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1. Abstract 
 
This project is part of a study for better understanding the role of mitochondrial 
diversity of Mycosphaerella graminicola. This study could be very useful for study 
on global genetic structure of the Mycosphaerella graminicola and other studies 
like genetic drift, gene flow, selection or mutation affecting this fungus. 
Mycosphaerella graminicola is an ascomycete, which is the cause of Septoria 
tritici leaf blotch on wheat and other graminaceous hosts. 
 
The first goal of this semester project is the sequencing of the mitochondrial DNA 
of Mycosphaerella graminicola haplotype 1 with the use of the ABI PRISM® 3100 
Genetic Analyzer. 
 
In the second part we will determine the homology of conserved regions within 
the sequenced fragments among different organisms.  

From a genomic library, containing random mitochondrial DNA fragments, 21 
clones were chosen in order to cover the entire mtDNA (47.9 Kb), 16 of these 
have been sequenced, identifying ~75% of the total mtDNA genome of 
Mycosphaerella graminicola.  
 
With the BLAST-program of NCBI it was possible to detect the homologies 
present between the mitochondrial DNA haplotype 1 of Mycosphaerella 
graminicola and other organisms. We discovered that some pieces of DNA were 
conserved from Mycosphaerella graminicola up to the mammals, humans 
included. 
 
The BLAST-program was utilized too, for finding out which genes were present in 
the sequenced fragments. Several genes have been found in the different 
sequenced DNA fragments. The location of these genes in the mtDNA fragments 
has also been investigated 
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2. Introduction 
 

2.1. Mycosphaerella graminicola 
 
Mycosphaerella graminicola is a haploid fungus that causes Septoria tritici leaf 
blotch on wheat and other graminaceous hosts (Brokenshire, T., 1975). This 
pathogen causes significant losses in many wheat-growing areas (Eyal, Z., et al., 
1974; King, J.E., 1983). M. graminicola penetrates the host via stomata and once 
inside the leaf hyphae grow intercellularly in the apoplast. After a latent period of 
between two and six weeks, there is a switch from biotrophic to necrotrophic 
growth and only at this stage do visible symptoms (necrotic lesions) become 
apparent (Fig 1A and 1B). The pathogen is distributed globally across a wide 
range of geographic niches (Eyal, Z.,1999; King, J.E., et al., 1983). The most 
economical method for controlling Septoria tritici leaf blotch is to use genetic 
resistance (Van Ginkel, M., et all., 1988; Zhan, J., et all., 1998). M. graminicola is 
the teleomorph (sexual) stage of the better-known anamorph (asexual) stage 
called Septoria tritici. The sexual stage contributes to genetic recombination and 
produces airborne ascospores with the potential to be dispersed over several 
kilometers (Sanderson, F.R., 1972), whereas the asexual phase (S. tritici) has 
limited spore dispersal because it produces pycnidiospores disseminated from 
plant to plant via rain splash (Bannon F.J. and Cook B.M., 1998).  
 
 

            
 
Fig 1A.                                                          Fig 1B. 
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2.2. Mitochondrial DNA (mtDNA) 
 
Mitochondrial DNA is the DNA found in a mitochondrion. Mitochondria are 
organelles found in eukaryotic cells where they serve as powerhouses. The 
proteins encoded by mtDNA are synthesized within the mitochondria on small 
ribosomes known as mitoribosomes. Since the early 1970s, mitochondrial 
genomes have been widely used to study the evolutionary biology of species 
(Kohli, Y., et all., 1996). Compared to the nuclear DNA, the mitochondrial 
genome offers many advantages to address evolutionary questions, especially 
those connected to natural selection (Bruns, T.D., 1991). Mitochondrial genomes 
usually exhibit uniparental inheritance, which does not involve meiosis (Birky, 
C.W., 1995 and Russell, P.J., 1996.). Even for species with biparental 
inheritance, recombination between maternal and paternal types of mitochondria 
appears to be extremely rare (Birky, C.W., 1995). The only way for mitochondrial 
DNA sequence to change is by natural mutations, which occurs at a fast rate 
when compared with nuclear DNA. Mitochondrial DNA is well established as a 
molecular marker in a wide range of taxonomic, phylogenetic, population and 
evolutionary investigations (McDonald B. A., 1997 and Bernasconi, M.V., et al., 
2000).  
Through DNA sequencing it is possible perform studies on the five principal 
evolutionary forces; mutation, gene flow, genetic drift, mating and reproduction 
systems and selection. DNA sequencing is offers the ultimate resolution for 
genotyping. 
The genetic structure of M. graminicola populations has been studied for over a 
decade (e.g., McDonald B.A., et al., 1995, Zhan, J., et al., 2003). Restriction 
fragment length polymorphisms (RLFPs) have been used to determine genetic 
diversity. RFLPs are based on the hybridization of DNA probes to fragments of 
DNA that have been digested with specific restriction endonucleases, (like 
HindIII, PstI or XhoI) and size fractionated on an agarose gel (McDonald, B.A. et 
al 1993). Population genetic and epidemiological studies with molecular markers 
and morphological characters revealed that the fungus is characterized by high 
degree of genetic variation in the nuclear genome (McDonald, B.A., et all., 1990 
and 1991). Little variation in the mitochondrial DNA, high levels of gene flow and 
repeated cycles of sexual recombination suggest a high evolutionary potential 
(McDonald, B.A., et all., 2002, Zhan, J. et all., 1998, Zhan, J. et all., 2003). With 
RFLP analysis, only seven mtDNA haplotypes were detected among 1673 
isolates and the two most common mtDNA haplotypes (Type 1 and Type 3) 
represented approximately 93% of all isolates worldwide (Zhan, J., et al., 2003). 
The differences among these mtDNA haplotypes were due mainly to insertion or 
deletion events (Zhan, J., et al., 2003, see restriction maps in the annex). 
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2.3. Goals of the project 
 
The goal of this project is to sequence the mitochondrial DNA of Mycosphaerella 
graminicola haplotype 1 with the use of the ABI PRISM® 3100 Genetic Analyzer. 
In the second part, the genes present in the obtained sequences will be searched 
and located, in order to reach a complete sequence, which could be used as a 
genetic marker for further studies. 
 
3. Materials & Methods 
  
3.1. Restriction endonuclease digestion and electrophoresis 
 
The starting point for this project is a genomic library containing random mtDNA 
fragments of M. graminicola haplotype 1. These fragments were ligated into the 
pGEM4 vector and cloned in Escherichia coli (McDonald, B.A. personal 
communication). 
The STM-clones (Septoria tritici mitochondrial) were tested through a digestion 
with HindIII (Roche), and DNA fragments were separated by electrophoresis for 
1h at 120 V through 1% agarose gel in 1M TBE (Tris-Borate-EDTA) Buffer. After 
electrophoresis, the fragments were visualized by staining with ethidium bromide 
and presented in Figure 2. Molecular sizes were determined using the 100 bp 
Ladder Plus (Axon Lab AG).  

 
Condition for the digestion 

 
 Hind III 1 µl (15U/µl) 
pDNA                       2 µl 
Buffer                       2 µl 
Water                     15 µl 
Total                     20 µl 
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ig.2: The STM-clones (numbers at the top of the image) were digested with     

 
.2. Plasmid DNA extraction 

he old extractions of plasmid DNA were useless, because it was not possible to 

 
 
F

HindIII (Roche). The lanes marked with M contain fragment size-standards   
100 bp ladder plus (Axon Lab). Vector pGEM4 is 2.8 kb in size. The 
numbers 1 to 15 represent the different mtDNA fragments. 

3
 
T
sequence them. The probable reason for the lack of utility was the presence of 
inhibitors within the probes. Therefore a new plasmid DNA (pDNA) extraction 
was necessary, extracted new E. coli containing the plasmid DNA was grown on 
agar plates with ampicillin (50 µg/ml). After 24h a single colony was picked from 
the LB agar plates and added to 5 ml LB medium containing (50 µg/ml). The 
medium was incubated overnight at 37°C at 120 rpm in a shaking incubator. The 
pDNA was extracted with the Wizard® PlusSV Minipreps DNA Purification 
System of Promega. In order to quantify the amount of extracted DNA and 
approximate its length, 2 µl of pDNA were diluted in 8 µl of water and 2 µl of blue 
juice and loaded on a 1% agarose gel for 1 h at 120V. 
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Table 1: Clones of Mycosphaerella graminicola mtDNA used for sequencing, 

 
STM-clones mtDNA fragment a Length of insert (Kbp) 

which fragments are inserted and the approximate insert sizes (in kbp). 

4 10 1.7 
5 7,9 4.1 
8 7 2.2 
15 3 4.8 
16 1  ,10 10.4 
19 13 1.0 
21 14 0.8 
26 5 2.4 
32 2 6.0 
33 3  ,10 6.5 
34 15 0.75 
35 4 3.2 
36 12 4 ,1 1.95 
37 12 1.15 
38 4 3.2 
40 10 1 ,1 3.1 
47 10,15 2.45 
48 11 1.4 
49 8 2.1 
50 3 4.8 
69 14 0.8 

 
 a  The numbers refer to the fragment detected following digestion of mtDNA 

nex). 
 

.3. Primer design 

or sequencing reactions primers are needed. For the first sequencing reaction 

   

haplotype 1 of Mycosphaerella graminicola with HindIII (see Figure 2). 
Number 1 refers to the biggest fragment and 15 to the smallest (see an

3
 
F
M13 universal primers were used, these primers bind shortly before the 
beginning of the insert on the vector (pGEM4). For the other reactions, new 
primers were designed (Table 2). Very useful was the web site http://genome-
www2.stanford.edu/cgi-bin/SGD/web-primer; from here primers could be 
designed. It is possible to choose the optimum primer length, the optimum GC 
percent content and the annealing conditions. MWG-Biotech AG supplied all 
primers used for PCR amplifications and DNA sequencing reactions (Web site is 
https://ecom.mwgdna.com/register/index.tcl.). 
Primers must be able to anneal to the target DNA in a predictable location and on 
a predictable strand, then they have to be extended by Taq DNA Polymerase. 
When a primer is ordered this sequence must be always written from 5’ to 3’. 
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The Taq-polymerase amplifies during the PCR or the sequencing reaction always 

ne of the single most important factors in successful automated DNA 

- A melting temperature (Tm) in the range of 52°C to 70°C  

tion (>3 bp)  

end (i.e. lower GC content to avoid     

-  target sequence for approximately 70% regions homology 

 
Primers designed according to these criteria will generally be from 18 to 30 

oose a priming site 

are that no set of guidelines will always accurately predict the 

ble 2.  Primers used to sequence the mtDNA haplotype 1 of Mycosphaerella 

 
STM-clones Primer name Sequence 5’ to 3’ Primer size bp

from the 5’ to 3’.  
  
O
sequencing or PCR is a proper primer design. It is important that a primer has 
the following characteristics:  
 

- Absence of dimerization capability  
- Absence of significant hairpin forma
- Lack of secondary priming sites  
- Low specific binding at the 3' 

mispriming)  
Checking the
can help prevent obtaining multiple contaminating bands from PCR 
reactions 

bases in length and have %GC of 40 to 60. Try to avoid using primers with Tm's 
above 65-70 C, especially on high GC templates, as this can lead to secondary 
priming artifacts and noisy sequences. The following equation can be used to 
roughly estimate Tm:  Tm = 59.9 + 0.41*(%GC) - 600/length. 
If designing a primer based on existing sequencing data, ch
that is greater than 50 nucleotides away from the position where new sequence 
is needed. Avoid designing primers using regions of poorer quality sequence, 
such as areas beyond single peak resolution of a chromatogram (typically 600-
700 bases).  
Finally, be aw
success of a primer. Some primers may fail for no apparent reason, and primers 
that appear to be poor candidates may work well. 
  
Ta

graminicola. In the first column is indicated for which STM-clone the 
primer was designed. In the second the primer’s name and in the last 
two the sequence of the nucleotides and the size of primer expressed in 
bp. 

All M13 F GACGTT CCAGT GTAAAACGACGG 23 
All M13 R CAGGAAACAGCTATGACCATGA 22 
4 400F GTTTTTACTTGTCTACAACTTG 22 
4 360R TTAATCTATTCAGTTATAATTC 22 

15 1800F ACACAGATATGATGCAATGTAT 22 
15 2550R TCTAACTCCAACCCTCAATATG 22 
16 530F TCAATATATACCCCGATAGGAG 22 
16 550R CTACCATTAACCTATGGCCGTA 22 
16 1100F TCTTAACTTTAGTCTATAACGC 22 

  



 10

16 1140R GATTTCGTGTAAGTGTGTAGCT 22 
16 1730F GTATAGCGTAGAAAGGTAATAA 22 
16 1700R CAATAATTTAGTAGGTATGGTG 22 
19 455R GCCATAGGTAATCATACATGCA 22 
21 505F GTATTAAGTACAGACATATGAG 22 
21 470R CTTTGATGTAGCTGGCCATCAT 22 
26 520F TGATGAATCCCCTAATGATTTT 22 
26 550R TAGAATTTGGCATGAGATTGGA 22 
32 1080 F GTTACCTACGTGATAATTTCTT 22 
32 770 R CGAGACTAGTATTAAGACGGTA 22 
32 1400F CGCTTTTTAAGTTTATTGTACTTG 24 
32 1290R TAGTATAACAAGTAGTATTTAG 22 
32 1960F CATACTAAATTTATATTTTACTTC 24 
32 1790R TCCCTGTTATGGAGTTAGCTTC 22 
33 530F CACTATGTATCATCACTGATAA 22 
33 625R CATAGGTAGATATAATCTACATC 23 
33 1150F TCAGGTACTACTAACTTAGAAA 22 
33 1270R AGTCGTACCCTTCATGATTCCT 22 
33 1600F AGCGTATCTAACTTAAATGCCT 22 
33 1800R TTTATGGGATCTGTGCCCCGCA 22 
34 480F TGCAGGTCGACTCTAGAGGATC 22 
34 486R AATAACATATAACATATGTACG 22 
35 550 F TGTAAGTGTTAACATTCTGTATTA 24 
35 520 F GATAGGCGTGTAGGGGCCATCC 22 
35 790 R CTTGAAATACACTACGATTCAA 22 
35 1100F AATAAGCATGACAGAACAAGAC 22 
35 1310R GAAACTTACTGTTCCACATACA 22 
36 550F CCTTTTCATCGCTCTTCTCCGC 22 
36 540R AATAACATATAACATATGTACG 22 
38 345F GACGCTAGGGGAACGATATATC 22 
38 500R AGAGGAGAAATTCGAATTCTCA 22 
38 870F TAAGCTCGAGAAGCTCAACCTG 22 
38 1010R ATAAAGCTCTTACTCGTCGAAA 22 
38 1440F TTTTGGTATTTACCAATGAGTG 22 
38 1560R TAAATCGTCTTGATCGTTCTTC 22 
49 500F GCGTACTATCTAAGGCTGTTAA 22 
49 530R TGCTACAACGTAGTAAGTGTCA 22 
50 1345F TATACTACCTATCATTATAGCC 22 
50 2290R ACCGTTAGAGGTATAAGTACTA 22 
50 1070F TGACTTGTTTCTGACAGAACAC 22 
69 500F TTTATTTTCAAGACAGTGCAAG 22 
69 476R ACACATGTATTGTAGAAATTCG 22 
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Table 3.  Primer utilized for the PCR reactions to test contigs and join sequenced 

 
Fragment Primer name Sequence 5’ to 3’ Primer size (bp) 

fragment and testing location of the obtained sequences. In the first 
column is signed for which fragment the primer was designed, in the 
second the primer’s name and in the last two the sequence of 
nucleotides and the size of the primer expressed in bp. 

1 F CCAAAT TG TTTCCCTTGTCATG 22 
1 R CATCAATATATACCCCGATAGGAG 24 
1 Rb TAACACTAAATATAGCGAGTAC 22 
2 F GATATTTGATTTAATCTTCCTGGG 24 
2 R CGCAGCAAAATGTATTCTACCC 22 
3 F CCATATCCCACTCAGAAAATGG 22 
3 R AGTCCGCTGTGCTTATAAGGAA 22 
3 Rc AATTAGGCATCAGAGAATATTG 22 
3 R2 CTTCTATACTTGAATGATCTCT 22 
4 F GCAGCTTACTGATTACCTTTAGCC 24 
4 R CCTCCCCCTCCTTAGAAAAATT 22 
4 Fc AATAATATAAGACGCGTGCAAG 22 
4 F3 GAGCTATACAATAACAAGCTAT 22 
4 R2 CATTACGTCTTAACCCTTAGAC 22 
7 F ATCTTCCATCACCCCAAACAAG 22 
7 R ACTTGGTGACGTTCGTGATGGT 22 
8 F GGGTGCTGTATTTGCATTATTT 22 
8 R GAAATTATGGTTAAAAATGAAA 22 
9 F GAGAACGCCCGATAACTGAACT 22 
9 R CAACCGAAAGGTTATTCGGGGA 22 

10 F AACAGTAATATTAAAAATCATC 22 
10 R AGTCATCATATATAGCCCTTGA 22 
10 F3 CCACTAGCAACTGTTTCCTTCA 22 
12 F ATCACTAGGCTTCGGGTCTAA 21 
12 R GAGAAAGGTTTCCCTATGTTCAA 23 
13 F AGCAACATTGTAAGATGACAGCC 23 
13 R GCAGCAAATCAAAGCTCTATATCA 24 
13 R2 TGGAGCTGTTATACACGCTGTG 22 
15 F ATTTCAGGCTGCGCAACTGTT 21 
15 R ACAAGGAGGAATTGAACCCCAT 22 

 
or Fragment 4 the PCR reactions were performed with the sequencing primers F

of STM-clone 21 (STM 21 505F and STM 21 470R). The primers for sequencing 
could be utilized for PCR reactions too, without problems. 
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3.4. DNA sequencing protocol 

equencing reaction. 

e use a process called dideoxy fluorescent sequencing; this process attaches a 

 Terminator v3.0 Cycle 

as follows: melting (10 seconds at 95°C), 

he three major steps of the sequencing reaction: 

. Denaturation at 95°C:

 
S
 
W
fluorescent dye to a nucleotide base without affecting its natural properties. 
These dyes emit light at a very specific wavelength when exposed to the light of 
a laser and in this way it is possible to visualize DNA.  
Sequencing reactions are performed using a BigDyeTM

Sequencing kit (Applied Biosystem) and using either forward or reverse primers 
(Table 3). Sequencing PCR amplifications were performed in 96 well plates using 
a Biometra thermocycler (Sommerhalder, R., 2003). Total PCR-CEQ reaction 
volume per well was 10 µl, which contained 2 µl of water (sterile ddH2O), 2 µl of 
Big Dye mix (1:2 diluted ABI stock), 1 µl (10 pmoles/µl) of the forward or reverse 
primer, and 5 µl re-suspended M. graminicola STM-clones (500 and 200 ng/µl 
final DNA concentration) sample.  
Thermal cycling conditions were 
annealing (5 seconds at 50°C) and primer extension (4 minutes at 60°C). 60 
cycles were performed. 
 
T
 
1

During the denaturation, the double strand melts open to a single stranded. 

2. nnealing at 50°C: 
 
A  

so there is only one strand copied. Primers that fit exactly 

3. Extension at 60°C:

One primer is used, 
bind to the template, and beginning from these primers the polymerase can 
attach and starts copying the template. 
 

 
rking temperature for polymerase, normally it is 72°C, but 

, the extension reaction stops because a 

 

60°C is the ideal wo
here we have ddNTP’s, which are chemically modified with a fluorescent label, 
therefore is the temperature lower.  The bases (complementary to the 
template) are coupled to the primer on the 3'side (adding dNTP's or ddNTP's 
from 5' to 3', reading from the template from 3' to 5' side, bases are added 
complementary to the template). 
When a ddNTP is incorporated
ddNTP contains a H-atom on the 3rd carbon atom (dNTP's contain a OH-atom 
on that position). Since the ddNTP's are fluorescently labeled, it is possible to 
detect the color of the last base of this fragment on an automated sequencer.  
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Sequencing product clean up. 

reviously 10 µl of water (sterile ddH2O) and 2 µl 2,2% ultra pure SDS were 

ble in 

ex beads, (large 

ephadex resin, centrifuged at 900g and 

amples on an ABI Prism 3100 

.5. Sequencer machine 

he ABI PRISM 3100 Genetic Analyzer is a multi-color fluorescence-based DNA 

PRISM® 3100 Genetic Analyzer under 

 
P
added to each well containing the amplification product, which was subsequently 
placed on the thermocycler. Two steps were performed. The first cycle performed 
was at 98°C for 5 minutes, the second at 25°C for 10 minutes (Sommerhalder, 
R., 2003) this permit to read some bp more and have a better signal. The product 
to be sequenced was purified from smaller electrically loaded molecules such as 
salts, by centrifugation (BECKMAN AllegraTM 21R centrifuge) through Sephadex 
G-50 resin (SephadexTM G-50 Fine, DNA Grade, Amersham Biosciences).  
Sephadex is ideal for working because it is inert and very stable, it is insolu
all solvents and it is stable in water, salt solutions physiological pH and some 
organic solvents. Sephadex is a polysaccharide and in appropriate buffer system, 
the beads Sephadex will absorb the buffer and swell. If a mixture of molecules in 
solution is added to the top of the column of sephadex, the larger molecules will 
pass between the beads, through what is called void volume.  
The smaller molecules will pass into pores in the sephad
molecules pass between the beads). Large molecules are less impeded in 
passing through the column, so the larger the molecule, the more rapidly the 
molecule passes through the column.  
The product was loaded on to the S
collected in MicroAmp® optical 96 well reaction plate (Applied Biosystems) which 
were over-laid with 20 µl of mineral oil (Sigma®).  
Sequencing data was obtained by running the s
Genetic Analyzer 
 
3
 

® T
analysis system using the proven technology of capillary electrophoresis with 16 
capillaries operating in parallel. The 3100 Genetic Analyzer is fully automated 
from sample loading to data analysis.  
Sequencing sample run on the ABI 
standard sequencing conditions. Length of read is 750 bases at the 98.5% 
basecalling accuracy with less than 2% ambiguity. The samples ran through 50 
cm long capillaries that contained ABI PoP6 Polymer immerged in 1x EDTA 
Buffer (ABI PRISM Applied Biosystems), and where injection time was 22 
seconds. For further information regarding the principles of sequencing go to: 
http://allserv.rug.ac.be/~avierstr/principles/seq.html. 
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3.6. Sequence alignment 

Genetic Analyzer could be visualized 

- Restriction site analysis 
RF] analysis 

tudies 

ng 
 

he results appear in this format: 

             

 
he results from the ABI PRISM® 3100 T

with the program SEQUENCHER version 4.0.5 software package (Gene Codes 
Corp.). The strength of the program is contig assembly. In addition to aligning 
sequences, SEQUENCHER includes a wealth of analysis tools, Including: 
 

- Open Reading Frame [O
- Multiple-frame protein translation 
- Heterozygote analysis for mutation s
- Vector screening 
- Transposon screeni

T
 

 
 
Each peak is detected thanks to a laser and refers to one of the four bases. If the 

ontigs appear in this format: 

peak is not clear enough the program automatically signs it with the letter N so it 
is possible to check the chromatograms and try to assign the right letter. When 
two or much sequences are confronted the program compares the bases of the 
two segments and if a part is the same it produces a contig. Some assembly 
parameters could be chosen such as minimum match percentage and the 
minimum overlap. 
 
C
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3.7. PCR amplification of DNA 

CR is an acronym, which stands for p
 
P olymerase chain reaction. The PCR 

CR amplifications. 
rmed in 96 well plates (Greiner) using a Biometra 

cycling conditions were as follows: initial denaturation (2 minutes at 

ong PCR. 
as been utilized in order to amplify fragments bigger than 3 kb. Total 

 1 

technique is basically a primer extension reaction for amplifying specific nucleic 
acids in vitro. The use of a thermo stable polymerase allows the dissociation of 
newly formed complementary DNA and the subsequent annealing or 
hybridization of primers to the target sequence with minimal loss of enzymatic 
activity. With PCR, a fragment can be amplified in million of copies. The 
particular stretch of DNA to be amplified, called the target sequence, is identified 
by a specific pair of DNA primers, oligonucleotides usually about 20 nucleotides 
in length. Because both strands are copied during PCR, there is an exponential 
increase of the number of copies of the gene (Figure 6). Suppose there is only 
one copy of the wanted gene before the cycling starts, after one cycle, there will 
be 2 copies, after two cycles, there will be 4 copies, three cycles will result in 8 
copies and so on. 
 
P
The PCR was perfo
thermocycler. Total PCR reaction volume per well was 20 µl, contained 11 µl of 
water (sterile ddH2O), 2 µl of buffer (10X PCR buffer = 5 M KCL, 0.15 mM MgCl2 
and 1mM Tris-HCl pH = 9), 1 µl each of the forward and reverse primer, 0.1 µl of 
Taq Polymerase (Amersham Pharmacia Biotech) equivalent to one Taq unit, and 
4 µl re-suspended M. graminicola DNA (~5 ng/µl final DNA concentration) 
sample.  
Thermal 
96°C), 35 cycles of denaturation (1 minute at 96°C), annealing (1 minute at 55°C) 
and primer extension (2 minute at 72°C), (Ristaino, J.B., 2001 and 
Sommerhalder, R., 2003). 
 
L
Long PCR h
PCR reaction volume per well was 20 µl, contained 10.7 µl of water (sterile 
ddH2O), 2 µl of buffer (10X PCR buffer = 5 M KCL, 0.15 mM MgCl2 and 1mM 
Tris-HCl pH = 9), 1 µl each of the forward and reverse primer, 0.3 µl of Taq 
Polymerase (Amersham Pharmacia Biotech) equivalent to one Taq unit, and 4 µl 
re-suspended M. graminicola DNA (~5 ng/µl final DNA concentration) sample.  
Thermal cycling conditions were as follows: 2 minutes at 96°C, 35 cycles with
minute at 96°C, 30 second at 96°C, 1 minute at 55°C, 4 minute at 72 °C and a 
final step of 10 minute at 72 °C.  Amplified products were visualized on 1% 
agarose gel run in 1xTBE for 1 h at 120 V (Ristaino, J.B., 2001 and 
Sommerhalder, R., 2003).  
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PCR clean up.  
s are optimized to amplify specific target regions of the DNA the 

uspended in 15 to 20 µl ddH2O and agitated on 

As PCR reaction
product needs only to be purified. Therefore in order to get rid of unused primers, 
excess nucleotides, the remaining buffer and Taq polymerase, the amplification 
product needs to be purified before the sequencing reaction is done.  Clean up is 
performed by adding 40 µl of ddH2O to the PCR product and transferring the 
whole volume to a 96 well Millipore multiscreen plate. A HetoSue 300 water 
pump applies vacuum of 10 to 15 in Hg.  PCR products, which are generally 
larger than 100 bp, are retained on the filters surface of the multiscreen plate, in 
contrary the primers, unincorporated nucleotides, the buffer and (left over) Taq 
are sucked out through the filter. 
Pure PCR products are then re-s
an IKA MS1 mini-shaker at 600 per minute before transferring it to a clean PCR 
plate (Greiner), (Sommerhalder, R., Diploma work 2003). 
 
 
 
 
 

 
 

igure 3: The exponential amplification of PCR. F
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4. Results 
 
4.1. Sequenced fragments 
 
During this semester work a particular attention was given to sequence the 
fragment of the mtDNA of M. graminicola haplotype 1. The sequences were 
performed with the ABI PRISM® 3100 Genetic Analyzer and visualized with the 
program SEQUENCHER version 4.0.5 software package (Gene Codes Corp.). 
In total 12 fragments out of 15 cloned fragments were sequenced. 
 
Table 4. The 12 sequenced fragments. In column two it is shown from which 

STM- clones the fragment was sequenced (list of clones Table 1). Two 
fragments with the same length are present. These were named Fragment 
14 and Fragment 14b. 

 
Fragment Sequenced from STM-clone Length in Kb 

2 32 6.0 
3 15, 50 5.5 
4 35, 38 3.8 
7 5 2.3 
8 49 2.3 
9 5, 24 1.7 

10 4, 33 2.0 
12 37 1.0 
13 19 0.8 
14 21 0.7 

14b 69 0.7 
15 34 0.6 

 
Fragment 1 was already sequenced (Banke, S., personal communication). For 
fragments 5, 6 and 11 it was not possible perform a sequence reaction because 
the bacteria (E. coli) that contained the plasmid with the fragments were dead. A 
solution for this problem could be to sequence starting from a PCR product 
containing the wanted fragment. 
 
The sequencing of two inserts expected to be fragment 14 has given two 
different sequences. These two inserts are two distinct fragments with the same 
length. 
 
In the next pages it is possible to see the contigs that have permitted to 
sequence the fragments. A particular attention could be given to the different 
sequencing primers that have been utilized during this project (Table 2). The 
primer utilized for the PCR reactions are presented too (Table 3). 
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PCR PRIMER R

stm32  500F

stm32  535F

stm32 420F

stm32 810F

stm32 1080F

stm32 1400F

stm32 1960F

stm32 -530R

stm32 -580R

stm32 470R

stm32 770R

stm32 1290R

stm32 1790R

1 4,8962,401591 1,001 1,451 3,081 3,581 4,131

 
 
 
 
 
Figure 4: Fragment 2 is shown, with all the sequencing steps performed to reach 
the sequence of the fragment. The fragment is about 6 kb in length, but in the 
picture the two extremities are not shown. A sequence reaction should be 
performed with STM32 and primers M13F and M13R. 
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stm15 1450F

stm15 1020F

stm15 570F

stm15 520F

stm15 m13F

STM15 2550R

stm15 2420R

stm15 1650R

stm15 1740R

stm15  1110R

stm15  580R

stm15 m13R

PCR PRIMER F

PCR PRIMER R

stm50 1070F

stm50 990F

stm50 880F

stm50 410F

stm50 500F

stm50 2290R

stm50 1890R

stm50 2150R

stm50 1530R

stm50 1450R

stm50  1120R

stm50 620R

stm50R

1 5,477761 3,281 4,731311 1,7611,161 2,221 2,701 3,741 4,191

 
 

 
 
Figure 5: Fragment 3 is shown, with the all sequencing step performed to reach 
the sequence of the fragment. The fragment is about 5.5 kb in length, and it was 
sequenced starting from two different clones, STM15 and the STM50. 
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PCR PRIMER F

PCR PRIMER R

stm35 1100F

stm 35 M13F

stm35 520F F

stm35 550F

stm35 1100F

stm35 1310R

stm35 790R

stm35 650R

stm35 580R

stm 35 M13 R

1 3,859671 1,551 2,031 3,2012,5311,031

 
 
Figure 6: Fragment 4 is shown, with the all sequencing steps performed to reach 
the sequence of the fragment. The fragment is about 3.86 kb in length. 
 

PCR PRIMER R

PCR PRIMER F

stm24 M13R

stm5 1810R

stm5 1880R

stm5 1210R

stm5 600R

stm5 520R

stm5 M13R

1 2,3671,695481 1,143

 
 

Figure 7: Fragment 7 is shown, with the all sequencing step performed to reach 
the sequence of the fragment. The fragment is about 2.4 kb in length. The STM5 
plasmid used for sequencing fragment 7 contained also fragment 9, which is not 
presented in this figure. 
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pcr primer Rb

pcr primer Fb

pcr primer R

pcr primer F

stm49 M13F

stm49 500F

stm49 530R

stm49 M13R

1 2,364473 769 1,591 1,8711,025 1,331

 
 

Figure 8: Fragment 8 is shown, with the all sequencing step performed to reach 
the sequence of the fragment. The fragment is about 2.36 kb in length. Four PCR 
primers were designed but the best were primers Frag. 8 Rb and primer Frag. 8 
Fb. 

 
pcr primer R 9

pcr primer F 9

stm24 M13F

stm24 470F

stm24 570R

stm24 560F

stm24 1040F

stm24 M13R

1 2,064441 1,445 1,7231,157577

 
 

Figure 9: Fragment 9 is shown, with the all sequencing step performed to reach 
the sequence of the fragment. The fragment is about 2 kb in length  

  



 22

 
PCR PRIMER F3

pcr primer Rb

pcr primer Fb

pcr primer R

pcr primer F(R)

stm33 M13R

stm33 625R

stm33 1270R

stm4 400F

stm4 M13R

1 2,026249 813641 1,377 1,571

 
 
Figure 10: Fragment 10 is shown, with the all sequencing step performed to 
reach the sequence of the fragment. The fragment is about 2 kb in length. The 
best PCR primers were Frag. 10 Rb and Frag. 10 F3. 
 

pcr primer R{F}

pcr primer Rb

PCR PRIMER F

stm37 M13F

stm37 M13R

1 1,023476 715 774548

 
 

Figure 11: Fragment 12 is shown, with the all sequencing steps performed to 
reach the sequence of the fragment. The fragment is about 1 kb in length. 
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PCR PRIMER R2

PCR PRIMER R

PCR PRIMER F

Stm19 455r (PCR PRIMER F)

stm19 m13F

stm19 m13R

1 823138 349 616 693

 
 
Figure 12: Fragment 13 is shown, with the all sequencing step performed to 
reach the sequence of the fragment. The fragment is about 0.8 kb in length. For 
sequencing fragment 13 only one sequencing reaction was needed, this due to 
the relatively small size of the fragment. 
 
 

stm69 M13F

stm69 m13R

1 759

 
 
Figure 13: Fragment 14 is shown, with the all sequencing step performed to 
reach the sequence of the fragment. The fragment is about 0.7 kb in length. No 
PCR primers were designed for this fragment. 
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pcr primer Fb

pcr primer R

stm34 m13F

stm34 m13R

1 569256 454

 
 
Figure 14: Fragment 15 is shown, with the all sequencing steps performed to 
reach the sequence of the fragment. The fragment is about 0.5 kb in length. Also 
for sequencing fragment 15 only one sequencing reaction was needed, 
performed with M13 F and M13R. 
 
4.2. Organisms with DNA homologies 

With the BLAST-program of NCBI (http://www.ncbi.nlm.nih.gov/) the presence of 
DNA homologies with other organisms was checked. This step could be very 
interesting for a phylogenetic study. 

A list of the organisms that have DNA homologies with the mtDNA of 
Mycosphaerella graminicola is presented, with the genes they have in common. 
These results suggest that the same genes are present in the mtDNA of 
Mycosphaerella graminicola. 

 
•  Podospora anserina (mtDNA) 
Genes for cytochrome oxidase I, ND2, ND3, ND4L, cytochrome oxidase      
subunit 1, ATPase 6. 
 
•  Candida albicans (mtDNA) 
Inositol-1-phosphate synthase (IN01) gene, CaMSI3 gene for chaperone protein 
CaMsi3p, PIK1 gene. 
 
•  Aspergillus fumigatus  
tRNA-Thr, tRNA-Glu, tRNA-Val, tRNA-Met. 
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•  Aspergillus niger 
TrpC gene for glutamine amidotransferase, indoglycerolphosphate synthetase, 
phosphoribosylanthranilate isomerase, xkiA gene for D-Xylulose kinase, apsB 
gene for aminopeptidase B, cytochrome oxidase subunit 1 (cox1). 
 
•  Aspergillus carbonarius 
Cytochrome oxidase II. 
 
•  Emericella nidulans 
Genes for ATPase subunit 6, cytochrome oxidase subunit 3, URF1, URF4. 
 
•  Aspergillus nidulans 
mitochondrial ndhC and oxiB genes for NADHdehydrogenase subunit 3 and 
cytochrome oxidase subunit II, cytochrome oxidase subunit I. 
 
•  Aspergillus japonicus 
copper/zinc-superoxide dismutase 
 
•  Schizosaccharomyces pombe 
MTHFR2 gene 
 
•  Saccharomyces cerevisiae 
DAPA aminotransferase (BIO3) and dethiobiotin synthetase (BIO4), FAM1 gene 
 
•  Trichophyton rubrum 
genes for cytb, NADH1 to 5, cytochrome oxidase I, cytochrome oxidase II, 
ATPase 9, NADH dehydrogenase subunit 4L, NADH dehydrogenase subunit 5 
 
•  Hypocrea jecorina 
tRNA-Ala, tRNA-Phe, tRNA-Phe, tRNA-Lys, tRNA-Leu, NADH dehydrogenase 
subunit 2 and 3, complete cds 
 
•  Emericella nidulans 
 genes for ATPase subunit 6, cytochrome oxidase subunit 3 

 
•  Cryphonectria parasitica 
NADH-ubiquinone oxireductase subunit 5 and 4 (ND5 and ND4), ATPase 6 
gene, ATPase 8 gene 

 
•  Neurospora crassa 
Cytochrome oxydase subunit 2 gene (cox2), Cytochrome oxydase subunit I     
(CO I), ND4L and ND5 for NADH dehydrogenase subunits 
 
•  Fusarium solani 
•  Phytophthora infestans 
•  Verticillium lecanii 
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The major part of the homologies were found within the other fungi but parts of 
the mtDNA of M. graminicola are conserved up to Human and other mammals: 
 
Homo sapiens  
Tumor necrosis factor receptor super family, low density lipoprotein receptor-
related protein 5 (LRP5), transmembrane tyrosine-specific protein kinase, Protein 
tyrosine phosphatase, acetyl-coenzyme A acetyltransferase 1 
 
4.3. Detection of the genes present in the fragments 
 
With the BLAST-program of NCBI it was possible to detect which genes were 
contained in the sequenced fragments. Following is a summary of the most 
important genes present in the mitochondrial fragments, the major part of these 
gene are common in all mtDNA of fungi. If two organism present DNA 
homologies it is very likely that in these sequences are contained the same gene. 
In this way it is possible to derive from other organisms the genes of the 
sequenced fragments. 
 
Cytochrome oxidase II, ATPase 9, NADH dehydrogenase subunit 5, tRNA-Gln, 
tRNA-Met, tRNA-Arg, tRNA-Thr, tRNA-Glu, tRNA-Val. 
 

ATPase subunit 9

cytochrome oxidase II

NADH dehydrogenase subunit 5

Fragment 2

1 4,8992,181 4,261

 
 
Figure 15: Fragment 2 is shown, with the genes supposed to be present in this 
DNA sequence. In fragment 2 are present the ATPase 9, Cytochrome oxidase II 
and the NADH dehydrogenase subunit 5 genes. The presence of tRNA-Gln, 
tRNA-Met, tRNA-Arg, tRNA-Thr, tRNA-Glu, tRNA-Val it is also possible. 
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NADH3

NADH2

NADH4

Fragment 3

1 5,3191,321 2,171

 
 

Figure 16: Fragment 3 is shown, with the genes thought to be present in this 
DNA sequence. In general are supposed to be present genes for cytb, NADH1 to 
5. 

tRNA-Tyr

tRNA-Asn

tRNA-Gln

tRNA-Met

tRNA-Phe

Fragment 4

1 3,913861 1,141 1,481 2,961

 
 
Figure 17: Fragment 4 is shown, with the genes thought to be present in this 
DNA sequence. In fragment 4 are present genes for tRNA-(Tyr,Phe,Gln,Met,Asn) 
and it is also possible that cytochrome oxidase subunit 1 (cox1), cytochrome 
oxidase II, ATPase 9, NADH dehydrogenase subunit 4L, NAD dehydrogenase 
subunit 5, tyrosine tRNA, mitochondrial 19S ribosomal RNA, 12S rRNA, 16S 
rRNA genes are present. 
For fragment 7 no genes have been found. 
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tRNA-Arg

cytochrome oxidase subunit 1

Fragment 8

1 2,343137 1,051 1,317

 
 
Figure 18: Fragment 8 is shown, with the genes supposed to be present in this 
DNA sequence. In this fragment are present genes for tRNA-Arg and for 
cytochrome oxidase I. It is also possible that genes for cytochrome oxidase II, 
ATPase 9, NADH dehydrogenase subunit 4L, NADH dehydrogenase subunit 5 
are present. 

NADH dehydrogenase subunit 5

Fragment 9

1 2,064671

 
 

Figure 19: Fragment 9 is shown, with the genes supposed to be present in this 
DNA sequence. In fragment 9 there is a high probability to find genes for NADH 
dehydrogenase subunits, cysteine proteinase. 
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tRNA-Asn

large rRNA subunit, part 2

large rRNA subunit, part 3

Fragment 10

1 1,938185 1,189 1,511

 
 

Figure 20: Fragment 10 is shown, with the genes thought to be present in this 
DNA sequence. In this fragment genes for large subunit (24S) ribosomal RNA 
and tRNA protein have been detected. It is not to exclude the presence of genes 
for ATPase subunit 6. 
 

tRNA-Pro

L-rRNA, part1

L-rRNA, part 1

Fragment 12

1 1,024100 301 524 846

 
 
Figure 21: Fragment 12 is shown, with the genes thought to be present in this 
DNA sequence. It has been detected the presence of genes for L-rRNA, S5 
ribosomal protein and tRNA-Pro. 
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NADH-ubiquinone oxireductase subunit 5

Fragment 13

1 82373 489

 
 
Figure 22: Fragment 13 is shown, with the gene thought to be present in this 
DNA sequence, the gene present is the gene encodes for NADH-ubiquinone 
oxireductase subunit 5. 
 

cyt b ?????

Fragment 14

1 75944

 
 
Figure 23: Fragment 14 is shown, the gene supposed to be present in this 
fragment, the cytochrome b. 
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tRNA-Arg

tRNA-Asn

Fragment 15

1 569154 226

 
 
Figure 24: Fragment 15 is shown, with the genes supposed to be present in this 
DNA sequence. The Blast program of NCBI (paragraph 4.2) has detected 
similarities between the DNA sequence of fragment 2 with genes encoding for 
tRNA-Arg and tRNA-Ans.  
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4.4. Connection of fragments 
 
First to connect the fragments was taken the mtDNA of Podospora anserina 
(≈100 Kb) and checked where the conserved regions of mtDNA of M. graminicola 
present homologies. The idea was that if two conserved regions are close in the 
mtDNA of Podospora anserina they have a high probability to be close in the 
mtDNA of M. graminicola too. 

fragment7

fragment3

fragment13b

fragment13

fragment4e

fragment4d

fragment4c

fragment4b

fragment 4

fragment15b

fragment 15

fragment10 b

fragment 10

fragment 2

podospora anserina

1 100,32112,431 22,031 85,051

 
 
Fig 25:  mtDNA of Podospora anserina (length about 100 kb) is confronted with 
the position of the conserved regions sorted out from the different sequenced 
fragments of mtDNA of M. graminicola 
 
This assay did not give remarkable results. 
The second assay to connect the fragments was the PCR (Polymerase Chain 
Reaction). If the two fragments are really contiguous we should obtain a PCR 
product with a predicted length (visible in a normal agarose gel). Several 
combinations of fragments were tested in a more or less random way, because 
the restriction map we started with (Hogan, K., 1995, Honors Thesis) presented 
several inconsistencies in the number and in position of the fragments. This 
restriction map was however the starting point of this work.  
 
Four combinations of primer were utilized each time (Forward-Forward, Forward-
Reverse, Reverse-Forward and Reverse-Reverse), because we had no idea 
about the position of the fragments. The fragments could be joined in a F-F, F-R, 
R-F and R-R way. 
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Table 5.  PCR results of the most interesting tests: in the first column of this table 
are presented the two fragments selected for the PCR, in columns two and three 
the names of the primers (P1 refers to the primer of the first fragment written in 
first column, P2 of the second), column 4 shows how many amplicons came out 
from the PCR, in the last three columns are presented the expected size of the 
amplicon, if the amplicon has been sequenced and if the sequence confirmed 
that the two fragments are connected. 
 

Fragments P1 P2 Bands Right size? Size Sequenced? Confirmed? 
8, 15 Fb Fb 0     
8, 15 Fb R 0     
8, 15 Rb Fb 1 yes 0.5 Kb yes yes 
8, 15 Rb R 0     
8, 15 Fb Fb 0     
8, 15 Fb R 0     
8, 15 Rb Fb 1 yes 0.5 Kb yes yes 
8, 15 Rb R 0     
8, 15 Fb Fb 0     
8, 15 Fb R 0     
8, 15 Rb Fb 1 yes 0.5 Kb yes yes 
8, 15 Rb R 0     
1, 12 F F 0     
1, 12 F R{F} 1 no    
1, 12 Rb F 1 yes 1 Kb yes yes 
1, 12 Rb R{F} 1 yes 0,8 Kb yes yes 
1, 12 F F 0     
1, 12 F R{F} 0     
1, 12 Rb F 1 yes 1 Kb yes yes 
1, 12 Rb R{F} 1 yes 0,8 Kb yes yes 
1, 12 F F 0     
1, 12 F R{F} 0     
1, 12 Rb F 1 yes 1 Kb yes yes 
1, 12 Rb R{F} 1 yes 0,8 Kb yes yes 
8, 10 Fb Fb 0     
8, 10 Fb Rb 0     
8, 10 Rb Fb 1 Probably not 0.7 Kb yes no 
8, 10 Rb Rb 1 Probably not 0.7 Kb yes no 
8, 10 Fb Fb 0     
8, 10 Fb Rb 0     
8, 10 Rb Fb 1 Probably not 0.7 Kb yes no 
8, 10 Rb Rb 1 Probably not 0.7 Kb yes no 
8, 10 Fb Fb 0     
8, 10 Fb Rb 0     
8, 10 Rb Fb 1 Probably not 0.7 Kb yes no 
8, 10 Rb Rb 1 Probably not 0.7 Kb yes no 

 
Once the PCR detected the presence of an amplicon with all properties we 
expected, a sequencing reaction was performed in order to confirm the overlap of 
the PCR product with the two fragments. 
In the next two figures (Figure 7, Figure 8) are shown how fragments 1-12 and 8-
15 are connected, and how the PCR products bind to each fragment. 
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PCR PRIMER F

pcr primer Rb

pcr primer R{F}

PCR Frag 1 Rb

PCR Frag 12 F

PCR Frag 12 R{F}

PCR Frag 1 Rb

Frag 12 M13R

Frag 12 M13F

Fragment 1 (in Forward direction)

1 3,470321 1,421501 1,021

 
Figure 26: In this figure is shown how fragment 1 and 12 are connected. 
Between the two fragments is present a sequence of 240 bp, which was not 
detected when the restriction map was made (Hogan, K., 1995). In the figure is 
visible the entire fragment 12 and a part (3 kb) of fragment 1. Two PCR 
fragments have been sequenced with different primers, and both fragments 
confirmed the connection between fragment 1 and fragment 2. 
 

pcr primer Rb

pcr primer Fb

PCR Frag 15 Fb

PCR Frag 8 Rb

stm34 m13R

stm34 m13F

stm49 m13F

stm49 500F

stm49 530R

stm49 m13R

1 2,835777 1,603 1,873539 1,037 1,347 2,343

 
Fig 27: In this picture is shown how fragments 8 and 15 are connected. The 
STM49 represents the fragment 8; instead the fragment 15 has been sequenced 
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starting from the STM34. In this case the two fragments were precisely bound 
without sequences between them. 
 
5. Discussion 
 
During this project 12 mtDNA fragments of Mycosphaerella graminicola 
haplotype 1 were sequenced for a total length of 27.4 Kb. At the end of this work 
35.9 Kb of 47.9 Kb (representing ~75%) is known, the rest (25%) is composed of 
fragment 5 (2.78 Kb), fragment 6 (2.36 Kb), fragment 11 (1.42 Kb) and an 
unknown part of 5.5 Kb. For sequencing fragments 5, 6 and 11 a solution can be 
found, sequence starting from PCR products, containing the wanted fragment. 
For making an example, if we know that one of these three fragments is 
contained between two well-known fragments, we can use the outgoing primers 
used for the PCR-test or design new primers, which will also hybridise the two 
known fragment. In the second step the PCR will amplify the DNA between the 
primers, and therefore also our unknown fragment. Once the fragment has been 
amplified with the PCR, this can be cleaned and sequenced, obtaining in this way 
the DNA sequence, without starting from the plasmid DNA. 
My personal suggestion for continuing with this project is to create a new 
restriction map, because the map of Hogan, K., contains some errors and it is not 
easy to interpret the bands, for example in the map is presented a band (called 
number 3, see annex) of 4.8 kb but we have never sequenced a fragment with 
this length and also from the digestion that we have performed there is no trace 
of this band. Instead we have sequenced a fragment with length 5.5 kb but this 
was a fragment, which was not present in Hogan’s map.  
Now the questions is:  
• Are these two fragments the same?  
• Are two well distinct fragments?  
• Are errors due to the imprecision of the methods of the time when the map was        

produced? 
 
The position of the fragments was not easy to find out, because the restriction 
map (see annex 8.1.) presented some imprecision. The first attempt tried was a 
simple PCR. We expected to find a single band with the predicted length, to 
confirm or not the connection between two fragments.  
 
With the only use of PCR was not possible to detect the position of the 
fragments, because the specificity of the primers was not 100% optimal.  
In addition these primers were tested perhaps with a too high amount of DNA 
(genomic and mitochondrial), so that we have obtained more than one band, in 
some cases more than 5.  
This step can be improved using a fresh mtDNA extraction and increasing the 
annealing temperature. 
The second attempt was to take the bands sorted out from the PCR method, 
clean them up and sequence them, trying then to find a match with the two 
fragments supposed to be connected. 
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With the sequencing of the most interesting bands more results were obtained, 
and with this method it was possible to connect two couple of fragment, 
fragments 1 - 12 and 8 - 5 (Fig 26, Fig 27 and Tab 5) and exclude the connection 
between 8 and 10 (Tab 5).  
These two couples of fragment cover 12.55 Kb, so that we know the correct 
position of about the 25% of the total mtDNA of Mycosphaerella graminicola 
haplotype 1. Only 1 sequencing reaction was made starting from the PCR 
product and it is possible that with more investigation other results could come 
out. 
 
I will suggest two strategies for continuing this project: 
 

- A new extraction of the mtDNA of Mycosphaerella graminicola can be 
performed, and perhaps a new restriction map can be produced, in order 
to be most sure about the length and the position of the fragments, 
confirming or not the Hogan map. 

- Try more investigation with the sequencing method, starting from the PCR 
products. 

 
Several genes have been found in the sequenced fragments (Paragraph 4.3.).  
All the genes founded during this work are present in the major part of the 
mitochondrial DNA of other fungi, this suggesting that Mycosphaerella 
graminicola make no exception. 
The genes of interest are summarized in Paragraph 4.3, and presented in their 
location on the fragment. Suggestions for the presence of other gene were also 
found but the exact location couldn’t be determined. These genes are also 
presented in paragraphs 4.2 and 4.3.
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8. Annex 
 
Annex 1: Restriction Map of mitochondrial DNA of 
Mycosphaerella graminicola haplotype 1, created by Hogan, K. 
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Annex 2: Digestion of mtDNA of Mycosphaerella graminicola 
haplotype 1, with several enzymes, HindIII, PstI, XhoI, HßP, HßX 

 

  


