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Next generation sequencing  (NGS) has revolutionized the 
field of medicine and research and has improved on the 
principles of first‑generation sequencing (Sanger Sequencing).

What is Sanger’s Sequencing?
It is the classical method of sequencing, i.e., technique 
used to determine the order of 4 bases. This involves the 
following steps [Figure 1].[1]

•	 First, the DNA to be sequenced is amplified. These are 
then separated into single strands using heat. This leads 
to production of two strands  (complementary strand 
and template strand). Using the 5’ end of DNA in the 
template strand, a primer is annealed to it.

•	 Primer DNA is dispersed into 4 vessels. DNA 
polymerase and all four dNTPs  (dATP, dGTP, dTTP, 
dCTP) is added to all 4 vessels.

•	 Next, 1 type each of the 4 ddNTPs is added to each vessel. 
These ddNTPs are specifically modified dNTPs which 
does not have a 3’hydroxyl group required for chain 
elongation. Hence, no chain elongation occurs when these 
enter the chain. Each ddNTP also has unique fluorescent 
dye attached to it, allowing for automatic detection.
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•	 Thus, varying length of DNA fragments is formed 
in each vessel which by gel electrophoresis followed 
by autoradiography its sequence is determined. 
Polyacrylamide gel is usually used for electrophoresis.

What is Next Generation Sequencing?
Next generation sequencing is a newer high output DNA 
sequencing technology which utilizes massive parallel 
sequencing method. It sequences DNA similar to Sanger’s 
sequencing but, it is a massively parallel method which 
allows millions of DNA fragments to be sequenced in a 
single run, in contrast to sanger sequencing which only 
produces one forward and reverse read only. Thus, in 
contrast to Sanger’s sequencing, the speed and amount of 
DNA sequenced and data generated with NGS are greater 
with a much lower cost.[2] There are four sequencing 
approaches for NGS.[3] These are:

a.	 Pyrosequencing
b.	 Sequencing by synthesis: The most common method 

used now
c.	 Sequencing by ligation
d.	 Ion semiconductor sequencing

And based on sequence determination, NGS is divided into 
three types. These are:

a.	 Whole genome sequencing: Refers to sequencing of 
most of the DNA comprising both exon and intron.

b.	 Whole exome sequencing: Refers to sequence 
determination of exons (Exons are segments of DNA 
which encode proteins and are approximately 1% of the 
whole genome).

c.	 Clinical exome sequencing: Refers to sequencing of 
morbid genes only.

Next Generation Sequencing in Oncology‑What 
to Know?
a.	 Source of DNA: Can be blood (this is a sterile source of 

DNA, but an invasive procedure), buccal swab, saliva, 
hair follicle  (this is a nonsterile source of DNA, with a 
potential risk of DNA of bacterial flora to be confused 
to host sequence). For patients undergoing allogenic 
hematopoietic transplant, blood sample contains donor’s 
DNA. Hair follicle is the most reliable sample for 
recipient’s genetic sequence. It can also be extracted 
from fixed samples (formalin fixed; paraffin embedded).

b.	 For research purposes, NGS can also be used for 
sequencing RNA and mitochondrial DNA

c.	 Which part of DNA to use…?
	 NGS can be used to sequence whole DNA, exome, or 

target gene panel. In clinical practice, we commonly Figure 1: Steps of Sanger’s sequencing

Article published online: 2021-06-28



Bhat and Jain: NGS in oncology

382� Indian Journal of Medical and Paediatric Oncology | Volume 41 | Issue 3 | May-June 2020

use target gene panels for hereditary breast cancers 
and hereditary colon cancers. The results of these are 
reported as one of the following:
•	 Pathogenic
•	 Likely pathogenic
•	 Benign
•	 Unknown clinical significance.

	 There is a higher incidence of receiving a result of 
unknown clinical significance, as clinical implication of 
many variants is not known.

d.	 Clinical uses in oncology.
i.	 Cancer screening:
	 •	� Breast cancer  ‑  BRCA1 and BRCA2, CHEK2, 

TP53 and ATM.
	 •	� Colorectal cancer  ‑  APC, MLH1, MSH2, MSH6, 

MUTYH, TP53.
	 •	� Familial acute leukemia syndrome  ‑  CEBPA, 

RUNX1, DDX41, MBD4, GATA2, TP53.
ii.	 Cancer prognosis:
	 Acute myeloid leukemia‑stratified into favorable 

risk, intermediate, and poor risk based on 
genetics.

iii.	Cancer treatment:
	 •	� PARP inhibitors: Used when BRCA testing comes 

positive.
	 •	� NGS can also be used to detect tumor mutation 

burden, which is useful in deciding the therapy in 
many cancers.

iv.	 As a last ray of hope:
	 Gene panel tests: MSK‑IMPACT and F1CDx‑in 

recurrent and metastatic setting for solid tumors 
and metastases of unknown primary, helping in 
therapeutic decision.[4]

Limitations

This platform may not be useful for large chromosomal 
changes such as chromosomal copy number changes, 
deletion, insertions, and translocations. In these other 
diagnostics such as cytogenetics, fluorescence in  situ 
hybridization, microarray may be useful. Cost and longer 
time are the other technical limitations.

Future Implication
Advances in NGS have catalyzed progress in countless 
areas of cancer research, heralding a way toward 
personalized and precision medicine in its management. 
Thus, NGS may play a very important role in future in 
above and may even become a part of standard baseline 
investigation.
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