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Abstract 
Streptococcus pneumoniae is a gram-positive bacterium that can be found in both healthy 
carriers as well as in people that have developed disease. One of the major virulence factors of 
pneumococci is their polysaccharide capsule. Based on the capsule that surrounds the 
bacteria, pneumococci are divided into at least 90 different serotypes. Some serotypes seem to 
be more related to virulence than others.  
I have with comparative genome hybridization microarray technique, studied gene differences 
between 18 epidemiological well-characterised pneumococcal strains with different potential 
to cause disease. A microarray chip based on two sequenced pneumococcal genomes, R6 and 
TIGR4, has already been designed. According to Hierarchical clustering, both the serotype 
and the genetic type as assessed by MLST (sequence type or ST) seem to have impact on the 
relationship of clinical isolates. Most clinical isolates of the same serotype are clustered 
together except for serotype 14 isolates that seem to be more divergent. Further more the 
number of genes that are divergent between clinical isolates compared to R6 and TIGR4 
differ from 65 to 289. Preliminary results indicate that although there is diversity among 
clinical isolates some are more closely related to each other then others. Absent genes seem to 
be evenly distributed among all 18 clinical isolates tested but hypothetical genes and genes for 
cell envelope are two groups of role categories that are absent to the largest extent in all 
isolates.   
According to results from microarray analysis, a gene region, spr0112-spr1015- is present in 
all type 9V isolates and absent in many isolates of serotype 14, 19F and 7F. These results 
have been confirmed by polymerase chain reaction (PCR).  
Conserved genes in a region around the capsule genes have been sequenced to identify marker 
genes for a capsulular switch between serotype 9V and 14. Preliminary results of the 
sequencing showed that as much as 750kb might have been transferred in the event of 
capsular switch.   
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1. Introduction 

1.1 Pneumococcal Diseases 
Streptococcus pneumoniae, the pneumococcus, is an important pathogen that can cause both 

harmless as well as harmful diseases. It is the primary cause of otitis media in children and 

community acquired pneumonia in adults. It both causes invasive diseases like acute purulent 

meningitis and disorders such as sinusitis. (Sinusitis is characterized by inflammation of the 

nasal mucosa and the parensal sinuses). Even though the bacterium is a devastating pathogen, 

it can also colonize healthy children attending day-care centres [1]. Colonization with 

pneumococci is mostly without symptoms but can progress to respiratory or even systemic 

diseases depending on serotype of pneumococci and the host [2]. Invasive pneumococci are a 

major cause of mortality and morbidity worldwide. One of the major virulence factors of 

pneumococci is their polysaccharide capsule. Depending on this capsule pneumococci are 

divided into at least 90 different serotypes and according to earlier studies, the distribution of 

serotypes of pneumococci among invasive disease isolates and carrier isolates differ. Some 

serotypes seem to be more common in carrier isolates but are rarely found in invasive isolates. 

The most frequently found types among invasive isolates are serotype14, 4, 7F, 1, 9V, 3, 23F 

and 19A [3]. Among carrier isolates serotype 6A, 19F 6B, 23F and 14 dominate [3]. 

Serotypes 1, 4, and 7F have a high invasive disease potential and are frequently found among 

patients with invasive disease, whereas 6B and 14 are common both in carrier and invasive 

isolates [3]. Some serotypes can even be associated with certain diseases [3]. Even though 

most pneumococcal infections can be treated with antibiotics the mortality rates are high in 

invasive infections and this cannot merely be explained by the problem with increased 

antibiotic resistance.  

1.2 Vaccination 
Today there are two types of vaccines available against infections with Streptococcus 

pneumoniae. One vaccine consists of polysaccharides purified from 23 of the most common 

serotypes. This vaccine stimulates B cells to produce protective antibodies. Since young 

children have immature B cells they do not produce antibodies in the same amount as adults. 

Therefore new vaccines have been launched consisting of conjugates of carrier proteins with 

polysaccharides made from a limited number of serotypes in so called conjugated vaccines 

such as the 7-valent vaccine including only 7 of the 90 capsular polysaccharides. These 

vaccines activate T-cells to produce antibodies and stimulate immunological memory [4].  
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1.3 Streptococcus pneumoniae 
Streptococcus pneumoniae is a gram-positive, alpha-haemolytic, facultative anaerobic 

bacterium that can grow as single cells, diplococci or in longer chains. The formation of the 

chain differs between different serotypes. Pneumococci are a part of the natural flora of upper 

respiratory tract. Research indicates that S. pneumoniae strains differ in their ability to cause 

disease, but the burden is highest in the youngest and oldest people in both more and less 

developed countries [2, 5]. This could be explained by the local host immune response. The 

local host immune response has an important regulatory role in the trafficking of pathogens in 

the upper respiratory tract. Due to that, individuals with defects in the immune system have 

higher risk of developing diseases [2]. 

1.4 Capsule switch 
The most abundant serotype of pneumococci with a reduced susceptibility to penicillin in 

Sweden has for a long time been serotype 9V. During recent years serotype 14 with reduced 

susceptibility to penicillin have increased. Serotype 9V and 14 have been compared with 

multilocus sequence typing (MLST). Results have indicated that they belong to the same 

clonal cluster, ST156. They also have the same Pulsed-field-gel gel electrophoresis (PFGE) 

pattern [3]. These data suggest a capsular switch. It seems to be common with horizontal gene 

transfer events in this clone. An event like that could potentially lead to capsular switches [6]. 

The hypothesis about capsular switch between type 9V and 14 can be confirmed by results 

from microarray. Christel Blomberg and Jessica Dagenham at Birgitta Henriques Normarks 

lab at the Swedish Institute for infectious Disease Control have seen differences among 

capsular genes between isolates of 9V and 14 whereas other genes were shown to be 

unchanged. The question is how big is the part of the genome that has been switched from the 

ancestry with serotype 9V to serotype 14. 

1.5 Capsule and cell wall 
As previously stated a highly heterogeneous polysaccharide capsule covers the outer surface 

of S. pneumoniae. Specific capsular types are associated with the capacity to cause severe 

disease [7]. The polysaccharide capsule is the most important virulence factor since it protects 

the bacteria from phagocytosis. The cell wall underneath the capsule consists of 

polysaccharides and teichoic acid and serves as anchor for cell-wall-associated proteins. The 

cell wall stimulates inflammatory response, since it stimulates the influx of inflammatory cells 

and activates the complement cascade and cytokine production. The polysaccharide capsule 
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protects encapsulated pneumococci against the immune system and pneumococci may escape 

the immune system by being antiphagocytic [2].  

1.6 Pili 
Pili have been known in Gram-negative bacteria as an important virulence factor. Pili-like 

surface structures have recently been identified by electron microscopy and characterized 

genetically as well as biochemically in Gram positive bacteria, both in group A streptococci 

and in group B streptococci [8, 9].  In recent studies of pneumococci, pili-like surface 

structures encoded by the rlrA pathogenicity islet have been observed [10]. This islet is 

present in some but not all clinical pneumococcal isolates. Furthermore it has been shown that 

this islet is important for pneumococcal adherence to lung epithelial cells as well as for 

colonization [10]. It could be of interest to see if there are other pathogenicity islets with 

effect on virulence that are present in some clinical pneumococcal isolates and absent in 

others.  
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2. Aim 
The major aim of this project was to compare different clinical Streptococcus pneumoniae 

isolates by comparative genome hybridization microarray technology to examine absence or 

presence of genetic information among selected group of S. pneumococci. Depending on the 

nature of the results, further investigations for example PCR were performed. 

18 different isolates were analysed and compared.  These isolates belonged to 8 different 

serotypes, 14, 19F, 4, 6B, 7F, 9V, 3 and 11A. Some were genetically different since they had 

different sequence types (ST) by MLST. Others had the same ST and/or same serotype and 

they had affected the patient differently. For example PJ1329 and SME215 that belong to the 

same ST, 162, and to the same serotype, 19F, were of different origin where PJ1329 is an 

invasive isolate and SME215 a carriage isolate. The differences in origin could be a result of 

differences in the genome content or differences in the patient’s immune system. With 

comparative genome hybridization microarray technology isolates with same serotype and ST 

were compared and genes that differ between them were identified. 
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3. Materials and Method  

3.1 Bacterial strains 
In 2001 the whole genome sequences of two S. pneumococci were published, R6 and TIGR4. 

R6 is a non-encapsulated strain derived from the capsular type 2 clinical isolate strain D39. It 

lacks the polysaccharide capsule and is therefore regarded as avirulent. It has a singular 

circular genome of 2038615 base pair with 40% GC content [7]. GenBank accession number: 

AE007317 [11].  TIGR4 on the other hand is an encapsulated strain of serotype 4, which has 

been shown to be highly invasive and virulent in a mouse model of infection. The strain was 

isolated from a 30 years old male patient in Kongsvinger, Norway. It consists of a single 

circular chromosome of 2160837 base pairs with G and C content of 39.7%. TIGR indicates 

The Institute of Genomic Research. GenBank accession number: AE005672 [12]. 

3.2 Microarray - from hybridisation to analysis 
Comparative genome hybridisation microarray is a screening method with high-throughput, 

by which whole genomes of for example microorganisms can be analysed [13]. Microscope 

slides contain ordered series of samples, in this case oligonucleotides based on the open 

reading frames of R6 and TIGR4. Microarray can also be used with RNA, proteins and tissue 

[14]. Comparative genome hybridization microarray analysis was carried out on 18 clinical 

isolates listed in table 1. The microarray for S. pneumoniae consists of 2.797 oligonucleotides, 

50 nucleotides (50 mer) long (MWG Biotech, Edensberg, Germany) spotted in triplicates on 

glass slides. (Qarray arrayer; Genetix, Boston, MA; MWG Epoxy Slides; MWG Biotech, 

Edensberg, Germany). Furthermore, the oligonucleotides are spotted in random order and 

hybridisations of the sample are performed three times to get a good balance between 

statistical power and cost-effectiveness. The oligonucleotides are based on the predicted open 

reading frames, ORFs, of the sequenced strains R6 and TIGR4. 2046 oligonucleotides are 

based on ORFs from R6 and 358 from TIGR4. A mix of R6 and TIGR4 is used as control 

sample, which will hybridise to all spots on the glass. There could be large differences in 

genome size of different strains due to a high degree of genetic flexibility between 

pneumococcal strains. There is for example a difference of 122,223 base pair between the two 

reference strains, TIGR4 and R6. The difference could be explained by the abundance of 

insertion sequences (IS), transposable elements, phages, repetitive elements and other types of 

genetic material that has been picked up by pneumococci. 
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30 oligonucleotides based on ORFs from Arabidopsis thaliana are used as negative control. 

Empty spots are also used to check unspecific binding to the slide. 

Method 
Pneumococcal strains were taken from the -70˚C freezer and incubated on blood agar plates 

over night at 37°C. Genomic DNA was prepared from the plate grown bacteria by genomic 

DNA Buffer set (QIAGEN Genomic-tip 100/G kit). The bacteria were resuspended in buffer 

and RNAse, lysozyme and proteinase K and incubated. Different buffers were then used to 

precipitate the DNA, to catch it in the genomic-tip, wash it and then elute the DNA. The 

concentration of DNA was then measured by spectrophotometer, so the same amount of DNA 

from different strains was used during the experiment. 

2 µg genomic DNA from test isolate and the reference, being an equimolar mix of TIGR4 and 

R6 DNA, was sonicated for 30 sec. 20 µl of random primers were added and the solution was 

boiled for five minutes and then cooled on ice for five minutes. The DNA was then mixed 

with 5 µl deoxynucleoside triphosphate (1.2 mM concentration of dATP, dTTP and dGTP and 

0.6 mM concentration of dCTP), 2 µl of Cy5-dCTP or Cy3-dCTP and 1 µl of Klenow 

fragment and incubated over night at 37˚C. Non-incorporated nucleotides were removed with 

Microcon 30 (Millipore, Billerica, MA). After the last wash, the sample was collected and 

then dried in a SpeedVac (Savant). The solution was resuspended and mixed together with 

100 µl of hybridisation buffer (MWG Biotech, Edensberg, Germany). The hybridisation was 

carried out in an automated hybridization station (TECAN HS400: Tecan Group Ltd., 

Maennedorf, Switzerland) over night. After initial washing for 1 minute with 5 x SSC 

(Sodium Sodium Citrate and 0.1% SDS, hybridization with DNA occurred at 42˚C for 14h. It 

was followed by washing for 90 seconds 8 times at 25˚C with; 1x SSC and 0.1% SDS, 

continued washing for 60 seconds 6 times at 30˚C with 0.1x SSC and 0.1% SDS and finally 

for 90 seconds 10 times at 25˚C with 0.1x SSC. The microarray was scanned in a GenePix 

4000B scanner (Molecular Devices/Axon instruments, Union City, CA) at 532 nm and 635 

nm.  
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Analysis 
Fluorescent spot and local background intensities were quantified using GenePix pro 6.0 

software (Axon instruments). For each spot the median pixel intensity was measured and 

assigned to that particular spot. Spots showing a reference signal lower than the background 

plus two standard deviations, being saturated or showing obvious abnormalities, were 

excluded from subsequent statistical analysis. Also the 30 Arabidopsis thaliana negative 

controls were excluded. For each of the 18 isolates three replicates were performed, including 

dye-swap. The Log2 fluorescence ratios were normalized to the median using the R project 

for statistical Computing (http://www.r-project.org/)[15]. For statistical analysis I used a 

Bayesian linear model [16] and the Holm multiple testing correction [17] to adjust individual 

p-values. This method was used to compare the isolates to the two reference strains as well as 

to each other. Genes were considered to be absent if they had a p-value less than 0.01 and an 

M-value less than –1 while genes were considered to be present if they had an M-value higher 

than –1. Hierarchical clustering was performed (Genespring, Agilent Thechnologies) using 

average linkage and Pearson’s correlation. 
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Table 1 Clinical isolates for comparative genome hybridization microarray analysis.   
Clinical 
isolate 

Serotype Origin ST Aro E gdh gki recP spi xpt ddl

PJ1462 14 Invasive/blood 307 7 5 1 8 14 28 14 
RP2874 14 Carriage 156 7 11 10 1 6 8 1 
RP1956 14 Carriage 709 12 13 2 17 6 22 14 
PJ1329 19F Invasive/blood 162 7 11 10 1 6 8 14 
SME215 19F Carriage/NP 162 7 11 10 1 6 8 14 
PJ1319 4 Invasive/blood 205 10 5 4 5 13 10 18 
I207 4 Invasive 247 16 13 4 5 6 10 14 
SME717 6B Carriage/NP 176 7 13 8 6 10 6 14 
SME427 6B Carriage/NP 176 7 13 8 6 10 6 14 
PJ1324 6B Invasive/blood 138 7 5 8 5 10 6 14 
SME571 7F Carriage 191 8 9 2 1 6 1 17 
PJ1446 7F Invasive/blood 191 8 9 2 1 6 1 17 
I61 7F Invasive 1828 8 9 2 1 17 1 17 
I95 9V Invasive 838 7 11 10 1 6 8 90 
PJ1272 9V Invasive 162 7 11 10 1 6 8 14 
RP2543 9V Carriage 156 7 11 10 1 6 8 1 
PJ2231 3 Invasive 1823 2 12 2 4 6 16 1 
PJ2287 11A Invasive 62 2 5 29 12 16 3 14 
Several isolates have the same ST and/or the same serotype even though they do not have the same origin. The 
origin does not seem to be dependent of neither serotype nor ST. ST is based on multi locus sequencing (MLST). 
7 house keeping genes are sequenced and every individual gene gets a number based on the sequence. Based on 
the combination of numbers the isolate gets a ST number.  

3.3 Sequencing 
Sequencing is a method to investigate the order of the nucleotides that build up the DNA. 

Genomic DNA was first prepared from pneumococci using GFX Genomic Blood DNA 

purification kit (Amersham Bioscience). DNA was amplified by PCR, either in tubes or in 

plates. Primers, dNTP, polymerase, PCR buffer, water and template were mixed. Depending 

on gene sequence, different programs were run. The program depends on the ratio between 

GC and AT in the primers, since G and C are connected with each other by a triple bond and 

AT only with a double bond. The annealing temperature was set a couple of degrees lower 

than that of the calculated melting point, according to the formula: 4(number of 

G+C)+2(number of A+T) = melting temperature. After amplification, the PCR product was 

purified to get rid of redundant nucleotides. DNA was precipitated with PEG polyeten glykol 

and NaCl, centrifuged and washed with ethanol. The purified DNA was then used in the 

sequencing reaction were both deoxynucleotides and dyed dideoxynucleotides were used. 

Those dyed dideoxynucleotides are randomly incorporated during the PCR reaction and 

terminating the elongation. Length and dyed nucleotide can then be detected and the sequence 

identified. 
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3.4 Sequencing around capsular genes. 
A capsule switch has been suggested between serotype 9V and 14. To be able to find out the 

size of the gene fragment that was changed during the capsule switch between serotype 9V 

and 14, genes around the capsular genes were sequenced. More isolates of serotype 9V and 14 

were run on microarray. To investigate the theory that more genes than the capsular genes 

have been changed during the switch, sequencing of 10 genes around the capsular genes was 

performed. More genes further distant to the capsular region were also sequenced. In this gene 

region but more distant to the capsule genes, 5 of 7 house-keeping genes that are used for 

MLST are localised. The 2 remaining genes are localised in the region nearby the capsular 

genes. To find out the size of the gene fragment that is involved in the capsule switch between 

serotype 9V and 14, two strains, RP1554 and RP2543 belonging to serotype 9V and two 

strains of serotype 14, RP2732 and RP2874 were sequenced with 10 sets of primers. All 10 

primers (Invitrogen) were designed for genes that surrounded capsular genes. 

Table2 Sequencing of genes around the capsule genes 
Primers for genes surrounding the capsule. Sequence 

MvkF forward CTC AGT GAC CAA CCT ATT CGC 
MvkR (MvkRx) Reverse ATA CAA CCT CCT AGC CCA CC 
RecDF forward ACA CCT ATG TTG AAG CAC GGG 
RecDR Reverse GAG CAG CAA GAA GAA TGG GC 
PflF Forward TTG CAG AAC GTG ACC TTG CTC 
PflR Reverse GGA TGA TGT TCA AGG CATCTA C 
GidAF  GTG ATG ATC GAC GAC TTG GTG 
GidAR (GidARx) CCG ATG GTT TCT GGA TTG ATG 
GlnAF TGT ACT TGT ACC CGG ACT TGG 
GlnAR GGC TTC GCC ATA AAT GTT GCG 
RuvAF ATC CTG CAT GTG GCC AAT CC 
RuvAR TGA GCT CTG TTG CCT TGT AGC 
GldAF TAT TCA GGG GGA AAA TGC CTT G 
GldAR GGT CGA TGC AAT TGT TGG AGC 
HexBF TGA ATT GCC AGA GAT GCT GGC 
HexBR CGC GTC ATT TCC TTG CCA TC 
PolCF AAA GCT CGG ATC AAG CAT GCG 
PolCR ATG AGC CTT TGG AAG TGG TGC 
PspAF AAC AAC GGT TCA TGG TAC TAC C 
PspAR GGC TTG CTT TCA TAG CAC CTG 
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One forward- and one reverse-primer of the same concentration and amount, 1 µl of 100 

pmol/µl or 20 pmol/µl were used when amplifying the gene. 5 µl of 10 x PCR buffer were 

mixed with 39.75 µl H2O, 1 µl dNTP, 0.25 µl Taq polymerase and 1 µl primer. Before the 

reaction started, 2 µl of template were added. The PCR reaction was started at 95˚C for 4 

minutes and then denaturation at 95˚C for 30 seconds, 30 seconds of annealing at different ˚C, 

1 min of annealing at 72˚C. Steps 2-4 were repeated for 30 times and after that the machine 

cooled down the samples to 4˚C and held the temperature. 

To further investigate the capsule area, a larger area around capsule genes, PspA and a 

sequence repeat region in sp0463 were sequenced. New primers were designed (Invitrogen). 

They are shown in table 3. 

Table 3 New primers for further sequencing of genes around the capsule genes. 
Primer  Sequence 
Spr0121R (PspA) TTC TTA GTC TCA GCC AAC 
Spr0121F (PspA) TTA ACA AGT CTA GCC AGC 
Sp0464RR (Repeat region) AAC TTC CAT ACT TGC AAC CG 
Sp0463RR (Repeat region) TTT CTG ATG CAC AAG GTC GC 
Before the sequencing reaction was started, the PCR product was cleaned from excess of 

primers and nucleotides. After that, 4µl Big dye (Applied Biosystem) were mixed with 2µl big 

dye terminator 5X sequencing buffer (Applied Biosystem), 3,2µl Primer, 1µl template and 

9,8µl H2O. The reaction was started at 96˚C for 1 minute and then 96˚C for 10min, 50˚C for 

5sec, 60˚C 4min. Steps 2-4 were repeated 24 times and after that the machine held all samples 

at 4˚C. 

3.5 PCR to confirm microarray results 
PCR was done to confirm the results from the microarray analyses. According to the results of 

comparative microarray analyses there was one gene area that showed different results 

between different clinical isolates. Primers were designed and used to investigate if the 

microarray results were correct. By mixing 0.25 µl Thermoprime Plus DNA polymerase 

(ABgene) with 5 µl 10X Ready Mix PCR buffer (ABgene) 39.75 µl H2O, 1 µl dNTP and 1 µl 

of each primer the amplification was performed. For amplification of spr0113 the program 

was the following: 30 cycles of 30 seconds of denaturation, 30 seconds of annealing at 58 °C 

and 1.5 min of polymerase extension at 72°C. The program for spr0118 and spr0108 never 

worked properly.  
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Table 4 Primers to confirm microarray results 
Primer  Sequence 
Spr0113R CAT CTT GTA TAC CGC CTT CG 
Spr0113F AGC GGG ACT TTA TTC GCT TC 
Spr0118 ACT GCA GCT CCA GCT AAT GC 
Spr0108 TAA GCG GTG CAT TGG TTG GC 

4. Results 

4.1 Comparative genome hybridization 
To explore the genetic diversity of S. pneumoniae clinical isolates we used comparative 

genome hybridization microarray analysis. 18 clinical isolates of 8 different serotypes and 13 

sequence types (STs) were compared (Table 1). 

Hierarchical clustering of all 18 clinical isolates 

The results from the microarray analysis of the 18 isolates were hierarchically clustered by 

Genespring using average linking and Person’s correlation (Fig1). The results from the 

hierarchical clustering showed that isolates were clustered together both according to ST and 

serotype, but isolates of the same clonal cluster, according to multi locus sequence type, 

MLST, seemed to have a greater impact than the serotype. For example, the strain I61 and 

PJ1446, which both belonged to serotype 7F had different STs, but still belonged to the same 

clonal cluster were closer related than strain PJ1446 and SME571, even though these isolates 

had both the same serotype and ST. The same phenomenon was observed between PJ1324, 

SME427 and SME717. In contrast, PJ1272 and SME215 with the same ST but different 

serotype were more closely related to each other than SME215 and PJ1329 with the same ST 

and serotype. Over all, it seems that both serotype and ST are important for clustering of 

isolates of the same clade. Two different isolates could even though they had different STs be 

closely related and belong to the same clonal cluster, having a single differ in a single allele in 

the MLST pattern (Table 1). 
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14411A19F19F9V149V9V6B6B6B3147F7F7F4Serotype

7092056216216216215615683817617613818233071911911828247ST

14411A19F19F9V149V9V6B6B6B3147F7F7F4Serotype

7092056216216216215615683817617613818233071911911828247ST

 

Fig1: Hierarchical cluster of 18 clinical isolates.  
Each replicate is coloured according to clinical isolates and cluster together according to the gene content.  
Yellow indicates a high M value, the gene is present and blue indicates a low M-value, the gene is absent. 
Isolates with most genes in common are clustered together. Isolates seem to be related according to both 
serotype and ST.   
 
Comparison of clinical isolates of the same serotype and ST 

Figure 2 shows the result when two clinical isolates were compared with comparative genome 

hybridization. The analysis showed the difference in gene content between different genomes. 

SME427 and SME717 had many genes that differed between them even though they were of 

the same serotype (6B) and according to MLST they both belonged to ST 176. There were 

totally 35 genes that were divergent between SME427 and SME717. There were two gene 

clusters (sp0887-sp0891, spr0445-spr0450) that existed in SME427 but were absent in 

SME717. In addition, there seemed to be one cluster (spr1288-spr1299) of genes present in 

SME717, which was absent in SME427. Genes encoding ABC transporters and restriction 

enzymes were examples of genes that differed between the two isolates. However, many of 

the genes listed in Figure 2 are without a known function and classified as hypothetical. These 
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results confirm previously obtained data indicating that there are significant strain-to-strain 

genetic variations even among isolates belonging to same ST and serotype [18].  

 
Name Description SME427 SME717
sp0117. pneumococcal.surface.protein.A.
sp0268. alkaline.amylopullulanase.putative.
sp0277. hypothetical.protein.
sp0279. conserved.hypothetical.protein
sp0508. type.I.restriction.modification.system.S.subunit.
sp0641. serine.protease.subtilase.family.
sp0887. type.I.restriction.modification.system.S.subunit.putative.
sp0888. hypothetical.protein.
sp0889. hypothetical.protein.
sp0890. integrase/recombinase.phage.integrase.family.
sp0891. type.I.restriction.modification.system.S.subunit.putative.
sp1251. endonuclease.putative.
sp1436. hypothetical.protein
sp2120. hypothetical.protein.
spr0111 Hypothetical.protein
spr0324 transposase.g.truncation;.Transposase.uncharacterized.truncation
spr0445 hsds;.type.I.restriction.enzyme
spr0446 hsds;.Type.I.restriction.enzyme.EcoKI.specificity.protein.(S.protein)
spr0447 xerd;.Integrase/recombinase
spr0448 hsds;.Type.I.site.specific.deoxyribonuclease.chain.S
spr0449 hsdm;.EcoE.type.I.restriction.modification.enzyme.M.subunit
spr0450 hsdr;.EcoA.type.I.restriction.modification.enzyme.R.subunit
spr0553 Hypothetical.protein
spr0554 Conserved.hypothetical.protein
spr0703 Hypothetical.protein
spr1129 Hypothetical.protein
spr1130 Hypothetical.protein
spr1288 Hypothetical.protein
spr1289 abc.n/p;.ABC.transporter.ATP.binding/membrane.spanning.protein...unknown.substrate
spr1290 abc.n/p;.ABC.transporter.ATP.binding/membrane.spanning.protein...unknown.substrate
spr1291 Hypothetical.protein
spr1293 abc.nbd;.ABC.transporter.ATP.binding.protein...unknown.substrate
spr1299 is1381.truncation;.Degenerate.transposase.(orf1)
spr1585 Conserved.hypothetical.protein
spr1586 Conserved.hypothetical.protein   
Fig2. Gene differences between SME427 and SME717. The yellow colour indicates that a gene is present and 
blue that it is absent. Examples of genes that differ between the two strains are ABC transporters and restriction 
enzymes. However, many of the genes are without a known function and classified as hypothetical. 
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Comparison of clinical isolates of the same ST but different serotype   

There were only three genes (except for the capsular genes) that differed between PJ1272, 

PJ1329 and SME215. These isolates all belonged to the same clone, ST162, but to two 

serotypes, 9V and 19F (Fig3).  

 
Name Description PJ1272 PJ1329 SME215
sp0887. type.I.restriction.modification.system.S.subunit.putative.
spr0320 cps2l;.The.type.2.capsule.locus.of.Streptococcus.pneumoniae
spr0323 cpso;.dTDP.L.rhamnose.synthase   
Fig3 Gene differences between PJ1272, PJ1329 and SME215. Yellow indicates that the gene is present and 
dark blue that it is significantly absent. Light blue indicates that the gene is absent but the value is not 
statistically significant. All three isolates belonged to the same clone, have the same ST 162. PJ1329 and 
SME215 both belong to serotype 19F. PJ1272 is an invasive isolate like PJ1329, but is classified into serotype 
9V. SME215 on the other hand is a carrier isolate.  
 

SME215 and PJ1329 belong to the same clone (ST162) and have the same serotype (19F). 

There were only a small number of genes that differed when the genomes of these two 

isolates were compared, even though one of the isolates is invasive and the other a carrier 

isolate. This was also observed for PJ1446 and SME571 that belong to the same clonal cluster 

and serotype where one isolates is invasive and the other a carrier isolate. There were no 

significant differences between these two isolates. These results indicate that two strains could 

have similar gene content even if they have been isolated from different diseases and sites in 

the body. 
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Clinical isolates compared with TIGR4 and R6 

When analysing the gene differences between single clinical isolates and the combined 

genomes of R6 and TIGR4 with microarray analysis we found that between 65-289 genes 

were significantly absent in the clinical isolates (p<0.01) (Fig. 3). It seems that PJ1329 and 

SME571 were most similar to the reference strains, R6 and TIGR4, when genomic DNA was 

compared. Only genes that were present on the slide could be considered. I61, PJ1324, 

PJ1446 and RP2874 are those 4 clinical isolates that had the largest number of genes that 

were divergent to R6 and TIGR4 (Fig. 4). One explanation for this could be that they are more 

genetically unrelated and therefore could have a number of additional genes that are not 

represented on the slide. PJ1329 and SME571 on the other hand may be more genetically 

related to R6 and TIGR4 since they seem to have most genes in common with R6 and TIGR4. 

However, they may have many genes that are not present in the genomes of R6 and TIGR4 

and therefore not represented on the slide. 

  

Fig4 Number of significantly absent genes p<0.01 compared with R6 and TIGR4. All clinical isolates are 
coloured in one individual colour and marked with serotype on the top and ST below.
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Role category of absent genes in clinical isolates 
The percentage of absent genes belonging to a certain role category seemed to be similar in all 

18 strains. Most role categories of absent genes were present in all strains, for example protein 

synthesis, transport and binding proteins. Binding proteins may have surface function and 

could therefore be important for virulence. It could explain why they were absent compared 

with R6 and TIGR4 and thus probably more specific for each isolate. The biggest group of 

absent genes compared with R6 and TIGR4 were hypothetical genes. Also, genes for cell 

envelope and genes for transport and binding proteins were two major role categories of 

absent genes compared with the genomes of R6 and TIGR4. PJ1329 seemed to have all cell 

envelope genes that TIGR4 and R6 have, therefore that role category was absent. Genes that 

belong to certain role categories, for example genes for Purines, Purimidines, nucleosides and 

nucleotides are conserved genes and essential in all clinical isolates. Thus was that role 

category not identified as absent genes in any isolate, except for two isolates. According to the 

results from the microarray analysis genes of the role category Purines, Purimidines, 

nucleosides and nucleotides were present in all isolates except for two, PJ1462 and PJ1272 

that have absent genes in that role category (Fig5). This could be an effect of sequence 

variations or experimental error, such as inefficient hybridization.  
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Fig 5 Distribution of significant absent genes p<0.01. Each Role category of absent genes are coloured in 
individual colours. Y-axis marks for % absent genes and on x-axis 18 clinical isolates are shown. Some role 
categories for example viral proteins, biosynthesis of cofactors and amino acid synthesis were present at <4%. 
They are present in miscellaneous role category. 
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Correlation between carriage and invasive isolates 

There seemed to be no obvious pattern of genes (absent and present) in invasive isolates that 

were distinguishable from pattern of carrier isolates (Fig 6).  

 

Fig 6 Relationship of clinical isolates and their Invasiveness All clinical isolates are coloured in individual 
olour based on isolate. They are not clustered according to their ability to cause disease, invasiveness. Yellow 

I C I I I IC C C C
c
arrows indicate invasive isolate (I) and red arrows carrier isolate (C). Absent genes are coloured blue and present 
genes are coloured yellow. 
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ST and serotype impact on genetic variation 

When all clinical isolates were pair wise compared we found that isolates of the same ST 

were genetically similar. Same ST seemed to have larger impact than serotype. As previously 

shown we confirmed that isolates with the same ST and serotype could differ in gene content 

[19]. We found clinical isolates that had no or just a few significant variations in the genome. 

I61 of serotype 7F and ST 1828 had all genes in common with PJ1446 of the same serotype, 

7F, but of ST 191. On other hand, they differed only in one to of the seven house keeping 

genes (spi) and belonged to the same clonal cluster. PJ1324 compared with SME427 had only 

one gene that was significantly absent even though they belonged to the same serotype but 

different ST. They differed in two of the 7 house-keeping genes according to MLST and 

belonged to the same clonal cluster. I61 compared with SME571 had 3 genes that were 

significantly divergent. They had the same serotype, 7F, but different ST but belonged to the 

same clonal cluster (Fig 6). In these pair wise comparisons both the serotype and ST seemed 

to have impact on the genetic variation. The fact that two isolates have different ST does not 

have to affect the diversity since they may only differ in one of the 7 house keeping genes and 

still belong to same clonal cluster.  
ST 247 205 162 162 838 156 156 307 709 1823 62 176 176 138 162 191 191 1828
Serotype 4 4 19F 9V 9V 9V 14 14 14 3 11A 6B 6B 6B 6B 7F 7F 7F

ST Serotype Isolate R6/TIGR4 I207 PJ1319 SME215 PJ1272 I95 RP2543 RP2874 PJ1462 RP1956 PJ2231 PJ2287 SME427 SME717 PJ1324 PJ1329 SME571 PJ1446 I61
247 4 I207 116 0 61 94 79 105 99 103 89 76 110 105 95 120 100 52 59 123 118
205 4 PJ1319 178 0 81 91 93 93 97 77 75 86 69 101 121 110 52 55 114 111
162 19F SME215 183 0 8 30 28 28 68 89 80 58 85 93 98 5 66 112 105
162 9V PJ1272 238 0 31 32 38 78 108 90 68 94 110 108 16 73 122 118
838 9V I95 250 0 11 19 57 99 80 82 88 106 103 26 71 116 111
156 9V RP2543 270 0 16 64 99 80 81 88 108 102 30 75 111 111
156 14 RP2874 288 0 70 103 88 88 100 116 116 29 76 112 112
307 14 PJ1462 218 0 56 58 74 105 106 104 53 52 91 90
709 14 RP1956 177 0 85 78 103 117 115 75 70 107 107

1823 3 PJ2231 252 0 87 113 125 123 70 61 82 77
62 11A PJ2287 232 0 114 133 116 45 53 111 103

176 6B SME427 238 0 35 1 64 72 112 112
176 6B SME717 269 0 36 91 98 134 1
138 6B PJ1324 288 0 72 76 132 124
162 6B PJ1329 65 0 42 96
191 7F SME571 89 0 9
191 7F PJ1446 289 0 0

1828 7F I61 283 0

36

87
3

 
Fig 7 Table of number of genes that are divergent in pair wise comparison. In a contrast matrix all clinical 
isolates are compared with each other. All clinical isolates are coloured according to serotype and ST.
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Pili islet present in some clinical isolates  
A pili-like structure has in earlier studies been observed in Streptococcus pneumoniae, 

encoded by the rlrA pathogenicity islet. This islet is present in most pneumococcal clinical 

isolates. It has been observed in murine models that piliated clinical isolates were more 

virulent than mutants without the structure [10]. With microarray analysis, isolates that had all 

genes for the pili proteins present (sp0461-sp0468) were detected. In all isolates of serotype 

6B (PJ1324, SME427and SME717) all pili genes were present. Also, in one isolate of 

serotype 4 (I207) all pili genes were observed. Except for the gene sp0466 all genes coding 

for the pilus were observed in PJ1272, SME215, RP1554, RP2732, SME95, RP2543 and 

RP2874. There seems to be no correlation between serotype and pili and the origin of isolate. 

The pili have been pointed out as a virulence factor and could therefore be more frequently 

observed in invasive isolates than in carrier isolates. That was not the case according to results 

from microarray since pili were found both in invasive isolates as well as in carrier isolates. 

However, pili have been shown to influence colonization hence it might be important with pili 

in carrier isolates. The presence of pili seems to be correlated to clone family. Pili were found 

in isolates of ST176, ST156 and ST162.  

 
 

14411A19F19F9V149V9V6B6B6B3147F7F7F4Serotype

7092056216216216215615683817617613818233071911911828247ST

14411A19F19F9V149V9V6B6B6B3147F7F7F4Serotype

7092056216216216215615683817617613818233071911911828247ST

Fig8 Pili genes, sp0461-sp0468. Yellow indicates that the gene is present and blue that it is absent. All isolates 
are marked with different colours for each isolate. 
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Gene locus Sp1315-Sp1331, present in all clinical isolates with ST 162. 

The gene locus sp1315-sp1331 was present in 4 (PJ1272, SME215, PJ1329 and PJ2287) out 

of the 18 clinical isolates. PJ1272, SME215, PJ1329 all belong to ST 162. Both SME215 and 

PJ1320 are also of the same serotype, 19F. PJ2287 is of ST 62 and serotype 11A. All other 14 

clinical isolates had all genes absent except for RP1956 that had two genes present. Also I207 

had one gene present. 

 
Fig9: Gene area sp1315-sp1331 that according to microarray is present or absent. Yellow indicates that the 
gene is present and blue that the gene is absent (statistically significant). White indicates that there is no 
significant value. All clinical isolates are coloured with one individual colour. 

4.2 Capsular switch 
To be able to find out the size of the gene fragment that was changed during the capsular 

switch between serotype 9V and 14, genes around the capsular genes were sequenced. Several 

isolates of serotype 9V and 14 respectively were run on microarray. Our early preliminary 

results predicted that it was not only the capsular genes that were changed during the capsule 

switch between serotype 9V and 14 but also genes that surround capsular genes. To 

investigate the theory that more genes than the capsular genes were changed during the 

switch, sequencing of 10 genes around the capsular genes was performed. This was an 
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attempt to identify marker genes that differ between isolates of serotype 9V, 14 and 9V with a 

type 14 capsule. 

More genes further distant to the capsular region were also sequenced. In this gene region 

more distant to capsular genes, 5 of the 7 house keeping genes that are used for MLST are 

localised. The 2 remaining genes are localised in the region nearby the capsular genes. They 

are conserved genes and seem to be the same in all strains with the same ST.  

To find out the size of the gene fragment that was involved in the capsular switch between 

serotype 9V and 14, two strains, RP1554 and RP2543 belonging to serotype 9V and two 

strains of serotype 14, RP2732 and RP2874 were sequenced with 10 sets of primers. All 10 

primers were designed for genes that surrounded capsular genes. 

Sequencing around the capsular genes did not detect any differences between the sequence in 

the isolates of type 9V and 14, as was expected (data not shown). This could be explained by 

the fact that all these 10 genes were too conserved. To investigate if the transferred gene 

fragment might be larger than we first thought, further sequencing was done. One repeated 

area and PspA were sequenced. PspA seemed to be too diverse but the repeated region 

showed differences. The times the repeated area was repeated differed. Compared to TIGR4, 

RP2732 belonging to serotype 14 had three copies of the repeat, while RP1554 belonging to 

serotype 9V hade two deletions. SME95, SME215, RP2548, RP2039, RP2874, RP2039 and 

RP2612 had two copies of the repeated area compared with TIGR4. In total a fragment of 

750kb could have been transferred at the event of the capsular switch. 

4.3 Confirming microarray results  
According to the results from microarray analyses, a gene area (spr0111-spr0115) was present 

in all 9V isolates while these genes were absent in many but not all isolates of serotype 14, 

19F and 7F (Fig10). These results were confirmed with PCR where 18 isolates out of 21 

tested had corresponding results with PCR as with microarray analyses. (Table 6). The 

difference in results between microarray and PCR could be explained by the fact that the 

regions amplified in PCR do not cover the same regions as the oligonucleotide on the 

microarray slide. The primers were chosen to amplify the genes but in different areas than the 

oligonucleotide. The oligonucleotide could be present in the clinical isolate but the region for 

hybridisation with primer for PCR could be absent and vise versa. The reason could also be 

unspecific binding of the oligonucleotide, which could lead to the presence of a gene in 

microarray but absence of it in PCR analyses. 
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14411A19F19F9V149V9V6B6B6B3147F7F7F4Serotype

7092056216216216215615683817617613818233071911911828247ST

14411A19F19F9V149V9V6B6B6B3147F7F7F4Serotype

7092056216216216215615683817617613818233071911911828247ST

Fig10. Shows the presence or absence of spr0111-spr0115, according to microarray analyses. Yellow 
indicates that the gene is present, and blue that it is absent.  According to result from microarray RP2874, 
SME95, SME70, SME571, PJ1446, I61 and RP2732 misses all genes while PJ2231, SME717, PJ1456, PJ176, 
SME474, SME33, PJ116, PJ1344 and PJ1354 have all genes present.  
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Tabel 6:  PCR of CJ genes to confirm Microarray results, Primer pair spr0113 
Isolat Serotype PCR Microarray M value P value 
I207 4 + + -0,10702 1 

SME95 19F + - -3,08348 2,90E-09
SME33 19F + + 0.709145 1 
PJ2231 3 + + 0,937879 1 
PJ1446 7F + - -3,96296 2,17E-12

I95 9V + + 0,670529 1 
SME427 6B + + 0,29874 1 

I61 7F - - -3,57465 8,39E-11
SME717 6B + + 0,24158 1 
PJ1319 4 + + -0,93042 1 
SME70 19F - - -2,43937 1,04E-05
PJ1272 9V + + 0,059712 1 
SME474 14 - +   
SME337 14 + +   
PJ1456 9V + + -0,32262 1 
RP1554 9V + + 0,469663 1 
RP1956 14 + + 0,20758 1 
RP2543 9V + + 1,144464 1 
RP2732 14 - - -2,84635 5.03E-08
RP2874 14 - - -3,00434 8,12E-09
PJ176 14 + + 0,32313 1 

All clinical isolates except for SME474, PJ1446 and SME95 have consistent results between microarray and 
PCR. 

5. Discussion 
Further analysis will be done, both on clinical isolates already analysed with microarray and 

isolates that will be analysed with microarray further on. Those clinical isolates will be 

analysed and compared with already analysed clinical isolates. 

 

Oligonucleotides based on R6 and TIGR4 genome are arrayed on the glass. Originally the 

oligonucleotides were BLASTED only against open reading frames, ORFs. Total genomic 

DNA, also containing non-coding DNA, is used which could lead to cross hybridisation of 

noncoding DNA with oligonucleotides on the glass. This has to be considered during the 

analyses.  

With microarray, it is not possible to identify genes that are not present in R6 and T4. Those 

genes will never be observed since they are not present on our chip. Since there are lots of 

sources of error when working with microarray it is of big interest to optimise the method to 

minimise the errors. On the other hand, microarray is a screening method and if something 

interesting is found, further experiments with other molecular methods for example PCR, 

Western or Southern blot will be done. 
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The diversity is high among all clinical isolates tested, but over all the results indicate that 

both ST and serotype are of importance for clustering clinical isolate into the same clade. 

Therefore, comparative Genomic microarray analysis may be an excellent complementary 

method to MLST and serotyping to classify the isolates according to genetic content. Since 

there today are clinical isolates with the same ST and/or the same serotype that either are 

carrier or invasive isolates, microarray could be a good complement to contribute to a better 

classification of pneumococci and may facilitate the identification of genes that are important 

for the bacteria’s potential to be invasive.  

 

The diversity could be misinterpreted since the microarray slide is only based on two 

genomes.  Since only TIGR4 and R6 specific genes are spotted on the slide, all test strain 

specific genes will not be detected. This has probably affected the results of how many genes 

that are divergent in the pair wise comparison of all 18 clinical isolates. There are probably a 

lot more genes that are divergent between isolates than observed since all isolate specific 

genes are missed. As more pneumococcal genomes will be sequenced, more genes will be 

spotted and fewer genes will be missed.  Also, the results of role category will probably be of 

another significance when more genomes will be sequenced. But still the categories with a 

high percentage of absent genes, for example hypothetical genes, will probably be high.  

 

Genes for the pilus structure (sp0461-sp0468) were present in 10 clinical isolates out of 18 

analysed. The gene cluster present in all analysed isolates with serotype 9V, 6B and 19F and 

also in all isolates with ST156, ST162 and ST176 regardless if it was a carrier or invasive 

isolate, but not all invasive isolates had all genes present. Furthermore, the expression of the 

pilus like structure has to be analyzed, since we do not know if and when they are expressed. 

It might be that the pilus is important in carrier isolates to make them adhere to epithelial 

cells. To find out, it is possible to run expression analysis with microarray or run a Western or 

Northern blot.  

 

Since the gene area Sp1315-sp1331 only was present in clinical isolates of ST 162 and ST 61 

it could be of interest to run microarray analyses on more clinical isolates of ST162 and ST 61 

to see if they also contain the gene area. It could be of interest to see if this area is specific for 
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ST 162 and ST 62 or only ST 162. The area could be of interest to analyse further in order to 

identify the function of those genes and to find out if they have any function in invasiveness.  

 

Sequencing for marker genes of the capsule switch between 9V and 14 did not give any clear 

results. We found that a region of about 750kb could have been transferred in the same event. 

To find marker genes for the switch more sequencing, around the capsule and more distantly, 

needs to be done.  

 

To confirm microarray results in the future, it could be good to have two or more 

olgonucleotide per gene on the microarray slides. You could also confirm the results obtained 

by the microarray with PCR having designed primers both over the region where the 

oligonucleotide lies but also in a different region. This would give you much more reliable 

results. 
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