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SUMMARY

Phenotypic heterogeneity within disorders and phenotypic similarities across 

disorders are some of the main challenges in the current traditional classification 

of mental disorders, including schizophrenia spectrum disorders. This can be partly 

attributed to the absence of objective diagnostic criteria, and high comorbidity with 

other psychiatric and non-psychiatric diseases. This thesis aimed to dissect the 

phenotypic heterogeneity of schizophrenia spectrum disorders using data-driven 

approaches within the framework of the Genetic Risk and Outcome of Psychosis 

(GROUP) project, a naturalistic, longitudinal cohort study in the Dutch population. 

GROUP enables a comparison between patients with maximum susceptibility for 

schizophrenia spectrum disorders (N = 1,119), their unaffected siblings who share 

genetic and environmental risk factors with patients (N = 1,059), and control subjects 

who have baseline risk (N = 586). This thesis also aimed to investigate the role of 

sociodemographic and clinical risk factors along with cardiometabolic and genetic 

risk factors (as measured by polygenic risk score of schizophrenia (PRSSCZ), and 

type 2 diabetes (PRST2D)). Chapters 2 to 5 found that positive, negative and cognitive 

symptoms are highly heterogeneous, constituting up to six subtypes with variable 

trajectories over time. Additionally, several sociodemographic and clinical factors 

were associated with the course of these symptoms in participants. We found 

weak evidence that genetic risk influences symptom course. Chapter 6 showed 

that metabolic dysregulation, as measured by glycated hemoglobin (HbA1c), was 

associated with late age of illness onset in patients with schizophrenia.    

Chapter 2 (1) describes a systematic review of 34 cross-sectional and 19 longitudinal 

data-driven studies that assessed clusters and trajectories of positive, negative 

and cognitive symptoms in patients, siblings and healthy controls. I showed that 

cross-sectional studies reported two to five clusters and longitudinal studies 

reported two to six trajectories. Out of 58 factors studied, the most common 

identified factors associated with symptomatic clusters and/or trajectories included 

sociodemographic factors, such as male gender, older age, low educational status, 

and having a non-Caucasian ethnicity. Additionally, clinical factors, such as late age 

of illness onset, severe positive and negative symptoms, low cognitive function, 

having comorbid general psychopathology, presence of depressive symptoms, 

and experiencing poor premorbid and global functioning, and poor quality of life 

were found to be predictive of clusters and/or trajectories. Moreover, this review 
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highlighted methodological limitations across previous cluster- and trajectory-

based studies, including the lack of model validation, the use of different tools to 

assess similar symptom dimensions, lack of fit-to-purpose study design, insufficient 

data analyses and absence of guidelines to publish data-driven studies. The 

heterogeneity in the clinical course of symptoms and associated factors is evident 

despite the observed methodological limitations across studies. Defining symptoms 

subgroups and identifying their predictors might help to precisely allocate patients 

to one homogeneous group, which may help to predict their clinical and functional 

outcomes and response to interventions. Collectively, this knowledge may contribute 

to developing a model to predict disease risk or treatment outcome, and eventually 

to the implementation of personalized care.

Chapter 3 (under review) combined sub-phenotyping, polygenic risk scoring, and 

data-driven approaches for the first time to investigate the six-year clinical course of 

positive and negative symptoms, and identify underlying genetic and non-genetic 

factors in patients, unaffected siblings and healthy controls. This study found three 

trajectories of positive and negative symptoms in patients and controls, and four 

trajectories in siblings, characterized by stable, decreasing, increasing and relapsing 

longitudinal patterns. This study also showed evidence of an association between 

PRSSCZ and trajectories of positive and negative symptoms though attenuated after 

adjustment for confounders. As expected, poor premorbid adjustment, low health-

related quality of life, and severe positive and negative symptoms at baseline were 

strong predictors. Generally, I have shown that both positive and negative symptoms 

are equally heterogeneous, and they follow a comparable course over time. Besides, 

low levels of positive and negative symptoms are related to good cognitive function.

Chapter 4 (2) examined the heterogeneity and stability of general cognition in 

patients and unaffected siblings. Additionally, to investigate the amount of shared 

familial genetic and environmental risk, this study attempted to predict the cognitive 

subtypes of siblings by using subtypes of their affected probands. I identified five 

and four stable cognitive trajectories, spanned from severely impaired to high 

cognitive performance in patients and siblings, respectively. The cognitive trajectory 

of probands significantly predicted the cognitive trajectory of siblings. Furthermore, 

patients and siblings with cognitive deficits significantly differed from those without 

cognitive deficits in baseline IQ, education, premorbid functioning, and positive and 

negative symptoms. The stability and predictability in unaffected siblings suggest 
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that cognitive deficits can be a suitable endophenotype for schizophrenia and could 

be subjected into future genetic studies. 

Chapter 5 (3) investigated the relation between PRSSCZ and cognitive deficits in 

patients, unaffected siblings, healthy controls and all samples combined. Five 

cognitive subtypes with variable trajectories were observed in patients, four 

in siblings and controls, and six in all samples combined. Furthermore, PRSSCZ 

significantly predicted severe cognitive deficits in the combined sample. These 

findings indicated the heterogenic character of cognitive impairments that can be 

observed in the majority of participants. Besides, the result indicates that PRSSCZ can 

be used to disentangle the subtypes of cognitive deficits. These results support the 

premise that cognitive deficit is a suitable endophenotype for schizophrenia and 

strengthen the evidence found in Chapter 4. 

Chapter 6 (4) describes the association between PRSSCZ and HbA1c in patients with 

non-affective psychosis. I found no evidence for an association between high HbA1c 

level and increased PRSSCZ, indicating the genetic risk for schizophrenia appears to 

not influence the risk for metabolic disturbances. Nevertheless, late age of onset 

of first psychosis was associated with a high HbA1c level. These findings suggest 

the mechanisms of hyperglycemia or diabetes are at least partly independent from 

genetic predisposition to SCZ, rather it may be linked to PRST2D, late age of illness 

onset, male gender, increased body mass index, and high diastolic blood pressure.      

GENERAL DISCUSSION

Clinical course of schizophrenia

While positive and negative symptoms are recognized in the DSM-5 as the main 

symptoms of schizophrenia spectrum disorders, cognitive impairments are also 

pertinent manifestations of schizophrenia that lead to poor clinical and functional 

outcomes. Previous efforts to understand the development of cognitive deficits 

have brought a wide body of literature, however longitudinal studies are still lacking. 

In the last decade, only one study investigated the trajectory of cognitive deficit 

in patients, while 17 longitudinal studies have been conducted on positive and/or 

negative symptoms.(1) Moreover, previous studies on the long-term trajectories of 

positive and negative symptoms neither included healthy controls nor investigated 
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the whole spectrum of potential predictive factors of positive and negative 

symptoms trajectories. Recently emerging evidence showed the interrelatedness 

of positive, negative and cognitive symptoms. For example, while positive, negative 

and cognitive symptoms are distinct phenotypes (5), they are positively associated 

with each other (5-7) and follow an analogous course.(8) Likewise, Chapters 3 to 

5 showed a temporal relationship between these symptoms and several common 

identified risk factors suggesting a shared underlying pathophysiology. In unaffected 

siblings and control subjects, as Chapters 2 to 5 showed, subclinical forms of 

symptomatic trajectories also existed that can be attributed to shared and unique 

determinants with probands. This may elucidate the disease mechanisms before the 

disease onset and may be helpful to predict transition to psychosis in yet unaffected 

individuals. Bearing this in mind, the early recognition and treatment of subtle 

psychotic symptoms will improve outcomes, and may prevent development of 

schizophrenia.(9) Generally, the current knowledge gained from my thesis confirms 

the existence of trajectories both at the preclinical and clinical phase and can reveal 

the course of schizophrenia in patients and vulnerability in unaffected siblings and 

healthy controls.

Chapter 6 showed the existence of glycemic dysregulation in patients with 

schizophrenia spectrum disorders that was strongly predicted by late age of illness 

onset and at least partly linked to genetic liability. Similarly, previous studies have 

shown the occurrence of cardiometabolic risk factors, including hyperglycemia 

and cardiometabolic diseases in patients related to unique or shared risk factors.

(10) Mostly antipsychotics are held responsible for cardiometabolic alterations, while 

there is also evidence of a relation with negative and cognitive symptoms. Previous 

studies in patients with early-onset or chronic schizophrenia showed that severity of 

negative symptoms is associated with insulin resistance and increased triglyceride 

levels.(11,12) Moreover, approximately two-thirds of patients with schizophrenia 

spectrum disorders had physical diseases multimorbidity and the risk of mortality 

was further increased compared to those with no or a single physical illness.(13)  

Several genetic and non-genetic factors are implicated in the development of 

schizophrenia and its symptoms. Regarding non-genetic factors, Chapters 3 and 

4 showed that poor premorbid adjustment, low health-related quality of life, severe 

positive and negative symptoms, low educational status, and low IQ are among 

others related to long-term trajectories of positive, negative and cognitive symptoms. 
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This finding is in line with previous reports.(1) From the genetic perspective, 

contemporary evidence shows both schizophrenia and its symptoms are heritable 

(14-16), and their genetic association has been observed in cross-sectional studies. 

Of note, none of the previous studies in the last decade investigated the association 

of genetic susceptibility for schizophrenia (PRSSCZ) with symptom trajectories and 

yet, it is unknown to what extent this genetic susceptibility is shared. In response to 

this shortcoming, in Chapters 3 and 5 we investigated the role of PRSSCZ in six years 

trajectories of positive, negative and cognitive symptoms in patients, siblings and 

healthy controls. Chapter 3 showed for the first time PRSSCZ is linked with the baseline 

and six years clinical trajectories of positive and negative symptoms, though the 

evidence was not strong. This finding agrees with previous result from a population-

based cohort study.(17) In Chapter 5, PRSSCZ is strongly associated with long-term 

trajectories of severe cognitive impairments in all combined samples. This evidence 

at least partly shows the PRSSCZ constructed from samples mainly in academic 

research settings would be useful in actual clinical practice (18,19) to disentangle 

clinically relevant patient subtypes given that patients in the GROUP cohort are 

recruited from mental health care institutions and university medical centers. For 

common physical disorders, such as type 2 diabetes, coronary artery disease, and 

breast cancer, PRS scores have shown potential clinical utility. Hopefully, this will 

also apply for psychiatric disorders including schizophrenia as collaborative efforts 

continue and sample size grows. This way, PRSSCZ may identify a subset of individuals 

with poor clinical prognoses (20) and the use of PRS is essential though finding 

strong evidence is a big challenge. There are of course many unique challenges 

in translational psychiatry research, but the studies in this thesis provide support to 

use PRSs and endophenotypes in real clinical settings. Furthermore, compared to 

positive and negative symptoms, PRSSCZ showed a stronger yet modest connection 

with the development of cognitive deficits (Chapters 4 and 5). This implies that 

cognition may be more strongly predicted by genetic background than positive 

and negative symptoms. This is consistent with the notion that cognition is a highly 

heritable phenotype of schizophrenia. It has been suggested that endophenotypes, 

such as cognition, have a simpler genetic architecture than clinical syndromes and 

thus provide better signal-to-noise ratios and greater statistical power, which can be 

detectible in smaller sample sizes.(21) 
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FUTURE PERSPECTIVES

Many efforts, including the current thesis, have been devoted to understanding the 

pathophysiology of schizophrenia and its symptoms over time. However, the cause-

effect relationship and the pathway of the association of symptoms trajectories with 

each other as well as with functional outcomes in schizophrenia have not been utterly 

investigated. To elucidate the pathophysiology of schizophrenia, further research on 

the interrelatedness and distinctiveness of positive, negative and cognitive symptoms 

is needed.(6) It is also recommended to investigate the role of genetic and nongenetic 

factors (e.g., cardiometabolic disturbances) using network path analysis to unravel 

the intertwined pathophysiology of schizophrenia. Deep cognitive endophenotyping 

(e.g., attention, verbal learning, and memory subdomains) using data-driven methods 

may give additional insight into the heterogeneity of cognitive deficits. Unfortunately, 

the GROUP cohort used in this thesis, lacks data on inflammatory biomarkers and 

physical activity levels, and cardiometabolic data from siblings and controls. The 

cardiometabolic data from healthy siblings and controls could have a particular 

importance to understand pathophysiology of somatic comorbidities that occur 

before or concomitantly with schizophrenia.(22) Inflammation is also an important 

factor that plays a role in the bidirectional association between several physical 

illness and schizophrenia spectrum disorders.(22) Finally, further research on genes, 

molecules, cells, circuits and behavior level needs to be conducted simultaneously 

using big data from patients, their parents and siblings, and the general population.

The use of PRS, which is a measure of cumulative genetic susceptibility to symptoms 

or diseases, is one of the common genetic approaches in recent years to study 

biological and molecular mechanisms of developments of schizophrenia and its 

symptoms.(23) There are different methods to use PRSSCZ in statistical modeling in 

schizophrenia research. Typically in the original schizophrenia GWAS (16), up to 12 

PRSs could be constructed using several p-value thresholds and used separately 

to compare the explained variance and strength of associations with a particular 

phenotype. The other approach is performing principal component analysis on 

the resulting set of PRSs and using the first PRS principal component in statistical 

modeling.(24) Future gains from using the PRS approach may be greater if used 

for examining the association with schizophrenia symptoms, endophenotypes, 

biological substrates and metabolites in large multi-national consortia using system 

biological approaches.(25) This leads to identification of symptoms that have a 
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stronger genetic liability, provides an understanding of the underlying causal model 

specific for a clinical subtypes or symptom dimensions, and eventually may improve 

performance of risk prediction and efficacy of treatments.(18,23,26-28) Importantly, 

the PRSSCZ should also be cautiously implemented and interpreted given that there 

is evidence that PRSSCZ is also linked with ancestry, drop-out during follow-up, and 

several psychiatric and non-psychiatric conditions.(25,29,30)

In addition to PRS, endophenotypes are one of the relevant biological biomarkers in 

schizophrenia spectrum disorders.(31) Endophenotypes or intermediate phenotypes 

are stable and heritable quantitative neuropsychological or biological traits that 

are associated with the disorder, at least in part due to shared underlying genetic 

influences.(32) Endophenotype studies linearly connect different levels of biology – 

distinct genes code for proteins distinctly influencing brain structure, circuit function, 

cognitive and behavioral patterns, and ultimately risk for clinical diagnoses. However, 

endophenotype research has yet to deliver clinical innovation in psychiatry, while 

other areas of medicine have seen greater success in leveraging genetic insights 

into better treatments. Thus, endophenotype studies should continue from 

interdisciplinary domains to address knowledge gaps and to build endophenotype 

studies to their full potential and deliver clinically applicable insights.(21) More 

research is needed on the co-occurrence of endophenotypes within and among 

psychotic disorders, and the genetic link between schizophrenia spectrum disorders 

and several potential endophenotypes.(31) Besides, before using endophenotypes 

in clinical practice, it is recommended to evaluate the underlying assumptions of 

linearity and parsimony, validity, genetic complexity and neurodevelopmental 

context.(21)

Big data and data-driven methods in schizophrenia research

One of the major challenges of working in collaboration is the complexity of the 

data as big data emerges. Besides, the outcomes of data-driven models are heavily 

dependent on the structure of the input data.(33,34) Therefore, it is difficult to know 

how different identified subgroups relate to each other and which are the most 

relevant for clinical decision-making. Also, when applying data-driven methods, 

it needs to be considered that some classes may be unmanageably small or not 

well defined, some individuals may not belong to any class, and individuals in the 

same identified groups (latent class) may not be the same and equally respond to 

treatment.(35) Future efforts must move on with enriching data-driven methods by 
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developing richer clustering models, using a combination of model-fit statistics, and 

clearly defining research questions and interpreting results in a translatable way.

(33,35) Moreover, applying data-driven methods using a combination of data, such as 

symptom scores, polygenic risk scores, cardiometabolic parameters and functional 

measurements is warranted. This approach has shown to be successful to identify 

subtypes of major depressive disorder and providing clinically useful information.

(36) Furthermore, quantitative comparisons between different study cohorts and 

ensuring clinical validity are important. 

Patients with schizophrenia spectrum disorders may not clearly fall into discrete 

classes as presented in the DSM, rather, they may fall along a continuum of symptoms. 

Traditionally distinct disorders (e.g., schizophrenia, schizoaffective disorder and 

bipolar disorder with psychotic features) share common genetic susceptibility, 

neurobiological changes, clinical symptoms (i.e., positive, negative and cognitive 

symptoms), neuroimaging findings, and treatment regimens. In clinical practice, it 

is also common that patients with a similar diagnosis often have undergone patho-

physiologically distinct processes preceding disease onset and follow a different 

disease course. Consequently, misdiagnosis or misclassification of a patient can 

occur that may lead to suboptimal disease management and treatment efficacy or 

treatment non-responsiveness. This calls for a re-examination of disease diagnostic 

approaches and the need for big data at the molecular, cellular, tissue, and whole-

organism levels to understand the patho-physiologic processes of the disease and 

develop objective disease-specific diagnostic criteria.

The opportunities for using big data have grown enormously with improvements 

in our ability to measure biomarkers (i.e., clinical laboratory, genetic, proteomic, 

metabolomics measurements), collect high dimensional neuroimaging data, 

instrument patients with personal devices, and electronically store or preserve all 

these data. Additionally, invention of novel computational and statistical methods, 

policies for a secure free and rapid sharing of data and a shift in the research culture 

toward a consortium approach facilitates the utilization of big data.(37,38) As a result, 

the landscape of psychiatric research has taken a major turn in the last decade and 

the ability to explore heterogeneity and biological drivers of schizophrenia and other 

psychotic disorders increased to an extraordinary scale and power.(39) Hence, the 

molecular classification and objective diagnosis of schizophrenia spectrum disorders 

are closer to reality than in the past.
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Towards personalized psychiatry

All previous efforts shall hopefully continue to reach into a unified theoretical 

framework that accounts for the causal inference underlying the disease at cellular, 

endophenotypical, preclinical, and clinical levels. This may potentially surpass 

unitary diagnostic categories but could also allow coverage of comorbidities and 

the continuum of symptoms in conjunction with an understanding of fundamental 

biological processes. The thesis showed a continuum of positive, negative and 

cognitive symptoms across patients, siblings and healthy controls despite the 

difference in assessment instruments for positive and negative symptoms in healthy 

and diseased populations. The current efforts could also pave the way towards a 

paradigm shift, in which we can utilize evidence-based, multidisciplinary knowledge 

to diagnose and treat patients based on a truly personalized treatment plan.(37) 

Furthermore, it may help for optimizing the effectiveness and efficacy of currently 

available treatment, and the development of novel treatments and prevention 

strategies for schizophrenia spectrum disorders. Based on the idea of therapy as 

a process of change, continuous monitoring of the individual symptom course on 

different levels and dimensions could facilitate the consequential re-adjustment 

of therapeutic interventions. In this aspect, the current thesis shows the long-term 

clinical course of schizophrenia symptoms and at least partly contributes to further 

personalized care in schizophrenia spectrum disorders. Personalized psychiatry 

should not be restricted to individualized patient profiles and risk scores, allowing 

for the assignment of a specific therapeutic intervention, but should be extended to 

a rather dynamic understanding.

CONCLUSIONS 

This thesis showed that schizophrenia constitutes of two to six data-driven subgroups 

of symptom severity that are characterized by stable, increasing, decreasing and 

relapsing trajectories over time. These subgroups are distinguished by different 

sociodemographic, genetic, metabolic and clinical factors. In this thesis, the use 

of cognitive endophenotypes to identify subgroups of patients with schizophrenia 

spectrum disorders may advance precision psychiatry.(31) Data-driven methods can 

dissect schizophrenia spectrum disorders compiling all symptoms domains across 

healthy and affected populations, which may help to design targeted evidence-

based interventions. The identified subgroups may help to guide treatment selection 
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to improve treatment efficacy and to minimize costs and prevent unnecessary 

antipsychotic side effects, such as cardiometabolic dysfunction.(40) In addition, 

these findings may be useful in the design of future trials or the retroactive reanalysis 

of previous trials and may guide clinicians to better detect disease heterogeneity.(39) 

Moreover, in this era where there are no objective diagnostic criteria for schizophrenia, 

the use of data-driven methods for big data analysis is relevant and the evidence in 

this thesis may add insight to the accurate prediction and diagnosis of schizophrenia. 

Finally, the findings in my thesis may be a wake-up call for developing DSM-6 by 

characterizing disorders, not by categories, but based on a collection of symptoms 

along the continuum taken the course of the illness into account. 
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atgtctagatcaaagcaagaaatagcggataacatttcggccacatcccaggggagcaca
ctatttgtaaaacacccgccgagatatatagagcctcctatgagtagttatcacttatgg
cgatatccgcctcgcttgtggattgttaatttcgatgtggatacgacagtaacatatagt
ctgaacagatcaggttcgctgtgccgcactacacgggcattgcggcgccactgtctgttc
gctgattcactccccgtgtgtacgtatggtaatcattcgatagccactctcgggtgcaga
cgagttggcctcttaccgcatagtccaggcagctcttcgcacctcccacggaatgccatg
acgttaattttagatctctcgaaagctagcgccacagggcagggttcttggcgcatggcg
atgcgtaaactgggactggttggagcgctcgaacggctctctgacatgcttactggatgt
agtggcaaacgggcctgtctcgagcagtttccaagtaggcatggagggcaggtgcgacac
ttgaaccagatggacgtcctcgggtctgtgtggagaccagctgggcgaaccgcagggtct
gtattcgagttggttggattcatacggcagtggacattcacgggcaaagcgcatgctttt
aagcccattcaggtcgctactcgtaatgcggccgggggcaacggccgtagtccttgccaa
aagaggatccgcactttacgtgccaaacccccattcactgctcccatcagtgagaggtcc
gtgaggggaatcgaccgacctcgccagccgatggctaaaaaggcacaacccctatcttcc
ttcatagtactagttaacgttcgggtcgcttatactaatgctgatcatggactcgaaagg
ttatttagaagtacaaacttattgcagggcaacctttcctctttgctcagccccctatac
acatcgaacggacgctgtacagagacaatccgttgcacagatgaaagcgtagcgagtcca
tcgaaaccgagtgcagggctaaacatcagttggatccatgcaccgagcgtattgatgctc
atccgtaaattaggaaacgccaaacacaatctacagcgaccgaaaaaaaatcatagcggt
gaacaggggaatggaaggtgcccgactgctcgcattcgactccgcgcatcccatgaggcc
ggagaagcgtgtgcatatcacctaataatcactacaatgtctgggagtcacgattgcact
tgtgacaaattcactacgcgtgtgtaccagttaatgatgtacggtagcttcttccgcaag
accgtgacaagtgacagtaggtgtgcctcgctaaccggacggtcgccggttaatttgacc
gggaatctaactctgaatcgtgaacaatcgaaccttagggtgtacacgagcaccgctcaa
aacaacacatccatgccatctggtataccgcaggttaagatagttcgccgcgtatgggga
ttagatctcccctccacggattgtgtgtccgttcttggccgcagtgttactggtgtagca
cttttttaccagtctgtaggtcatgtacagacgatcccgtgcgcactataccgtcttctg
atcgcgctatgctctatgacaacctcgggtgctcccatcggcgcggagcggaaggacacg
tacaccccattcaaagtattgacggcagcggaaagtggtatattgatcggattctgggaa
ttgagccgaaaccacgagcgctttatatccactgggcgcttgacagctgaacatcgcatc
actattggctggataccgcgcctgtatcagacaggcgccgtgggaggaggtggatgctgt
gggttccgttgtcgttttcatgttttaatccccacttacgatctgatattcccggagcac
agtccgcgcttgattgctagattgtcaaaggacgttcatactgaatcctgcctcgccatg
ttctcgcttcttagtaatacagcgcttaaatttactttaggtgatctgtctgagccccgc

atgtctagatcaaagcaagaaatagcggataacatttcggccacatcccaggggagcaca
ctatttgtaaaacacccgccgagatatatagagcctcctatgagtagttatcacttatgg
cgatatccgcctcgcttgtggattgttaatttcgatgtggatacgacagtaacatatagt
ctgaacagatcaggttcgctgtgccgcactacacgggcattgcggcgccactgtctgttc
gctgattcactccccgtgtgtacgtatggtaatcattcgatagccactctcgggtgcaga
cgagttggcctcttaccgcatagtccaggcagctcttcgcacctcccacggaatgccatg
acgttaattttagatctctcgaaagctagcgccacagggcagggttcttggcgcatggcg
atgcgtaaactgggactggttggagcgctcgaacggctctctgacatgcttactggatgt
agtggcaaacgggcctgtctcgagcagtttccaagtaggcatggagggcaggtgcgacac
ttgaaccagatggacgtcctcgggtctgtgtggagaccagctgggcgaaccgcagggtct
gtattcgagttggttggattcatacggcagtggacattcacgggcaaagcgcatgctttt
aagcccattcaggtcgctactcgtaatgcggccgggggcaacggccgtagtccttgccaa
aagaggatccgcactttacgtgccaaacccccattcactgctcccatcagtgagaggtcc
gtgaggggaatcgaccgacctcgccagccgatggctaaaaaggcacaacccctatcttcc
ttcatagtactagttaacgttcgggtcgcttatactaatgctgatcatggactcgaaagg
ttatttagaagtacaaacttattgcagggcaacctttcctctttgctcagccccctatac
acatcgaacggacgctgtacagagacaatccgttgcacagatgaaagcgtagcgagtcca
tcgaaaccgagtgcagggctaaacatcagttggatccatgcaccgagcgtattgatgctc
atccgtaaattaggaaacgccaaacacaatctacagcgaccgaaaaaaaatcatagcggt
gaacaggggaatggaaggtgcccgactgctcgcattcgactccgcgcatcccatgaggcc
ggagaagcgtgtgcatatcacctaataatcactacaatgtctgggagtcacgattgcact
tgtgacaaattcactacgcgtgtgtaccagttaatgatgtacggtagcttcttccgcaag
accgtgacaagtgacagtaggtgtgcctcgctaaccggacggtcgccggttaatttgacc
gggaatctaactctgaatcgtgaacaatcgaaccttagggtgtacacgagcaccgctcaa
aacaacacatccatgccatctggtataccgcaggttaagatagttcgccgcgtatgggga
ttagatctcccctccacggattgtgtgtccgttcttggccgcagtgttactggtgtagca
cttttttaccagtctgtaggtcatgtacagacgatcccgtgcgcactataccgtcttctg
atcgcgctatgctctatgacaacctcgggtgctcccatcggcgcggagcggaaggacacg
tacaccccattcaaagtattgacggcagcggaaagtggtatattgatcggattctgggaa
ttgagccgaaaccacgagcgctttatatccactgggcgcttgacagctgaacatcgcatc
actattggctggataccgcgcctgtatcagacaggcgccgtgggaggaggtggatgctgt
gggttccgttgtcgttttcatgttttaatccccacttacgatctgatattcccggagcac
agtccgcgcttgattgctagattgtcaaaggacgttcatactgaatcctgcctcgccatg
ttctcgcttcttagtaatacagcgcttaaatttactttaggtgatctgtctgagccccgc

atgtctagatcaaagcaagaaatagcggataacatttcggccacatcccaggggagcaca
ctatttgtaaaacacccgccgagatatatagagcctcctatgagtagttatcacttatgg
cgatatccgcctcgcttgtggattgttaatttcgatgtggatacgacagtaacatatagt
ctgaacagatcaggttcgctgtgccgcactacacgggcattgcggcgccactgtctgttc
gctgattcactccccgtgtgtacgtatggtaatcattcgatagccactctcgggtgcaga
cgagttggcctcttaccgcatagtccaggcagctcttcgcacctcccacggaatgccatg
acgttaattttagatctctcgaaagctagcgccacagggcagggttcttggcgcatggcg
atgcgtaaactgggactggttggagcgctcgaacggctctctgacatgcttactggatgt
agtggcaaacgggcctgtctcgagcagtttccaagtaggcatggagggcaggtgcgacac
ttgaaccagatggacgtcctcgggtctgtgtggagaccagctgggcgaaccgcagggtct
gtattcgagttggttggattcatacggcagtggacattcacgggcaaagcgcatgctttt
aagcccattcaggtcgctactcgtaatgcggccgggggcaacggccgtagtccttgccaa
aagaggatccgcactttacgtgccaaacccccattcactgctcccatcagtgagaggtcc
gtgaggggaatcgaccgacctcgccagccgatggctaaaaaggcacaacccctatcttcc
ttcatagtactagttaacgttcgggtcgcttatactaatgctgatcatggactcgaaagg
ttatttagaagtacaaacttattgcagggcaacctttcctctttgctcagccccctatac
acatcgaacggacgctgtacagagacaatccgttgcacagatgaaagcgtagcgagtcca
tcgaaaccgagtgcagggctaaacatcagttggatccatgcaccgagcgtattgatgctc
atccgtaaattaggaaacgccaaacacaatctacagcgaccgaaaaaaaatcatagcggt
gaacaggggaatggaaggtgcccgactgctcgcattcgactccgcgcatcccatgaggcc
ggagaagcgtgtgcatatcacctaataatcactacaatgtctgggagtcacgattgcact
tgtgacaaattcactacgcgtgtgtaccagttaatgatgtacggtagcttcttccgcaag
accgtgacaagtgacagtaggtgtgcctcgctaaccggacggtcgccggttaatttgacc
gggaatctaactctgaatcgtgaacaatcgaaccttagggtgtacacgagcaccgctcaa
aacaacacatccatgccatctggtataccgcaggttaagatagttcgccgcgtatgggga
ttagatctcccctccacggattgtgtgtccgttcttggccgcagtgttactggtgtagca
cttttttaccagtctgtaggtcatgtacagacgatcccgtgcgcactataccgtcttctg
atcgcgctatgctctatgacaacctcgggtgctcccatcggcgcggagcggaaggacacg
tacaccccattcaaagtattgacggcagcggaaagtggtatattgatcggattctgggaa
ttgagccgaaaccacgagcgctttatatccactgggcgcttgacagctgaacatcgcatc
actattggctggataccgcgcctgtatcagacaggcgccgtgggaggaggtggatgctgt
gggttccgttgtcgttttcatgttttaatccccacttacgatctgatattcccggagcac
agtccgcgcttgattgctagattgtcaaaggacgttcatactgaatcctgcctcgccatg
ttctcgcttcttagtaatacagcgcttaaatttactttaggtgatctgtctgagccccgc
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