
 
 

Localization changes of gene clusters during 

nitrogen starvation in the fission yeast 

Schizosaccharomyces pombe and further studies 
 
 
 
 
 
 
 
 
 
 
 
 

 
Xi´nan Meng                       
Degree Project in Applied Biotechnology 
Opponent : Göte Swedberg 
Examensarbete i tillämpad bioteknik 30 hp till masterexamen, 2011 
Medical Biochemistry and Microbiology, Uppsala University  
Supervisor: Pernilla Bjerling 

 



Page 1 of 30 
 

Contents 
1. ABSTRACT .................................................................................................................................................. 2 

2. KEYWORDS ................................................................................................................................................ 2 

3. INTRODUCTION ........................................................................................................................................ 3 

3.1 NUCLEOSOME AND CHROMATIN................................................................................................................ 3 
3.2 EPIGENETICS............................................................................................................................................ 3 
3.3 SCHIZOSACCHAROMYCES POMBE .............................................................................................................. 4 

3.3.1 Features for the experiment .............................................................................................................. 4 
3.3.2 Strains cross ..................................................................................................................................... 4 

3.4 CHR1 AND TEL1 GENE CLUSTERS .............................................................................................................. 4 
3.5 MOVEMENT OF THE GENE CLUSTERS ......................................................................................................... 5 
3.6 TARGETING OF THE CHR1 CLUSTER TO THE NUCLEAR PERIPHERY................................................................ 6 
3.7 AIMS OF THE PROJECT............................................................................................................................... 7 

4. METHODS AND MATERIALS ................................................................................................................... 8 

4.1 GENE LOCALIZATION CHANGES DURING NITROGEN STARVATION ................................................................. 8 
4.1.1 Making crosses ................................................................................................................................. 8 
4.1.2 Comparing the localization before and after nitrogen starvation ....................................................... 8 

4.2 THE RELATIONSHIP BETWEEN GENE LOCALIZATION AND EXPRESSION .......................................................... 9 
4.2.1 To target the Chr1 locus to the nuclear membrane. ............................................................................ 9 
4.2.2 Checking for stable Arg+ cells ........................................................................................................ 10 

5. RESULTS .................................................................................................................................................. 12 

5.1 OBSERVATION UNDER THE MICROSCOPE BEFORE AND AFTER THE NITROGEN STARVATION ........................... 12 
5.2 TYPICAL FIGURES MEASUREMENTS UNDER THE MICROSCOPE ................................................................... 12 

5.2.1 Figures........................................................................................................................................... 12 
5.2.2 Statistics from SigmaStat 3.5 ........................................................................................................... 13 

5.3 CANDIDATES SELECTION ........................................................................................................................ 15 
5.3.1 Selected strain for transformation ................................................................................................... 15 
5.3.2 Candidates chosen during the cultivation after the transformation .................................................. 15 

6. DISCUSSION ............................................................................................................................................ 17 

6.1 ANALYSIS OF THE RESULTS ..................................................................................................................... 17 
6.2 PROBLEMS AND IMPROVEMENTS ............................................................................................................. 18 
6.3 ORIGINAL RESEARCH PLAN UNCOMPLETED PART IN THE PROJECT.............................................................. 18 

7. CONCLUSION .......................................................................................................................................... 19 

8. ACKNOWLEDGEMENTS ......................................................................................................................... 19 

9. REFERENCES .......................................................................................................................................... 20 

10. LITERATURE ......................................................................................................................................... 20 

APPENDIX 1: MEDIA .................................................................................................................................. 21 

APPENDIX 2: PCR PROGRAM ................................................................................................................... 24 

APPENDIX 3: PRIMERS .............................................................................................................................. 25 

APPENDIX 4: YEAST STRAINS INFORMATION ...................................................................................... 26 

APPENDIX 5: MEASUREMENTS BEFORE AND AFTER NITROGEN STARVATION ............................ 27 

 



Page 2 of 30 
 

1. Abstract 
 
Regulatory sequences, transcription factors, epigenetic mechanisms have been discovered as 
different paths of the regulation of genes in cells. Changes in the relative gene localization in 
the nucleus when the regulation takes place belong to one special phenomenon of epigenetic 
mechanisms. In the project study, the fission yeast, Schizosacchromyces pombe, was chosen to 
be the model organism to investigate movement of genes during induction, more precisely, the 
localization of gene clusters induced by nitrogen starvation visualised by the utilization of the 
lacO/LacR-GFP recognition system.  
 
Localization changes of the gene clusters were observed under the confocal microscope. The 
gene clusters which were the focus of the project moved from the nuclear periphery to a more 
internal position and this occurred in a high proportion of the yeast cells tested. The difference 
in localization of the gene clusters comparing before and after nitrogen starvation was 
statistically significant. The plan of the project contained the attempt to use Gal4-DBD-CCVC 
binding technique to target one of the clusters to the nuclear membrane in order to prevent its 
movement followed by subsequent investigation of the expression of mRNA from genes up-
regulated during nitrogen starvation to check if the localization change of the gene cluster was 
necessary for the induction of the genes. 
 

2. Keywords 
 
Schizosacchromyces pombe, Nitrogen starvation, gene localization, lacO/LacR-GFP 
recognition system, nuclear organisation, epigenetics. 
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3. Introduction 
 
In the area of Genetics, the number of research projects has increased rapidly like the 
proliferation of cells. Take the field of Genomics for example, to date, there are 8285 ongoing 
genome projects [1] compared to 1718 five years ago [2]. More in-depth research is carried 
out, the closer human being will step towards understanding gene functions and the principles 
of gene expression, evolution, interaction or regulation. Gene activities are controlled by 
several extensively cooperated mechanisms such as transcription factors, functional sequences 
and epigenetic modifications. The epigenetic direction is the one on which this project focuses.  
 

3.1 Nucleosome and Chromatin 
 
Since the model organism used in the project was a yeast, the eukaryotic genome deserves a 
short introduction. This highly organised structure is composed of numerous tiny units called 
nuleosomes. One nucleosome consists of a protein octamere named histone complex, which 
includes two H2A, two H2B, two H3 and two H4 subunits, and the DNA double helix chain 
that twists around the complex. The tight globular protein structure of a histone complex has 
free tails that are the parts that can be easily modified by various chemical groups. The higher 
structure level of nucleosome, chromatin, is divided into two sorts, euchromatin and 
heterochromatin. Different numbers and locations of epigenetic modifications like 
methylation, acetylation and phosphorylation on the tails mentioned above induce the 
conversions between the two types of chromatins [3,4].  
 
Active transcriptions occur on genes that are located in the areas of euchromatin. Lysine 4 of 
histone H3 in a nucleosome that is modified by methyl marks the regions of euchromatin as 
well as hyperacetylation [5]. To the opposite, heterochromatin has been seen as a silent type 
of chromatin, which hampers transcription. The sign of heterochromatin is that the histones 
are hypoacetylated. Particularly, Schizosaccharomyces pombe and other eukaryotes including 
human have been found to have another special symbol of heterochromatin, lysine 9 on 
histone H3 methylation [5, 6].  
 

3.2 Epigenetics 
 
In Genetics, besides traditional genetics, epigenetics has gained more and more attentions   
since 1942 when the conception was pointed out by C.H. Waddington. The definition of 
epigenetics was confirmed in studies of various controls of gene activities during the 
development of organisms [7]. This academic area covers all the mechanisms that affect the 
gene expression through genome modifications without changing DNA sequence. The reasons 
for these alterations probably come from changes in the living circumstances, and thus, the 
need for the organism to adapt to the new conditions.  
 
The styles of these modification include methylation, acetylation, ubiquitylation, 
phosphorylation etc. and the direct or indirect results of them is chromosome inactivation, 
gene silencing, regulation of genome modifications, imprinting etc. which leads to the 
diversity of phenotype. In addition, certain modifications that may induce disorders can be 
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inherited from the parents to the offspring in some cases [8]. Excitingly, epigenetics has 
contributed to the possibility of future cancer cures. 
 

3.3 Schizosaccharomyces pombe 
 
Schizosaccharomyces pombe, called fission yeast, is frequently utilized as a model organism 
in biological research. This fungi was first collected from a East African beverage named 
millet beer. In the 1950s, scientists started to develop the yeast for experiments of genetics 
and cytology [9]. 
 
The whole genome of the S. pombe was completely sequenced in 2002 as the sixth eukaryotic 
organism genome. With the identification of a large amount of genes that are homologous to 
human disease genes, S. pombe has become a critical organism in the field of life science 
research [9]. 
 

3.3.1 Features for the experiment 
 
These tiny rod-like unicelluler eukaryotes are typically from 3 to 4 μm in diameter and from 7 
to 14 μm in length. They keep their shape when growing and divide in the middle to produce 
two equal cells, which makes them a critical tool in cytology research. The size of the genome 
is approximately 14.1 million base pairs and from scientist estimations, it is composed of 
4,970 protein coding genes and over 450 non-coding RNAs [10]. Researchers have paid more 
and more attention to S. pombe. It is a good model system to study for example nuclear 
organisation for two main reasons. The structure of the chromosomes is quite similar to 
human chromosomes and biological tools can relatively easily be integrated in the genome 
due to the efficient homologous recombination in S. pombe [11].  
 

3.3.2 Strains cross 
 
Although Schizosaccharomyces pombe carries out mitosis similar to multicellular eukaryotes, 
its proliferation is in a haploid stage. When in lean circumstance, especially when the nitrogen 
is limited, yeasts of P and M mating types start to fuse and later form a diploid zygote that 
goes through meiosis to produce four haploid spores. These spores will grow to normal 
haploid cells when improvements of the circumstance occur, and then these cells will resume 
mitotic growth. 
 

3.4 Chr1 and Tel1 gene clusters 
 
The Chr1 gene cluster, totally 22kb in length, located in the middle of chromosome I left arm 
(Fig. 1), is composed of five genes that are induced when the yeast is starved for nitrogen [12, 
13, 14].  
 
The Tel1 gene cluster of eight genes is found on the same chromosome but in the 
subtelomeric region of the left arm (Fig. 1). As Chr1, these genes increase in expression 
within 20 minutes of nitrogen starvation [12, 13, 14]. 
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Fig. 1.  Schematic representation of the positions of the Tel1 and Chr1 gene clusters on 

chromosome I in fission yeast [12, 14] (picture adapted from [14]) 
 

3.5 Movement of the gene clusters  
 
The simple principle of lacO/LacR-GFP recognition system for visualising chromosome 
dynamics depends on the observation of the signal from Green Fluorescent Protein (GFP) 
which is inserted into or near the locus and viewed under the confocal microscope. This 
recognition system needs the integration of lacO repeats, which can bind to LacR-GFPs 
endogenously expressed in the fission yeast, into the genome [15]. The lacO repeats are 
integrated in the genome of S. pombe in a two-step procedure. First, a part of the ura4+ gene, 
the ura4C gene and the hygromycin B resistance gene is transformed into the yeast and 
subsequently the whole ura4+ gene and lacO repeats are inserted by chemical transformation 
(substitute the ura4C gene) [14, 16].  
 
In Alfredsson-Timmins et al. 2009, the Chr1 and Tel1 gene clusters were shown to be 
localized to the nuclear membrane (NM) and to change localization during nitrogen starvation. 
In that study focused on the cells in the interphase period. The NM and spindle pore body 
(SPB) at the NM, which is the microtubule organizing centre without centrioles and 
functionally critical for spindle organisation and cell division, were labeled with 
Cyanofluorescence Protein (CFP). CFP is not an optimal fluorochrome for several reasons. 
CFP bleaches rapidly and emittes light of a wave length similar to many other molecules in 
the cell which causes background problems. Therefore, in this study, for the reference points, 
the NM is labelled with mCherry by fushion to the Cut11 protein while the SPB compound 
Sid4 on the NM is fused to Red Fluorescent Protein (Sid4-mRFP). These fluorochromes will 
be visualised by a red fluorescent signal [17]. Signals will be visualised under the microscope 
and the diameter of nucleus, the distance between gene clusters and SPB and the distance 
between the gene clusters and the nuclear membrane can be measured directly in one picture 
(Fig. 2). 
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Fig. 2.  A. Schematic representation of the organization of the chromatin in the cell 

nucleus of fission yeast. The SPB is located at the NM with the three 
centromeres (CEN) and the mating-type region (MAT), next to the SPB, while 
the telomeres (TEL) are found on the other end of the nucleus where the Tel1 
and Chr1 gene clusters are when they are transcriptionally repressed. B. 
Schematic representation of fluorescence marked SPB (red above) and targeted 
gene clusters (green at the side) [11, 14, 18] (picture adapted from [14]) 

 

3.6 Targeting of the Chr1 cluster to the nuclear periphery 
 
Integration of Gal4-binding sites near to the Chr1 gene cluster causes the gene cluster to be 
anchored to the nuclear periphery. This technique was developed by Erik D. Andrulis and co-
workers for testing whether the peri-nuclear localization was necessary or not for 
transcriptional silencing in Saccharomyces cerevisiae [19]. This tool can be used similarly in 
S. pombe. Previously in the lab, the Gal4-binding site was integrated homologously in the 
genome of a Schizosacchromyces pombe strain with lacO/LacR-GFP recognition system close 
to the Chr1 gene cluster [20]. And in this study, the plan was to integrate a plasmid with Gal4-
CCVC coding for Gal4 DNA binding domain fused to a cysteine-cysteine-valine-cysteine 
tetrapeptide (Gal4DBD-CCVC) into the genome of S. pombe. The Gal4DBD part of the 
protein would bind to the Gal4 binding site in the genome and the CCVC part will be 
modified by farnesylation. A farnesyl group will easily be inserted into the NM because of its 
hydrophobic feature so that the genes near to the Gal4 binding site in the genome would be 
stuck to the nuclear periphery through Gal4DBD-CCVC (Fig. 3) [20]. 
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Fig. 3. Schematic representation of the process for integrating Gal4 binding sites to 

the Gal4-DBD-CCVC connection close to the Chr1 cluster and thereby 
anchoring it to the NM (Picture was made by Manou Engels) 

 

3.7 Aims of the project 
 
The project aimed to visually explore whether the changes of the localization of target Chr1 
gene cluster, in the genome of Schizosaccharomyces pombe made any effect on the expression 
or not after nitrogen starvation, and to confirm the movement of the Chr1 and Tel1 gene 
clusters during nitrogen starvation when strains were labelled with mCherry and mRFP 
instead of CFP. 
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4. Methods and Materials 
 

4.1 Gene localization changes during nitrogen starvation 
 
Through the confocal microscope, the gene clusters Chr1 and Tel1 were observed. The 
localizations of them were different before and after the nitrogen (N) starvation and statistic 
analysis was performed after the data collection.  
 

4.1.1 Making crosses 
 
The yeast strain PJ1165 labelled with mCherry to the NM protein Cut11, PJ525 with GFP 
marked gene cluster Chr1 and PJ522 with GFP marked gene cluster Tel1 were taken from the 
-20°C freezer and cultivated on a YEA plate at 30°C. PJ1165 mixed with PJ525 and PJ522 
were spread on plates with PMG (the media recipes are listed in Appendix 1). 
 
After 3 days, the two sorts of mixed colonies on the plate were suspended in 150 times diluted 
NEE-154 glusulase enzyme solution in order to destroy the package of crossing spores and to 
remain vegetatively growing cells.  
 
The next day, the number of spores was counted under the microscope and the concentration 
was calculated. Around 500 spores were finally spread on one YEA plate after suitable 
dilution. The rule for classifying the spore and normal yeast cells after the cultivation in NEE-
154 glusulase enzyme was the small round smooth cell configuration. 
 
PJ1185 was the resulting strain after crossing PJ1165 and PJ525 which had the best signals of 
GFP, mCherry and mRFP under the confocal microscope and PJ1183 was from PJ1165 and 
PJ522. 
 

4.1.2 Comparing the localization before and after nitrogen starvation 
 
PJ1183 and PJ1185 were incubated in EMM +N liquid medium at 30°C for 2-3 days. The 
pictures were taken under the confocal microscope and in the same way pictures were taken 
after they were treated with 20 minutes nitrogen starvation in EMM -N liquid medium. When 
the cells were starved for nitrogen they were first washed once with EMM -N liquid medium 
and then re-suspended in EMM -N liquid medium. The cells were spun down at max 4000 g, 
and the pellet was re-suspended in EMM -N liquid medium again. Then the cells were spun 
down and the pellet was re-suspended in EMM -N liquid medium once more. After that they 
were shaken in the 30 degree incubator for around 15 minutes and then mounted on 
microscopy slides (with the preparation of microscopy slides, the total time of the starvation 
was 20 minutes). Measurements of the diameter of nucleus, the distance between GFP signal 
and SPB signal and the distance between the GFP signal and the nuclear membrane from over 
60 samples were measured in the pictures as the example showed in the result part of the 
report (Fig. 6). These distances were used in the statistic analysis later on. 
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4.2 The relationship between gene localization and expression 

4.2.1 To target the Chr1 locus to the nuclear membrane. 
 
A midi plasmid prep of pPB81 (paR38IX with Gla4-CCVC, Fig. 4) was extracted by 
E.Z.N.A.® Plasmid Midiprep Kit (E.Z.N.A.®) from E.coli, DH5α, cultured in 30 mL LB liquid 
medium with ampicillin (150 mg/mL) overnight. 5 μL of the plasmid was cut once in the 
arg3+ gene by restriction enzyme Bsp68I. The condition of the cutting was set at 37°C for 4 
hours. The cut plasmid was separated from the uncut by running a gel and subsequently 
purified the DNA using a QIAquick® Gel Extraction Kit (QIAGEN®) 
 
 

 
 
 
Fig. 4. Structure of plasmid pPB81 which was from plasmid paR3 with the position 

where the Gal4-CCVC was inserted (The nmt1 promoter could mediate the 
expression of Gal4-CCVC. The restriction sites of the cutting enzymes which 
were usually used are indicated in the picture. ARS1 is an autonomous 
replication sequence whose function is to start replication of the plasmid in 
yeast) 

 
 
We cultivated the candidate strains that had been previously obtained by crossing strains of 
PJ1149 and PJ1151 in EMM+Arg liquid media and checked them in the microscope 
separately until they grew in log phase. The NM was labelled by mCherry, the SPB was 
marked by mRFP and the GFP showed where the target gene clusters were. PJ1171 and 
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PJ1172 were chosen under the confocal microscope for their clear fluorescence signals. 
PJ1171 was the perfect one that had the clearer signals from its parent strains PJ1149 and 
PJ1151.  
 
The cut plasmid desalted by filters was integrated into strain PJ1171 through electric shock 
transformation. The strain PJ1171 were grown to the concentration of 5×106 - 1×107 
cells/mL. The cells were harvested at around 2700 g in the centrifuge at 4°C for 10 minutes. 
After discarding the supernatant, the pellet was resuspended in 20 mL ice cold 1.2 M sorbitol 
and transferred to a 50 mL falcon tube. The cells were harvested again at 2700 rpm 
centrifugation and resuspended in 10 mL ice cold 1.2 M sorbitol and spun as above. This step 
was repeated once. Suitable volume of cold 1.2 M sorbitol was used to resuspend the cell 
pellet in order to get the final concentration of the cells to 1×109 cells/mL. The cell 
suspension was separated into 200 μL aliquots and mixed with between 50 ng and 10 μg 
plasmid pPB81 cut with the restriction enzyme Bsp68I. Immediately, the aliquots were pulsed, 
utilizing the setting of 2.25 kv, 200 Ω and 25 μF. 100 – 500 μL of the cell suspension pulsed 
was spread on PMG media plates lacking arginine and with thiamine, which aimed to turn off 
the expression of Gla4-DBD-CCVC, and incubated at 30°C. The plan was to select the strains 
transformed that were able to grow on selective medium lacking arginine and then used them 
for further experiments. Several transformants were visible after 5 days at 30°C cultivation on 
PMG plates lacking arginine but with thiamine.  
 

4.2.2 Checking for stable Arg+ cells 
 
For the PJ1171 strain, there was one point mutation in the arg3+ gene making the strain 
arginine auxotroph so that the cells that were not able to grow on the selective media lacking 
arginine were not the candidates after the plasmid transformation (Fig. 5).  
 
Single colonies of the transformants were picked and restreaked on PMG plates lacking 
arginine but contained thiamine. Thiamine turned off the promoter, and no Gal4DBD-CCVC 
was expressed. Restreaked colonies were moved to unselective media (YEA) and patched. 
The next day, a small amount of cells were taken by a toothpick and patched on new YEA 
plates. The third day, the procedure was repeated. The forth day, single colonies were restreak 
on new YEA. After 3 days, the YEA plates with restreaked yeast colonies were replica plated 
on selective PMG plates lacking arginine and with thiamine added. We kept the transformants 
that were arginine prototroph after one or two-day cultivation. We checked for the correct 
transformants with PCR using primers D62 and D63 (primers sequences are listed in 
Appendix 3) with 3 mM MgCl2 using the JTAG program (Appendix 2). The PCR products 
were analysed on a agarose electrophoresis gel. The yeast strain PJ1171 was used as a control. 
The PJ1171 strain gave a band of 1100 bp and the candidates that showed the band were 
excluded that meant the plasmid was not integrated. The transformants that did not give a 
PCR band were real candidates because the sequence between D62 and D63 was too long in 
the real candidate to be amplified during the PCR program (Fig. 5). 
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Fig. 5. A. Schematic representation of the expected process of the integration of 

pPB81 plasmid cut by Bsp68I in the genome of fission yeast (PJ1171, the 
locations of the primers binding sites and the proximate position of the point 
mutation mentioned above were marked) 

 
The candidates that were selected after the primer pair D62+D63 had been tested on them 
were checked by another primer pair through colony PCR. The primer pair used was 
D62+D64 or D62+D65. Utilizing these primers, different MgCl2 concentrations (2, 4, 6 mM) 
had to be tried to find a suitable one with perfect efficiency.  
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5. Results 

5.1 Observation under the microscope before and after the nitrogen starvation 
 

 
Fig. 6.  The localization of Chr1 gene clusters (in PJ1185) marked by GFP changed 

after the nitrogen starvation. A. original pictures under the microscope; B. 
straight lines with measurements labeled; Yellow: the diameter of the nucleus; 
Blue: the distance between SPB and GFP signal; Pink: the distance between the 
GFP signal and the nuclear membrane.  

 
 

5.2 Typical figures measurements under the microscope 

5.2.1 Figures 
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The diameter of nucleus, the distance between GFP signal and SPB signal and the distance 
between the GFP signal and the nuclear membrane from at least 60 samples were measured 
before and after nitrogen starvation (the raw data is shown in Appendix 5). Both PJ1183 and 
PJ1185 were tested by the same process. 
 

5.2.2 Statistics from SigmaStat 3.5 
 
For PJ1183 and PJ1185 strains, the mean and median distances from the GFP-labelled 
location to the centre of SPB mCherry signal and to the NM were calculated using SigmaStat® 

3.5 software (the raw data is shown in Appendix 5).  
 
Table 1. Descriptive statistic figures obtained of PJ1183 and PJ1185 were compared 

below. The distance between GFP signal and SPB signal (SPB) and the 
distance between the GFP signal and the nuclear membrane (NM) (Unit: μm) 

 
 

Column Samples Missing Mean  Median  
PJ1185+N_SPB 69 0 1,777 1,920 
PJ1185-N_SPB 70 0 1,587 1,500 
PJ1183+N_SPB 65 0 1,630 1,700 
PJ1183-N_SPB 70 0 1,652 1,605 
PJ1185+N_NM 69 0 0,115 0,000 
PJ1185-N_NM 70 0 0,366 0,390 
PJ1183+N_NM 65 0 0,135 0,100 
PJ1183-N_NM 70 0 0,358 0,320 

 
 
The observed median distance for the two strains, before and after nitrogen starvation, were 
evaluated by the software statistically. As a result, there was no significant difference in the 
mean diameter between before and after nitrogen starvation in either of the strains. But the 
mean and median values of the distance between the GFP signal and the mRFP signal showed 
that the Chr1 gene cluster (Strain PJ1185) at the opposite side of the nucleus moved closer to 
the SPB after nitrogen starvation. On the other hand, the mean and median value of the 
distance between the GFP signal and the NM labelled by mCherry indicated the gene clusters 
moved noticeably to a more internal position of the nucleus after nitrogen starvation in both 
strains.  
 
The distances between the GFP-labelled positions to the NM for each strain were sorted in 
order. The distance for each sample taken under the microscope was then classified into one 
of these three zones, and the percentages of distribution for both before and after nitrogen 
starvation were plotted as histograms using Microsoft Office Excel® 2007 (Fig. 7). From the 
histograms, around three quarters of all the GFP-labelled positions distributed in Zone I 
before nitrogen starvation, but the distribution of them in Zone II and Zone III in both strains 
increased clearly after nitrogen starvation. The distribution frequency of the GFP-labelled 
positions in Zone II increased to around twice of the frequency which was calculated before 
the nitrogen starvation and the frequency of them in Zone III increased even more. To the 
opposite, the distribution of it in Zone I decreased to only around one quarter of the total 
samples. 
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Fig. 7. Illustration of the results: A. description of the distances from GFP signal to the 

NM of the nuclear zones in the nucleus (The nucleus was separated into three 
concentric zones of equal square area using the calculated radius from the 
mean nucleus diameter for both strains.); B. the distance distribution between 
the GFP signal and the NM in PJ1183 before (left columns) and after (right 
columns) nitrogen starvation, x: the nuclear zone, y: the frequency; C. the 
distance distribution between the GFP signal and the NM in PJ1185 before (left 
columns) and after (right columns) nitrogen starvation, x: the nuclear zone, y: 
the frequency; D. the distance distribution between the GFP signal and SPB 
signal in PJ1183 before and after nitrogen starvation, x: the length, y: the 
frequency; E. the distance distribution between the GFP signal and SPB signal 
in PJ1185 before and after nitrogen starvation, x: the length, y: the frequency 

 

5.3 Candidates selection 

5.3.1 Selected strain for transformation 
 
PJ1171 was obtained after the selection from the crosses of PJ1149 and PJ1151. It was used 
for integration of the pPB81 plasmid by transformation. The plasmid was first cut by the 
restriction enzyme Bsp68I, and then gel purified and desalted (Fig. 8).  
                                    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. The plasmid cut result (test cut) by Bsp68I 
 
After these test cuts, the pPB81 plasmid in adequate amount was cut by the enzyme and 
purified by QIAquick® Gel Extraction Kit (QIAGEN®) in high concentration. 
 

5.3.2 Candidates chosen during the cultivation after the transformation 
 
After four transformation experiments, 146 candidate strains were collected that could grow 
on the media lacking arginine, but no perfect candidate had been obtained after the first 
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control using JTAG PCR by the primer pair D62 and D63 which could detect if the plasmid 
inserted into the right location on the genome of the yeast.  
 

 
 
Fig. 9. Candidate representatives of the DNA bands under the UV light on the agarose 

gel showed the negative results. All the candidates gave the band (1100 bp). 
The difference was only in brightness of the bands. The first lane was the 
ladder, the second was the negative control with water control and the third 
was a positive control of PJ1171 which had to give a band. 

 
An attempt of the next step PCR using primer pairs D62+D64 and D62+D65 test was done on 
one candidate (No.2 candidate) that gave almost an invisible band on the gel and the result 
was still not satisfying (Fig. 10). Different concentrations of MgCl2 (2, 4, 6 mM) were tried 
but there was no expected DNA product as prediction on either one of the lanes on the gel. 
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Fig. 10. No.2 candidate PCR results with primer pairs D63+D64 and D62+D65 in 

different concentrations of MgCl2. The bands shown in the last five lanes were 
not the ones expected because of the same bands shown in the lane of PJ1171 
controls in the same concentrations of MgCl2. Negative and positive control in 
lane 1 and 2 worked. 

 

6. Discussion 

6.1 Analysis of the results  
 
For the experiment of gene localization changes during nitrogen starvation, the results were 
positive and as expected. Compared to the results of previous studies, the utilized 
fluorochromes mCherry and mRFP worked and presented similar results on the distances 
from the GFP signal to the NM to the ones in the previous studies. Furthermore, fluorescence 
signals were more stable and clearly observed without messy background [14]. However, the 
Mann-Whitney Rank Sum Test analysis gave different results for the distance between the 
GFP signal and the SPB signal in PJ1185 before and after nitrogen starvation while there was 
no statistically significant difference in PJ1183. This was not the same result as reported in 
Alfredsson-Timmins et al. 2009, where there was a significant difference in the distance 
between the Tel1 gene cluster and SPB before and after nitrogen starvation. Therefore, PJ1185 
was able to be ready for the subsequence experiment of other related gene necessity 
investigation but PJ1183 was needed to be tested again. 
 
For the experiment of the relationship between gene localization and expression, the process 
was blocked at the step of candidate selection. Expected candidates could not be found after 
four transformations. All the candidates that grew well on selective medium did not give 
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positive results in colony PCR tests. The possible reasons are listed in the following section 
and the project plan is demonstrated after that. 
 

6.2 Problems and improvements 
 
The reasons why the expected strain was not obtained can be several. The most possible 
aspect was that the plasmid pPB81 inserted into the wrong place of the genome resulting in 
strains that were able to grow stably on selective media but gave negative results from the 
colony PCR test. It could also be that the plasmids entered the yeast cell and stayed in the cell 
when the PCR was done. To avoid this, the strains should be cultured for longer period or the 
replica plating on the cells should have been done a few times more. The contamination 
probability was considered as a reason during the project. When the PCR test was processed, 
one tube by one tube, the cells which were not the candidate might contaminate the others. 
The infection way might include the pipette boy, the gloves or the tips. However, since the 
negative control did not give a PCR product contamination, the contamination was considered 
as an unlikely explanation. Low frequency of integration was another reason but not critical 
because several transformations were finished and many backup candidates were taken after 
that.  
 
One improvement of the enzyme cut will be to use EcoRI to cut the plasmid first and to 
religate the cleavage from EcoRI. Then the fragment with ARS1 will be removed from the 
plasmid. Without ARS1, the function of the plasmid replication will be invalid during the cell 
division and all the new cells will have a plasmid without ARS1 that means the plasmid is 
very likely to be lost during the proliferation of the cells on rich media unless it is integrated 
into the genome.  
 
For the measurements, the original pictures were more than the pictures shown in the results 
at present. Some of the pictures did not meet the rule of the diameter of the nucleus. The ones 
in length that were narrower than 2.10 μm or wider than 2.40 μm were abandoned when the 
pictures were analyzed. Small nuclei results in the layers of the focusing under the 
microscope were not closed to the centre of the nucleus, and large nuclei are cells entering 
mitosis. 
 

6.3 Original research plan uncompleted part in the project 
 
Actually, because of the unexpected results of the project, the project was not close to the end 
of the plan. There were still a series of experiments which had not been completed. 
 
During the project, no transformant was got that did not give a PCR band. If we had collected 
several of them, the next steps should have been the following. They should have been 
checked by another colony PCR on gel. The candidates should have given a band less than 
1000 bp with D62+D64 or D62+D65 but then different MgCl2 concentrations (2, 4, 6 mM) 
would have been tried.  
 
After a cultivation of the new candidates on YEA plates checked by D62+D64 or D62+D65, 
the best ones with clear fluorescent signals would have been picked. The steps of the nitrogen 
starvation would have been done as above in materials and methods section. The expression 
of mRNA of related genes would have visualized if the nitrogen starvation had worked. If it 
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had worked, the Chr1 gene cluster should have been up-regulated. In the presence of thiamine 
turning off the Gal4-CCVC expression, RNA extractions should have been done before and 
20 minutes after nitrogen depletion, with or without thiamine (4 samples totally). A RT-PCR 
(Reverse Transcriptase PCR) would have been done using primers D44+D45 (urg1+ORF) and 
D46+D47 (urg3+ORF). As a negative control, the primer pair D1+D2 (dis2+) detecting a gene 
that would not have been affected by nitrogen starvation should have been utilized.  
 
Cells would have been cultured in EMM +N liquid medium with or without thiamine. 
Pictures would have been taken with the microscope. Half of the culture would have been 
shifted to EMM -N liquid medium for 20 minutes as above steps in materials and methods 
section. Pictures would have been taken in the microscope, too. The diameter of the nucleus, 
the distance between the GFP signal and the NM and the distance between the GFP signal and 
the SPB signal should have been measured. The localization of the GFP signal would have 
been compared before and after nitrogen starvation with or without thiamine using a Mann-
Whitney statistical test. 
 
If the strategy to target Chr1 cluster to the NM via Gal4-CCVC had worked well meaning that 
there would have been strongly reduced changes in localization when cells had been starved 
for nitrogen, making it not significantly different from N+ grown cells. What would have 
happened to the induction of the genes could have been checked using RT-PCR to see whether 
the localization changes had been necessary for transcriptional induction. The experiment 
could have been repeated in the strains targeted with lacO/LacR-GFP labelled gene clusters 
Tel1. 
 

7. Conclusion 
 
The gene clusters Chr1 and Tel1 were induced by the nitrogen starvation which was 
visualized by the fluorescence system. The localization of the gene clusters changed during 
this process. The statistic results confirmed that the conclusion was not an accidental 
coincident. The significant difference occurred after the strains were kept in nitrogen 
depletion for around 20 minutes. The more proof of this will be gained after the test of mRNA 
expression. The expected results should be that the amount of mRNA would increase with the 
proportion of the gene clusters which move to the interior of the nucleus. 
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Appendix 1: Media 
 

Rich media 
YEA liquid 
5 g  BactoTM Yeast Extract 
2 g   BactoTM Casamino Acids 
0.1 g  Adenine 
0.1 g  Uracil 
30 g   D(+)Glucose (150 mL 20% glucose sterilised by autoclaving respectively) 
 
YEA solid 
5 g  BactoTM Yeast Extract 
2 g   BactoTM Casamino Acids 
0.1 g  Adenine 
0.1 g  Uracil 
20 g  BactoTM Agar 
30 g  D(+)Glucose (150 mL 20% glucose sterilised by autoclaving respectively) 
 
Each of the media dissolved in deionised water was mixed with 30 g D(+)Glucose (150 mL 
20% glucose sterilised by autoclaving respectively) after autoclaving. The total volume for 
either of them was 1000 mL. 
 
LB medium 
10 g  BactoTM Tryptone 
5 g  BactoTM Yeast Extract 
10 g  NaCl 
The contents were dissolved in deionised water and autoclaved. 
 
Minimal media 
PMG total solid 
3 g  KH phthalate 
2.76 g  Na2HPO4·2H2O 
3.74 g  L-Glutamic acid 
0.25 g  L-Leucine 
0.1 g  Adenine 
0.1 g   Uracil 
0.1 g   L-Histidine 
0.1 g  L-Lysine 
0.1 mL  Minerals stock (10000×) (see below) 
1 mL  Vitamins stock (1000×) (see below) 
20 mL  Salts stock (50×) (see below) 
20 g  BactoTM Agar 
20 g D(+)Glucose (100 mL 20% glucose sterilised by autoclaving respectively) 
 
The media dissolved in deionised water was mixed with 20 g D(+)Glucose (100 mL 20% 
glucose sterilised by autoclaving respectively) after autoclaving. The total volume for either 
of them was 1000 mL. 
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PMG total liquid 
3 g  KH phthalate 
2.76 g  Na2HPO4·2H2O 
3.74 g  L-Glutamic acid 
0.25 g  L-Leucine 
0.1 g  Adenine 
0.1 g   Uracil 
0.1 g   L-Histidine 
0.1 g  L-Lysine 
0.1 mL  Minerals stock (10000×) (see below) 
1 mL  Vitamins stock (1000×) (see below) 
20 mL  Salts stock (50×) (see below) 
20 g D(+)Glucose (100 mL 20% glucose sterilised by filtration respectively) 
 
EMM +N liquid 
3 g  KH phthalate 
2.76 g  Na2HPO4·2H2O 
5 g  NH4Cl 
0.25 g  L-Leucine 
0.1 g  Adenine 
0.1 g   Uracil 
0.1 g   L-Histidine 
0.1 g  L-Lysine 
0.1 mL  Minerals stock (10000×) (see below) 
1 mL  Vitamins stock (1000×) (see below) 
20 mL  Salts stock (50×) (see below) 
20 g D(+)Glucose (100 mL 20% glucose sterilised by filtration respectively) 
 
EMM -N liquid 
3 g  KH phthalate 
2.76 g  Na2HPO4·2H2O 
0.25 g  L-Leucine 
0.1 g  Adenine 
0.1 g   Uracil 
0.1 g   L-Histidine 
0.1 g  L-Lysine 
0.1 mL  Minerals stock (10000×) (see below) 
1 mL  Vitamins stock (1000×) (see below) 
20 mL  Salts stock (50×) (see below) 
20 g D(+)Glucose (100 mL 20% glucose sterilised by filtration respectively) 
 
EMM +Arg liquid 
3 g  KH phthalate 
2.76 g  Na2HPO4·2H2O 
5 g  NH4Cl 
100 mg L-Argnine 
0.25 g  L-Leucine 
0.1 g  Adenine 
0.1 g   Uracil 
0.1 g   L-Histidine 
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0.1 g  L-Lysine 
0.1 mL  Minerals stock (10000×) (see below) 
1 mL  Vitamins stock (1000×) (see below) 
20 mL  Salts stock (50×) (see below) 
20 g D(+)Glucose (100 mL 20% glucose sterilised by filtration respectively) 
 
Each of the media dissolved in deionised water was mixed with 20 g D(+)Glucose (100 mL 
20% glucose sterilised by filtration respectively) after autoclaving. The total volume for either 
of them was 1000 mL. 
 
Minerals stock (10000×) 
8.1 μM  H3BO3 
2.37 μM MnSO4 
1.39 μM ZnSO4·7H2O 
0.74 μM FeCl3·6H2O 
0.25 μM MoO4·2H2O 
0.6 μM  KI 
0.16 μM CuSO4·5H2O 
4.76 μM Citric acid 
The contents were dissolved in deionised water and filter sterilised. 
 
Vitamins stock (1000×) 
4.2 mM Pantothenic acid 
81.2 mM Nicotinic acid 
55.5 mM Inositol 
40.8 μM Biotin 
The contents were dissolved in deionised water and sterilised by autoclaving. 
 
Saltls stock (50×) 
5.2 mM MgCl2·6H2O 
0.1 mM CaCl2·2H2O 
13.4 mM KCl 
0.28 mM Na2SO4 
The contents were dissolved in deionised water and sterilised by autoclaving. 
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Appendix 2: PCR program 
 

JTAG 
1. 94°C for 2 min 
2. 94°C for 15 s 
3. 47°C for 30 s 
4. 68°C for 4 min 
5. Repeat from step 2, 9 times (10 times total) 
6. 94°C for 15 s 
7. 47°C for 30 s 
8. 68°C for 4 min, increase this time with 15 s each cycle 
9. Repeat from step 6, 19 times (20 times total) 
10. 4°C hold 
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Appendix 3: Primers 
 

Primers used 
D62 5’-TGT TTG CAA CTG AAC TCT AG-3’ 
D63 5’-AAA GTT GGC ATT GTT TGC AC-3’ 
D64 5’-ATT CAA TTG ATG ATA TGC CAG-3’ 
D65 5’-AAG ACA GTA GCT TCA TCT TTC-3’ 
Primers in plan 
D1 5’-GAT GTG GAT TTG GAT TCC AT-3’ 
D2 5’-GCG AGC AAA AGA CAA ATT AC-3’ 
D44 5’-TGT CGA TGA AGT TAC TCT TCG-3’ 
D45 5’-CTT GGC AGC TTC CTC AAT AC-3’ 
D46 5’-GTG TGG AAG TAC ACT GAT GG-3’ 
D47 5’-GAA GCT CAG ACC ACA ATT CC-3’ 
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Appendix 4: Yeast strains information 
 

Strains Genotype Source 
PJ522 h+ his7+::lacI-GFP Tel1:: [ura4+ hphMX6 lacO] 

ura4-D18 leu1-32 ade6-M210 
Lab stock 

PJ525 h+ his7+:: lacI-GFP Chr1:: [ura4+ hphMX6 lacO] 
ura4-D18 leu1-32 ade6-M210 

Lab stock 

PJ1149 h+ cut11-mcherry::natMX6 sid4-mRFP::kanMX6 
his7-366 ura4-D18 leu1-32 ade6-DN/N 

Lab stock 

PJ1151 h+ his7+::lacI-GFP Chr1 [ade6+ Gal4binding sites 
hphMX6 lacO] arg3-1 leu1-32 ade6-DN/N ura4-D18 

Lab stock 

PJ1171 h+ his7+::lacI-GFP Chr1 [ade6+ Gal4binding sites 
hphMX6 lacO] arg3-1 cut11-mCherry::nat MX6sid4-
mRFP leu1-32 ura4-D18 ade6-DN/N 

This study with Pernilla 
Bjerling’s assists 

PJ1172 h+ his7+::lacI-GFP Chr1 [ade6+ Gal4binding sites 
hphMX6 lacO] arg3-1 cut11-mCherry::nat MX6sid4-
mRFP leu1-32 ura4-D18 ade6-DN/N 

This study with Pernilla 
Bjerling’s assists 

PJ1165 h- his7-366 sid4-mRFP::kanMX6 cut11-
mCherry::natMX6 ura4-D18 leu1-32 ade6-DN/N 

Lab stock 

PJ1183 h+ his7+::lacI-GFP Tel1 [::ura4+ hphMX6 lacO] 
sid4-mRFP::kanMX6 cut11-mCherry::natMX6 ura4-
D18 leu1-32 ade6-M210 

This study 

PJ1185 h+ his7+::lacI-GFP Chr1 [::ura4+ hphMX6 lacO] 
sid4-mRFP::kanMX6 cut11-mCherry::natMX6 ura4-
D18 leu1-32 ade6-M210 

This study 
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Appendix 5: Measurements before and after nitrogen starvation 
Table 2. In PJ1183, diameter of nucleus (D), the distance between GFP signal and SPB 

signal (GFP-SPB) and the distance between the GFP signal and the nuclear 
membrane (GFP-NM) from a big amount of samples were measured before 
and after nitrogen starvation. (Unit: μm) 

 
PJ 1183 N+ PJ 1183 N- 

D  GFP-SPB GFP-NM D GFP-SPB GFP-NM 
2,31 1,51 0,30 2,11 1,49 0,08 
2,36 1,59 0,05 2,12 1,66 0,57 
2,40 2,30 0,03 2,13 1,06 0,00 
2,40 2,68 0,00 2,18 1,45 0,69 
2,16 1,83 0,00 2,13 1,74 0,19 
2,39 1,97 0,12 2,38 1,42 1,02 
2,28 0,77 0,00 2,31 1,20 0,35 
2,35 2,26 0,12 2,15 2,15 0,00 
2,25 1,41 0,33 2,20 1,32 0,26 
2,30 2,12 0,16 2,33 1,59 0,00 
2,23 1,67 0,10 2,35 2,02 0,00 
2,13 1,88 0,00 2,14 1,69 0,69 
2,24 1,96 0,21 2,14 1,54 0,49 
2,28 1,98 0,16 2,22 1,58 0,21 
2,18 2,15 0,00 2,25 2,31 0,26 
2,11 2,24 0,05 2,23 1,57 0,32 
2,21 2,15 0,19 2,37 1,95 0,00 
2,36 1,61 0,00 2,14 1,51 0,45 
2,15 1,23 0,09 2,19 1,39 0,76 
2,10 1,90 0,00 2,10 1,06 0,70 
2,36 2,00 0,21 2,40 1,47 0,80 
2,16 0,67 0,32 2,13 1,57 0,00 
2,15 1,42 0,00 2,12 1,60 0,31 
2,16 2,18 0,00 2,21 1,20 0,35 
2,39 0,51 0,00 2,11 1,24 0,69 
2,36 1,59 0,00 2,15 1,95 0,34 
2,38 1,74 0,00 2,24 1,94 0,30 
2,15 0,18 0,00 2,30 1,72 0,00 
2,10 1,23 0,29 2,21 1,45 0,28 
2,27 1,50 0,28 2,23 1,59 0,59 
2,21 1,85 0,00 2,35 2,04 0,00 
2,13 1,72 0,00 2,17 1,49 0,42 
2,10 1,85 0,00 2,39 2,16 0,50 
2,28 1,01 0,10 2,18 1,75 0,32 
2,35 1,39 0,25 2,26 1,46 0,67 
2,21 1,70 0,54 2,25 1,76 0,22 
2,14 1,70 0,11 2,35 1,54 0,41 
2,15 0,61 0,14 2,29 1,21 0,74 
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Table 3. In PJ1185, diameter of nucleus (D), the distance between GFP signal and SPB 

signal (GFP-SPB) and the distance between the GFP signal and the nuclear 
membrane (GFP-NM) from a big amount of samples were measured before 
and after nitrogen starvation. (Unit: μm) 

 

2,25 2,04 0,00 2,27 1,90 0,20 
2,16 2,35 0,00 2,36 1,81 0,21 
2,28 1,74 0,28 2,38 2,13 0,30 
2,23 0,96 0,09 2,31 1,42 0,34 
2,22 0,64 0,00 2,21 1,62 0,28 
2,23 1,58 0,45 2,12 1,61 0,47 
2,40 1,54 0,18 2,24 1,50 0,34 
2,28 1,91 0,00 2,38 1,51 0,33 
2,32 1,02 0,34 2,24 1,75 0,30 
2,31 2,31 0,00 2,35 1,94 0,25 
2,13 1,42 0,00 2,26 1,61 0,50 
2,17 1,70 0,00 2,24 1,70 0,79 
2,11 1,28 0,27 2,34 2,04 0,15 
2,16 0,95 0,91 2,14 1,70 0,25 
2,31 1,98 0,34 2,38 1,45 0,63 
2,38 1,31 0,00 2,36 1,55 0,00 
2,40 1,59 0,43 2,37 2,20 0,21 
2,11 1,64 0,44 2,15 1,73 0,32 
2,30 2,49 0,12 2,21 1,67 0,24 
2,40 2,15 0,13 2,33 1,06 0,59 
2,27 2,20 0,18 2,20 2,03 0,32 
2,33 1,90 0,21 2,22 2,23 0,00 
2,19 0,97 0,00 2,37 1,42 0,47 
2,15 1,38 0,00 2,15 1,53 0,16 
2,12 2,17 0,00 2,30 2,16 0,47 
2,33 1,66 0,18 2,36 0,82 0,63 
2,17 1,01 0,10 2,17 1,83 0,44 

   2,35 2,05 0,29 
   2,36 1,48 0,41 
   2,26 1,59 0,53 
   2,36 1,97 0,49 
   2,15 1,77 0,18 

PJ 1185 N+ PJ 1185 N- 
D GFP-SPB GFP-NM D GFP-SPB GFP-NM 

2,22 1,69 0,00 2,21 1,89 0,25 
2,16 2,12 0,11 2,26 1,16 0,70 
2,39 1,47 0,65 2,18 1,54 0,61 
2,18 1,45 0,00 2,14 1,56 0,40 
2,29 2,45 0,00 2,34 2,33 0,00 
2,22 1,70 0,52 2,37 1,91 0,29 
2,19 2,11 0,00 2,15 1,93 0,34 
2,40 0,96 0,32 2,32 1,16 0,24 
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2,22 1,73 0,00 2,13 1,33 0,79 
2,19 1,35 0,00 2,26 1,70 0,39 
2,14 1,81 0,00 2,17 1,80 0,00 
2,18 1,92 0,00 2,17 1,28 0,46 
2,27 2,17 0,00 2,21 1,45 0,68 
2,24 1,54 0,00 2,12 1,76 0,00 
2,20 1,75 0,00 2,29 2,11 0,24 
2,28 2,11 0,00 2,21 1,50 0,26 
2,32 1,38 0,55 2,25 1,42 0,70 
2,22 1,99 0,13 2,20 1,02 0,91 
2,32 1,10 0,31 2,30 1,10 0,88 
2,28 1,50 0,00 2,20 1,49 0,00 
2,38 2,46 0,00 2,27 1,61 0,32 
2,13 0,93 0,51 2,38 2,34 0,00 
2,14 2,10 0,00 2,11 1,18 0,57 
2,32 1,95 0,33 2,16 1,01 0,61 
2,22 0,56 0,57 2,11 1,45 0,00 
2,15 1,19 0,00 2,33 1,05 0,78 
2,12 1,55 0,00 2,28 1,11 0,52 
2,26 1,30 0,24 2,12 1,43 0,44 
2,26 1,62 0,00 2,37 1,59 0,30 
2,26 2,27 0,00 2,17 1,29 0,57 
2,28 0,87 0,48 2,10 1,69 0,22 
2,16 1,76 0,00 2,34 1,56 0,28 
2,12 2,19 0,00 2,28 1,58 0,39 
2,25 1,90 0,21 2,22 1,27 0,61 
2,17 0,64 0,00 2,18 1,48 0,38 
2,14 0,70 0,29 2,17 1,37 0,50 
2,32 1,96 0,31 2,25 1,46 0,54 
2,11 1,80 0,13 2,27 1,73 0,45 
2,33 1,94 0,00 2,13 1,94 0,38 
2,10 2,03 0,00 2,32 2,23 0,00 
2,40 2,06 0,29 2,37 1,30 0,58 
2,26 2,06 0,00 2,21 1,43 0,54 
2,15 1,92 0,28 2,13 1,38 0,38 
2,23 2,21 0,11 2,18 2,01 0,00 
2,31 1,84 0,26 2,14 1,39 0,42 
2,29 2,04 0,00 2,19 1,44 0,55 
2,12 2,00 0,00 2,22 1,42 0,42 
2,35 2,43 0,00 2,35 2,33 0,00 
2,38 2,20 0,28 2,36 2,35 0,00 
2,21 2,13 0,00 2,13 1,71 0,29 
2,26 2,10 0,17 2,18 1,68 0,41 
2,20 1,94 0,00 2,20 1,41 0,72 
2,26 2,23 0,00 2,13 1,47 0,00 
2,15 1,84 0,37 2,38 1,50 0,57 
2,14 2,15 0,00 2,29 1,57 0,55 
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Table 4. Descriptive statistics of PJ1183 and PJ1185 were compared below. (Diameter 

of nucleus (D), the distance between GFP signal and SPB signal (SPB) and the 
distance between the GFP signal and the nuclear membrane (NM)) (Unit: μm) 

 
Column Samples Missing Mean Std Dev Std. Error Range Max Min  Median  

PJ1185+N_D 69 0 2,239 0,0851 0,01020 0,30 2,40 2,10 2,230 
PJ1185-N_D 70 0 2,223 0,0823 0,00984 0,28 2,38 2,10 2,210 
PJ1183+N_D 65 0 2,245 0,0975 0,01210 0,30 2,40 2,10 2,240 
PJ1183-N_D 70 0 2,249 0,0927 0,01110 0,30 2,40 2,10 2,240 

PJ1185+N_SPB 69 0 1,777 0,4650 0,05590 1,92 2,48 0,56 1,920 
PJ1185-N_SPB 70 0 1,587 0,3590 0,04290 1,60 2,35 0,75 1,500 
PJ1183+N_SPB 65 0 1,630 0,5250 0,06510 2,50 2,68 0,18 1,700 
PJ1183-N_SPB 70 0 1,652 0,3120 0,03730 1,49 2,31 0,82 1,605 
PJ1185+N_NM 69 0 0,115 0,1790 0,02150 0,65 0,65 0,00 0,000 
PJ1185-N_NM 70 0 0,366 0,2570 0,03070 0,91 0,91 0,00 0,390 
PJ1183+N_NM 65 0 0,135 0,1710 0,02130 0,91 0,91 0,00 0,100 
PJ1183-N_NM 70 0 0,358 0,2360 0,02820 1,02 1,02 0,00 0,320 

 
 
Table 5. Mann-Whitney Rank Sum Test was utilized to analyze the figures. (Diameter 

of nucleus (D), the distance between GFP signal and SPB signal (SPB) and the 
distance between the GFP signal and the nuclear membrane (NM)) 

 
Group pairs comparison P value Evaluaion 

PJ1185+N_D and PJ1185-N_D 0,274 There is NOT a statistically significant difference. 
PJ1183+N_D and PJ1183-N_D 0,904 There is NOT a statistically significant difference. 

PJ1185+N_SPB and PJ1185-N_SPB 0,001 There is a statistically significant difference. 
PJ1183+N_SPB and PJ1183-N_SPB 0,716 There is NOT a statistically significant difference. 
PJ1185+N_NM and PJ1185-N_NM <0.001 There is a statistically significant difference. 
PJ1183+N_NM and PJ1183-N_NM <0.001 There is a statistically significant difference. 

 
 
 

2,26 1,08 0,00 2,24 1,34 0,00 
2,13 1,91 0,00 2,24 1,43 0,51 
2,37 0,85 0,00 2,13 1,21 0,55 
2,36 2,14 0,00 2,15 2,25 0,00 
2,15 1,64 0,35 2,16 1,66 0,24 
2,35 1,94 0,00 2,18 2,05 0,00 
2,15 1,45 0,00 2,32 0,75 0,62 
2,19 2,25 0,00 2,14 2,18 0,00 
2,36 2,31 0,00 2,10 1,40 0,33 
2,36 2,48 0,00 2,17 1,68 0,50 
2,15 1,98 0,00 2,14 1,99 0,00 
2,19 1,45 0,18 2,33 1,76 0,66 
2,28 2,00 0,00 2,28 1,64 0,51 
2,33 1,94 0,00 2,29 2,09 0,00 

   2,23 1,47 0,26 
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