifically identify between mutations or complete losses, it indicates loss of
function in general. When mitochondrial genome stability is diminished and oxidative
phosphorylation is no longer an option, yeast would be left with the option to ferment as
a means to obtain energy, but this is only possible with the appropriate sugar source.
Based on the 2.2 fold increase in spontaneous respiration loss from wild type’s average
of 2.10%, it can be inferred that Sgsl1p plays a significant role in maintaining
mitochondrial stability and the absence of this gene will lead to more frequent

respiration loss.

There is a great amount of redundancy in mtDNA compared to nuclear DNA.

These conclusions do not indicate whether the entire mitochondrial genome has been
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compromised or if a single mutation could have conferred this damage. Since SGS1 is a
RecQ helicase and is known to be involved in repair mechanisms of the nuclear genom,
it could be inferred that it plays a similar role in mitochondrial genome repair. The
results from the respiration loss assay verify that SGS1 is, in fact, important for a repair
mechanism that if faulty will cause a greater frequency of respiration loss. The loss of
this protein can be detrimental to yeast when faced with endogenous or exogenous
sources of genetic damage because it is evident that sgs7A strains have decreased
mitochondrial stability and therefore, a greater propensity to lose oxidative
phosphorylation capabilities. To try and indicate, more specifically, what repair
mechanisms SGS1 is important for, DRMD and induced DRMD assays were

subsequently performed.

sgs1A strains show an increase in nuclear recombination events

Two distinct sgs1A strains displayed increases in nuclear recombination events
compared to wild type, one by a 2.4 fold increase and the second by a 2.8 fold increase.
These events are measured based on the yeast’s ability to grow on an agar lacking
tryptophan, SD-Trp. If the colonies are capable of growing, it can be inferred that
recombination restored the organism’s ability to transcribe the gene for tryptophan, a
characteristic it was previously incapable of because of the URA3 gene. Recombination
that leads to URA3 being excised out can lead to TRP1 transcription being re-
established. The increase in recombination events to 28.9 and 34.4 (x 10”) from wild
type’s 12.2 (x 10" indicates that Sgslp is involved in recombination events in the
nucleus and somehow may limit its rate. Since the rate of recombination increases with
the loss of Sgslp, it can be inferred that this protein impedes on the rate of

recombination, at least in the nucleus, when present and functional.
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sgs1A strains show a decrease in mitochondrial recombination events

Two distinct sgs1A strains showed decreases in mitochondrial DRMD events
compared to wild type, one by a 1.5 fold decrease and the second by a 1.7 fold
decrease. Recombination events were measured based on the yeast’s ability to grow on
YPG. Growth on this media indicates recombination that restored COX2 transcription
and therefore, the yeast’s ability to perform oxidative phosphorylation and respire in the
presence of a glycerol sugar source. This was previously not possible due to the
ARGS8™ gene that was interrupting the transcription of COX2. The recombination rate
decreased from the wild type’s 2,442.6 (x 1077) to the mutant’s 1,432.4 and 1,616.5 (x
10 indicates that SGS1 plays a significant role in recombination in the mitochondria.
Loss of Sgslp is correlated with the loss of homologous recombination for these
specific genes suggesting that SGS1 assists in this process that can be pivotal for the
cell. 1t is known that homologous recombination is a preferred mechanism of repair in
yeast, therefore, knowing SGS1 somehow contributes to HR, we can infer that losing
SGS1 function could prove to be detrimental for cell viability when exposure to damage
causing agents are so uninhibited. DRMD measures homologous recombination events
in general. As a means to determine the specific recombination methods that are

significant, induced DRMD assays were subsequently performed.

Double strand break repair via homologous recombination is reduced in sgs14

strains

Wild type and mutant strains with functional E234 plasmids display no significant
difference with a p value of 0.66. The minimal difference between wild type strains and
those lacking SGS1 implies that this gene is not important for the mode of homologous
recombination double strand break repair because the lack of the gene has no
significant change in rate of repair. The wild type strain with E234 showed a 57.24%
rate and the mutant strain a 55.27% rate. The inactive E240 plasmid was a control that
should not have resulted in any rate of double strand break repair. Close to what was

expected, the wild type strain with the E240 plasmid had a rate of 2.60% and the mutant
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strain had a rate of 0.11%. The wild type strain with E240 having a rate of 2.60% could
be the result of an experimental or counting error and a greater number of trials should
reduce this value towards the anticipated 0%. This data leads to the conclusion that
although SGS1 is a fundamental role in homologous recombination, as evident by the
direct-repeat mediated deletion assay, this role in recombination is not due to

participation in double strand break repair.

Future Work

There are two approaches to future experimentation that would be beneficial to
build upon my conclusions. Based on the results sated above, SGS1 has proven to play
a role in mitochondrial genome stability and specifically, homologous recombination.
Figure 2 is a visual of nuclear homologous recombination repair in yeast. In a means to
determine how similar this pathway is to that in the mitochondria, subsequent
experimentation can create a knockout strain of another protein that is active in nuclear
homologous recombination, such as BRCAL. If this mutation displayed mutant
phenotypes that are derived from mitochondrial defects, it can be inferred that this gene,
like in the nucleus, plays a role in mitochondrial homologous recombination. This
experimentation would be most informative if the subject gene were exclusive to
homologous recombination, as opposed to RAD50, for example, that is known to be
involved in both homologous recombination and nonhomologous end joining. If the gene
is involved in numerous pathways, then conclusions cannot easily be drawn about these
phenotypes being clearly derived from HR being impacted. Additionally, a subsequent
double mutant strain would expand upon this even more. Continuing with the previous
BRCAL example, if a double knockout of SGS1 and BRCA1 were created the single
knockouts could be compared to the results to determine a relative order of when the
proteins may function in homologous recombination. If the double knockout mutant
phenotype has more similarities to the phenotype of the sgs71A strain, it is likely that
SGS1 plays a role prior to BRCA1L. Contrariwise, if the double knockout shows results

closer to that of brca1A strains, then BRCA1 is more likely to have an active role first
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regarding homologous recombination. Both of these methods would investigate deeper
into mitochondrial homologous recombination and determine how similar it may or may

not be to the already well-known pathway in the nucleus.
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