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Instructions for writing a Master´s thesis in Molecular 
Biology 
General guidelines 

In the Master’s thesis, you will document and present your Master´s project in a stringent and 
scientifically correct way, and in a style that is similar to a manuscript submitted for publication 
in a scientific journal. The aim is to present the work in a clear and comprehensive way that is 
easy to read and understand for a reader who is at the level of a fellow student at the end of your 
Master´s programme. 

The thesis should be written by yourself, and not contain parts copied from other sources. It will 
be tested for plagiarism via the URKUND system upon submission for examination. It should be 
easy to follow, formally correct, and have been carefully proof-read.  

The thesis should be organised in the following sections and in the following order, as further 
outlined below: Title page, Abstract (on separate page), Introduction, Materials and Methods, 
Results, Discussion, Acknowledgements, References (list of cited references). Pages should be 
numbered.  

Figures and Tables should be embedded, together with figure legends and table headings, in the 
text, roughly where it is relevant and where it is suitable with respect to overall layout and 
printing. It would also be allowed to collect the Figures and Tables on separate pages at the end 
of the thesis.  

The text should be written in an easily legible font, like Times New Roman or Arial, font size 12, 
and Symbol for non-Latin characters. Headings and subheadings should be clearly distinguished 
using font size and style. Provide line spacing and sufficient margin to allow readers (like 
examiner and opponent) to make markings and notes. Paragraphs are marked either by 
indentation of first line, or by adding an extra space (blank line) before the paragraph (but not 
both options at the same time). The first paragraph after a heading/sub-heading does not need 
indentation. 

 

Title page 

The Title page should show title, author (yourself), and what kind of project this is (e.g. Master´s 
project in Molecular Biology, 45 credits, course code, Department of Biology, Lund University). 
It should also show name(s) of supervisor(s), their affiliation, and where and when the work was 
done. 

You should not paste any logotype of the University on this page. 

 

Abstract 

The abstract should be on a separate page. It should have a maximum of 300 words.  

The background to the work is outlined clearly and concisely in a few sentences. The specific 
question or aim of the project should be explicitly spelled out. The main part of the Abstract 
should be dedicated to describe/summarize what you did and what the main results were. The 
Abstract should end with comments on the overall conclusion, overall significance, and/or 
possibly an outlook towards further work that is needed. 

 

Introduction 
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The Introduction should describe the background to the project and end with a clear description 
of the aim of the work.  

The text should be supported by relevant references (see below). 

Start by putting the work in broad context. Then, while you describe the research field and give 
appropriate references, you should gradually narrow down your description towards the specific 
topic and question that you have investigated.  

The Introduction may also give the background to and explain strategies and specific methods 
used in the project. 

It should be clear from the Introduction that you have a deep understanding of the research area, 
the background, the specific question that is addressed in the project, and the chosen 
methodology. 

The Introduction should end with explicit statements of the aim of the work, the question that is 
addressed, and any specific hypotheses that are tested. 

The text should be clear, concise, easy to follow, and not unnecessarily long. 

 

Materials and Methods 

The general rule is that materials and method should be described in such detail so that a 
knowledgeable reader could repeat what you have done. Relevant references should be given for 
both methods and materials. Give explicit descriptions of where any relevant materials that you 
have used come from. Give references in cases when materials have been described before (e.g. 
genetic material like plasmids, or living cells or organisms like cell lines, bacterial strains, plants, 
or animals). Use Tables to list relevant materials when applicable. 

The Materials and Methods sections should be organised by subheadings. The subsections do not 
have to follow the chronology of the project or the organisation of the results sections. The 
Materials and Methods section is intended to be used in a more encyclopaedic way and should be 
organised after methods or approaches (i.e. you go into the Materials and Methods section to 
look up specific methods or technical details, but you are not expected to read it from start to end 
like a logically coherent story).  

For methods that have been described previously, you may refer to descriptions elsewhere, but 
you should give enough information so that the reader still understands what you have done 
without being forced to go the detailed description in the reference. Any deviation for the 
published method has to be specified. 

Any statistical analyses should be clearly described, including for example the methods and types 
of tests applied, experimental designs, sample sizes, and calculations.  

If applicable, you should under a separate subheading “Ethical considerations” specify whether 
any aspects of the work required for example approval of an Ethical committee, permission to 
carry out experiments involving animals, material of human origin, or informed consent from 
patients. 

 

Results 

The results sections should be clearly organised and make it easy for the reader to follow the logic 
of the project and the thesis. Use subheadings, if applicable, to provide structure to the 
presentation.  

As a useful rule of thumb, each subsection in the Results should clarify the following: 
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• Why was something done? Start each subsection by making it clear what the purpose was 
of the specific experiment, measurement, or procedure that is described in the 
subsection.  

• What was done? Use a few words to clarify for example what type of measurement or 
experiment was done. The exact technical details should be in Materials and Methods 
section, but a sentence or two are often needed to inform the reader about what was 
done before the results are described.  

• What was observed? Describe in words the relevant and most important aspects of the 
results, and refer to Figures or Tables where the results are shown.  

• What does it mean? A brief summarising or interpreting statement about what the 
specific results mean or indicate is extremely helpful for the reader. This is often 
necessary to understand the logic of the project and the next step in the investigation. 
However, elaborate interpretation and discussion should of course be in the Discussion. 

Describe both the results and any statistical analyses.  

In a Master´s thesis project, time is limited and it is not uncommon that certain experiments or 
measurements are incomplete or not fully replicated at the end of the project. It is still allowed to 
present such preliminary, incomplete, or negative results in the thesis, but is has to be clearly 
stated and documented what the limitations of the results are. Incomplete or inconclusive data 
would not be included in a scientific publication, but can be part of a Master´s thesis, provided 
that they are properly documented.  

Note that the Results section can be structured in somewhat different ways depending on what 
type of project you have done. Discuss with your supervisor how to best present the results of 
your project. 

 

Discussion 

This is where the results are fully interpreted and discussed.  

Avoid extensive re-iterations of the result descriptions. Instead, the key aspects of the results 
should be interpreted and discussed in relation to the original aim or hypothesis of the project, 
and in relation to what is known and has been described previously in the literature. Thus, it is 
crucial that your discussion contains references to the literature.  

Remember to take the statistical analyses into account in the interpretation and discussion.  

If there were technical problems or other relevant issues that could have affected the work, this 
can be discussed here. What could have been done to solve problems, or what other methods or 
approaches could have been used? 

The suitability or limitations of the chosen methods can be discussed. Could alternative methods 
have been used? In that case, which and why? 

What further investigations would now be needed, based on your results and conclusions?  

Try to put the addressed scientific question and possibly the obtained results in broader scientific 
and societal contexts (can be in Introduction, Discussion, or both). 

 

References 

Handling of references should follow a variant of the Vancouver style that is called APA 7th. A 
guide for usage of this reference style is provided by the Biology Library: 
https://libguides.lub.lu.se/apa_short 

All references have to be cited in the text, for example like this (Watson & Crick, 1953), or like 
this (Yu et al., 2000). It may also look like this when you cite two references at the same time 
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(Hofmeister & Brun, 2000; Hopwood, 2007). Further examples are given in the guide from the 
library that is linked above. 

All cited references have to be listed at the end, under the heading References. The reference list 
has to follow exactly the guidelines for the APA 7th style. See link above for more information.  

Here follows an example of what a reference list according to the APA 7th style would look like 
for the four references cited in the text above. Note that one reference is a book, one is a chapter 
in an edited book, and two are regular papers in scientific journals with different numbers of 
authors. 

References 
Hofmeister, A., & Brun, Y. V. (2000). Polarity and cell fate in bacteria. In D. G. Drubin (Ed.), 

Cell polarity (pp. 1-20). Oxford University Press.  
Hopwood, D. A. (2007). Streptomyces in Nature and Medicine. The Antibiotic Makers. Oxford 

University Press.  
Watson, J. D., & Crick, F. H. (1953, Apr 25). Molecular structure of nucleic acids; a structure 

for deoxyribose nucleic acid. Nature, 171(4356), 737-738. 
https://doi.org/10.1038/171737a0  

Yu, D., Ellis, H. M., Lee, E.-C., Jenkins, N. A., Copeland, N. G., & Court, D. L. (2000). An 
efficient recombination system for chromosome engineering in Escherichia coli. 
Proceedings of the National Academy of Science, USA, 97, 5978-5983.   

Note that DOI numbers may be included for papers that have been assigned DOI numbers (see 
one example above). DOI numbers are useful as identifiers and also provide a link for rapid 
access to the papers.  

 

Figures and Tables 

All figures and tables that are used have to be referred to in the text at least once, for example like 
this (Fig. 2).  

The figures are numbered in the order that they are mentioned in the text. 

The Tables are numbered separately, and are also numbered in the order that they appear in the 
text. See Table 2 for an example. 

Figures should be clear and easy to understand. All axes should be correctly labelled. Symbols and 
text in the figure have to be large enough to be clearly visible in print. Microscopy images should 
contain scale bars. It is a good idea to point out relevant details by arrows or other symbols (that 
are of course explained in the legend). All annotations in the figure should be explained in the 
figure legend (see below). Any data in the form of images should be handled carefully and 
correctly to avoid corruption, skewing, or misrepresentation of the results.  

Each figure should have a figure legend that clearly and concisely describes what is shown in the 
figure (see Fig. 2 for example). The first line of the legend should work as a “heading” to what is 
shown in the figure. In the next lines, enough technical information should be given so that 
reader without significant problems can understand what the figure shows, without having to 
consult the Materials and Methods. Be careful to explain all symbols or designations used in the 
figure. Each subpanel should be specifically described. Remember to specify scale bars and other 
important details.  

Note: The figure legend should not interpret the data or give the conclusion! It should explain 
what is shown in the figure. 

Tables should have a Table header above the table that explains what the table contains (like a 
“heading”). Further clarifications, specifications, or technical explanations should be given in 
footnotes below the table.  
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If any figures would contain illustrations made by others, you must clearly state the source of the 
illustration.  

 

Acknowledgements  

This is the place where any relevant information about for example contributions from other 
persons (like collaborators, supervisors, or other group members) to the presented work can be 
specified. For a fair evaluation of the Master´s thesis, it important that such contributions are 
acknowledged. Likewise, if any work done outside the scope of the Master´s project has been 
used as substantial basis for the presented research, this should be acknowledged. Persons who 
have provided advice, valuable discussions, or feedback on the manuscript, can be thanked here. 

 

Popularised summary 

A popularised summary should be included in or attached to the thesis. See separate instructions 
for this, found here: https://www.biology.lu.se/sites/biology.lu.se/files/instrpopsummaster.docx 

 

Examples of Figure and Table 

 
 

 

with SsgB, which in turn interacts with SsgA (16). However, what
determines the positioning of SsgA and SsgB is not known and
streptomycetes lack homologs of the canonical septum placement
control proteins identified in other bacteria, such as Noc (17),
SlmA (18), and the Min system (19).
To ensure regular septum formation and efficient cell–cell

separation, the early stages of divisome assembly requires the
stabilization of FtsZ protofilaments on the cytoplasmic mem-
brane, but FtsZ does not interact with the membrane directly.
Instead, in other bacterial systems FtsZ filaments are tethered to
the membrane through interaction with membrane-anchoring
proteins such as FtsA, ZipA, and SepF (20–24). Additional fac-
tors, such as the ZapC and ZapD, are critically involved in the
stabilization of preformed Z-rings to ensure normal cell division
(25–27). S. venezuelae lacks FtsA, ZipA, and the Zap proteins but
encodes three SepF homologs, although the functions of these
proteins have not been investigated to date.
In filamentous bacteria such as Streptomyces, sporulation-specific

cell division represents a unique challenge in which each sporogenic
hypha coordinates the almost synchronous placement of dozens of
septa. During this process, helical FtsZ filaments tumble along the
hypha and then coalesce into long ladders of regularly spaced
Z-rings (28, 29). However, the molecular mechanisms that control
the stability and functionality of these multiple division-competent
Z-rings are unknown. Here we show that two sporulation-specific
dynamin-like proteins interact directly with the divisome to stabilize
FtsZ rings during Streptomyces sporulation.

Results and Discussion
Two Dynamin-Like Proteins Are Required for Normal Sporulation Septation.
One of the transcriptional regulators critical for the differentiation

of sporogenic hyphae into chains of spores is WhiH (30). In whiH
mutants, individual sporulation septation events frequently fail,
resulting in the creation of long spore compartments with multiple
copies of the chromosome (Fig. S1A). To further understand the
role of WhiH in sporulation-specific cell division, we screened
transcriptional profiling data for genes that showed an altered ex-
pression profile in a ΔwhiH background compared with the WT
(Fig. S1B). This analysis led to the identification of an operon
encoding two dynamin-like proteins that we designated DynA
(Sven2472) and DynB (Sven2471) (Fig. 1B). The dynamin genes
are induced at the onset of sporulation in the WT and this in-
duction is heavily dependent on whiH (Fig. S1B). Bioinformatic
analyses showed that DynA and DynB are structural homologs of
the bacterial dynamin-like protein (BDPL1) from the cyanobacte-
rium N. punctiforme (3). Sequence alignments of diverse members
of the dynamin superfamily confirmed that DynA and DynB share
the highly conserved residues for GTP binding and hydrolysis in the
signature N-terminal GTPase domain (Fig. S1C). In addition,
DynB carries two predicted transmembrane helices, whereas DynA
seems to lack the hydrophobic residues required for a direct in-
teraction with the cytoplasmic membrane (Fig. S1D). Their pre-
dicted subcellular locations were confirmed by fractionation
experiments, which showed that DynA is a soluble protein whereas
DynB cosediments with the membrane (Fig. 1C).
To investigate whether DynA and DynB play a role in de-

velopmentally controlled cell division, we generated a dynAB null
mutant and imaged sporulating hyphae of WT S. venezuelae and
the ΔdynAB::apr (ΔdynAB) mutant by cryo-scanning electron mi-
croscopy and transmission electron microscopy (TEM). Strik-
ingly, microscopic analyses revealed that DynAB-deficient
hyphae fail to deposit regularly spaced sporulation septa, leading

Fig. 2. DynA–DynB complexes colocalize with FtsZ at nascent division sites. (A) Subcellular colocalization of fluorescent fusions to DynA (mCherry-DynA) and
DynB (DynB-YPet) with FtsZ-mTurquoise2 (FtsZ-mT2). The asterisk denotes vegetative cross-walls and arrowheads point to sporulation septa. Microscopy images of
the triply labeled strain (SS206) are representative of at least two independent experiments. (Scale bar: 5 μm.) (B) Localization of DynB-YPet in theWT (SS142) and in
the ftsZ null mutant (ΔftsZ, SS238). The dynAB-ypet construct was ectopically expressed from a constitutive promoter (PermE*). (Scale bar: 5 μm.) (C) β-galactosidase
activities demonstrating an interaction between DynA and DynB in E. coli BTH101. Positive interaction is detected when DynA and DynB protein fusions to the
“T18” and “T25” domains of adenylate cyclase reunite the enzyme, resulting in the synthesis of LacZ. Strains expressing only the T25 domain were used as a
negative control. Results are the average of three independent experiments. Error bars represent the SEM.
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spores (Fig. 3C and D). The whiH mutant J2408 does not form
regular spores, but some aerial hyphae develop into spore-like
aerial hyphal fragments in which some sporulation genes are
upregulated, as previously documented (16, 17). When intro-
duced into strain J2408, the hupS-egfp fusion showed clear
upregulation in such spore-like aerial hyphal fragments, but no
clear signal with other hyphae (Fig. 3G and H). On the other
hand, the whiA mutant J2401, which makes only long, often
tightly coiled, aerial hyphae, showed no detectable signal from
hupS-egfp (Fig. 3I and J). We have also investigated a hupS-
egfp fusion in whiG mutant J2400 and whiI mutant J2450 with-

out seeing any developmental upregulation (data not shown).
Thus, the findings are in agreement with a transcriptional up-
regulation of hupS in a whiH mutant (Fig. 1B), and this up-
regulation appears to occur in the aerial hyphal fragments that
develop spore-like characteristics. Furthermore, the develop-
mental upregulation of hupS was confirmed to be dependent
on whiA, whiG, and whiI.

HupS is associated with spore nucleoids. The subcellular
localization of HupS-EGFP signals suggested, as expected for
an HU-type protein, that it localized to nucleoids. This was
confirmed by staining nucleoids with DAPI in strains express-
ing hupS-egfp. The EGFP signal clearly colocalized with DAPI-
stained DNA (Fig. 4), including in the rare examples of spores
in which the nucleoid was aberrantly positioned (Fig. 4 D to F).
Furthermore, in the characteristic aerial hyphal fragments of
whiH mutants, the nucleoids are partially condensed and ir-
regularly separated, leaving DNA-free gaps between them
(17). We found that in these spore-like compartments, all
HupS-EGFP signals were similarly restricted to the nucleoid
region (Fig. 4 G to I). This confirmed the nucleoid association
of HupS in spores.

The hupS gene affects spore pigmentation and mounting of
heat resistance. To inactivate hupS, a deletion allele was cre-
ated in which 44 nucleotides of the upstream region and the
277 first nucleotides of the hupS coding region were replaced
by a hygromycin resistance marker (Fig. 1A). This !hupS::hyg
mutant, strain K304, grew vegetatively and developed aerial
mycelium without any detectable differences compared to its
parent strain M145. However, the hupS mutant colonies were
paler gray than the parent, showing a difference in spore pig-
mentation (Fig. 5). The mutant spores were normally shaped
and of an abundance apparently similar to that of the parent
strain (data not shown). Investigation of thin-sectioned mutant
spores with transmission electron microscopy showed an ap-
parently normal spore wall in the hupS mutant, with a thick-
ness similar to that of the wild-type spores of strain M145 (data
not shown). The pale gray colony phenotype was restored to
the normal dark gray of the parent strain when the !hupS::hyg
mutation was complemented in trans by the hupS region on
pKF287 integrated at the "C31 attB site of the S. coelicolor
genome (Fig. 5). The complementing plasmid carried a large
region upstream of hupS to ensure that the signals for full
transcription were included. Since the two genes downstream
of hupS are convergently transcribed in relation to hupS, the

FIG. 2. Differential regulation of HU-encoding genes hupA and
hupS. S. coelicolor strain K306 carrying a hupA-egfp fusion (A to D)
and strain K307 carrying a hupS-egfp fusion (E to H) were grown as
vegetative mycelium in yeast extract-malt extract liquid medium (A, C,
E, and G) or on solid MS agar medium to form spores (B, D, F, and
H). Vegetative hyphae and spores were mounted on agarose-coated
slides and investigated by phase-contrast and fluorescence micros-
copy to monitor the signals from the EGFP hybrid proteins. Expo-
sure conditions and image processing were identical for the differ-
ent samples. Quantification of the fluorescence signals is shown in
Table 2. Size bar, 5 #m.

TABLE 2. Differential expression of hupA-egfp and hupS-egfp in
vegetative hyphae and spores

Strain Gene
fusion

Avg fluorescence intensity
(arbitrary unit)a

Ratiob

Vegetative
hyphae Spores

K306 hupA-egfp 466 $ 168 275 $ 74.1 0.590
K307 hupS-egfp 83.5 $ 40.4 948 $ 317 11.4

a Average intensity value per pixel after subtraction of background values from
surrounding medium. Measurements were done of 100 randomly selected areas
of 0.5 #m2 per strain in images of the type shown in Fig. 2.

b Ratio of average fluorescence signal in spores to average signal in vegetative
hyphae.
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Fig. 2 from Schlimpert et al. (2017) Proc. Natl. Acad. Sci., USA 
114(30), E6176-E6183.  
Table 2 from Salerno et al. (2009) J. Bacteriol. 191(2), 6489-
6500.  


