
Metagenomic sequencing in clinical virology: advances in
pathogen detection and future prospects
Carbo, E.C.

Citation
Carbo, E. C. (2023, May 17). Metagenomic sequencing in clinical virology:
advances in pathogen detection and future prospects. Retrieved from
https://hdl.handle.net/1887/3618319
 
Version: Publisher's Version

License:
Licence agreement concerning inclusion of doctoral
thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/3618319
 
Note: To cite this publication please use the final published version (if
applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3618319


219List of Publications / Publicaties

List of Publications / Publicaties 

1. Glen R. Monroe, Gerardus W. Frederix, Sanne M.C. Savelberg, Tamar I. de Vries, 
Karen J. Duran, Jasper J. van der Smagt, P.A. Terhal, Peter M. van Hasselt, 
Hester Y. Kroes, Nanda M. Verhoeven-Duif, Ies J. Nijman, Ellen C. Carbo, Koen 
L. van Gassen, Nine V.A.M. Knoers, Anke M. Hövels, Mieke M. van Haelst, Gepke 
Visser, Gijs van Haaften. Effectiveness of whole-exome sequencing and costs 
of the traditional diagnostic trajectory in children with intellectual disability. 
Genetics in medicine: official journal of the American College of Medical 
Genetics. 2016. Sep;18(9):949-56. 
DOI: 10.1038/gim.2015.200.

2. Iris M. de Lange, Marco J. Koudijs, Ruben van ‘t Slot, Boudewijn Gunning, 
Anja C.M. Sonsma, Lisette J.J.M van Gemert, Flip Mulder, Ellen C. Carbo, 
Marjan J.A. van Kempen, Nienke E. Verbeek, Ies J. Nijman, Robert F. Ernst, 
Sanne M.C.Savelberg, Nine V.A.M., Knoers, Eva H. Brilstra, Bobby P.C. 
Koeleman. Mosaicism of de novo pathogenic SCN1A variants in epilepsy is 
afrequent phenomenon that correlates with variable phenotypes. Epilepsia. 
2018. Vol. 59, issue 3. 
DOI: 10.1111/epi.14021.

3. Marielle E. Van Gijn, Isabella Ceccherini, Yael Shinar, Ellen C. 
Carbo, Mariska Slofstra, Juan I. Arostegui, Guillaume Sarrabay, Dorota 
Rowczenio, Ebun Omoyımn, Banu Balci-Peynircioglu, Hal M. Hoffman, Florian 
Milhavet, Morris A. Swertz, Isabelle Touitou. New workflow for classification 
of genetic variants’ pathogenicity applied to hereditary recurrent fevers 
by the International Study Group for Systemic Autoinflammatory Diseases 
(INSAID). Journal of Medical Genetics. 2018. 2018;55:530–537. 
DOI: 10.1136/jmedgenet-2017-105216

4. Iris M. de Lange, Marco J. Koudijs, Ruben van ‘t Slot, Anja C. M. Sonsma, Flip 
Mulder, Ellen C. Carbo, Marjan J.A. van Kempen, Isaac J. Nijman, Robert F. 
Ernst, Sanne M.C. Savelberg, Nine V.A.M. Knoers, Eva H. Brilstra, Bobby P.C. 
Koeleman. Assessment of parental mosaicism in SCN1A-related epilepsy by 
single-molecule molecular inversion probes and next-generation sequencing. 
Journal of Medical Genetics. 2019. 2019;56:75-80. 
DOI: 10.1136/jmedgenet-2018-105672



220 Addendum

5. Benjamin Kant, Ellen C. Carbo, Iris Kokmeijer, Jelske J.M. Oosterman, 
Joost Frenkel, Morris A. Swertz, Johannes K. Ploos van Amstel, Juan I. 
Aróstegui, Marco J. Koudijs, Mariëlle E. van Gijn. Gene Mosaicism Screening 
Using Single-Molecule Molecular Inversion Probes in Routine Diagnostics for 
Systemic Autoinflammatory Diseases. The Journal of Molecular Diagnostics. 
2019. Vol. 21, No. 6.  
DOI: 10.1016/j.jmoldx.2019.06.009

6. Anneloes L. van Rijn, Sander van Boheemen, Igor Sidorov, Ellen C. Carbo, 
Nikos Pappas, Hailiang Mei, Mariet Feltkamp, Marianne Aanerud, Per Bakke, 
Eric C. J. Claas, Tomas M. Eagan, Pieter S. Hiemstra, Aloys C. M. Kroes, Jutte J. 
C. de Vries. The respiratory virome and exacerbations in patients with chronic 
obstructive pulmonary disease. PLoS ONE. 2019. 14(10): e0223952.  
DOI: 10.1371/journal.pone.0223952

7. Sander van Boheemen, Anneloes L. van Rijn, Nikos Pappas, Ellen C. Carbo, 
Ruben H.P. Vorderman, Igor Sidorov, Peter J. van `t Hof, Hailiang Mei, Eric 
C.J. Claas, Aloys C.M. Kroes, Jutte J.C. de Vries. Retrospective Validation of a 
Metagenomic Sequencing Protocol for Combined Detection of RNA and DNA 
Viruses Using Respiratory Samples from Pediatric Patients. The Journal of 
Molecular Diagnostics. 2020. Vol. 22, No. 2. 
DOI: 10.1016/j.jmoldx.2019.10.007

8. Ellen C. Carbo, Emilie P. Buddingh, Evita Karelioti, Igor A. Sidorov, Mariet C.W. 
Feltkamp, Peter A. von dem Borne, Jan J.G.M. Verschuuren, Aloys C.M. Kroes, 
Eric C.J. Claas, Jutte J.C. de Vries. Improved diagnosis of viral encephalitis in 
adult and pediatric hematological patients using viral metagenomics. Journal 
of Clinical Virology. 2020. Vol.130, 104566. 
DOI: 10.1016/j.jcv.2020.104566.



221List of Publications / Publicaties

9. Tehmina Bharucha, Clarissa Oeser, Francois Balloux, Julianne R. Brown, Ellen 
C. Carbo, Andre Charlett, Prof. Charles Y. Chiu, Eric C. J. Claas, Marcus C. de 
Goffau, Jutte J. C. de Vries, Prof. Marc Eloit, Susan Hopkins, Jim F. Huggett, 
Duncan MacCannell, Sofia Morfopoulou, Prof. Avindra Nath, Denise M. 
O’Sullivan, Lauren B. Reoma, Liam P. Shaw, Igor Sidorov, Patricia J. Simner, Le 
Van Tan, Prof Emma C. Thomson, Lucy van Dorp, Michael R. Wilson, Prof. Judith 
Breuer, Nigel Field. STROBE-metagenomics: a STROBE extension statement to 
guide the reporting of metagenomics studies. The Lancet Infectious Diseases. 
2020. Vol. 20, Issue 10, E251-E260. 
DOI: 10.1016/S1473-3099(20)30199-7

10. Ellen C. Carbo, Igor A. Sidorov, Jessica C. Zevenhoven-Dobbe, Eric J. Snijder, 
Eric C. Claas, Jeroen F.J. Laros, Louis C.M. Kroes, Jutte J.C. de Vries. Coronavirus 
discovery by metagenomic sequencing: a tool for pandemic preparedness. 
Journal of Clinical Virolology. 2020. Vol. 131, 104594. 
DOI: 10.1016/j.jcv.2020.104594.

11. Jutte J.C. de Vries, Julianne R. Brown, Natacha Couto, Martin Beer, Philippe 
Le Mercier, Igor Sidorov, Anna Papa, Nicole Fischer, Bas B. Oude Munnink, 
Christophe Rodriquez, Maryam Zaheri, Arzu Sayiner, Mario Hönemann, Alba 
Pérez-Cataluña, Ellen C. Carbo, Claudia Bachofen, Jakub Kubacki, Dennis 
Schmitz, Katerina Tsioka, Sébastien Matamoros, Dirk Höper, Marta Hernandez, 
Elisabeth Puchhammer-Stöckl, Aitana Lebrand, Michael Huber, Peter 
Simmonds, Eric C.J. Claas, F. Xavier López-Labrador. Recommendations for the 
introduction of metagenomic next-generation sequencing in clinical virology, 
part II: bioinformatic analysis and reporting, Journal of Clinical Virology. 2021.
Vol. 138, 104812, ISSN 1386-6532. 
DOI: 10.1016/j.jcv.2021.104812.

12. Alhena Reyes, Ellen C. Carbo, Johan S. van Harinxma thoe Slooten, Margriet 
E.M. Kraakman, Igor A. Sidorov, Eric C.J. Claas, Aloys C.M. Kroes, Leo G. Visser, 
Jutte J.C. de Vries. Viral metagenomic sequencing in a cohort of international 
travellers returning with febrile illness. Journal of Clinical Virology. 2021. 
Volume 143, 104940. 
DOI: 10.1016/j.jcv.2021.104940.



222 Addendum

13. Ellen C. Carbo, Ivar Blankenspoor, Jelle J. Goeman, Aloys C.M. Kroes, Eric C.J. 
Claas, Jutte J.C. de Vries. Viral metagenomic sequencing in the diagnosis of 
meningoencephalitis: a review of technical advances and diagnostic yield. 
Expert Review of Molecular Diagnostics. 2021. 21:11, 1139-1146.  
DOI: 10.1080/14737159.2021.1985467.

14. Ellen C. Carbo, Anne Russcher, Margriet E.M. Kraakman, Caroline S. de 
Brouwer, Igor A. Sidorov, Mariet C.W. Feltkamp, Aloys C.M. Kroes, Eric C.J. 
Claas, Jutte J.C. de Vries. Longitudinal Monitoring of DNA Viral Loads in 
Transplant Patients Using Quantitative Metagenomic Next-Generation 
Sequencing. Pathogens. 2022. 11, 236.  
DOI: 10.3390/pathogens11020236

15. Ellen C. Carbo, Igor A. Sidorov, Anneloes L. van Rijn-Klink, Nikos Pappas, 
Sander van Boheemen, Hailang Mei, Pieter S. Hiemstra, Tomas M. Eagan, 
Eric C.J. Claas, Aloys C.M. Kroes, Jutte J.C. de Vries. Performance of Five 
Metagenomic Classifiers for Virus Pathogen Detection Using Respiratory 
Samples from a Clinical Cohort. Pathogens. 2022. 11, 340.  
DOI: 10.3390/pathogens11030340

16. Ellen C. Carbo, Kees Mourik, Stefan A. Boers, Bas Oude Munnink, David 
Nieuwenhuijse, Marcel Jonges, Matthijs R.A. Welkers, Sebastien Matamoros, 
Joost van Harinxma thoe Slooten, Margriet Kraakman, Evita Karelioti, David 
van der Meer, Karin Ellen Veldkamp, Aloys C.M. Kroes, Igor A. Sidorov, Jutte J.C. 
de Vries. A comparison of five Illumina, Ion torrent, and nanopore sequencing 
technology-based approaches for whole genome sequencing of SARS-CoV-2. 
European Journal of Clinical Microbiol Infectious Diseases. 2023.  
DOI: 10.1007/s10096-023-04590-0



223Curriculum Vitae

Curriculum Vitae 

Ellen Carbo was born in Utrecht, the Netherlands, on February 26th, 1982. She 
finished her secondary education at the ‘Niels Stensen College’ in 2001, after which 
she went to the Technical University of Eindhoven to study Architecture and Civil 
Engineering. After first pursuing a career in the field of building engineering, she 
decided to change direction and started an undergraduate study of ‘Life Sciences’ 
at the Hogeschool Utrecht. During her Bachelor studies she completed two intern-
ships: one at the Department of Clinical Genetics at the University Medical Center 
Utrecht (UMCU), sequencing a novel breast cancer mutation gene, and one at the 
Department of Human Genetics at UMCU, working on next-generation sequencing 
(NGS) of ion channel genes in epilepsy patients. In 2013 she obtained her Bachelor 
degree in ‘Biomolecular Research’, after which she was hired at the place of her first 
internship at the UMCU to work on next-generation sequencing at the Department 
of Clinical Genetics. 

While working at the Department of Clinical Genetics at the UMCU, she was eager 
to continue studying, so she started a part-time postgraduate study in bio statistics 
and epidemiology at the University of Amsterdam. Meanwhile, she focused her 
efforts on NGS data analysis (‘dry lab’), instead of laboratory work (‘wet lab’), and she 
gained experience in bioinformatics. For her postgraduate internship she combined 
her interest in genetics with her biostatistics and epidemiology study and worked 
on complex trait analysis. This research was performed on a large cohort of ALS 
patients at the UMCU Department of Neurogenetics, all while still working for the 
Department of Clinical Genetics at both the ‘wet’ and ‘dry’ laboratory. She obtained 
her Master of Science degree in 2016, after which she started working on a PhD 
project on auto inflammatory diseases for the Departments of Clinical Genetics at 
both the UMCU and the UMCG in Groningen.  

To focus again on her original preferred subjects of NGS and bioinformatics, 
in 2018 she switched to a PhD project on viral metagenomic sequencing at the 
Department of Medical Microbiology at the Leiden University Medical Center (LUMC). 
Previously ignorant about the world of microbiology or viruses, besides occasionally 
experiencing annoying infections herself, she decided to dive into this new field 
and new adventure. She found out that she loved to unravel the nucleotides of all 
species, from viruses as well as bacteria, and from cucumber to her own human 



224 Addendum

genome (that she analyzed herself in 2020). During her PhD she worked on improving 
the laboratory and bioinformatics protocols of viral metagenomics and on the clinical 
application of this novel approach. 

Ellen is also the coordinator of the Dutch special interest group of bioinformatics 
in medical microbiology, as a part of the Dutch Society of Medical Microbiology. This 
group was created to form an expertise network to improve the bioinformatics within 
the field, and for this group she organizes symposia, online meetings, and develops 
courses for experts at a national level. Recently, she started at the Department of 
Medical Microbiology & Infection Prevention at the Amsterdam University Medical 
Centers and began her training as a medical molecular microbiologist. In this role, 
she will continue to work in both the ‘wet’ and ‘dry’ laboratory to support patient 
care. 





T CACTCGGC
GTCCGTGTTGC

C A CAGTTTGCCTGTTCG GACG TGC TAGTAGAAGTTGAA
TTT TGCC CAA AGCAGAACTCGAAGG

C GTACGGTCGTAG ACGGTAATAAAGGAGTGGCCATAGTTACG C ACTAAACATAGCAGTTTACCC GTGAACTCATG GTGCATTAAAGACCTT
GC ACGTGCTGGTAAAGC ATGAAA T TGCTTGGTA
GGAACGTTCTGAAAAG A TTTGTA T TTCCCTTA A T T
CCA T A ATCAAGACTAT T C AAATGAATGCAACCAAATGTGCCTTT C A ACTCTCATG CTGAGA ATTTGACTAAAGA
AGG TGCCACT AC TTGTGG TCTTGCCGAATACCA TAAT GAA T C TGGC T TGAA CGTA G T TGCCTATTGGGTT ACGTGC TAG CGCTAACA T ACC AT AGGTG GAAAGTCAACATCAATA T TG TTGG TGACTTTAA GAAGA TCG CCA TGGATTATAAAGCATTC A AAC A AAT T GTTGAA T T GT G TAATT AAAGTT CAAA AG CC TTATGCA
TTTGC A T CAGAGGCT G C GT GTT CGA ATT T TCC CG TA AA T ACTA ATGG
AATT TCACAGTATT C GAGACT CATTGA G C TATGA GTT CA GTGTT GTT T T A
CTTCGCAGTGGCT A ACATCTTT GGCACTGTTT A T GAAAAA C C GTTTCTTAGA A
TGGGAAATTGTTAA T T T A T CTCAACCTGTGC TTGTGAAAT C GG T C AGACATTCTTTAAGC TTGT

A AA TT TGG T TG GCTGACT ATCATTATTG GAGC T CTCAAAGGGA CA AA
TGT T AAA AGAGA AACTGGC CT ACTCAT GCCTC A AAA GC T C AC AAGTGTTA AC AG A

T T T C T G A TGGTGAT TTACAACCAT T AGAAC A A C TACTAGTG CC TA CGGGCT ATG CTCG
A T C A A AAAAGTACTG T GCCCTTGCACCT A A T A TGAT GGT A A C C T C AG TTAC TTG TGAC

C TGT GA GTTA C A AGAG GTGA A T A TCA C T T TT G A A G T T GA T CCTAT C G G
ACAGAA G T A CGCC TG T TG GGCAGA T GCTG T CAT A A A A A C AC C G T A T C T G A T GATTT G AT AG
GGC T ACAT A ACTT T TGATGAGTCT GGTG A T TTAAAT TGGC T T CAC A T G T T C T TT C T A C C A AGAAGG T G A TG
A A G A GTT T A GC C ATCAACTCAATATGAGTATGGTACT GAAGATGA TTACC A A A C T T T GGAA T T T CTT CAACCTGAA A AGAG
GAA G AAGAT T GGT TAGATGA T GAT A GTCA A CAAAC TG GGT C AACAAGA C G T GAG G A C A A T C A C AT T TG GAGGTT C A CCT A
A G A G A T GG T TAC CCA T T G T T C AGA C T ATT G A A G G A A T AGT T T TAG T T T AA A C T T A C C A ATGT ATA AAT C GACA G GG G G
C T A AA A AGG T A A C AACA G TGGT GT T A A TGC A GCC AATGT T T ACC T A G G G T G T T G C GGAGCC T TAA A T A TACTAA C ATGCC TG A T
G A TC T G A TG TAGCTACTAAT G G ACCAC T AAAG T GGGTGG T T T T T A A G CGGAC A C T CT TGCTAAACACT CTTCAT G TTGTCGG CCAA G T
T A A CAAAG A T TCAACT TCTTAAG AGT CTTAT GAAAAT T T G CA C G A A G T TC T AC T T CACCAT TAT TATCA GCTG TAT T TTT GGTG C A CT

ACAT C T T T TGTGTAGA T ACTGT T C G C ACAAA T G T C T AC T C TGA TAAA T CTC TATGAC A A ACTTGTTTCAAGCT T T GGAAA AG
A A A A G AG A A AAAA TCGC TGA GATTCC T A AAGA GAAGT TA C GA TAAAC C T T CAG TTGAACAGAGAAAACA G ATGA T A A GA A AAT

CA A G G T TGAAGAAG T ACAACAACTC TGGAAGAAAC TAAGT TCCT T T T TATA T T GAC A T T AATG ATCTT CAGAT T C T G CACT A C ATT G ACA T CACTTTCT T A AAG A A AGATGCT C CATATA A T G T C A AGAG GG T GTTT TAACTG G TGGT TAC TA T A A A
G C AC TG T G C T AGC A A A G CTT GAGAAAAGT G C AA C A A T CTTAC C CGGG T CAG GGTTTA A TGGTTACAC TA G G C

AAA TGT A AAA G T G CCTT T TACA T T C TA C CA TCT A T C AAGAAAT T C T TGGA A CTGTTTCT TGGAATT CGAGAAA T GC
AGA C ACG CAAAT T ATGCCTGTCTG GTGGAAACT TACAGC G T AAATAT AAGGGTA AAAATACAAGAGGGTGT

A TTTTACT T T TACACC AGTAAA ACAAC TGT A TTAACG ATC T A AAT G AAACT C TGTTA CAATGCC CTTGG A
TAAATTTGGAA A AGCTGCT CGG T ATATGAGAT C GTTTCT GTT T C T TCACCTG CTGT AGCGTA TAA T GGT T

T TCTAAA A CACC TGAAG A A CATT T TAT TGAAACCA A AAGATT G GTCCTATTCTG ATC TACACAACTAGGTATA
A GGT A T A AAAGTGTATATTACACTAGT A ATCC T AAGTTA TCACCTTTGAC TAAGACACT T CTT TTT
CT T AGGTGTTTA AACAGT AGACAAC ATT AA TGTCAATGACATA GG GT TGGT AAC TATTT T A A AAT A AAACCTCATAATT ACATGAAG T AATGATGACACTCT A GGCTTT GAGTACTAC

TCTGGGTAGG T ACATG TCA CAT T AA A CAC AGTTAATGGTT TTAAATGGGCAGATAA
C A T TGT T AAC A CTCCAACAAATA A A ATG TTA TAC GCTGGTGAAGCTGCTA

CCTA T G TAATAAGACAGTA TAC TTGT TTAGATTCTTGCAAA
TGT GG A CAGCA A C A T CAA TTAAGAAAGG
ACAAGC A A A CAAC ACCTT TTG ATGTCA CT T AAGCATGG G C ACT A T TAACT T C T AACTTTGT ACT TACAAAG

A CAGT TA A CC TAA TTAC T A T TACAGAAATACAGAGC TGATCTT AA CAAC
T AACTGG T ACC T G AG GCT

AAGGA C TA A T A T T TT
A CC T AGT GA A TCAAA TCGTTTG A GT AC
T CTA TACCATACAG A A AG C G CTTGAG GT

AAA ACAC G A TAA T G G T AT GA C
T A A A T GGT TG TGTT A T C C T ATA
AC AGT T AC G G T ACT AAT T A G CCTT T A T TTAT TGCT TTGTG

T TAA C TAT AGCAAA ACTGTTAAG TGTCGGTA ATTTT G T T AGAGGC T T TAATT
G ATAAA T TA TAT TAA G TT GCCT GG TCT T TAATC ACTCA GCTTTAG GTTTTAA
GTACTGGT T CAG GAA TCTA C TAATGT CAC A T G AA CT GTA G T AT CCTT TAGTGTT

CACCT T CCTTCT AAC AAATTACCAT T TCAT TT T A ATGGGAT CT T T G G CTTAGTTGCAGAG G
AGGTT T T C TA T GTAC T T GGAT GCAATCA TGC A TTG T T TATT T ACATTT T ATTAGTAATTCTTGGC

C TTGTACAAA T G C CCGATTTCAGCT ATGT A C C C A T T T T G TA GGAAAA TTATGT GCATGTT
T AC TTG T A T G A TGTTAC ACG TAG AGAG G T G T G A T GTTAG AG G TCCTT T TAT
AG TTGCA AC T ACA A TT AT T AA ATA C CTG TGA GAAG TTGCGA GAG
GACC AATA A ATCCT ACT G AG T TTC ATCGT AGTGT GAAGAA T G TTTACT T ATAAAGCT
CA TTCTCTC C TCAT T T T G T AA C TAG ACCTGAG CTAA AA C A G G T T G AT G T T T GATGGT

GC A AATCAGC T T A TAC CAGCT ATGTG TCAACC A CTG T TA CAG T T T G A T G T TG T GA
T TGCT TAC G A T A GTT CATCAA C TTTAACG T ACC GGAAAA A CAAAACA AGAAGCTGA
C T C T T ATCTA T T T ATTT CAGCTCG AGGGTT TG A TC GA GT AGAAA TGT TTA
A A G T TAC TGG C GATAGT T GTAAT T A T T GCTC C TATAA GTTGA CAT GACA C C ACCT G G TTG A TT TGT
GCG C AGG T AG AA AGTCACAA AT ATGGA ACG A T TT GTC TT ACA ACT C AAAACAAATA TAGT
CTT ACC T T T T A T GA CATG TGCAACT TAGAC T T AAAGA CTT AAGG GGT AAAATTGT AA AAT
TTAAA T TACA T GTTCCTTTTTGT GCTGCT A T T T T A TCA GTC TGT C TAAA TGAC TTTCAAGTGA
CTAT GAT G T G TCA C TCG GAC AG ATCT A A T CT T TAA TGC ATT T TG GGTTTAGCCAGCGTG
GAC GC T TG CCAT T TTG TCATAACAAG AGTG TCG T GCCTGGC G A TATTACGC CAACTAA T

TCTTA C T A G GT T T T GTGCAG AACATCT G T CACC A A A G C GACTT T G CAACATCAGCTTGTGTT T T
AATTTTTAAAG A TGCT TCTGG T AAGC A C CATATTG T AATGT A GGT CT TAT AA A GTTTACGCC C TGACA

T C ATGG G CTCTATT ATTC CCTAA CCTAC G G TAG AGT A C T G T T GTA C T GTAGGCAGAAGC G T T T T GTAT GGTA G GGT TTA T T A T TACA TC T T ACC G TGTG GTAGATGC
TATG ACCA AT T GGT GGA CA ATCAG ATA GTA T GTGGTAT TAGCT A T CGTAGTAA CATGCC
GGT AGC TG TCAT TT GCCT T T T T ACTATT TA G TC ATT ACTGT ACTCT TTTAACACCTT TGACATTTTAT C TTAC A A T TTC TA CACAT CAG ATGGTTATGT TCA

ATC TCCAC A A G ATTTCTATTG T T T T ACC A G A G TAG TCTTTAAT GGT
GCAC AA AA A A T GT TC T T T T A T A C TTACGCA ATATAA T AGAT TTAG
AGTG TACAACTAGC CAG G T G T G T G T TCTC T C TCAATG ACT TCAG T AACTCAGGTT
ACC CAGCTG TT C A G T TAG G G A T CC TCTGG AAA TTGAGGGTTGTA T GGTACAA

GATG AGTTT A CTG CAAGA A T TC T G C C T AAG C GCT A C CCT AATTAT GAAGA
G C ATGTTCAAC CAG G TA T G ACA TT ATG CAAAATT T TA TTAAGCTTA GGTTGATA

GGA CAG C T T TCAGTG T CT TGT TGG TCACC TC GTGTT TAC ATGTGC
GGTAG GGTTT TA TAGATTAT G A C TGTGTCTCTT TTGTTACA GCA TAT G
TGGACCTTTT GTTG AC G CA AC AGC C AAG CAGCTGGT GGACACAACTA CAG

G G T GGTTTCTCAAT C G A TTAC AACTC TTA A TT ACCT T G TGGCTA GA
TCTGCT AA CTGG AAT A G ATAT T TG C TCAT A AAAGAATTACTG
ATTTA CACC TTT GATG G T A A G C T C GGTGTT A C TT AAAGT GCAG
CACTTTT GTTTTAGT C CAG G AC CAAT G T C T T G T C TTTTTTTTGTATGA
ATGTTT CAAACAT AAGCA GCA C CT TT T T T T G T TACCTTCTCTTG

ATGAC GTTGGATA T GGT T ATA CTAGT TTG T C T GGTTTTA AGC AAAAGACT
G TATG G G T G CTA GAGAG T G GACACTT A T AA GTC TTG CA C TCGTTT

T CTTCTAACTAC TCAGGT GT GTTAC AACTGTCATGTTT T TGGC CAGAG
CCC GTGTATA ATGCTAGT T T T TGTT T CT T AGGCTATT TT T CTTGTTAC

TACT GA C TTAGTTTCTACACAGG AGTTTAGATATA TGAAT TCACA CTACTCCC
ACTC AAT AAACC TTG TATCAAAGTAGCCACTGT ACAGTCT AAAT TGTAAAG
TGCA AGA AATT G TGG TCAA TGTGTCCAGT T A C A CAATG CATT CTA AAGA

TG CAC CTG GGTGCTG AC ATAAACAAGCTTTGTGAA AAATGCT AGGGC
GTTT TCC TCA C TGCTCAAG GCTTA TGAGCAGGCTGTTGCT AATGGTGA G T T
TGAA GC TGA TTG CATGCAA GTTG A A AGATGG C T GATCAAGCTAT

AGAG AA TTACTA TGCT G TTCAC TGGA T G ACTCAAC
CCT ACA ATACC TTAC GCA T G T A TAA AAAAT AC
TTG GGAAA TCCAAC GTT ATGCA AA TTA AATT AC

A G AGGGCCAATTCTGCTG TCA CAGAA CGA CAGA GTGCTGCC
GACA GCGTTAGCTT A CTAC ACACA AGGGA CCGATT TA T TGAAA
TGGTA CTATCTA TACAG AACT G AACC TTGT CC AAAGT
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TT TAGC T TA GACTTAGT T TAAGGAATT ACT CTGACCCTGCTA T T C T A T T C A TAAA CGCACAGTAGCTGCACT ACTAACA A T G TTGCTTTTCAAA GGTAATTTTAA C C T GTGT TA A GGT T TC T T TCTGTTGAATTA A CACTTCT T CTTTGCTCAGGAT TCAGCGA C TACCAACA A T G T G T G A TAT
TTTGTAG TTGAAG TTGATAAGTACTTTGATTG A T C C T GAC A A A T C AGCTG G T T T
T T GG G T A G GCT AGACTTTAT T ATGATTCAA T A T G T C T C C T A C T ATAAC T C
T TA GT A T GCC A TTAGTGCAAAGAATAGAGCTCGCAC T T T C A T C A AA A A T T AT G AAAGCCA AGAGGAGCTAC T GTAGTAATTGGAACAAGCA A TG A G T A G A AAACCCT C CGGATTATCCTAA ATGTG A TAGAGCCATGCCTAACATG A T A CAACGTG T T G T AGCTTGTCGATTAGCTAA TGA GTGT GCTCAAGTATTGAGTGAAAT C GGAAC ATCA G GAGATGCCAC A
AATAGTGTTTT T AA C ATTTGTCAAGCTGTCACGGCCAAT GTT TGC A AGT ATGT CCGC TTA C A
TTATGAGTGTCTCTATAGAAATAGAGATGTTGA CACAGACTT A T T CAAT GATGATACT GACGTGTGTTTCA A T AGCAC TATGCATCTCAAGGT TGGCT A A AT T T T T A T G T GCAACTGAGACTG CCTTACTAAAGGACCTCATGA TCT GTA T T TAC T CCCCTAGGGGCCGGCTGTTTTGTAGATGATATCG T A C
A CAGGAGTATGCTGATGT C TTTCATTTGTAC GT

CACTTCAAGGTATTGGGAACCTGAGTT T TATG C TT T
TGGTGCTTGCATACGTAGACCATTCT TGTT GT C T
AGGTTGTGATGTCACAGATGTGACT CTTTA GTT T

TTTG GTTTATATAAAAATACATGTGT AGCGATAC GACTCAAGCT TTGCAG ACG
TTAC TCATGGGAA GGTA A C CCTT AAG ACTAT TGAT

We do not follow maps to buried treasure, 

and “X” never, ever marks the spot. 

Indiana Jones,  Indiana Jones and the Last Crusade, 1989




