
70 
 

DAFTAR PUSTAKA 

Alangaden, G.J., Kreiswirth, B.N., Aouad, A., Khetarpal, M., Igno, F.R., 
Moghazeh, S.L., Manavathu, E.K., dan Lerner, S.A. 1998. Mechanism of 
resistance to amikacin and kanamycin in Mycobacterium tuberculosis. 
Antimicrobial agents and chemotherapy 42(5), 1295–7. 
http://www.ncbi.nlm.nih.gov/pubmed/9593173. [diakses 27 Okt 2018]. 

Albanna, A.S., Reed, M.B., Kotar, K. V., Fallow, A., McIntosh, F.A., Behr, M.A., 
dan Menzies, D. 2011. Reduced Transmissibility of East African Indian 
Strains of Mycobacterium tuberculosis. PLoS ONE 6(9), e25075. 
http://www.ncbi.nlm.nih.gov/pubmed/21949856. [diakses 23 Okt 2018]. 

Alexander, K.A., Laver, P.N., Michel, A.L., Williams, M., van Helden, P.D., 
Warren, R.M., dan Gey van Pittius, N.C. 2010. Novel Mycobacterium 
tuberculosis complex pathogen, M. mungi. Emerging infectious diseases 
16(8), 1296–9. http://www.ncbi.nlm.nih.gov/pubmed/20678329. [diakses 4 
Des 2018]. 

Ali, A., Hasan, Z., McNerney, R., Mallard, K., Hill-Cawthorne, G., Coll, F., Nair, 
M., Pain, A., Clark, T.G., dan Hasan, R. 2015. Whole Genome Sequencing 
Based Characterization of Extensively Drug-Resistant Mycobacterium 
tuberculosis Isolates from Pakistan. PLOS ONE 10(2), e0117771. 
http://dx.plos.org/10.1371/journal.pone.0117771. [diakses 27 Jul 2018]. 

Almeida Da Silva, P.E., dan Palomino, J.C. 2011. Molecular basis and mechanisms 
of drug resistance in Mycobacterium tuberculosis: classical and new drugs. 
Journal of Antimicrobial Chemotherapy 66(7), 1417–1430. 
http://www.ncbi.nlm.nih.gov/pubmed/21558086. [diakses 21 Okt 2018]. 

Altschul, S.F., Gish, W., Miller, W., Myers, E.W., dan Lipman, D.J. 1990. Basic 
local alignment search tool. Journal of molecular biology. 

Aubry, A., Pan, X.S., Fisher, L.M., Jarlier, V., dan Cambau, E. 2004. 
Mycobacterium tuberculosis DNA gyrase: interaction with quinolones and 
correlation with antimycobacterial drug activity. Antimicrobial agents and 
chemotherapy 48(4), 1281–8. 
http://www.ncbi.nlm.nih.gov/pubmed/15047530. [diakses 28 Okt 2018]. 

Baker, M. 2012. De novo genome assembly: what every biologist should know. 
Nature Methods 9(4), 333–337. http://www.nature.com/articles/nmeth.1935. 
[diakses 1 Des 2018]. 

Banerjee, A., Dubnau, E., Quemard, A., Balasubramanian, V., Um, K.S., Wilson, 
T., Collins, D., de Lisle, G., dan Jacobs, W.R. 1994. inhA, a gene encoding a 
target for isoniazid and ethionamide in Mycobacterium tuberculosis. Science 
(New York, N.Y.) 263(5144), 227–30. 
http://www.ncbi.nlm.nih.gov/pubmed/8284673. [diakses 22 Okt 2018]. 

Bankevich, A., Nurk, S., Antipov, D., Gurevich, A.A., Dvorkin, M., Kulikov, A.S., 
Lesin, V.M., Nikolenko, S.I., Pham, S., Prjibelski, A.D., Pyshkin, A. V., 
Sirotkin, A. V., Vyahhi, N., Tesler, G., Alekseyev, M.A., dan Pevzner, P.A. 



71 
 

2012. SPAdes: A New Genome Assembly Algorithm and Its Applications to 
Single-Cell Sequencing. Journal of Computational Biology 19(5), 455–477. 
http://www.ncbi.nlm.nih.gov/pubmed/22506599. [diakses 28 Okt 2018]. 

BARBU, E., LEE, K.Y., dan WAHL, R. 1956. [Content of purine and pyrimidine 
base in desoxyribonucleic acid of bacteria]. Annales de l’Institut Pasteur 91(2), 
212–24. http://www.ncbi.nlm.nih.gov/pubmed/13363015. [diakses 26 Nov 
2018]. 

Beckert, P., Hillemann, D., Kohl, T.A., Kalinowski, J., Richter, E., Niemann, S., 
dan Feuerriegel, S. 2012. rplC T460C identified as a dominant mutation in 
linezolid-resistant Mycobacterium tuberculosis strains. Antimicrobial agents 
and chemotherapy 56(5), 2743–5. 
http://www.ncbi.nlm.nih.gov/pubmed/22371899. [diakses 27 Jul 2018]. 

Biomatters Limited 2018. Geneious - Molecular Biology and NGS Analysis 
Tools.Biomatters Ltd. https://www.geneious.com/geneious/. [diakses 20 Okt 
2018]. 

Böttger, E.C., Springer, B., Pletschette, M., dan Sander, P. 1998. Fitness of 
antibiotic-resistant microorganisms and compensatory mutations. Nature 
Medicine 4(12), 1343–1344. http://www.nature.com/articles/nm1298_1343. 
[diakses 5 Des 2018]. 

Brossier, F., Sougakoff, W., Bernard, C., Petrou, M., Adeyema, K., Pham, A., Amy 
de la Breteque, D., Vallet, M., Jarlier, V., Sola, C., dan Veziris, N. 2015. 
Molecular Analysis of the embCAB Locus and embR Gene Involved in 
Ethambutol Resistance in Clinical Isolates of Mycobacterium tuberculosis in 
France. Antimicrobial agents and chemotherapy 59(8), 4800–8. 
http://www.ncbi.nlm.nih.gov/pubmed/26033726. [diakses 30 Nov 2018]. 

Brown, A.C., Bryant, J.M., Einer-Jensen, K., Holdstock, J., Houniet, D.T., Chan, 
J.Z.M., Depledge, D.P., Nikolayevskyy, V., Broda, A., Stone, M.J., 
Christiansen, M.T., Williams, R., McAndrew, M.B., Tutill, H., Brown, J., 
Melzer, M., Rosmarin, C., McHugh, T.D., Shorten, R.J., Drobniewski, F., 
Speight, G., dan Breuer, J. 2015. Rapid Whole-Genome Sequencing of 
Mycobacterium tuberculosis Isolates Directly from Clinical Samples. Journal 
of clinical microbiology 53(7), 2230–7. 
http://www.ncbi.nlm.nih.gov/pubmed/25972414. [diakses 1 Des 2018]. 

Bryant, J.M., Schürch, A.C., van Deutekom, H., Harris, S.R., de Beer, J.L., de Jager, 
V., Kremer, K., van Hijum, S.A.F.T., Siezen, R.J., Borgdorff, M., Bentley, 
S.D., Parkhill, J., dan van Soolingen, D. 2013. Inferring patient to patient 
transmission of Mycobacterium tuberculosisfrom whole genome sequencing 
data. BMC Infectious Diseases 13(1), 110. 
http://bmcinfectdis.biomedcentral.com/articles/10.1186/1471-2334-13-110. 
[diakses 27 Agu 2018]. 

Casali, N., Broda, A., Harris, S.R., Parkhill, J., Brown, T., dan Drobniewski, F. 
2016. Whole Genome Sequence Analysis of a Large Isoniazid-Resistant 
Tuberculosis Outbreak in London: A Retrospective Observational Study. 
PLoS medicine 13(10), e1002137. 
http://www.ncbi.nlm.nih.gov/pubmed/27701423. [diakses 1 Des 2018]. 



72 
 

Casali, N., Nikolayevskyy, V., Balabanova, Y., Harris, S.R., Ignatyeva, O., 
Kontsevaya, I., Corander, J., Bryant, J., Parkhill, J., Nejentsev, S., Horstmann, 
R.D., Brown, T., dan Drobniewski, F. 2014. Evolution and transmission of 
drug-resistant tuberculosis in a Russian population. Nature Genetics 46(3), 
279–286. http://www.nature.com/articles/ng.2878. [diakses 1 Des 2018]. 

Caws, M., Duy, P.M., Tho, D.Q., Lan, N.T.N., Hoa, D.V., dan Farrar, J. 2006. 
Mutations prevalent among rifampin- and isoniazid-resistant Mycobacterium 
tuberculosis isolates from a hospital in Vietnam. Journal of clinical 
microbiology 44(7), 2333–7. 
http://www.ncbi.nlm.nih.gov/pubmed/16825345. [diakses 22 Okt 2018]. 

Chaidir, L., Ruesen, C., Dutilh, B.E., Ganiem, A.R., Andryani, A., Apriani, L., 
Huynen, M.A., Ruslami, R., Hill, P.C., Crevel, R. van, dan Alisjahbana, B. 
2018. Use of whole genome sequencing to predict Mycobacterium 
tuberculosis drug resistance in Indonesia. Journal of Global Antimicrobial 
Resistance. 
https://www.sciencedirect.com/science/article/pii/S2213716518301656?via%
3Dihub. [diakses 21 Okt 2018]. 

Chen, X., Wang, B., Yang, W., Kong, F., Li, C., Sun, Z., Jelfs, P., dan Gilbert, G.L. 
2014. Rolling circle amplification for direct detection of rpoB gene mutations 
in Mycobacterium tuberculosis isolates from clinical specimens. Journal of 
clinical microbiology 52(5), 1540–8. 
http://www.ncbi.nlm.nih.gov/pubmed/24574296. [diakses 16 Des 2018]. 

Cheng, A.F.B., Yew, W.W., Chan, E.W.C., Chin, M.L., Hui, M.M.M., dan Chan, 
R.C.Y. 2004. Multiplex PCR amplimer conformation analysis for rapid 
detection of gyrA mutations in fluoroquinolone-resistant Mycobacterium 
tuberculosis clinical isolates. Antimicrobial agents and chemotherapy 48(2), 
596–601. http://www.ncbi.nlm.nih.gov/pubmed/14742214. [diakses 28 Okt 
2018]. 

Chien, J.Y., Chiu, W.Y., Chien, S.T., Chiang, C.J., Yu, C.J., dan Hsueh, P.R. 2016. 
Mutations in gyrA and gyrB among Fluoroquinolone- and Multidrug-Resistant 
Mycobacterium tuberculosis Isolates. Antimicrobial agents and chemotherapy 
60(4), 2090–6. http://www.ncbi.nlm.nih.gov/pubmed/26787695. [diakses 1 
Des 2018]. 

Cirillo, D.M., Cabibbe, A.M., De Filippo, M.R., Trovato, A., Simonetti, T., 
Rossolini, G.M., dan Tortoli, E. 2016. Use of WGS in Mycobacterium 
tuberculosis routine diagnosis. International Journal of Mycobacteriology 5, 
S252–S253. 
https://www.sciencedirect.com/science/article/pii/S2212553116301911?via%
3Dihub. [diakses 27 Jul 2018]. 

CNR-MyRMA 2017. Résumé du rapport d ’ activité pour l ’ année 2007 Septembre 
2008. Paris: . 

Cole, S.T., Brosch, R., Parkhill, J., Garnier, T., Churcher, C., Harris, D., Gordon, 
S. V., Eiglmeier, K., Gas, S., Barry, C.E., Tekaia, F., Badcock, K., Basham, 
D., Brown, D., Chillingworth, T., Connor, R., Davies, R., Devlin, K., Feltwell, 
T., Gentles, S., Hamlin, N., Holroyd, S., Hornsby, T., Jagels, K., Krogh, A., 



73 
 

McLean, J., Moule, S., Murphy, L., Oliver, K., Osborne, J., Quail, M.A., 
Rajandream, M.A., Rogers, J., Rutter, S., Seeger, K., Skelton, J., Squares, R., 
Squares, S., Sulston, J.E., Taylor, K., Whitehead, S., dan Barrell, B.G. 1998. 
Deciphering the biology of Mycobacterium tuberculosis from the complete 
genome sequence. Nature 393(6685), 537–544. 
http://www.nature.com/articles/31159. [diakses 27 Jul 2018]. 

Comas, I., Coscolla, M., Luo, T., Borrell, S., Holt, K.E., Kato-Maeda, M., Parkhill, 
J., Malla, B., Berg, S., Thwaites, G., Yeboah-Manu, D., Bothamley, G., Mei, 
J., Wei, L., Bentley, S., Harris, S.R., Niemann, S., Diel, R., Aseffa, A., Gao, 
Q., Young, D., dan Gagneux, S. 2013. Out-of-Africa migration and Neolithic 
coexpansion of Mycobacterium tuberculosis with modern humans. Nature 
Genetics 45(10), 1176–1182. 
http://www.ncbi.nlm.nih.gov/pubmed/23995134. [diakses 23 Okt 2018]. 

Croftton, J., dan Mitchison, D.A. 1948. Streptomycin resistance in pulmonary 
tuberculosis. British medical journal 2(4588), 1009–15. 
http://www.ncbi.nlm.nih.gov/pubmed/18100441. [diakses 27 Okt 2018]. 

Denkinger, C.M., Pai, M., dan Dowdy, D.W. 2014. Do we need to detect isoniazid 
resistance in addition to rifampicin resistance in diagnostic tests for 
tuberculosis? PloS one 9(1), e84197. 
http://www.ncbi.nlm.nih.gov/pubmed/24404155. [diakses 4 Des 2018]. 

Dewey, F.E., Grove, M.E., Pan, C., Goldstein, B. a, Bernstein, J. a, Chaib, H., 
Merker, J.D., Goldfeder, R.L., Enns, G.M., David, S.P., Pakdaman, N., 
Ormond, K.E., Caleshu, C., Kingham, K., Klein, T.E., Whirl-Carrillo, M., 
Sakamoto, K., Wheeler, M.T., Butte, A.J., Ford, J.M., Boxer, L., Ioannidis, 
J.P.A., Yeung, A.C., Altman, R.B., Assimes, T.L., Snyder, M., Ashley, E.A., 
dan Quertermous, T. 2014. Clinical Interpretation and Implications of Whole-
Genome Sequencing. JAMA 311(10), 1035–1045. 
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2014.1717. 

Dheda, K., Gumbo, T., Maartens, G., Dooley, K.E., McNerney, R., Murray, M., 
Furin, J., Nardell, E.A., London, L., Lessem, E., Theron, G., van Helden, P., 
Niemann, S., Merker, M., Dowdy, D., Van Rie, A., Siu, G.K.H., Pasipanodya, 
J.G., Rodrigues, C., Clark, T.G., Sirgel, F.A., Esmail, A., Lin, H.H., Atre, S.R., 
Schaaf, H.S., Chang, K.C., Lange, C., Nahid, P., Udwadia, Z.F., Horsburgh, 
C.R., Churchyard, G.J., Menzies, D., Hesseling, A.C., Nuermberger, E., 
McIlleron, H., Fennelly, K.P., Goemaere, E., Jaramillo, E., Low, M., Jara, 
C.M., Padayatchi, N., dan Warren, R.M. 2017. The epidemiology, 
pathogenesis, transmission, diagnosis, and management of multidrug-
resistant, extensively drug-resistant, and incurable tuberculosis. The Lancet 
Respiratory Medicine 5(4), 291–360. 
http://www.ncbi.nlm.nih.gov/pubmed/28344011. [diakses 28 Okt 2018]. 

Dippenaar, A., Parsons, S.D.C., Sampson, S.L., van der Merwe, R.G., Drewe, J.A., 
Abdallah, A.M., Siame, K.K., Gey van Pittius, N.C., van Helden, P.D., Pain, 
A., dan Warren, R.M. 2015. Whole genome sequence analysis of 
Mycobacterium suricattae. Tuberculosis 95(6), 682–688. 
https://www.sciencedirect.com/science/article/pii/S1472979215301712. 
[diakses 21 Jul 2018]. 



74 
 

Dookie, N., Rambaran, S., Padayatchi, N., Mahomed, S., dan Naidoo, K. 2018. 
Evolution of drug resistance in Mycobacterium tuberculosis: a review on the 
molecular determinants of resistance and implications for personalized care. 
Journal of Antimicrobial Chemotherapy 73(5), 1138–1151. 
https://academic.oup.com/jac/article/73/5/1138/4817621. [diakses 27 Sep 
2018]. 

Edison, E. 2016. Hubungan Tipe Strain Mycobacterium tuberculosis dan Riwayat 
Minum Obat Dengan Pola Resistensi Pada Penderita Tuberkulosis Paru di 
Sumatera Barat. Universitas Andalas. 

Eldholm, V., Norheim, G., von der Lippe, B., Kinander, W., Dahle, U.R., Caugant, 
D.A., Mannsåker, T., Mengshoel, A.T., Dyrhol-Riise, A.M., dan Balloux, F. 
2014. Evolution of extensively drug-resistant Mycobacterium tuberculosis 
from a susceptible ancestor in a single patient. Genome biology 15(11), 490. 
http://www.ncbi.nlm.nih.gov/pubmed/25418686. [diakses 30 Nov 2018]. 

Eybpoosh, S., Haghdoost, A.A., Mostafavi, E., Bahrampour, A., Azadmanesh, K., 
dan Zolala, F. 2017. Molecular epidemiology of infectious diseases. Electronic 
physician 9(8), 5149–5158. http://www.ncbi.nlm.nih.gov/pubmed/28979755. 
[diakses 26 Agu 2018]. 

Fàbrega, A., Madurga, S., Giralt, E., dan Vila, J. 2009. Mechanism of action of and 
resistance to quinolones. Microbial Biotechnology 2(1), 40–61. 
http://www.ncbi.nlm.nih.gov/pubmed/21261881. [diakses 28 Okt 2018]. 

Farhat, M.R., Jacobson, K.R., Franke, M.F., Kaur, D., Sloutsky, A., Mitnick, C.D., 
dan Murray, M. 2016. Gyrase Mutations Are Associated with Variable Levels 
of Fluoroquinolone Resistance in Mycobacterium tuberculosis. Journal of 
clinical microbiology 54(3), 727–33. 
http://www.ncbi.nlm.nih.gov/pubmed/26763957. [diakses 1 Des 2018]. 

Fenner, L., Egger, M., Bodmer, T., Altpeter, E., Zwahlen, M., Jaton, K., Pfyffer, 
G.E., Borrell, S., Dubuis, O., Bruderer, T., Siegrist, H.H., Furrer, H., Calmy, 
A., Fehr, J., Stalder, J.M., Ninet, B., Böttger, E.C., Gagneux, S., dan Group,  
for the S.H.C.S. and the S.M.E. of T.S. 2012. Effect of Mutation and Genetic 
Background on Drug Resistance in Mycobacterium tuberculosis. 
Antimicrobial Agents and Chemotherapy 56(6), 3047–3053. 
http://www.ncbi.nlm.nih.gov/pubmed/22470121. [diakses 4 Des 2018]. 

Finken, M., Kirschner, P., Meier, A., Wrede, A., dan Böttger, E.C. 1993. Molecular 
basis of streptomycin resistance in Mycobacterium tuberculosis: alterations of 
the ribosomal protein S12 gene and point mutations within a functional 16S 
ribosomal RNA pseudoknot. Molecular microbiology 9(6), 1239–46. 
http://www.ncbi.nlm.nih.gov/pubmed/7934937. [diakses 27 Okt 2018]. 

Fitzgerald, D.W., Sterling, T.R., dan Haas, D.W. 2015. Mycobacterium 
tuberculosis. In: Bennett, J.E., Dolin, R., dan Blaser, M.J. (Editor). Mandell, 
Douglas, and Bennett’s Principles and Practice of Infectious Diseases. 
Philadelphia, PA: Saunders, hal. 2787–2818.e5. 

Fivian-Hughes, A.S., Houghton, J., dan Davis, E.O. 2012. Mycobacterium 
tuberculosis thymidylate synthase gene thyX is essential and potentially 



75 
 

bifunctional, while thyA deletion confers resistance to p-aminosalicylic acid. 
Microbiology (Reading, England) 158(Pt 2), 308–18. 
http://www.ncbi.nlm.nih.gov/pubmed/22034487. [diakses 1 Des 2018]. 

Ford, C.B., Shah, R.R., Maeda, M.K., Gagneux, S., Murray, M.B., Cohen, T., 
Johnston, J.C., Gardy, J., Lipsitch, M., dan Fortune, S.M. 2013. 
Mycobacterium tuberculosis mutation rate estimates from different lineages 
predict substantial differences in the emergence of drug-resistant tuberculosis. 
Nature genetics 45(7), 784–90. 
http://www.ncbi.nlm.nih.gov/pubmed/23749189. [diakses 21 Okt 2018]. 

Franklin, R.E., dan Gosling, R.G. 1953. Molecular configuration in sodium 
thymonucleate. Nature 171, 740–741. 
http://www.nature.com/doifinder/10.1038/171740a0. [diakses 18 Okt 2018]. 

Gagneux, S. 2009. Fitness cost of drug resistance inMycobacterium tuberculosis. 
Clinical Microbiology and Infection 15, 66–68. 
https://www.sciencedirect.com/science/article/pii/S1198743X14604195. 
[diakses 5 Des 2018]. 

Gagneux, S., Long, C.D., Small, P.M., Van, T., Schoolnik, G.K., dan Bohannan, 
B.J.M. 2006. The competitive cost of antibiotic resistance in Mycobacterium 
tuberculosis. Science (New York, N.Y.) 312(5782), 1944–6. 
http://www.ncbi.nlm.nih.gov/pubmed/16809538. [diakses 5 Des 2018]. 

Galagan, J.E. 2014. Genomic insights into tuberculosis. Nature Reviews Genetics 
15(5), 307–320. http://www.ncbi.nlm.nih.gov/pubmed/24662221. [diakses 1 
Des 2018]. 

Gardy, J.L., Johnston, J.C., Sui, S.J.H., Cook, V.J., Shah, L., Brodkin, E., Rempel, 
S., Moore, R., Zhao, Y., Holt, R., Varhol, R., Birol, I., Lem, M., Sharma, M.K., 
Elwood, K., Jones, S.J.M., Brinkman, F.S.L., Brunham, R.C., dan Tang, P. 
2011. Whole-Genome Sequencing and Social-Network Analysis of a 
Tuberculosis Outbreak. New England Journal of Medicine 364(8), 730–739. 
http://www.nejm.org/doi/abs/10.1056/NEJMoa1003176. [diakses 27 Agu 
2018]. 

Genetic Home Reference 2018. What is DNA? - Genetics Home Reference - 
NIH.US Natl. Libr. Med. https://ghr.nlm.nih.gov/primer/basics/dna. [diakses 
18 Okt 2018]. 

Genetics Home Reference 2018. What is a genome? - Genetics Home Reference - 
NIH.US Natl. Libr. Med. https://ghr.nlm.nih.gov/primer/hgp/genome. 
[diakses 18 Okt 2018]. 

Georghiou, S.B., Magana, M., Garfein, R.S., Catanzaro, D.G., Catanzaro, A., dan 
Rodwell, T.C. 2012. Evaluation of Genetic Mutations Associated with 
Mycobacterium tuberculosis Resistance to Amikacin, Kanamycin and 
Capreomycin: A Systematic Review. PLoS ONE 7(3), e33275. 
http://www.ncbi.nlm.nih.gov/pubmed/22479378. [diakses 28 Okt 2018]. 

Gillespie, S.H. 2002. Evolution of drug resistance in Mycobacterium tuberculosis: 
clinical and molecular perspective. Antimicrobial agents and chemotherapy 
46(2), 267–74. http://www.ncbi.nlm.nih.gov/pubmed/11796329. [diakses 27 



76 
 

Okt 2018]. 
Golovko, G., Khanipov, K., Rojas, M., Martinez-Alcántara, A., Howard, J.J., 

Ballesteros, E., Gupta, S., Widger, W., dan Fofanov, Y. 2012. Slim-filter: an 
interactive Windows-based application for illumina genome analyzer data 
assessment and manipulation. BMC bioinformatics 13, 166. 
http://www.ncbi.nlm.nih.gov/pubmed/22800377. [diakses 26 Nov 2018]. 

Goude, R., Amin, A.G., Chatterjee, D., dan Parish, T. 2009. The 
arabinosyltransferase EmbC is inhibited by ethambutol in Mycobacterium 
tuberculosis. Antimicrobial agents and chemotherapy 53(10), 4138–46. 
http://www.ncbi.nlm.nih.gov/pubmed/19596878. [diakses 1 Des 2018]. 

Grau, T., Selchow, P., Tigges, M., Burri, R., Gitzinger, M., Böttger, E.C., 
Fussenegger, M., dan Sander, P. 2012. Phenylethyl butyrate enhances the 
potency of second-line drugs against clinical isolates of Mycobacterium 
tuberculosis. Antimicrobial agents and chemotherapy 56(2), 1142–5. 
http://www.ncbi.nlm.nih.gov/pubmed/22106218. [diakses 1 Des 2018]. 

Hanekom, M., Gey van Pittius, N.C., McEvoy, C., Victor, T.C., Van Helden, P.D., 
dan Warren, R.M. 2011. Mycobacterium tuberculosis Beijing genotype: A 
template for success. Tuberculosis 91(6), 510–523. 
http://www.ncbi.nlm.nih.gov/pubmed/21835699. [diakses 23 Okt 2018]. 

Hazbon, M.H., Brimacombe, M., Bobadilla del Valle, M., Cavatore, M., Guerrero, 
M.I., Varma-Basil, M., Billman-Jacobe, H., Lavender, C., Fyfe, J., Garcia-
Garcia, L., Leon, C.I., Bose, M., Chaves, F., Murray, M., Eisenach, K.D., 
Sifuentes-Osornio, J., Cave, M.D., Ponce de Leon, A., dan Alland, D. 2006. 
Population Genetics Study of Isoniazid Resistance Mutations and Evolution 
of Multidrug-Resistant Mycobacterium tuberculosis. Antimicrobial Agents 
and Chemotherapy 50(8), 2640–2649. 
http://www.ncbi.nlm.nih.gov/pubmed/16870753. [diakses 22 Okt 2018]. 

Hazbón, M.H., Motiwala, A.S., Cavatore, M., Brimacombe, M., Whittam, T.S., dan 
Alland, D. 2008. Convergent evolutionary analysis identifies significant 
mutations in drug resistance targets of Mycobacterium tuberculosis. 
Antimicrobial agents and chemotherapy 52(9), 3369–76. 
http://www.ncbi.nlm.nih.gov/pubmed/18591265. [diakses 1 Des 2018]. 

Ioerger, T.R., Koo, S., No, E.G., Chen, X., Larsen, M.H., Jacobs, W.R., Pillay, M., 
Sturm, A.W., dan Sacchettini, J.C. 2009. Genome Analysis of Multi- and 
Extensively-Drug-Resistant Tuberculosis from KwaZulu-Natal, South Africa. 
PLoS ONE 4(11), e7778. https://dx.plos.org/10.1371/journal.pone.0007778. 
[diakses 27 Okt 2018]. 

Jagielski, T., Ignatowska, H., Bakuła, Z., Dziewit, Ł., Napiórkowska, A., 
Augustynowicz-Kopeć, E., Zwolska, Z., dan Bielecki, J. 2014. Screening for 
Streptomycin Resistance-Conferring Mutations in Mycobacterium 
tuberculosis Clinical Isolates from Poland. PLoS ONE 9(6), e100078. 
http://www.ncbi.nlm.nih.gov/pubmed/24937123. [diakses 27 Okt 2018]. 

de Jong, B.C., Antonio, M., dan Gagneux, S. 2010. Mycobacterium africanum—
Review of an Important Cause of Human Tuberculosis in West Africa. PLoS 



77 
 

Neglected Tropical Diseases 4(9), e744. 
http://dx.plos.org/10.1371/journal.pntd.0000744. [diakses 4 Des 2018]. 

Kato-Maeda, M., Shanley, C.A., Ackart, D., Jarlsberg, L.G., Shang, S., Obregon-
Henao, A., Harton, M., Basaraba, R.J., Henao-Tamayo, M., Barrozo, J.C., 
Rose, J., Kawamura, L.M., Coscolla, M., Fofanov, V.Y., Koshinsky, H., 
Gagneux, S., Hopewell, P.C., Ordway, D.J., dan Orme, I.M. 2012. Beijing 
sublineages of Mycobacterium tuberculosis differ in pathogenicity in the 
guinea pig. Clinical and vaccine immunology : CVI 19(8), 1227–37. 
http://www.ncbi.nlm.nih.gov/pubmed/22718126. [diakses 1 Des 2018]. 

Katoh, K., Misawa, K., Kuma, K., dan Miyata, T. 2002. MAFFT: a novel method 
for rapid multiple sequence alignment based on fast Fourier transform. Nucleic 
Acids Research 30(14), 3059–3066. https://academic.oup.com/nar/article-
lookup/doi/10.1093/nar/gkf436. [diakses 20 Okt 2018]. 

Katoh, K., dan Standley, D.M. 2013. MAFFT Multiple Sequence Alignment 
Software Version 7: Improvements in Performance and Usability. Molecular 
Biology and Evolution 30(4), 772–780. 
https://academic.oup.com/mbe/article-lookup/doi/10.1093/molbev/mst010. 
[diakses 20 Okt 2018]. 

Kearse, M., Moir, R., Wilson, A., Stones-Havas, S., Cheung, M., Sturrock, S., 
Buxton, S., Cooper, A., Markowitz, S., Duran, C., Thierer, T., Ashton, B., 
Meintjes, P., dan Drummond, A. 2012. Geneious Basic: An integrated and 
extendable desktop software platform for the organization and analysis of 
sequence data. Bioinformatics 28(12), 1647–1649. 
http://www.ncbi.nlm.nih.gov/pubmed/22543367. [diakses 20 Okt 2018]. 

Koboldt, D.C., Ding, L., Mardis, E.R., dan Wilson, R.K. 2010. Challenges of 
sequencing human genomes. Briefings in bioinformatics 11(5), 484–98. 
http://www.ncbi.nlm.nih.gov/pubmed/20519329. [diakses 26 Nov 2018]. 

Koch, A., dan Mizrahi, V. 2018. Mycobacterium tuberculosis. Trends in 
Microbiology 26(6), 555–556. 
https://www.sciencedirect.com/science/article/pii/S0966842X18300489. 
[diakses 24 Agu 2018]. 

Koch, R. 1882. Die Ätiologie der Tuberkulose. Berliner Klinischen Wochenschrift. 
Kohl, T.A., Diel, R., Harmsen, D., Rothgänger, J., Walter, K.M., Merker, M., 

Weniger, T., dan Niemann, S. 2014. Whole-genome-based Mycobacterium 
tuberculosis surveillance: a standardized, portable, and expandable approach. 
Journal of clinical microbiology 52(7), 2479–86. 
http://www.ncbi.nlm.nih.gov/pubmed/24789177. [diakses 26 Agu 2018]. 

Konno, K., Feldmann, F.M., dan McDermott, W. 1967. Pyrazinamide susceptibility 
and amidase activity of tubercle bacilli. The American review of respiratory 
disease 95(3), 461–9. http://www.ncbi.nlm.nih.gov/pubmed/4225184. 
[diakses 22 Okt 2018]. 

Köser, C.U., Summers, D.K., dan Archer, J.A.C. 2011. Thr270Ile in embC 
(Rv3793) is not a marker for ethambutol resistance in the Mycobacterium 
tuberculosis complex. Antimicrobial agents and chemotherapy 55(4), 1825. 



78 
 

http://www.ncbi.nlm.nih.gov/pubmed/21422234. [diakses 1 Des 2018]. 
Krishnan, N., Malaga, W., Constant, P., Caws, M., Thi Hoang Chau, T., Salmons, 

J., Thi Ngoc Lan, N., Bang, N.D., Daffé, M., Young, D.B., Robertson, B.D., 
Guilhot, C., dan Thwaites, G.E. 2011. Mycobacterium tuberculosis Lineage 
Influences Innate Immune Response and Virulence and Is Associated with 
Distinct Cell Envelope Lipid Profiles. PLoS ONE 6(9), e23870. 
http://www.ncbi.nlm.nih.gov/pubmed/21931620. [diakses 23 Okt 2018]. 

Larsen, M.H., Vilchèze, C., Kremer, L., Besra, G.S., Parsons, L., Salfinger, M., 
Heifets, L., Hazbon, M.H., Alland, D., Sacchettini, J.C., dan Jacobs, W.R. 
2002. Overexpression of inhA, but not kasA, confers resistance to isoniazid 
and ethionamide in Mycobacterium smegmatis, M. bovis BCG and M. 
tuberculosis. Molecular microbiology 46(2), 453–66. 
http://www.ncbi.nlm.nih.gov/pubmed/12406221. [diakses 22 Okt 2018]. 

Lee, R.S., dan Behr, M.A. 2016. The implications of whole-genome sequencing in 
the control of tuberculosis. Therapeutic advances in infectious disease 3(2), 
47–62. http://www.ncbi.nlm.nih.gov/pubmed/27034776. [diakses 27 Agu 
2018]. 

Lisdawati, V., Gitawati, R., dan Sukmawati 2010. Identifikasi dan Karakterisasi 
Strain Mycobacterium tuberculosis Dari Isolat Dahak Pasien Tuberkulosis 
Paru Di Indonesia (Tahap III). Jakarta: . 

Luo, T., Yang, C., Peng, Y., Lu, L., Sun, G., Wu, J., Jin, X., Hong, J., Li, F., Mei, 
J., DeRiemer, K., dan Gao, Q. 2014. Whole-genome sequencing to detect 
recent transmission of Mycobacterium tuberculosis in settings with a high 
burden of tuberculosis. Tuberculosis 94(4), 434–440. 
https://www.sciencedirect.com/science/article/pii/S1472979214204422. 
[diakses 27 Jul 2018]. 

Machado, D., Perdigão, J., Ramos, J., Couto, I., Portugal, I., Ritter, C., Boettger, 
E.C., dan Viveiros, M. 2013. High-level resistance to isoniazid and 
ethionamide in multidrug-resistant Mycobacterium tuberculosis of the Lisboa 
family is associated with inhA double mutations. Journal of Antimicrobial 
Chemotherapy 68(8), 1728–1732. 
http://www.ncbi.nlm.nih.gov/pubmed/23539241. [diakses 22 Okt 2018]. 

Mahomed, S., Naidoo, K., Dookie, N., dan Padayatchi, N. 2017. Whole genome 
sequencing for the management of drug-resistant TB in low income high TB 
burden settings: Challenges and implications. Tuberculosis 107, 137–143. 
https://www.sciencedirect.com/science/article/pii/S147297921730094X. 
[diakses 26 Agu 2018]. 

Malik, S., Willby, M., Sikes, D., Tsodikov, O. V, dan Posey, J.E. 2012. New 
insights into fluoroquinolone resistance in Mycobacterium tuberculosis: 
functional genetic analysis of gyrA and gyrB mutations. PloS one 7(6), 
e39754. http://www.ncbi.nlm.nih.gov/pubmed/22761889. [diakses 1 Des 
2018]. 

Maruri, F., Sterling, T.R., Kaiga, A.W., Blackman, A., van der Heijden, Y.F., 
Mayer, C., Cambau, E., dan Aubry, A. 2012. A systematic review of gyrase 



79 
 

mutations associated with fluoroquinolone-resistant Mycobacterium 
tuberculosis and a proposed gyrase numbering system. Journal of 
Antimicrobial Chemotherapy 67(4), 819–831. 
http://www.ncbi.nlm.nih.gov/pubmed/22279180. [diakses 28 Okt 2018]. 

Merker, M., Kohl, T.A., Roetzer, A., Truebe, L., Richter, E., Rüsch-Gerdes, S., 
Fattorini, L., Oggioni, M.R., Cox, H., Varaine, F., dan Niemann, S. 2013. 
Whole Genome Sequencing Reveals Complex Evolution Patterns of 
Multidrug-Resistant Mycobacterium tuberculosis Beijing Strains in Patients. 
PLoS ONE 8(12), e82551. https://dx.plos.org/10.1371/journal.pone.0082551. 
[diakses 21 Okt 2018]. 

Mestre, O., Luo, T., Dos Vultos, T., Kremer, K., Murray, A., Namouchi, A., 
Jackson, C., Rauzier, J., Bifani, P., Warren, R., Rasolofo, V., Mei, J., Gao, Q., 
dan Gicquel, B. 2011. Phylogeny of Mycobacterium tuberculosis Beijing 
Strains Constructed from Polymorphisms in Genes Involved in DNA 
Replication, Recombination and Repair. PLoS ONE 6(1), e16020. 
https://dx.doi.org/10.1371/journal.pone.0016020. [diakses 23 Okt 2018]. 

Mikusová, K., Slayden, R.A., Besra, G.S., dan Brennan, P.J. 1995. Biogenesis of 
the mycobacterial cell wall and the site of action of ethambutol. Antimicrobial 
agents and chemotherapy 39(11), 2484–9. 
http://www.ncbi.nlm.nih.gov/pubmed/8585730. [diakses 4 Des 2018]. 

Mitchison, D.A. 1979. Basic mechanisms of chemotherapy. Chest 76(6 Suppl), 
771–81. http://www.ncbi.nlm.nih.gov/pubmed/92392. [diakses 22 Okt 2018]. 

Mitchison, D.A., Wallace, J.G., Bhatia, A.L., Selkon, J.B., Subbaiah, T.V., dan 
Lancaster, M.C. 1960. A comparison of the virulence in Guinea-pigs of south 
indian and British tubercle bacilli. Tubercle 41(1), 1–22. 
https://www.sciencedirect.com/science/article/pii/S0041387960800190. 
[diakses 4 Des 2018]. 

Moazed, D., dan Noller, H.F. 1987. Interaction of antibiotics with functional sites 
in 16S ribosomal RNA. Nature 327(6121), 389–394. 
http://www.ncbi.nlm.nih.gov/pubmed/2953976. [diakses 27 Okt 2018]. 

Muto, A., dan Osawa, S. 1987. The guanine and cytosine content of genomic DNA 
and bacterial evolution. Proceedings of the National Academy of Sciences of 
the United States of America 84(1), 166–9. 
http://www.ncbi.nlm.nih.gov/pubmed/3467347. [diakses 26 Nov 2018]. 

Nakamura, T., Yamada, K.D., Tomii, K., dan Katoh, K. 2018. Parallelization of 
MAFFT for large-scale multiple sequence alignments. Bioinformatics 34(14), 
2490–2492. 
https://academic.oup.com/bioinformatics/article/34/14/2490/4916099. 
[diakses 3 Des 2018]. 

National Center for Biotechnology Information (NCBI) t.t. BLAST: Basic Local 
Alignment Search Tool. https://blast.ncbi.nlm.nih.gov/Blast.cgi. [diakses 31 
Agu 2018]. 

Nikolayevskyy, V., Kranzer, K., Niemann, S., dan Drobniewski, F. 2016. Whole 
genome sequencing of Mycobacterium tuberculosis for detection of recent 



80 
 

transmission and tracing outbreaks: A systematic review. Tuberculosis 98, 77–
85. https://www.sciencedirect.com/science/article/pii/S1472979215302705. 
[diakses 26 Agu 2018]. 

O’Toole, R.F., dan Gautam, S.S. 2017. Limitations of the Mycobacterium 
tuberculosis reference genome H37Rv in the detection of virulence-related 
loci. Genomics 109(5–6), 471–474. 
https://www.sciencedirect.com/science/article/pii/S0888754317300617?via%
3Dihub. [diakses 27 Jul 2018]. 

Okamoto, S., Tamaru, A., Nakajima, C., Nishimura, K., Tanaka, Y., Tokuyama, S., 
Suzuki, Y., dan Ochi, K. 2007. Loss of a conserved 7-methylguanosine 
modification in 16S rRNA confers low-level streptomycin resistance in 
bacteria. Molecular Microbiology 63(4), 1096–1106. 
http://www.ncbi.nlm.nih.gov/pubmed/17238915. [diakses 27 Okt 2018]. 

Otchere, I.D., Asante-Poku, A., Osei-Wusu, S., Baddoo, A., Sarpong, E., Ganiyu, 
A.H., Aboagye, S.Y., Forson, A., Bonsu, F., Yahayah, A.I., Koram, K., 
Gagneux, S., dan Yeboah-Manu, D. 2016. Detection and characterization of 
drug-resistant conferring genes in Mycobacterium tuberculosis complex 
strains: A prospective study in two distant regions of Ghana. Tuberculosis 
(Edinburgh, Scotland) 99, 147–54. 
http://www.ncbi.nlm.nih.gov/pubmed/27450017. [diakses 28 Nov 2018]. 

Outhred, A.C., Jelfs, P., Suliman, B., Hill-Cawthorne, G.A., Crawford, A.B.H., 
Marais, B.J., dan Sintchenko, V. 2015. Added value of whole-genome 
sequencing for management of highly drug-resistant TB. The Journal of 
antimicrobial chemotherapy 70(4), 1198–202. 
http://www.ncbi.nlm.nih.gov/pubmed/25492392. [diakses 1 Des 2018]. 

Palomino, J., dan Martin, A. 2014. Drug Resistance Mechanisms in Mycobacterium 
tuberculosis. Antibiotics 3(3), 317–340. 
http://www.ncbi.nlm.nih.gov/pubmed/27025748. [diakses 21 Okt 2018]. 

Pankhurst, L.J., Del Ojo Elias, C., Votintseva, A.A., Walker, T.M., Cole, K., 
Davies, J., Fermont, J.M., Gascoyne-Binzi, D.M., Kohl, T.A., Kong, C., 
Lemaitre, N., Niemann, S., Paul, J., Rogers, T.R., Roycroft, E., Smith, E.G., 
Supply, P., Tang, P., Wilcox, M.H., Wordsworth, S., Wyllie, D., Xu, L., 
Crook, D.W., dan COMPASS-TB Study Group 2016. Rapid, comprehensive, 
and affordable mycobacterial diagnosis with whole-genome sequencing: a 
prospective study. The Lancet. Respiratory medicine 4(1), 49–58. 
http://www.ncbi.nlm.nih.gov/pubmed/26669893. [diakses 27 Agu 2018]. 

Papaventsis, D., Casali, N., Kontsevaya, I., Drobniewski, F., Cirillo, D.M., dan 
Nikolayevskyy, V. 2017. Whole genome sequencing of Mycobacterium 
tuberculosis for detection of drug resistance: a systematic review. Clin. 
Microbiol. Infect. 

Parwati, I., van Crevel, R., dan van Soolingen, D. 2010. Possible underlying 
mechanisms for successful emergence of the Mycobacterium tuberculosis 
Beijing genotype strains. The Lancet Infectious Diseases 10(2), 103–111. 
http://linkinghub.elsevier.com/retrieve/pii/S1473309909703305. 



81 
 

Parwati, I., van Crevel, R., Sudiro, M., Alisjahbana, B., Pakasi, T., Kremer, K., van 
der Zanden, A., dan van Soolingen, D. 2008. Mycobacterium tuberculosis 
population structures differ significantly on two Indonesian Islands. Journal of 
clinical microbiology 46(11), 3639–45. 
http://www.ncbi.nlm.nih.gov/pubmed/18842947. [diakses 25 Jul 2018]. 

Petrella, S., Gelus-Ziental, N., Maudry, A., Laurans, C., Boudjelloul, R., dan 
Sougakoff, W. 2011. Crystal Structure of the Pyrazinamidase of 
Mycobacterium tuberculosis: Insights into Natural and Acquired Resistance to 
Pyrazinamide. PLoS ONE 6(1), e15785. 
http://dx.plos.org/10.1371/journal.pone.0015785. [diakses 17 Des 2018]. 

Phelan, J., Coll, F., McNerney, R., Ascher, D.B., Pires, D.E. V, Furnham, N., 
Coeck, N., Hill-Cawthorne, G.A., Nair, M.B., Mallard, K., Ramsay, A., 
Campino, S., Hibberd, M.L., Pain, A., Rigouts, L., dan Clark, T.G. 2016. 
Mycobacterium tuberculosis whole genome sequencing and protein structure 
modelling provides insights into anti-tuberculosis drug resistance. BMC 
medicine 14, 31. http://www.ncbi.nlm.nih.gov/pubmed/27005572. [diakses 4 
Des 2018]. 

Phelan, J.E. 2018. A bioinformatic analysis of Mycobacterium tuberculosis and 
host genomic data. London School of Hygiene & Tropical Medicine. 

Plinke, C., Cox, H.S., Zarkua, N., Karimovich, H.A., Braker, K., Diel, R., Rusch-
Gerdes, S., Feuerriegel, S., dan Niemann, S. 2010. embCAB sequence 
variation among ethambutol-resistant Mycobacterium tuberculosis isolates 
without embB306 mutation. Journal of Antimicrobial Chemotherapy 65(7), 
1359–1367. https://academic.oup.com/jac/article-
lookup/doi/10.1093/jac/dkq120. [diakses 27 Nov 2018]. 

Projahn, M., Köser, C.U., Homolka, S., Summers, D.K., Archer, J.A.C., dan 
Niemann, S. 2011. Polymorphisms in Isoniazid and Prothionamide Resistance 
Genes of the Mycobacterium tuberculosis Complex. Antimicrobial Agents and 
Chemotherapy 55(9), 4408–4411. https://aac.asm.org/content/55/9/4408. 
[diakses 1 Des 2018]. 

Pym, A.S., Saint-Joanis, B., dan Cole, S.T. 2002. Effect of katG mutations on the 
virulence of Mycobacterium tuberculosis and the implication for transmission 
in humans. Infection and immunity 70(9), 4955–60. 
http://www.ncbi.nlm.nih.gov/pubmed/12183541. [diakses 27 Nov 2018]. 

Ramaswamy, S. V, Amin, A.G., Göksel, S., Stager, C.E., Dou, S.J., El Sahly, H., 
Moghazeh, S.L., Kreiswirth, B.N., dan Musser, J.M. 2000. Molecular genetic 
analysis of nucleotide polymorphisms associated with ethambutol resistance 
in human isolates of Mycobacterium tuberculosis. Antimicrobial agents and 
chemotherapy 44(2), 326–36. 
http://www.ncbi.nlm.nih.gov/pubmed/10639358. [diakses 30 Nov 2018]. 

Ramaswamy, S. V, Reich, R., Dou, S.J., Jasperse, L., Pan, X., Wanger, A., 
Quitugua, T., dan Graviss, E.A. 2003. Single nucleotide polymorphisms in 
genes associated with isoniazid resistance in Mycobacterium tuberculosis. 
Antimicrobial agents and chemotherapy 47(4), 1241–50. 
http://www.ncbi.nlm.nih.gov/pubmed/12654653. [diakses 22 Okt 2018]. 



82 
 

Regmi, S.M., Chaiprasert, A., Kulawonganunchai, S., Tongsima, S., Coker, O.O., 
Prammananan, T., Viratyosin, W., dan Thaipisuttikul, I. 2015a. Whole 
genome sequence analysis of multidrug-resistant Mycobacterium tuberculosis 
Beijing isolates from an outbreak in Thailand. Molecular Genetics and 
Genomics 290(5), 1933–1941. http://link.springer.com/10.1007/s00438-015-
1048-0. [diakses 27 Jul 2018]. 

Regmi, S.M., Coker, O.O., Kulawonganunchai, S., Tongsima, S., Prammananan, 
T., Viratyosin, W., Thaipisuttikul, I., dan Chaiprasert, A. 2015b. 
Polymorphisms in drug-resistant-related genes shared among drug-resistant 
and pan-susceptible strains of sequence type 10, Beijing family of 
Mycobacterium tuberculosis. International Journal of Mycobacteriology 4(1), 
67–72. 
https://www.sciencedirect.com/science/article/pii/S2212553115000138. 
[diakses 27 Nov 2018]. 

Roetzer, A., Diel, R., Kohl, T.A., Rückert, C., Nübel, U., Blom, J., Wirth, T., 
Jaenicke, S., Schuback, S., Rüsch-Gerdes, S., Supply, P., Kalinowski, J., dan 
Niemann, S. 2013. Whole Genome Sequencing versus Traditional Genotyping 
for Investigation of a Mycobacterium tuberculosis Outbreak: A Longitudinal 
Molecular Epidemiological Study. PLoS Medicine 10(2), e1001387. 
http://dx.plos.org/10.1371/journal.pmed.1001387. [diakses 27 Jul 2018]. 

Roycroft, E., O’Toole, R.F., Fitzgibbon, M.M., Montgomery, L., O’Meara, M., 
Downes, P., Jackson, S., O’Donnell, J., Laurenson, I.F., McLaughlin, A.M., 
Keane, J., dan Rogers, T.R. 2018. Molecular epidemiology of multi- and 
extensively-drug-resistant Mycobacterium tuberculosis in Ireland, 2001–
2014. Journal of Infection 76(1), 55–67. 
https://linkinghub.elsevier.com/retrieve/pii/S0163445317303158. 

Safi, H., Lingaraju, S., Amin, A., Kim, S., Jones, M., Holmes, M., McNeil, M., 
Peterson, S.N., Chatterjee, D., Fleischmann, R., dan Alland, D. 2013. 
Evolution of high-level ethambutol-resistant tuberculosis through interacting 
mutations in decaprenylphosphoryl-β-D-arabinose biosynthetic and utilization 
pathway genes. Nature genetics 45(10), 1190–7. 
http://www.ncbi.nlm.nih.gov/pubmed/23995136. [diakses 1 Des 2018]. 

Sander, P., Springer, B., Prammananan, T., Sturmfels, A., Kappler, M., Pletschette, 
M., dan Böttger, E.C. 2002. Fitness cost of chromosomal drug resistance-
conferring mutations. Antimicrobial agents and chemotherapy 46(5), 1204–
11. http://www.ncbi.nlm.nih.gov/pubmed/11959546. [diakses 5 Des 2018]. 

Saraswathy, N., dan Ramalingam, P. 2011. Concepts and Techniques in Genomics 
and Proteomics. Oxford: Woodhead Publishing. 

Scorpio, A., dan Zhang, Y. 1996. Mutations in pncA, a gene encoding 
pyrazinamidase/nicotinamidase, cause resistance to the antituberculous drug 
pyrazinamide in tubercle bacillus. Nature medicine 2(6), 662–7. 
http://www.ncbi.nlm.nih.gov/pubmed/8640557. [diakses 22 Okt 2018]. 

Seifert, M., Catanzaro, D., Catanzaro, A., dan Rodwell, T.C. 2015. Genetic 
mutations associated with isoniazid resistance in Mycobacterium tuberculosis: 
a systematic review. PloS one 10(3), e0119628. 



83 
 

http://www.ncbi.nlm.nih.gov/pubmed/25799046. [diakses 4 Des 2018]. 
Sekiguchi, J. ichiro, Miyoshi-Akiyama, T., Augustynowicz-Kopeć, E., Zwolska, Z., 

Kirikae, F., Toyota, E., Kobayashi, I., Morita, K., Kudo, K., Kato, S., 
Kuratsuji, T., Mori, T., dan Kirikae, T. 2007. Detection of multidrug resistance 
in Mycobacterium tuberculosis. Journal of clinical microbiology 45(1), 179–
92. http://www.ncbi.nlm.nih.gov/pubmed/17108078. [diakses 28 Nov 2018]. 

Sheen, P., Ferrer, P., Gilman, R.H., Christiansen, G., Moreno-Román, P., Gutiérrez, 
A.H., Sotelo, J., Evangelista, W., Fuentes, P., Rueda, D., Flores, M., Olivera, 
P., Solis, J., Pesaresi, A., Lamba, D., dan Zimic, M. 2012. Role of metal ions 
on the activity of Mycobacterium tuberculosis pyrazinamidase. The American 
journal of tropical medicine and hygiene 87(1), 153–61. 
http://www.ncbi.nlm.nih.gov/pubmed/22764307. [diakses 17 Des 2018]. 

Shi, W., Zhang, X., Jiang, X., Yuan, H., Lee, J.S., Barry, C.E., Wang, H., Zhang, 
W., dan Zhang, Y. 2011. Pyrazinamide Inhibits Trans-Translation in 
Mycobacterium tuberculosis. Science 333(6049), 1630–1632. 
http://www.sciencemag.org/cgi/doi/10.1126/science.1208813. 

Shimao, T. 1987. Drug resistance in tuberculosis control. Tubercle 68(2 Suppl), 5–
18. http://www.ncbi.nlm.nih.gov/pubmed/3120383. [diakses 21 Okt 2018]. 

Simons, S.O., Mulder, A., van Ingen, J., Boeree, M.J., dan van Soolingen, D. 2013. 
Role of rpsA gene sequencing in diagnosis of pyrazinamide resistance. Journal 
of clinical microbiology 51(1), 382. 
http://www.ncbi.nlm.nih.gov/pubmed/23269981. [diakses 1 Des 2018]. 

Somoskovi, A., Parsons, L.M., dan Salfinger, M. 2001. The molecular basis of 
resistance to isoniazid, rifampin, and pyrazinamide in Mycobacterium 
tuberculosis. Respiratory research 2(3), 164–8. 
http://www.ncbi.nlm.nih.gov/pubmed/11686881. [diakses 22 Okt 2018]. 

Spies, F.S., da Silva, P.E.A., Ribeiro, M.O., Rossetti, M.L., dan Zaha, A. 2008. 
Identification of mutations related to streptomycin resistance in clinical 
isolates of Mycobacterium tuberculosis and possible involvement of efflux 
mechanism. Antimicrobial agents and chemotherapy 52(8), 2947–9. 
http://www.ncbi.nlm.nih.gov/pubmed/18541729. [diakses 27 Okt 2018]. 

Stamatakis, A. 2014. RAxML version 8: a tool for phylogenetic analysis and post-
analysis of large phylogenies. Bioinformatics 30(9), 1312–1313. 
https://academic.oup.com/bioinformatics/article-
lookup/doi/10.1093/bioinformatics/btu033. [diakses 3 Des 2018]. 

de Steenwinkel, J.E.M., ten Kate, M.T., de Knegt, G.J., Kremer, K., Aarnoutse, 
R.E., Boeree, M.J., Verbrugh, H.A., van Soolingen, D., dan Bakker-
Woudenberg, I.A.J.M. 2012. Drug susceptibility of Mycobacterium 
tuberculosis Beijing genotype and association with MDR TB. Emerging 
infectious diseases 18(4), 660–3. 
http://www.ncbi.nlm.nih.gov/pubmed/22469099. [diakses 21 Okt 2018]. 

Stoffels, K., Allix-Béguec, C., Groenen, G., Wanlin, M., Berkvens, D., Mathys, V., 
Supply, P., dan Fauville-Dufaux, M. 2013. From Multidrug- to Extensively 
Drug-Resistant Tuberculosis: Upward Trends as Seen from a 15-Year 



84 
 

Nationwide Study. PLoS ONE 8(5), e63128. 
https://dx.plos.org/10.1371/journal.pone.0063128. [diakses 4 Des 2018]. 

Sueoka, N. 1961. Variation and heterogeneity of base composition of 
deoxyribonucleic acids: A compilation of old and new data. Journal of 
Molecular Biology 3(1), 31-IN15. 
https://www.sciencedirect.com/science/article/pii/S0022283661800053. 
[diakses 26 Nov 2018]. 

Sun, Y.J., Lee, A.S.G., Wong, S.Y., dan Paton, N.I. 2007. Analysis of the role of 
Mycobacterium tuberculosis kasA gene mutations in isoniazid resistance. 
Clinical Microbiology and Infection 13(8), 833–835. 
http://www.ncbi.nlm.nih.gov/pubmed/17501974. [diakses 30 Nov 2018]. 

Sun, Z., Zhang, J., Zhang, X., Wang, S., Zhang, Y., dan Li, C. 2008. Comparison 
of gyrA gene mutations between laboratory-selected ofloxacin-resistant 
Mycobacterium tuberculosis strains and clinical isolates. International Journal 
of Antimicrobial Agents 31(2), 115–121. 
http://www.ncbi.nlm.nih.gov/pubmed/18164184. [diakses 28 Okt 2018]. 

Takayama, K., dan Kilburn, J.O. 1989. Inhibition of synthesis of arabinogalactan 
by ethambutol in Mycobacterium smegmatis. Antimicrobial agents and 
chemotherapy 33(9), 1493–9. http://www.ncbi.nlm.nih.gov/pubmed/2817850. 
[diakses 4 Des 2018]. 

Takiff, H.E., dan Feo, O. 2015. Clinical value of whole-genome sequencing of 
Mycobacterium tuberculosis. The Lancet Infectious Diseases 15(9), 1077–
1090. 
https://www.sciencedirect.com/science/article/pii/S1473309915000717. 
[diakses 21 Jul 2018]. 

Takiff, H.E., Salazar, L., Guerrero, C., Philipp, W., Huang, W.M., Kreiswirth, B., 
Cole, S.T., Jacobs, W.R., Telenti, A., dan Telenti, A. 1994. Cloning and 
nucleotide sequence of Mycobacterium tuberculosis gyrA and gyrB genes and 
detection of quinolone resistance mutations. Antimicrobial agents and 
chemotherapy 38(4), 773–80. http://www.ncbi.nlm.nih.gov/pubmed/8031045. 
[diakses 28 Okt 2018]. 

Talbot, E.A., dan Raffa, B.J. 2015. Mycobacterium tuberculosis. In: Tang, Y.W., 
Sussman, M., Liu, D., Poxton, I.R., dan Schwartzman, J.D. (Editor). Molecular 
Medical Microbiology. London: Academic Press, hal. 1637–1653. 

Tan, Y., Hu, Z., Zhang, T., Cai, X., Kuang, H., Liu, Y., Chen, J., Yang, F., Zhang, 
K., Tan, S., dan Zhao, Y. 2014. Role of pncA and rpsA gene sequencing in 
detection of pyrazinamide resistance in Mycobacterium tuberculosis isolates 
from southern China. Journal of clinical microbiology 52(1), 291–7. 
http://www.ncbi.nlm.nih.gov/pubmed/24131688. [diakses 1 Des 2018]. 

Torres, J.N., Paul, L. V, Rodwell, T.C., Victor, T.C., Amallraja, A.M., Elghraoui, 
A., Goodmanson, A.P., Ramirez-Busby, S.M., Chawla, A., Zadorozhny, V., 
Streicher, E.M., Sirgel, F.A., Catanzaro, D., Rodrigues, C., Gler, M.T., Crudu, 
V., Catanzaro, A., dan Valafar, F. 2015. Novel katG mutations causing 
isoniazid resistance in clinical M. tuberculosis isolates. Emerging microbes & 



85 
 

infections 4(7), e42. http://www.ncbi.nlm.nih.gov/pubmed/26251830. 
[diakses 4 Des 2018]. 

Verma, J.S., Gupta, Y., Nair, D., Manzoor, N., Rautela, R.S., Rai, A., dan Katoch, 
V.M. 2014. Evaluation of gidB alterations responsible for streptomycin 
resistance in Mycobacterium tuberculosis. Journal of Antimicrobial 
Chemotherapy 69(11), 2935–2941. 
http://www.ncbi.nlm.nih.gov/pubmed/25074855. [diakses 27 Okt 2018]. 

Vilchèze, C., dan Jacobs, Jr., W.R. 2007. The Mechanism of Isoniazid Killing: 
Clarity Through the Scope of Genetics. Annual Review of Microbiology 
61(1), 35–50. http://www.ncbi.nlm.nih.gov/pubmed/18035606. [diakses 22 
Okt 2018]. 

Vilchèze, C., dan Jacobs JR., W.R. 2014. Resistance to Isoniazid and Ethionamide 
in Mycobacterium tuberculosis: Genes, Mutations, and Causalities. 
Microbiology Spectrum 2(4). 
http://www.asmscience.org/content/journal/microbiolspec/10.1128/microbiol
spec.MGM2-0014-2013. [diakses 1 Des 2018]. 

Wada, T., Hijikata, M., Maeda, S., Hang, N.T. Le, Thuong, P.H., Hoang, N.P., 
Hung, N. Van, dan Keicho, N. 2017. Complete Genome Sequence of a 
Mycobacterium tuberculosis Strain Belonging to the East African-Indian 
Family in the Indo-Oceanic Lineage, Isolated in Hanoi, Vietnam. Genome 
announcements 5(24). http://www.ncbi.nlm.nih.gov/pubmed/28619797. 
[diakses 1 Des 2018]. 

Walker, T.M., Kohl, T.A., Omar, S. V, Hedge, J., Del Ojo Elias, C., Bradley, P., 
Iqbal, Z., Feuerriegel, S., Niehaus, K.E., Wilson, D.J., Clifton, D.A., Kapatai, 
G., Ip, C.L.C., Bowden, R., Drobniewski, F.A., Allix-Béguec, C., Gaudin, C., 
Parkhill, J., Diel, R., Supply, P., Crook, D.W., Smith, E.G., Walker, A.S., 
Ismail, N., Niemann, S., dan Peto, T.E.A. 2015. Whole-genome sequencing 
for prediction of Mycobacterium tuberculosis drug susceptibility and 
resistance: a retrospective cohort study. The Lancet Infectious Diseases 
15(10), 1193–1202. 
https://www.sciencedirect.com/science/article/pii/S1473309915000626. 
[diakses 23 Okt 2018]. 

Wang, Q., Lau, S.K.P., Liu, F., Zhao, Y., Li, H.M., Li, B.X., Hu, Y.L., Woo, P.C.Y., 
dan Liu, C.H. 2014. Molecular epidemiology and clinical characteristics of 
drug-resistant Mycobacterium tuberculosis in a tuberculosis referral hospital 
in China. PloS one 9(10), e110209. 
http://www.ncbi.nlm.nih.gov/pubmed/25302501. [diakses 28 Nov 2018]. 

Wang, X.D., Gu, J., Wang, T., Bi, L.J., Zhang, Z.P., Cui, Z.Q., Wei, H.P., Deng, 
J.Y., dan Zhang, X.E. 2011a. Comparative analysis of mycobacterial NADH 
pyrophosphatase isoforms reveals a novel mechanism for isoniazid and 
ethionamide inactivation. Molecular Microbiology 82(6), 1375–1391. 
http://doi.wiley.com/10.1111/j.1365-2958.2011.07892.x. [diakses 27 Nov 
2018]. 

Wang, X.D., Gu, J., Wang, T., Bi, L.J., Zhang, Z.P., Cui, Z.Q., Wei, H.P., Deng, 
J.Y., dan Zhang, X.E. 2011b. Comparative analysis of mycobacterial NADH 



86 
 

pyrophosphatase isoforms reveals a novel mechanism for isoniazid and 
ethionamide inactivation. Molecular microbiology 82(6), 1375–91. 
http://www.ncbi.nlm.nih.gov/pubmed/22026918. [diakses 1 Des 2018]. 

Watson, J., Baker, T., Bell, S., Gann, A., Levine, M., dan Losick, R. 2014. 
Molecular Biology of the Gene. 7th ed. New York: Cold Spring Harbor. 

WHO 2016. Global tuberculosis report 2016, World Health Organization. Geneva: 
World Health Organization. 

WHO 2017. Global tuberculosis report 2017, World Health Organization. Geneva: 
World Health Organization. 

Wong, S.Y., Lee, J.S., Kwak, H.K., Via, L.E., Boshoff, H.I.M., dan Barry, C.E. 
2011. Mutations in gidB confer low-level streptomycin resistance in 
Mycobacterium tuberculosis. Antimicrobial agents and chemotherapy 55(6), 
2515–22. http://www.ncbi.nlm.nih.gov/pubmed/21444711. [diakses 27 Nov 
2018]. 

Xu, Y., Jia, H., Huang, H., Sun, Z., dan Zhang, Z. 2015. Mutations Found in 
embCAB, embR, and ubiA Genes of Ethambutol-Sensitive and -Resistant 
Mycobacterium tuberculosis Clinical Isolates from China. BioMed research 
international 2015, 951706. http://www.ncbi.nlm.nih.gov/pubmed/26417605. 
[diakses 28 Nov 2018]. 

Yang, C., Lu, L., Warren, J.L., Wu, J., Jiang, Q., Zuo, T., Gan, M., Liu, M., Liu, 
Q., DeRiemer, K., Hong, J., Shen, X., Colijn, C., Guo, X., Gao, Q., dan Cohen, 
T. 2018. Internal migration and transmission dynamics of tuberculosis in 
Shanghai, China: an epidemiological, spatial, genomic analysis. The Lancet. 
Infectious diseases 18(7), 788–795. 
http://www.ncbi.nlm.nih.gov/pubmed/29681517. [diakses 28 Nov 2018]. 

Zaychikova, M. V, Zakharevich, N. V, Sagaidak, M.O., Bogolubova, N.A., 
Smirnova, T.G., Andreevskaya, S.N., Larionova, E.E., Alekseeva, M.G., 
Chernousova, L.N., dan Danilenko, V.N. 2015. Mycobacterium tuberculosis 
Type II Toxin-Antitoxin Systems: Genetic Polymorphisms and Functional 
Properties and the Possibility of Their Use for Genotyping. PloS one 10(12), 
e0143682. http://www.ncbi.nlm.nih.gov/pubmed/26658274. [diakses 1 Des 
2018]. 

Zhang, Y., dan Mitchison, D. 2003. The curious characteristics of pyrazinamide: a 
review. The international journal of tuberculosis and lung disease : the official 
journal of the International Union against Tuberculosis and Lung Disease 7(1), 
6–21. http://www.ncbi.nlm.nih.gov/pubmed/12701830. [diakses 22 Okt 
2018]. 

Zhu, L., Zhong, J., Jia, X., Liu, G., Kang, Y., Dong, M., Zhang, X., Li, Q., Yue, L., 
Li, C., Fu, J., Xiao, J., Yan, J., Zhang, B., Lei, M., Chen, S., Lv, L., Zhu, B., 
Huang, H., dan Chen, F. 2016. Precision methylome characterization of 
Mycobacterium tuberculosis complex (MTBC) using PacBio single-molecule 
real-time (SMRT) technology. Nucleic Acids Research 44(2), 730–743. 
https://academic.oup.com/nar/article-lookup/doi/10.1093/nar/gkv1498. 
[diakses 30 Nov 2018]. 



87 
 

Zimhony, O., Cox, J.S., Welch, J.T., Vilchèze, C., dan Jacobs, W.R. 2000. 
Pyrazinamide inhibits the eukaryotic-like fatty acid synthetase I (FASI) of 
Mycobacterium tuberculosis. Nature Medicine 6(9), 1043–1047. 
http://www.ncbi.nlm.nih.gov/pubmed/10973326. [diakses 22 Okt 2018]. 

Zimhony, O., Vilchèze, C., Arai, M., Welch, J.T., dan Jacobs, Jr., W.R. 2007. 
Pyrazinoic Acid and Its n-Propyl Ester Inhibit Fatty Acid Synthase Type I in 
Replicating Tubercle Bacilli. Antimicrobial agents and chemotherapy 51(2), 
752–754. https://aac.asm.org/content/51/2/752. [diakses 22 Okt 2018]. 

 

 

 

 


