
Pak Armed Forces Med J 2026; 76(SUPPL-2):334 

NNeexxtt  GGeenneerraattiioonn  SSeeqquueenncciinngg  ((NNGGSS))  EEvveerryywwhheerree::  ““SSeeqq  iitt  oouutt””  tthhee  NNeeww  PPaarraaddiiggmm  ffoorr  LLaabbss  

The diagnostic industry in recent times had 
demonstrated an exponential growth, aiming for more 
innovative and pioneering efforts to broaden the 
horizon of precision diagnostics. Witnessing a 
biotechnological cloudburst boom allowing us to 
leapfrog from prosaic diagnostics to unfolding the 
molecular mysteries in genome. The nascency of novel 
analytical methodologies have empowered to learn the 
human genetic code sequence. This amplification of 
DNA served as an “ice breaker” moment for the 
diagnostic industry to push further the scientific 
momentum to allow technology to translate 
preliminary “Sanger sequencing” to accomplish the 
“Human Genome Project” (HGP).1 The generational 
growth enhanced sequencing yield by next 
generational sequencing (NGS), allowing higher 
coverage, read length and depth, potentiated further 
by precise & accurate bioinformatics 
allowing manageable translation to clinics at desirable 
scale. Wholesome management systems like Maser 
(Management and Analysis System for Enormous 
Reads) has allowed to dig deep  to terabytes with 
more clinical flexibility.2  

Sequencing techniques whether be the pioneer 
Sanger technology or the emerging trend towards 
telomerase to telomerase (T-2T) are surfacing as one 
the most empowering and seminal game changing 
biotechnology with potential to supersede most 
conventional lab methodologies.3 The conventional 
histopathology to other pathology science of microbes 
and other conventions in lab setting are going to be 
redefined by incorporating multiple types of 
sequencing techniques for precise and accurate 
diagnostics. The "good" it provides can be upgraded to 
next-generational dimensions for pathological sciences 
and currently happening so in most evolving 
laboratory setups. Clinical scenario has truly 
transformed healthcare sciences appear to be targeting 
almost everywhere and soon the word NGS can be 
ubiquitous to most clinical laboratories. The 
conventional newborn screening program shall be 
replaced by targeted NGS screening thus  
transforming diagnostic yield and therapeutics.4 
Similarly, the common diseases in society including  
thalassemia and other genetic diseases can be targeted 
using advanced sequencing methods from pre-
marriage stage, during pregnancy and early as 
newborn to help prevent and cure with preventive 
therapies.5  Why Sequencing formats like NGS and 3rd 

generational methods adds value to laboratory 
analytics thus superseding the conventional 
laboratory? Sequencing methods allow the deeper 
alterations with DNA code variations which allow can 
allow physicians to decipher the deep-down 
pathology whether be the case from oncology, 
infection and newborn screening or the question 
related to some forensic requirements. Question marks 
are raised with regards to inter and intra platform, 
reproducibility of results and the methodological 
difficulties but with every passing day the technique is 
evolving with newer NGS and 3rd generational 
sequencing methods are emerging with much higher 
coverage and depth inching further by every day 
towards refinements with technical robustness in real-
time. For example, a case from oncology can be tested 
to learn resistant genetic mutations and to find gene 
targets precision and personalized solutions 
superseding conventional immunohistochemistry 
biomarkers.6 Alongside sequencing technologies have 
also revolutionized the future health prediction and 
has also been more frequently incorporated in forensic 
and ancestry linkage analysis. In addition to 
conventional pathology specimen the genomic 
markets are witnessing a whole new lot of direct to 
consumer (DTC) as point of care testing, where the 
liquid biopsy may emerge as a tool for diagnostics, 
measure of tumor metastasis, assessment of in utero 
genetic disorders and infections which may change the 
way we used to diagnose pathology.7 Furthermore, the 
sequencing market is is depicting a paradigm shift  
with unprecedented demand not just as targeted 
diagnostics, but also as transcriptomic, next-general 
sequencing and epigenomic sequenced markers. 
Provided the phenomenal growth experienced by 
genomic analytics with explosive rise in sequencing 
needs displacing traditional diagnostics, growing 
world economies like Pakistan seems to be facing a 
retarded growth in this industry as well. Not only 
Pakistan needs a big thrust and catchment diagnostic 
market to overcome where it should not only grow 
self-suffice in its clinical needs but also can emerge 
stalwart to provide such services to neighbors. 
Following the simplistic clinical molecular diagnostic 
needs starting from sequence-based gold-standard 
diagnostics, it can be anticipated that innovative 
scientific concepts like genome editing, epigenetics 
and pharmacogenomics are going to define the future 
of precision medicine. Foremost remains to appreciate 
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the application of newer molecular diagnostics at scale 
with country’s need and then to plan small business 
enterprises with ongoing research and development to 
simply follow what the models in the west. Examples 
in this regard remain available.8, 9  

A strong recommendation for both public and 
private sector be issued by medical authorities be 
issued to not only address the biotechnological 
markets to pace up sequencing methodologies and 
onward genomic science/molecular laboratories to 
help the growing medical needs and also to attract 
healthcare tourism. Disallowing or following a less 
vigorous approach will neither be beneficial for the 
sick but also remain an additional burden on the 
economy. The author humbly believe that sequencing 
will pioneer the next-generational medicine for 
precision, ultimate cost, taxonomy of medical 
literature and the way we believe in science.  

REFERENCES 

1. Giani AM, Gallo GR, Gianfranceschi L, Formenti G. Long walk to 
genomics: History and current approaches to genome sequencing and 
assembly. Comput Struct Biotechnol J 2019; 18: 9-19. 
https://doi.org/10.1016/j.csbj.2019.11.00210.1016/j.csbj.2019.11.002 

2. Kinjo S, Monma N, Misu S, Kitamura N, Imoto J, Yoshitake K, Gojobori 
T, Ikeo K. Maser: one-stop platform for NGS big data from analysis to 
visualization. Database  2018; 2018: bay027. 
https://doi.org/10.1093/database/bay027 

3. Mao Y, Zhang G. A complete, telomere-to-telomere human 
genome sequence presents new opportunities for evolutionary 
genomics. Nat Methods 2022; 19(6): 635-638. 
https://doi.org/10.1038/s41592-022-01512-4 Erratum in: Nat 
Methods 2022;19(7):899.  
https://doi.org/10.1038/s41592-022-01551-x 

4. Veldman A, Kiewiet MBG, Heiner-Fokkema MR, Nelen MR, 
Sinke RJ, Sikkema-Raddatz B, et al. Towards Next-Generation 
Sequencing (NGS)-Based Newborn Screening: A Technical 
Study to Prepare for the Challenges Ahead. Int J Neonatal 
Screen 2022; 8(1): 17. https://doi.org/10.3390/ijns8010017 

5. Hassan S, Bahar R, Johan MF, Mohamed Hashim EK, Abdullah 
WZ, Esa E,  et al. Next-Generation Sequencing (NGS) and 
Third-Generation Sequencing (TGS) for the Diagnosis of 
Thalassemia. Diagnostics 2023; 13(3): 373. 
https://doi.org/10.3390/diagnostics13030373 

6. Śledzińska P, Bebyn M, Szczerba E, Furtak J, Harat M, 
Olszewska N, et al. Glioma 2021 WHO Classification: The 
Superiority of NGS Over IHC in Routine Diagnostics. Mol 
Diagn Ther 2022; 26(6): 699-713. 
https://doi.org/10.1007/s40291-022-00612-3  

7. Singh S, Podder PS, Russo M, Henry C, Cinti S. Tailored point-
of-care biosensors for liquid biopsy in the field of oncology. 
Lab Chip 2023; 23(1): 44-61. 
https://doi.org/10.1039/D2LC00666A 

8. Khan SH, Zaidi SK. CRISPR, cell lines and organoids: New 
entrants in next generational lab medicine. J Pak Med Assoc 
2021; 71(7): 1714-1715. 

9. Anagostou A, Liotta LA. Small business development for 
molecular diagnostics. Methods Mol Biol 2012; 823: 421-37. 
https://doi.org/10.1007/978-1-60327-216-2_28 

 
 
 
 
 
 
 
 

Dr. Sikandar Hayat Khan 
Department of Molecular Diagnostic Department 

Armed Forces Institute of Pathology, Rawalpindi Pakistan 
 

 

https://doi.org/10.1016/j.csbj.2019.11.00210.1016/j.csbj.2019.11.002
https://doi.org/10.1093/database/bay027
https://doi.org/10.1038/s41592-022-01512-4
https://doi.org/10.1038/s41592-022-01551-x
https://doi.org/10.3390/ijns8010017
https://doi.org/10.3390/diagnostics13030373
https://doi.org/10.1007/s40291-022-00612-3
https://doi.org/10.1039/D2LC00666A
https://doi.org/10.1007/978-1-60327-216-2_28

