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Which Whole Genome Amplification method best fits 
your single cell genome investigation? 

Different options of whole genome 
amplification (WGA) are available for obtaining 
microgram-level amounts of DNA from a single 
cell, which can be classified as follows:

• PCR - based

• Random priming + PCR 

• Random priming + isothermal amplification

Random priming + PCR includes includes 
systems that initiate polymerization using random 
hexamers or eptamers, or random enzymatic 
fragmentation and adaptors ligation, followed 
by appropriate, temperature-controlled, PCR 
amplification of the random generated fragments 
(Malbac, Picoplex, Genomeplex).

Random priming + isothermal amplification 
includes systems, which initiate the 
polymerization with random hexamers and use 
the Multiple Strand Displacement Isothermal 
Amplification (MDA) process to perform the 
amplification (Repli-G).

All methods attempt to generate millions of 
short fragments representing the entire genome 
of a sample, which can be then amplified with 
a classic PCR process or an MDA process to 
produce large amounts of DNA, replicating the 

entire original template. 

Methods differ for how the polymerization 
is primed and how is controlled, with each 
presenting pros and cons on different aspects 
of their performance, including ease of use, 
throughput, cost and, inevitably, performance. 
The major performance difference, when working 
on single cells, is linked to the “random” or the 
“controlled” nature of the process. 

Ampli 1™ WGA kit is the only fully “non random” 
kit designed and optimized for single, human 
cell whole genome amplification. Priming of 
polymerization is initiated by a single, highly 
specific universal PCR primer for both strands 
recognizing one adaptor sequence, introduced 
at millions of specific sites in the human genome 
through a restriction digestion. Amplification is 
then achieved at a three-temperature, controlled 
PCR (Fig. 1). Ampli 1™ WGA products are suitable 
for any kind of DNA testing, including Sanger 
sequencing, short tandem repeat (STR analysis), 
NGS library preparation for cancer panels, exome 
sequencing, low-pass genome and whole genome 
sequencing. Dedicated kits and protocols are 
available to verify WGA DNA quality and produce 
libraries for NGS analysis (Fig. 2).

Successful analysis of single cell genome starts with an appropriate Whole Genome Amplification 
step and ends with an optimized sequencing process which matches the characteristics of the 
adopted WGA. Going through the following 4 points will help you make an educated choice of the 
most appropriate workflow for a successful analysis of your single cell: 

1. Different WGA methods exist in the market, do you know them all?

2. Are you treating real single-cells or just limited input DNA?

3. What type of genetic analysis are you interested in?

4. Are you planning to use fresh or fixed cells?

And once you have selected the most appropriate WGA method for your needs, don’t forget to adapt 
the post-WGA DNA preparation protocols in order to maximize the accuracy of your investigation.  

Ampli 1TM provides a complete range of products covering the entire workflow and optimized for 
different kinds of genetic analysis on the amplified DNA: single gene, NGS cancer Hotspot panel, 
Low Pass Genome, Whole Exome/Genome library prep. 

Ampli 1TM Kits are for Research use only
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Fig. 2. Ampli1™ WGA kit workflows for single cell genome analysis 
include dedicated kits for WGA  DNA Quality check, Low Pass 
genome Library prep and Cancer HotSpot panel and Whole 
Genome Sequencing Library prep.

Fig. 1. Ampli1™ Kit procedure 
begins with a restriction digestion, 
which generates exactly 19,046,047 
fragments from each of the two 
haploid genomes, with the same 
2-base sticky-ends  on both sides. An 
adaptor, complementary to the sticky 
ends generated, is ligated to both 
sides of each fragment and is used, 
after filling the ends, as a priming site 
for a single universal PCR primer. This 
ensures that, regardless of where a 
mutation is located in the genome, 
both alleles representing the locus will 
be amplified with a similar efficiency, 
drastically reducing Allelic Dropout. 
Every Bin in the genome will also 
be represented by the same exact 
number of fragments in each different 
cell, which also correlates tightly with 
AT content of the genome, greatly 
reducing noise in CNV analysis through 
a simple AT/GC normalization. 
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Single cell or limited-cell number 

When working with a limited amount of DNA, 
which is still the equivalent of tens to hundreds 
of cells, randomly occurring amplification bias 
introduced by the WGA process on a single DNA 
molecule is compensated by a comparable bias, 
on the opposite direction, on other molecules. 
The more DNA molecules are present in the 
sample for each allele, the more likely the average 
final amplified amount of DNA will accurately 
represent the original allelic ratio present in the 
sample, even when a random or semi-random 
based process is used for the WGA.

When working with a single cell, we are dealing 
with a sample containing only two DNA 
molecules and just one for each allele. Under 
such conditions, no bias compensation between 
molecules can occur within the reaction. For this 
reason, to obtain accurate allelic balance in the 
product of a single cell WGA, it is mandatory 
to reduce the amplification bias to negligible 

levels. This can only be achieved by utilizing a 
WGA process capable of providing a robust and 
reproducible amplification efficiency on every 
locus and on each one of the two alleles. 

Ampli 1™ WGA kit is dedicated and optimized for 
the single cell use. The use of a directed, non-
random DNA fragmentation and a temperature-
controlled PCR amplification process ensures 
the fragments representative of any locus on the 
genome in different cells (cell-to-cell comparison) 
and of the two alleles at each locus (allele-to-
allele comparison) are always the same size and 
base composition. This guarantees that, no matter 
what the overall efficiency of amplification is of 
any given locus, it will be the same for the two 
alleles on the same single cell and for the same 
locus on different cells. Two conditions enabling 
reliable detection of heterozygous mutations and 
copy number variation in pure single cells (Fig. 3).

Fig. 3. Random methods do not 
provide a balanced amplification 
of the two alleles on a given locus 
due to the randomly defined size 
of the amplicons defining each 
allele. This is not the case with 
a controlled process where the 
amplified fragments containing 
the two alleles of any given variant 
are rigorously generated with the 
same size and base composition. 
This enables a balanced 
amplification and a strong 
reduction of allelic dropout. 
(Binder et al 2014).

Single Cell

Ampli1™ WGA Kit Other methods
Site specific digestion

Single primer amplification

Results
Balanced allelic amplification,
low allelic drop out

Results
Unbalanced allelic amplification,
allelic drop out 

Allele

Unbalanced allele amplificationBalanced allele amplification

Cell 1 Cell 2 Cell 3 Cell 4 Cell n Cell 1 Cell 2 Cell 3 Cell 4 Cell n

NNNNTTAANNNN
NNNNAATTNNNN

Allele

Allele

No site specific digestionNo site specific digestionNo site specific digestion

Random priming

Uncontrolled amplification
Digested

fragments

2



Four things to know before you start 
your single cell DNA analysis

Diploid cell genomics

When analyzing haploid cell genomics, the events 
of interest can be:

• Single nucleotide polymorphisms (SNPs);

• Copy number variations (CNVs).

In this case, the only possible sources of errors 
induced by the WGA process are polymerase 
fidelity and the uniformity of representation of 
the amplified genome. 

Diploid cells genomic analysis is much more 
complex, involving:

• Homozygous SNPs and insertions/deletions  
 (INDELs);

• Heterozygous SNPs and INDELs;

• Copy Number Variation (CNVs);

• Loss of heterozygosity (LOH).

All such determinations are highly dependent not 
just on the accurate identification of nucleotide 
changes but equally on the reliable quantitation 
of the ratio of the two alleles originally present 
in the cell and on a reproducible coverage of the 
genome from cell to cell.

Therefore, for a meaningful genome analysis of a 

single diploid cell, it is mandatory that the WGA 
method maintains an accurate representation of 
the allelic balance/imbalance in the cell genome. 
This goal is only achieved if the WGA process 
does not induce preferential amplification of one 
allele vs the other.

An unbalanced amplification of the two alleles 
may result in an allelic dropout (ADO) and this 
is by far the main source of errors in sequencing 
diploid cells. 

The impact of ADO on the accuracy of sequencing 
results in a diploid cell is up to 100,000 times 
higher than that of enzyme fidelity.

Ampli 1™ WGA kit is dedicated and optimized for 
diploid single cells. Its restriction digestion based 
principle is specifically designed for the human 
genome. Enzyme proofreading activity ensures 
an error rate lower than 10(-5) in nucleotide 
incorporation while reproducible and controlled 
amplification efficiency enables the lowest allelic 
dropout rate (ADO) than any other WGA method 
(Fig. 4) as well as a very low  noise in CNVs 
analysis, thanks to the reproducible coverage 
profile and the very efficient normalization 
process (Fig. 5).

Fig 4. As reported in several comparative papers in the past few years, Ampli1TM WGA outperforms all other random and semi–random methods 
in terms of Allelic Dropout. Thanks to its deterministic nature, not only values are the lowest but also quite reproducible from author to author. 
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Fresh vs fixed cell

While working with culture cells makes it relatively 
simple to manage fresh samples, dealing with real 
patients’ samples is challenging when attempting to 
collect, transfer and store blood while maintaining 
cell integrity. Fixation makes the cell stable but 
induces DNA cross-linking and fragmentation, 
which heavily affects the efficiency of MDA-based 
WGA methods, compromising the overall amount 
of DNA obtained and the uniformity of distribution 
across the genome. 

Ampli 1™ WGA kit is the least affected by DNA 
cross-linking and therefore is the method of 
choice to obtain large amounts of reproducibly 
distributed DNA from single cells coming from 
workflows including a fixation step, like CTC 
from patient’s blood (Fig. 5). It was recently 
demonstrated that Ampli 1™ WGA amplification 
can be used to obtain reliable CNVs profiles even 
from single cells isolated from disaggregated 
FFPE tissue (Fig. 6). 

Fig. 6. Examples of CNA profiles of single tumor cells isolated from an FFPE sample of lung adenocarcinoma using DEPArray™ technology. Analysis 
of aberration profiles from single FFPE cells can provide a reliable measure of spatial heterogeneity within a solid tumor sample. 
For a robust performance, it is recommended to check DNA integrity of the sample using DEPArray™ FFPE QC kit before WGA amplification.
*FFPE Samples with QC score=0.7 assigned by DEPArray FFPE QC Kit

Fig. 5. The difference in 
performance of aCGH 
analysis between fresh 
and fixed single cells 
using different WGA 
methods. Derivative Log 
Ratio (DLR) spread are 
indicative of the noise of 
the system. Lower values 
allow higher resolution 
analysis of CNV (4). 
Ampli1 WGA performs 
best both with fresh and 
fixed cells in terms of 
absolute DLR value and 
of standard deviation. 
(4- Normand et al, Prenat 
Diagn. 2016)
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Supported protocols

Single cell NGS analysis is used to profile copy 
number aberrations, identify known cancer hotspot 
mutations and focal CNVs or discover new somatic 
variation through whole genome/whole exome 
sequencing. 
All these protocols require the preparation 
of an NGS library and the use of appropriate 
bioinformatics analysis. Ampli1™ WGA Kit workflow 
includes supported solutions for seamless library 
generation and data analysis for Illumina and Ion 
Torrent NGS technologies (Fig. 2).

Ampli 1™ QC kit for use with Ampli 1™ WGA 
product enables an easy but very effective 
evaluation of the level of integrity of a single cell 
genome that underwent WGA. Apoptotic cells 
get their DNA degraded while still in patient’s 
bloodstream and their DNA is not suitable for deep 
sequencing, although it may still be usable for copy 
number aberration profiling. A simple counting of 
the number of PCR bands generated by the Ampli 
1™ QC kit helps drive decisions on which genomic 
analysis is compatible with each cell (Fig. 7).

Ampli 1™ LowPass Kit for use with Ampli 1™ WGA 
product reduces by more than half the labor 
and costs related to library generation for low-
pass genome analysis from the WGA product, 
compared to a standard library preparation 
process. With a simple PCR 
reamplification of a small aliquot of the WGA 
material using specific fusion primers containing 

Fig. 7. Ampli1™ QC kit The number of bands refers to the presence 
of high molecular weight fragments, indicators of DNA integrity 
in the original cell. Low GII values indicate high level of DNA 
fragmentation in the Ampli1™ WGA product, possibly due to 
Apoptosis or fixation. Rapid and inexpensive, this test offers a rapid 
quality inspection in each cell WGA to support the decision to 
proceed with further genomic investigations.

Fig. 8. Ampli1™ 
Low Pass Kit 
produces NGS 
libraries for 
CNA profiling 
through a simple 
reamplification 
of Ampli1™ WGA 
product in half 
the time and with 
half the labour 
required by a 
standard Library 
preparation 
protocol. 

adaptors and barcoding sequences, up to 96 
WGAs are transformed in a single, multiplexed 
NGS low-pass genome library (Fig. 8).
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Ampli 1™ ReAmp/ds Kit for Ampli 1™ WGA 
products prepares the WGA’ed DNA for optimal 
preparation of whole genome/whole exome 
sequencing libraries. Ampli 1™ WGA product 
contains a mix of double-strand and single-
strand DNA. This is not a condition that would be 
recommended to enter into a library preparation 
workflow for NGS sequencing, as it can contribute 
to inaccurate DNA quantification and less efficient 
removal of WGA adaptors. 
Ampli 1™ ReAmp/ds kit is used to convert all 
single-stranded DNA molecules into double-
stranded, with a single additional PCR cycle. 
The same Ampli 1™ ReAmp/ds kit is also suitable 
to reamplify Ampli 1™ WGA products, starting 
from just 1 µL of the WGA output: this enables the 
creation of a virtually unlimited source of DNA, 
starting from one single cell.
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