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List of Abbreviations 
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(5-FOA) 

 

5-fluoroorotic acid drug 

 

ura4+ gene 

The marker gene used in this study 

encodes for orotidine-5'-phosphate 

decarboxylase, an enzyme essential 

for the synthesis of uracil. 

 

(tet) 

 

Tetracycline drug 

 

(-tet condition) 

Indicating the absence of tetracycline 

in the cell culture and the presence of 

H3K9me on the ura4+ gene 

 

(+tet condition) 

Indicating the presence of tetracycline 

in the cell cultures and absence of 

H3k9me on ura4+ gene. 
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Introduction !
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1.!The Growth and Survival of Human Beings  
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Figure 1: The Structure of Eukaryotic Cells "%#$   
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2. The Daily Threats to Human Beings:  
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Figure 2: Imagine How Our Body Fix the Mutations Issues Every Day  
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4. The Chromatin Dynamics and Structure: 
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Figure 3: The Structure of Chromatin and Histone Proteins Organization "*$ 



!

! *'!

# #

5. The Correlation Between Chromatin Dynamics 

and DNA Repair Pathways: 

E/:/0->#40&(-%-06#-4#2&3&5+,:0#-:#23/;/:0-:7#5,0&0-+:4#09&0#>&:#%/&)#

0+#73&;/#>+:4/`,/:>/4<#B+30,:&0/%6"#\93+5&0-:#W6:&5->4#&:)#WC'#

T/2&-3# "+$#_&09*&64#&3/# -:)-42/:4&(%/# -:#5&-:0&-:-:7# 09-4# 40&(-%-06<#

@+*/;/3"#*9/:#-0#>+5/4#0+#WC'#3/2&-3"#09/#>93+5&0-:#40&0/#(/>+5/4#

&# >3-0->&%# 8&>0+3# 09&0# )/0/35-:/4# 09/# /88/>0-;/:/44# +8# 09/# 3/2&-3#

23+>/44#&:)#09/#%+>&0-+:#+8#09/#5,0&0-+:4#",$"!UT#23+0/-:4#5,40#)/0/>0#

&:)# 3/5+;/#)&5&7/#&>3+44# ;&3-+,4#>93+5&0-:# 403,>0,3&%# )+5&-:4#

&:)#&0#)-88/3/:0#>+52&>0-+:#%/;/%4<#!:#+09/3#*+3)4"#+2/:#>93+5&0-:#

+3#/,>93+5&0-:# 3/7-+:4#&3/# 3/2&-3/)#5+3/#/88->-/:0%6"#*9-%/# >%+4/)#

3/7-+:4#%-./#9/0/3+>93+5&0-:#&3/#3/2&-3/)#%/44#/88->-/:0%6#RB-7,3/#cS<#

=9-4#5/&:4#09&0#9-79#5,0&0-+:#)/:4-0-/4#-:#>&:>/3#&3/#+80/:#8+,:)#-:#



!

! *(!

>%+4/)# >93+5&0-:# &:)# %+*# 5,0&0-+:# )/:4-0-/4# -:# +2/:# >93+5&0-:<#

=9/3/8+3/"#40,)6-:7#WC'#3/2&-3#-:#/,.&36+0/4#-4#/44/:0-&%#&4#-0#9/%24#

,4# ,:)/340&:)# 9+*# 3/2&-3# 8&>0+34# 9&:)%/# 09/# )-;/34/# >93+5&0-:#

%&:)4>&2/4#0+#3/2&-3#WC'#)&5&7/#&:)#23/;/:0#5,0&0-+:4#/88->-/:0%6<#

&

#

!  Figure 4: The Relationship Between Chromatin Structure and Repair Mutations in DNA ",$ 
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6. Additional Factors Affect Chromatin and DNA 

Repair Pathways:&
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7. H3k9me and Its Role in Cancer Development#
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Figure 5: The regulation of H3K9me3 and its influence on transcription "#'$ 



!

! ""!

=9/# )6:&5-># :&0,3/# +8# @GJH5/G# /529&4-F/4# 09/# -:;+%;/5/:0# +8#

5,%0-2%/#/:F65/4#-:#-04#3/7,%&0-+:<#'#23/>-4/#73+,2#+8#3/&)/34"#*3-0/34"#

&:)# /3&4/34# +8# 09-4# 9-40+:/# 5&3.# /40&(%-49# &:)# 5&-:0&-:# 09/#

03&:4>3-20-+:&%# %&:)4>&2/<# @+*/;/3"# /;/:# 4%-790# &%0/3&0-+:4# -:# 09/4/#

/:F65/4#>&:#>+:03-(,0/#0+#;&3-+,4#)-4/&4/4#"#'$#

@GJH5/G#-4#&#;-0&%#9-40+:/#5+)-8->&0-+:#09&0#2%&64#&#4-7:-8->&:0#3+%/#-:#

)/;/%+2-:7# ;&3-+,4# )-4/&4/4"# -:>%,)-:7# 9/5&0+2+-/0-># 5&%-7:&:>-/4#

&:)#4/;/3&%# 062/4#+8# >&:>/3# "#($# "#)$<#W/42-0/#23+73/44# -:#)/;/%+2-:7#

-:9-(-0+34# 8+3# @GJH5/G# 5/096%03&:48/3&4/4# +3# )/5/096%&4/4"#

&>9-/;-:7#4/%/>0-;-06#3/5&-:4#&:#,:5/0#>9&%%/:7/<#=9/#/:F65/4#09&0#

3/7,%&0/# @GJH5/G"# 4,>9# &4# 09/# JWPc# 8&5-%6"# 9&;/# (//:# 8+,:)# 0+#

/1/30#&#403+:7#3/7,%&0+36#-:8%,/:>/#+:#+:>+7/:->#7/:/#03&:4>3-20-+:<##

!  



!

! "#!

Significance of this Study#
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8. The Limitations of the Current Research:#
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Figure 6: Most previous research compares two different genes with distinct 
DNA sequences, for example, A and B, into different locations to estimate the 
effect of heterochromatin on the mutation rate. 
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Figure 7: This diagram shows the histone variants, modifications, and associated 
proteins of constitutive and facultative heterochromatin domains. 
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Novel Method to Solve Current 

Research Limitations 

Research Purpose (1)!
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Figure 8: The uniqueness of this study. This diagram highlights the study's novelty, 

demonstrating how it stands out from previous research. This experimental design 

focuses solely on H3K9-methylated heterochromatin, unlike other studies 

examining the impact of various genetic and histone modifications on the 

mutation rate. Additionally, using an isogenic clone, this study confidently 

measures the impact of H3K9me on the mutation rate of the same gene in a single 

experiment. This approach distinguishes our study from previous research, which 

lacked the same level of precision and specificity. 
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Research Purpose (2): 
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&:# -:)-42/:4&(%/# 0++%#4-:>/#VHcG# "%%$# 8+3#&>>,3&0/%6#/40-5&0-:7# 09/#

5,0&0-+:# 3&0/<# X6# ,4-:7# 09/4/# 2+*/38,%# &44&64"# 4>-/:0-404# >&:#
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Figure 9. The Significance of This Study. It is crucial to provide upcoming scientific 

researchers with an easy, user-friendly method for statistically analyzing the 

results of fluctuation assays. These assays are typically conducted in laboratory 

settings, where the culture is plated on an agar plate with selective media. 

Subsequently, it becomes necessary to calculate the number of mutant colonies 

that appear on the surface in R-Software, as they are indicative of mutations. Our 

R-codes provide a time-efficient solution for data analysis, enabling researchers to 

obtain the parameter (m) and 95% intervals for the parameter (m) within a few 

minutes compared to other laborious techniques or estimators. This helps 

researchers gain insights about the mutation rate for genetic studies and drug 

development. 
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Materials and Methods 

 

Materials and Methods for Research Purpose (1):!

1. Strain and Media:##
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8,:>0-+:#&80/3#4-%/:>-:7"#&4#)/5+:403&0/)#-:#RB-7,3/#VbS<##



!

! #'!

!:#>+:03&40"# 09/#&))-0-+:#+8# R0/0S# -4#>3-0->&%# 8+3# 09/# 3/7,%&0-+:#+8#0)(1!#

7/:/#/123/44-+:"#3/4,%0-:7#-:#09/#3/5+;&%#+8#/>0+2->#9/0/3+>93+5&0-:#
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#

#

#

#

Figure 10: The diagrammatic representation presented herein elucidates 

the establishment of H3K9-methylated heterochromatin at the ura4+ 

gene by the binding of TetR-Clr4-I with 10XtetO, which is inserted 

upstream of the gene. Upon addition of tetracycline to the cell culture, 

TetR-Clr4-I's affinity to 10XtetO is lost, resulting in the dissipation of 

H3K9me and subsequent reactivation of the ura4+  gene. This leads to the 

cells becoming sensitive to (5-FOA). 
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2. Silencing Assay:##

=+#/:4,3/#&#4,>>/448,%#/40-5&0-+:#+8#09/#5,0&0-+:#3&0/"#-0#-4#2&3&5+,:0#
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=&.-:7# 09-4#>3,>-&%# 40/2#*-%%# 7,&3&:0//#&>>,3&0/# 3/4,%04#&:)#23/;/:0#
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5+)-8-/)# 3/2+30/3# R2345,568- 0)(1!89:;S# *&4# /12/30%6# 42+00/)# +:#

2%&0/4# >+:0&-:-:7# 6/&40# /103&>0# RkUS"# RMKB$'S# RV# 7^QS"# &:)# R0/0S# RVb#

mP^QS#&80/3#&#23/>-4/#8+,3K#+3#8-;/K8+%)#4/3-&%#)-%,0-+:<#!:#09/#5/&:0-5/"#

09/#23/4/:0#/12/3-5/:0#,0-%-F/)#09/#*-%)K062/#0)(1!"7/:/#&4#&#2+4-0-;/#

>+:03+%"#*9-%/#0)(1!n#>/%%4#*/3/#-52%/5/:0/)#&4#09/#:/7&0-;/#>+:03+%<#

=+# )/0/35-:/# 09/# 5,0&0-+:# 3&0/# *-09# 23/>-4-+:"# -0# *&4# 4,88->-/:0# 0+#
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3. Developing Fluctuation Assay for Increased 

Precision:##
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!!Newly Developed Fluctuation Assay Steps: #
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4. Statistical Analysis for the Results of Fluctuation 

Assays Using MATLAB Software:##

=+#>&%>,%&0/#09/#/12/>0/)#:,5(/3#+8#5,0&0-+:#/;/:04#2/3#>,%0,3/#+3#

2&3&5/0/3#R5S##-:#P'=Q'X"#09/#:,5(/3#+8#5,0&:04#+3#>+%+:-/4#+:#/&>9#

&7&3#2%&0/#*&4#>+,:0/)#8+3#/&>9#2&3&%%/%#>,%0,3/<#'>>+3)-:7#0+#/`,&0-+:#

Vh#83+5#"%#$"##09/#29/:+062->#5,0&0-+:#3&0/4#RmS#*/3/#)/0/35-:/)#,4-:7#

Rm#p#2&3&5/0/3#5^C0S"#*9/3/#RC0S#3/23/4/:04#09/#&;/3&7/#:,5(/3#+8#

>/%%4#2/3#>,%0,3/#(/8+3/#2%&0-:7#+:#09/#&7&3#2%&0/4<#X6#>&%>,%&0-:7#09/#

HMN# >+:8-)/:>/# -:0/3;&%4# 8+3# 09/# 2&3&5/0/3# R5S# # ,4-:7# 09/# PLL#

P&1-5,5# Q-./%-9++)# +3# P&qL&:)3-qL&3.&3# 5&1-5,5# %-./%-9++)# 0+#

Figure 11: Conducting a Fluctuation Assay for Each Clone. The figure 

presented here explains the detailed procedure for conducting a 

fluctuation assay for a single clone. Furthermore, it is important to 

mention that two different assays were carried out for two distinct clones 

to ensure the accuracy and reliability of the results. 
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/:4,3/# 09/#5+40#&>>,3&0/# 3/4,%04# "%&$<#=9/#PLLK5&1-5,5K%-./%-9++)#

"%#$#&223+&>9#-:#T#*-09#09/#3/>,34-;/#%-./%-9++)#8,:>0-+:#"%,$#*&4#,4/)<##

=9-4#>&%>,%&0-+:#5/09+)#9&4#23+;/:#0+#(/#09/#5+40#3/%-&(%/#+;/3#09/#

6/&34"#5&.-:7#-0#09/#+20-5&%#>9+->/<#

=9-4#40,)6#%/)#,4#0+#;&%,&(%/#)&0&#(/6+:)#09/#>+:;/:0-+:&%#;&%,/4#+8#

R3S"# *9->9# 2+4/)# &# 4-7:-8->&:0# >9&%%/:7/# *9/:# ,4-:7# 09/# 3/>,34-;/#

;/34-+:#+8#09/#%-./%-9++)#-:#T<#W/42-0/#09-4"#&#:+:K3/>,34-;/#;/34-+:#+8#

09/#%-./%-9++)#8,:>0-+:"#&%+:7#*-09#:+:K2&3&5/03->#(++0403&22-:7"#*&4#

)/;/%+2/)#0+#-52%/5/:0#09/#PLL#P&1-5,5#Q-./%-9++)#&223+&>9<#=9-4#

-::+;&0-;/#&223+&>9#23+),>/)#/1>/%%/:0#3/4,%04#&:)#8-%%/)#&#7&2#-:#09/#

%-0/3&0,3/"#&4#:+#+09/3#:+:K3/>,34-;/#;/34-+:#+8#09/#%-./%-9++)#&22/&34#

0+# (/#&;&-%&(%/<#B+3#5+3/#)/0&-%4# &(+,0# >&%>,%&0-:7#HMN#>+:8-)/:>/#

-:0/3;&%4"# 2%/&4/# 3/&)# 09/#5/09+)4# 4/>0-+:#+8# 3/4/&3>9#2,32+4/# R]S#

(/%+*<#a-09#09/#,4/#+8#09-4#0/>9:-`,/#8+3#/&>9#+8#09/#c#/12/3-5/:0&%#
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4/0,24"# 09/# >+:8-)/:>/# -:0/3;&%4# */3/# >&%>,%&0/)# 8+3# 09/# 8-:)-:74# 0+#

/:4,3/#&>>,3&>6<#

5. Computational Simulation Using MATLAB 

Software:##

=+# /:4,3/# 09/# &>>,3&>6# +8# 09/# 8%,>0,&0-+:# )&0&"# &# >+52&3-4+:# *&4#

5&)/# (/0*//:# 09/# 23/)->0/)# >,5,%&0-;/# 83/`,/:>6# )-403-(,0-+:# +8#

5,0&:04#&:)#09/#/12/3-5/:0&%#)&0&#8+3#/&>9#/12/3-5/:0&%#>+:)-0-+:<#'#

2%+0#*&4#7/:/3&0/)#,4-:7#P'=Q'Xr#0+#3/23/4/:0#09/#3/4,%04#;-4,&%%6<#

=9-4#5/09+)+%+76#&%%+*/)#8+3#;/3-86-:7#09/#&>>,3&>6#+8#09/#)&0&#&:)#

/:4,3-:7# 09&0# +,3# 8-:)-:74# */3/# (&4/)# +:# 3/%-&(%/# 40&0-40->&%#

)-403-(,0-+:4<#

X6#9&3:/44-:7#09/#2+*/3#+8#&#P'=Q'X#8-%/#83+5#&#>+52&3&(%/#40,)6#

"'-$"# 9-79%6# 23/>-4/# &:)# &>>,3&0/# >+52,0&0-+:&%# 4-5,%&0-+:4# */3/#
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2/38+35/)#-:#09-4#40,)6<#Q&:7I4#73+,:)(3/&.-:7#40,)6#9&4#>+:>%,4-;/%6#

)/5+:403&0/)# 09&0# 09/# Q,3-&KW/%(3s>.# )-403-(,0-+:# >&:# (/# 8,%%6#

&>>+,:0/)# 8+3# (6# 09/# +:/K2&3&5/0/3# 5+)/%# "%%$<# !:# &))-0-+:"# 09/#

23+(&(-%-06#)-403-(,0-+:#8+3#09/#:,5(/3#+8#5,0&:04#2/3#>,%0,3/#-:#09/#0*+K

2&3&5/0/3# 5+)/%# -4# 09/# ?+-:0# )-403-(,0-+:# +8# 09/# Q,3-&KW/%(3s>.#

R2&3&5/0/3#5S#&:)#09/#_+-44+:#R2&3&5/0/3#:#p#5)S#)-403-(,0-+:4<#=9/#

5,0&0-+:#8+%%+*-:7#09/#2%&0-:7#23+>/44##R)S#*&4#&>>,3&0/%6#&44/44/)#

,4-:7# 09-4# 0*+K2&3&5/0/3# 5+)/%<# =9-4# W-;<# 2+40K2%&0-:7# +3# ;&%,/# R)S#

3/23/4/:04# 09/# 0+0&%# :,5(/3# +8# >/%%# )-;-4-+:4# >&2&(%/# +8# 23+),>-:7#

5,0&:04#&80/3#2%&0-:7#09/#>/%%4#+:#09/#4/%/>0-;/#5/)-&#*-09#(+09#RMKB$'#

)3,7#l#0/0S<##

X6#8-00-:7#09/#3/4,%04#+8#8%,>0,&0-+:#&44&64#-:0+#3/%-&(%/#+:/K2&3&5/0/3#

&:)#0*+K2&3&5/0/3#)-403-(,0-+:4"# 09/#&>>,3&>6#+8#&#8%,>0,&0-+:#&44&6#

4-5,%&0-+:#*&4#-523+;/)#0+#/:4,3/#3/%-&(%/#8-:)-:74<# #



!

! %*!

Materials and Methods for Research Purpose (2):!

=9/# 40,)6# ,0-%-F/)# T# 4+80*&3/# 0+# )/4-7:# 8,:>0-+:4# 09&0# &>>,3&0/%6#

>&%>,%&0/# 09/# 2&3&5/0/3# R5S# ,4-:7# 09/# P&KL&:)3-KL&3.&3# 5&1-5,5#

%-./%-9++)#"%#$#5/09+)<#=9/#5&-:#7+&%"#&4#5/:0-+:/)#-:#09/#-:03+),>0-+:#

4/>0-+:"# 9&4# (//:# &>>+52%-49/)# 093+,79# 09/# >3/&0-+:# +8# 09/4/#

8,:>0-+:4#+3#TK>+)/<#

'4#2&30#+8#+,3#40,)6"#-0#-4#>3,>-&%#0+#&))3/44#09/#>9&%%/:7/#+8#,4-:7#09/#

3/>,34-;/#;/34-+:#+8#09/#PLL#%-./%-9++)#-:#T#4+80*&3/<#=+#&>9-/;/#09-4"#

&# >+)/# 09&0# >&%>,%&0/4# HMN# >+:8-)/:>/# -:0/3;&%4# ,4-:7# &# 3/>,34-;/#

/`,&0-+:#*&4#)/;/%+2/)#09&0#/88->-/:0%6#>+52,0/4#09/#Q,3-&KW/%(3,>.#

)-403-(,0-+:#(&4/)#+:#09/#Q/&K\+,%4+:#7/:/3&0-:7#8,:>0-+:<#'%09+,79#

09/#3/>,34-;/#/`,&0-+:#-4#,4/)#0+#/40-5&0/#09/#2&3&5/0/3#5#-:#09/#P&K

L&:)3-KL&3.&3# 5&1-5,5# %-./%-9++)# &223+&>9"# -0# >&:# >&,4/#

>+52,0&0-+:&%# 23+(%/54# *9/:# -52%/5/:0-:7# -0# -:# T# ),/# 0+# 40&>.#
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73+*09<#=+#&;+-)#09-4"#&#:+:K3/>,34-;/#;/34-+:#+8#09/#%-./%-9++)#8,:>0-+:#

&:)# ,4/)# :+:K2&3&5/03-># (++0403&22-:7# */3/# /52%+6/)# 0+# `,&:0-86#

2&3&5/0/3#,:>/30&-:06<#X6#,4-:7#09/4/#0/>9:-`,/4"#-0#-4#2+44-(%/#0+#7/0##

3/4,%04#*9/:#,4-:7#09/#PLL#P&1-5,5#Q-./%-9++)#&223+&>9#&:)#8-%%4#&#

7&2#-:#09/#%-0/3&0,3/"#&4#:+#+09/3#:+:K3/>,34-;/#;/34-+:#+8#09/#%-./%-9++)#

&22/&34#0+#(/#&;&-%&(%/<#

=+#)/0/35-:/#9+*#5&:6#>,%0,3/4# 3/0,3:/)#/&>9#)-40-:>0# R3S# ;&%,/"#&#

,:-`,/#/12/3-5/:0&%#R3S#;&%,/#;/>0+3#&:)#&#>+,:0#;/>0+3#8+3#/&>9#R3S#

;&%,/# */3/# %/;/3&7/)<# !0# -4# :/>/44&36# 0+# /52%+6# &# 2+*/38,%# :+:K

3/>,34-;/# 8,:>0-+:# 8+3# _3R5S# &:)# &# :/7&0-;/# %+7K%-./%-9++)# 8,:>0-+:"#

*3-00/:# -:# 0/354#+8#5"# 09/# 0*+#)&0&4/04"# &:)# 09/#_3R5S# 8,:>0-+:<#X6#

5-:-5-F-:7#09-4#8,:>0-+:#;-&#TI4#+20-5-F&0-+:"#HMN#>+:8-)/:>/#-:0/3;&%4#

*/3/#>&%>,%&0/)#,4-:7#/`,&0-+:4#]H#&:)#Gb#"%#$<#=&(%/#V#-%%,403&0/4#09/#

5/0&)&0&#+8#09/#T#>+)/#8+3#3/23+),>-(-%-06<#
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'))-0-+:&%%6"#&#:+:K2&3&5/03->#(++0403&22-:7# 0/>9:-`,/#*&4#,4/)# 0+#

/40-5&0/#>+:8-)/:>/#-:0/3;&%4<#X6#3/4&52%-:7#09/#/12/3-5/:0&%#;&%,/4#

Vbbb# 0-5/4# &:)# >&%>,%&0-:7# 5# ,4-:7# 09/# PLL# P&1-5,5# Q-./%-9++)#

&223+&>9# 8+3# /&>9# (++0403&2# 3/2%->&0/"# */# 7/:/3&0/)# >+:8-)/:>/#

-:0/3;&%4#(6#/103&>0-:7#09/#]<M09#&:)#Hd<M09#2/3>/:0-%/4#83+5#09/#Vbbb#

(++0403&2#3/2%->&0/4<#

#

 

/"! 0123)43-#2#-#)23,'"&$-&15! !

=>! =/--$(3!&')$!5$-+4'(! 5>!

=?! .$-:,($(3!64(@!3'!&')$A-$0'+43'-7!/+$)!9'-!3#4+!
&')$!5$-+4'(!

#330+BAA;43#/C1&':AD6,EC),66,AF6/
&3/,34'(8E++,7!

!

=G! .$-:,($(3!64(@!3'!-$0-')/&4C6$!&,0+/6$!
#330+BAA&')$'&$,(1&':A&,0+/6$AH

>IJHIJA3-$$A5>!

!

=K! L$;,6!&')$!64&$(+$! E0,&#$!L4&$(+$M!?1N!

=O! =')$!5$-+4'(4(;!+7+3$:!/+$)! ('($!

=P! %'93Q,-$!&')$!6,(;/,;$+M!3''6+!,()!+$-54&$+!
/+$)! *!

Table 1: The Code Metadata 

https://github.com/OlaAbdalla/Fluctuation-Assay
https://github.com/OlaAbdalla/Fluctuation-Assay
https://codeocean.com/capsule/8197897/tree/v1
https://codeocean.com/capsule/8197897/tree/v1
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Results 

The Results for Research Purpose (1):!

1. Tetracycline removes ectopic H3K9-methylated 

heterochromatin and increases cell sensitivity to 

the drug (5-FOA):&

X/8+3/#>+55/:>-:7#09/#8%,>0,&0-+:#&44&64"#-0#-4#-52/3&0-;/#0+#/1/>,0/#

&#4-%/:>-:7#&44&6#0+#>+:8-35#09/#4,>>/448,%#3/5+;&%#+8#@GJH5/#83+5#

09/#=2345,5680)(1789:;<-7/:/#(6#09/#0/03&>6>%-:/#&:)#0+#/;&%,&0/#09/#

>/%%#4/:4-0-;-06#0+#09/#MKB$'#)3,7<##

!:#B-7,3/#V]"# 09/# 3/4,%04#49+*# 09&0# R0/0S#/88/>0-;/%6# 3/5+;/)#/>0+2->#

@GJHK5/096%&0/)# 9/0/3+>93+5&0-:"# >+:4-40/:0# *-09# 09/# 3/4,%04# +8#

T&7,:&09&:I4#40,)6#49+*:#-:#B-7,3/#cX#"%-$<##
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'4#&#>+:4/`,/:>/#+8# -04# 3/5+;&%"# 09/# =2345,5680)(1789:;<#5&3./3#

4-5,%0&:/+,4%6#/19-(-0/)#4/:4-0-;-06#0+#09/#MKB$'#)3,7#-:#09/#23/4/:>/#

+8#R0/0S#-:#&#5&::/3#&:&%+7+,4#0+#09&0#+8#*-%)K062/#>/%%4#>+:0&-:-:7#09/#

,3&cl# 7/:/# RB-7,3/# V]S<# =9/# 5,0&0-+:# 3&0/# 8+3# /&>9# /12/3-5/:0&%#

>+:)-0-+:#*&4#&>>,3&0/%6#)/0/35-:/)#(6#4-52%6#>+,:0-:7#09/#>+%+:-/4#

+3#5,0&:04# R3S#7/:/3&0/)#&0# 09/#/:)#+8#/&>9# 8%,>0,&0-+:#&44&6"#&80/3#

2%&0-:7#09/#>/%%4#+:#09/#4/%/>0-;/#5/)-&#*-09#(+09#RMKB$'#)3,7#&:)#0/0S<#

#

#

#
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#

#

#

#
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#

2. Ectopic H3K9-methylated heterochromatin has 

Increased the Phenotypic Mutation Rate: 

'80/3#>+:),>0-:7#&#8%,>0,&0-+:#&44&6#8+3#/&>9#>%+:/"#-0# -4#/44/:0-&%#0+#

&>>,3&0/%6#)/0/35-:/#09/#:,5(/3#+8#5,0&:04#+3#>+%+:-/4#+:#&7&3#2%&0/4#

&:)# /40-5&0/# 2&3&5/0/3# R5S<# =+# /:4,3/# 09/# &>>,3&>6# +8# )&0&"# 09/#

Figure 12: Removal of Ectopic H3K9-methylated Heterochromatin in the 

Presence of Tetracycline (tet). The effectiveness of (tet) in removing 

H3K9me was tested with specific media containing (5-FOA and tet). The 

purpose was to determine the successful reactivation of the (10XtetO-

ura4+-GFP) gene and cell sensitivity. The sensitivity of the (10XtetO-

ura4+-GFP) reporter, the only strain used in fluctuation assays, was 

tested using 5-fluoroorotic acid (5-FOA), as shown in the figure. In 

addition, positive and negative control cells were used, with wild-type 

ura4 gene as the positive control and ura4! cells as the negative control. 
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:,5(/3#8+3#/;/36#2&3&%%/%#>,%0,3/#*&4#-:)-;-),&%%6#>&%>,%&0/)#,:)/3#0*+#

>+:)-0-+:4Y#RK0/0#&:)#l0/0S<##

=9/:"# 09/# >&%>,%&0-+:4# +8# 09/# 29/:+062-># 5,0&0-+:# 3&0/4# */3/#

2/38+35/)#8+%%+*-:7#09/#42/>-8->#40/24#/%&(+3&0/)#-:#09/#P&0/3-&%4#&:)#

P/09+)4#4/>0-+:<#

'>>+3)-:7# 0+# 09/# 40&0-40->&%# )&0&# 23/4/:0/)# -:# =&(%/# ]"# -0# >&:# (/#

>+:>%,)/)# 09&0# /40&(%-49-:7# @G.H5/# +:# 09/# 0)(1!# 7/:/# %+>,4#

-:>3/&4/4#09/#:,5(/3#+8#5,0&0-+:#/;/:04#2/3#>,%0,3/#R2&3&5/0/3#5S<#

B+3# >%+:/4# V# &:)# ]"# 09/# ;&%,/4# +8# 09/# 2&3&5/0/3# R5S# ,:)/3# RK0/0S#

>+:)-0-+:# &3/# &223+1-5&0/%6# V<cddG# &:)# H<G]Vg"# 3/42/>0-;/%6<#

L-5-%&3%6"#09/#5,0&0-+:#3&0/4#+8#>%+:/4#V#&:)#]#,:)/3#09/#RK0/0S#>+:)-0-+:#

&3/# &(+,0# c<gGVbGcc# t# Vb"## &:)# G<dcGgVcc# t# Vb"$"# 4,(4/`,/:0%6<#

X&4/)#+:#&%%#09/#23/;-+,4#;&%,/4"#09/#3/4,%04#4,77/40#09&0#09/#:,5(/3#

+8#5,0&0-+:#/;/:04#2/3#>,%0,3/#R2&3&5/0/3#5S#&:)#5,0&0-+:#3&0/4#&3/#
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9-79/3#09&:#*9&0#-4#+(4/3;/)#-:#>%+:/#V#&:)#>%+:/#]#>/%%#>,%0,3/4#*9/:#

09/3/#&3/#:+#@GJH5/#5&3./34#&:)#0/03&>6>%-:/#-4#23/4/:0"#&4#-:#09/#

Rl0/0# >+:)-0-+:S<# B,309/35+3/"# */# >+,%)# >&%>,%&0/# HMN# >+:8-)/:>/#

-:0/3;&%4#+8#&%%#2&3&5/0/34#R5S#4/2&3&0/%6"#&4#)/0&-%/)#-:#=&(%/#]<#

X6# 40&0-40->&%%6# >+5(-:-:7# 09/# 29/:+062-># 5,0&0-+:# 3&0/4# +8# \%+:/# V#

Rc<gGVbGcc# t# Vb"#S# &:)# \%+:/# ]# RG<dcGgVcc# t# Vb"$S# ,:)/3# RK0/0#

>+:)-0-+:4S"#*/#*/3/#&(%/#0+#)/0/35-:/#&#29/:+062->#5,0&0-+:#3&0/#+8#

RV<Hbdc]g# t# Vb"$S# *-09# &# HMN# >+:8-)/:>/# -:0/3;&%# ;-&# (++0403&2# "'#$#

iV<gMGt#Vb"$"#]<]VVt#Vb"$j<#L-5-%&3%6"#*9/:#*/#40&0-40->&%%6#>+5(-:/)#

09/#29/:+062->#5,0&0-+:#3&0/4#+8#\%+:/#V#R]<GHG]gMH#t#Vb"#S#&:)#\%+:/#

]#Rg<HGMghbd#t#Vb"#S#,:)/3#Rl0/0#>+:)-0-+:4S"#*/#+(0&-:/)#&#29/:+062->#

5,0&0-+:#3&0/#+8#Rc<dMM]cM#t#Vb"#S#*-09#&#HMN#>+:8-)/:>/#-:0/3;&%#;-&#

(++0403&2#"'#$#iG<dHc#t#Vb"#"#M<Hgb#t#Vb"#j<#



!

! %)!

5)3(<&8)7(7&"7(3=8(&()#:70&8).8&8)7&;"7(7/-7&#$&>?4@+7&#/&8)7&

!"#$!&97/7&=#-3(&3/07"&AB878&-#/0*8*#/(C&*/-"7.(70&8)7&;)7/#8D;*-&

+38.8*#/&".87&AEC&*/&-=#/7(&F&./0&G%#

#

#

#

! "#$%&!'! "#$%&!(!

)*+&,-.&%/0#!

1$%2-/-$%3!

4,&3&%1&!!

$5!6789.&!!!

:;3&%1&!$5!

6789.&!

4,&3&%1&!$5!

6789.&!!!

:;3&%1&!$5!

6789.&!

<=!/&/!

1$%2-/-$%>!

<?!/&/!

1$%2-/-$%>!

<=!/&/!

1$%2-/-$%>!

<?!/&/!

1$%2-/-$%>!

40,0.&/&,!<.>!
'@ABB7!

<C-DE,&!'7!:>!

F@B'FG!

<!C-DE,&!!'7!H>!

!"#$%&'

<!C-DE,&!'7!">!

'@ABB7!

<!C-DE,&!'7!I>!
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! &+!

#

#

#

#

I-J-3-$%!+$3/=

+#0/-%D!

<2>!

F! F! F! F!

9KL!1$%5-2&%1&!

-%/&,J0#3!<"M>!!5$,!

+0,0.&/&,!<.>!

J-0!
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Table 2: The Presence of H3K9me on the ura4+ gene Increases the Rate 

of Phenotypic Mutations.  This study's results show that the presence 

of H3K9-methylated heterochromatin significantly raised the 

number of mutation events per culture (parameter m) of the same 

gene. These results were obtained by measuring the number of 

mutants (r) or 5-fluoroorotic acid resistance (5-FOA)  colonies in the 

presence of tetracycline (tet) for two different clones of the same 

strain with the  (10XtetO-ura4+-GFP) marker. When calculating the 

mutation rate using the equation (!= parameter m/Nt), our findings 

revealed a significant difference in phenotypic mutation rates 

between the presence and absence of H3K9me. 
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3. Luria-Delbrück Model Distributions Match 

Fluctuation Assay Results:&
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Figure 13: The Computational Analysis of the Fluctuation Assays Results. Our 

experiment using clone 1 and clone 2, both with and without tetracycline, yielded 

some significant results. The data we obtained is represented by a solid red curve 

called "data". The green solid lines represent the Luria-Delbrück (one-parameter 

model) distributions, which is a perfect fit for our accurate data.  According to 

Luria-Delbrück's experimental principle, the alignment of experimental data with 

the  Luria-Delbrück distribution is crucial in determining the accuracy of 

fluctuation assay results. Moreover, the purple circles indicated the two-parameter 

model for Luria-Delbrück and passion distributions, which also fit our data, with a 

Div. post-plating value (d = 0). Notably, in Figures 4A and 4B for clone 1, the 

parameter "m" value was 1.4773 in the absence of tetracycline and 0.7108 in its 

presence. Similarly, in Figures 4C and 4D for clone 2, the value of the parameter 

"m" was 9.3216 in the absence of tetracycline and 1.4773 in its presence. 
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The Results for Research Purpose (2):!
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Table 3. By utilizing the most accurate method available, MSS-Maximum-

Likelihood, and the R-codes developed in this study, we have obtained 

statistical analysis results that are both reliable and insightful. Generally, 

scientists begin by calculating the number of mutants on selective media 

for each parallel culture following fluctuation assays. They then utilize 

software to statistically calculate the number of mutational events per 

culture or parameter (m), as well as the 95% confidence intervals for 

parameter (m) like this example. 
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