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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO documen
ISO/IEC Directives, Part 2 (see WWW.is0. org/dlrectlves)

[SO draws$ attention to the possibility that the implementation of this document may involve-the
patent(s).[ ISO takes no position concerning the evidence, validity or applicability of any clai
rights in fespect thereof. As of the date of publication of this document, ISO had not eceived no
patent(s) which may be required to implement this document. However, implemefiters are caut

this may not represent the latest information, which may be obtained from the patent database ay
www.iso.prg/patents. ISO shall not be held responsible for identifying any or alljstuch patent rightg.

Any trad¢ name used in this document is information given for the coenvenience of users and|
constitut¢ an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and e
related tp conformity assessment, as well as information about ISO’s adherence to the Wo

les of the

use of (a)
d patent
ice of (a)

ijoned that

ailable at

does not

rord.html.

Organization (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/forew
This docyment was prepared by Technical Committee ISO/TC 276, Biotechnology.
Alist of all parts in the ISO 20688 series can be found@n the ISO website.

Any feedback or questions on this document shéuld be directed to the user’s national standard
complete [listing of these bodies can be found atwww.iso.org/members.html.

s body. A

© IS0 2024 - All rights reserved

\%


https://www.iso.org/directives-and-policies.html
https://www.iso.org/patents
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=c8d95994e8f74eabccd67e0dca0ba6aa

ISO 20688-2:2024(en)

Introduction

Gene fragment, gene and genome synthesis refer to producing synthetic double-stranded DNA in the form
of non-clonal fragments (that can be linear) and clonal genes in plasmids (that would be circular) by using
appropriate biochemical methods.

Synthesized gene fragments, genes and genomes are important biotechnological products and are widely
used in biotechnology, e.g. protein engineering, metabolic engineering, antibody and vaccine development,
environmental bioremediation and natural product discovery.

The production and quality control of the synthesized gene fragment, gene and genome products are
essential for ensuring the quality and their downstream applications in biotechnology. This document

provides
products,
impuritie
control of]
of produc

This docy
quality cq
of DNA sy
genes and

In this do
“shal

—  “shou

«

— “may

« ”

— can

Fequirements for the production and quality control of synthetic gene fragment, gene an
including biosecurity, purity, yield, size, gene cloning accuracy, integrity, sequehces
5 and other quality indicators. This document provides a uniform general guideline for t
gene fragment, gene and genome synthesis. It is intended to help to improve and ensure t
Ls and fair trade based on a unified standard.

ment is intended to be used by synthetic DNA producers during the manufacturing p

nthesized in their facilities, and by end users to verify the quality’of-synthesized gene f
genomes provided by manufacturers as required.

rument, the following verbal forms are used:
" indicates a requirement;

1d” indicates a recommendation;

" indicates a permission;

indicates a possibility or a capability.

d genome

residual
he quality
he quality

rocess for

ntrol to improve the quality of their products, by academic laborateri€s to evaluate the quality

Ffagments,
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Requirements for the production and quality control of

synth

esized gene fragments, genes, and genomes

1 Scop

This docu
stranded
and biose
synthesiz

This docu
(base pai

This docu

When thg
ISO 151849

2 Normative references

There ard

3 Tern
For the pt
ISO and I1

— ISO Online browsing platferm: available at https://www.iso.org/obp

— IECE

31
biosafety
practices

e

ment specifies the requirements for the production and quality control of-synthesizé
DNA. It describes requirements for quality management, resource mapagement,
curity, quality control in production, product quality, and delivered préduct specific
ed gene fragments, genes and genomes.

ment is applicable to synthetic gene fragments, genes and genom€s with a length belo
's) in the forms of non-clonal fragments (linear) and clonal genes.in plasmids (circular).

ment does not provide specific requirements for materialsused solely for diagnostic pur

synthesized nucleic acids are procured and used for diagnostic purposes, the user
, ISO 13485 and other related clinical standards inté:account.

no normative references in this document.

ns and definitions
irposes of this document, thefollowing terms and definitions apply.

.C maintain terminology databases for use in standardization at the following addresses

ectropedia: available at https://www.electropedia.org/

and, controls that reduce the risk of unintentional exposure or release of biological mater

d double-
biosafety
htions for

v 10 Mbp

poses.

can take

ials

Note 1 to

pritry: Biological materials refer to any material comprised of, containing, or that may contain

biological

agents and/or their harmful products, such as toxins and allergens (see ISO 35001:2019, 3.14).

Note 2 to entry: Biological agents refer to any microbiological entity, cellular or non-cellular, naturally occurring or
engineered, capable of replication or of transferring genetic material that may be able to provoke infection, allergy,

toxicity or

[SOURCE:

other adverse effects in humans, animals, or plants (see ISO 35001:2019, 3.13).

[SO 35001:2019, 3.22, modified — Notes to entry were added.]
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ity

practices and controls that reduce the risk of loss, theft, misuse, diversion of, or intentional unauthorized
release of biological materials

[SOURCE: I1SO 35001:2019, 3.23, modified — Notes to entry were deleted.]

3.3

colony polymerase chain reaction
colony PCR

PCR method used to screen for plasmids containing a desired insert directly from microbial colonies without
plasmid extraction and purification steps

3.4

DNA assgmbly

joining ol
stranded

3.5

gonucleotides or smaller gene fragments via regions of complementarity to form‘a tong
DNA fragment step by step in vitro or in vivo

DNA seqyencing

determin

ng the order of nucleotide bases (adenine, guanine, cytosine and thymin€) in a molecule

Note 1 to dntry: Sequence is generally described from the 5’ end.

[SOURCE:|ISO 17822:2020, 3.19]

3.6

gene cloning

process o
cellandr

3.7
massivel
MPS

f introducing a particular gene or DNA sequence using genetic engineering techniques i
bplicating it by asexual reproduction into many identical copies of the gene

y parallel sequencing

sequencing technique based on the determination of incremental template-based polymerizatio}

independ

ent DNA molecules simultaneously

Note 1 to gntry: Massively parallel sequericing technology can provide millions/billions of short reads per 1
reads basgd on amplification.

[SOURCE:ISO 20397-2:2021, 3.30,-modified — Note to entry was edited by adding "or long reads

amplifica

3.8

[ion.

plasmid yector
extrachrdgmosomal~-DNA molecule in cells physically separated from the chromosome and d
autonomqus replication that can be used as vehicle to carry new genes into cells

[SOURCE:|1SO16577:2022, 3.4.37, modified — “vector” added to the term, and “that can be used as
carry new.genes into cells” added to the definition (from ISQ 16577:2022 3 4 58) Notes to entry

deleted.]
3.9

br double-

pf DNA

hto a host

1 of many

un or long

based on

apable of

vehicle to

have been

quality score

Q score

measure of the sequencing quality of a given nucleotide base

Note 1 to entry: Q is defined by the following formula:

Q=-10log;,(p)

© IS0 2024 - All rights reserved
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where p is the estimated probability of the base call being wrong.
Note 2 to entry: A quality score of 20 represents an error rate of 1 in 100, with a corresponding call accuracy of 99 %.

Note 3 to entry: Higher quality scores indicate a smaller probability of error. Lower quality scores can result in a
significant portion of the reads being unusable. Low quality scores can also indicate false-positive variant calls,
resulting in inaccurate conclusions.

[SOURCE: ISO 20397-2:2021, 3.32]

3.10
sequence alignment
arrangement of nucleic acid sequences according to regions of similarity

Note 1 to ¢ntry: Sequence alignment may not require a reference genome/reference targeted nucleic acidfegion and
its aim might not produce an assembly.

[SOURCEISO 20397-2:2021, 3.20]

3.11
sequenc¢ of concern
socC
sequence fof 50 bp or greater that either encode for biological functions or directly endow or enhange toxicity
or pathogenicity

3.12
syntheti¢ DNA library
double-stfanded DNA fragments synthesized with targeted genetic diversity that have been insented into a
specific cloning vector(s)

Note 1 to gntry: Genetic diversity refers to the number of unigue sequences in a DNA library. Diverse lifraries can
permit high-throughput evaluation of genetic designs or funetional variants.

3.13
syntheti¢ gene
synthetic| cloned, double-stranded DNA fragment containing necessary biological parts

Note 1 to gntry: Linear plasmid by restriction‘enzyme digestion is a kind of delivered product form of synthetic gene.

3.14
syntheti¢ gene fragment
synthetic| non-cloned, double-stranded linear DNA fragments, assembled from synthetic oligo nuc]eotides

3.15
syntheti¢ genome
syntheticplly-built gehome containing all necessary genetic information for a living organism, pr¢duced by
the assenbly of oligenucleotides or smaller gene fragments in vitro or in vivo

4 Requirements for quality management

4.1 General requirements

The producer, as an entity synthesizing double-stranded DNA and distributing double-stranded DNA to one
or more customer(s), shall establish and implement a system in which the following processes are described
and documented:

a) order receiving process;
b) biosafety and biosecurity risk assessment process;

c) gene synthesis process;

© IS0 2024 - All rights reserved
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d) final product quality control process.

A quality policy and quality objectives shall be determined in the order receiving process. The quality
requirements are different depending on the synthetic production process, the form of the final synthetic
double-stranded DNA, the quality control method and its end application. Necessary actions should be
taken in the synthetic processes in order to achieve the planned results and quality by analysis of the
characteristics of synthetic nucleic acids that are produced.

4.2 Control of documents

The producer of synthetic double-stranded DNA should have a procedure ensuring the control of documented
information including the following points:

a) custgmer information:
1) point-of-contact name;
2) ganization;
3) address;
4) phone number;
5) email;
b) ordersequence information:
1) njucleotide sequences ordered;
2) vector used;
c) sequgnce screening protocol;
d) sequgnce screening report;
e) standard operation procedure of synthesis;
f) quality control method;
g) produyct form;
h) data §nd report;
i) shipnpent information;
1) date placed and'shipped;
2)

wn

hipping address;

3) rpceivername;

4) t *ancpnvf cfnvngn condition Sy etc

The producer shall ensure that the unintended use of any obsolete document is prevented. The producer
shall ensure the integrity and security of synthetic gene order and customer information and prevent
unauthorized access to these data.

When the documented information including records is retained in electronic media, the producer shall
ensure the control of those electronic media. Adequate cybersecurity measures shall be implemented to
protect the intellectual property and identity of customers.

© IS0 2024 - All rights reserved
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4.3 Quality management system

The producer can adopt and establish a quality management system to document necessary procedures,
ensure control of production processes, and regularly monitor and document the production and quality
control of synthetic double-stranded DNA.

4.4 Biorisk management and safety control

The producer can establish a biorisk management system (e.g. based on ISO 35001, the World Health
Organization’s (WHO's) Laboratory Biosafety Manualll%l and the WHO’s Global guidance framework for the
responsible use of the life sciences!11]) to effectively identify, assess, control, and evaluate the biosafety and
biosecurity risks inherent in its activities.

The prodllcer can establish an occupational health and safety management system (e.g. [SO 45009) in order
to reducelor eliminate possible risks associated with performing double-stranded DNA synthesis and quality
control aq specified by this document.

The sequnce of the synthetic double-stranded DNA should be screened against ajlist of pathdgens and
toxins. The biosafety and biosecurity risk level of the synthetic gene should be asSéssed accordjng to the
appropridte reference standard and documents of biosafety and biosecurity. An,example of ranking risk
levels can|be referred to in Annex G.

The prodiyicer should have a procedure to ensure the legitimacy of custonters, principal users and jend users
of synthetic genes containing sequences of concern (SOCs). Providers’and third-party vendors of|synthetic
genes should:

a) know|to whom they are distributing a product;
b) know if the product that they are synthesizing and/or distributing contains, in part or in whole, SOCs;

c) notify customers and end-users when their order cgntains SOCs.

5 Requirements for resource management

5.1 Fadilities and environmental condition

Facilities,| including sources of enefgy, lighting and environmental conditions (temperature, jhumidity,
cleannesq and atmospheric pressure) shall be functional and reliable for double-stranded DNA |synthesis
and quality control. Facilities,and environmental conditions shall not adversely affect the synthesis and
quality cqntrol of synthetic deuble-stranded DNA. Influences that can adversely affect the product quality
can include, but are notZhmited to, other nucleic acid contamination, microbial contaminatjon, dust,
electromggnetic disturbances, radiation, humidity, inconsistent electrical supply, temperature and vibration.

Synthetic|gene fraguients, genes and genomes shall not be contaminated by other nucleic acids| from the
manufactpring environment and shall not be released into the exterior environment withojit proper
treatment.

| relevant

The producer sha onitorcontrol 2
specifications, methods or procedures.

5.2 Equipment and instruments

Equipment and instruments used in the production and quality control of synthetic gene fragments, genes
and genomes shall be properly controlled, maintained and calibrated.

The records of the control, maintenance and calibration shall be retained according to documented record
retention policies.

The equipment and instruments shall be operated by suitably trained and qualified personnel.

© IS0 2024 - All rights reserved
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The equipment for the production and quality control may include automated oligonucleotide synthesizers
based on, butnotlimited to, column-based, microfluidics-and microarray-based devices. Additional necessary
equipment may include polymerase chain reaction thermocyclers, gel electrophoresis apparatus, microchip
capillary electrophoresis analysers, ultraviolet spectrophotometers, fluorescence spectrophotometers, DNA
sequencers, centrifuges, incubators, refrigerators, freezers, pure water production systems, pH meters,
weighing devices, pipettes, automated pipetting systems, dryers, constant temperature incubators, constant
temperature shakers, etc.

An example of equipment and device list and their control requirements for the production and quality
control of synthetic gene fragments, genes and genomes is given in Annex A.

5.3 Raw materials

Raw matdrials include synthetic substrates, auxiliary materials (such as reaction container, pipette|tips, etc.),
auxiliary freagents (such as oligonucleotides, enzymes, vector, culture medium, buffer, etc.}-and pyire water.
Their quallity will affect the quality of synthetic gene fragments, genes and genomes and thé consisftency and
stability ¢f manufacturing processes.

The prodpcer shall control raw materials used in the production and quality centrol of synthetic gene
fragments, genes and genomes.

The prodIcer shall evaluate raw material suppliers to minimize the influencés of the provided raw material
on the syfthesis requirements, such as purity of synthetic substrates, activity of enzymes, and so pn.

The prodpcer shall establish procedures for purchasing raw matérials and evaluating suppliefs against
predeterthined criteria. The producer should establish a process‘ef reagent lot qualification to erisure that
each reagent lot meets the requirements of the producer beforeise in manufacturing.

Only chemicals and materials of molecular biology grade shall be used.

5.4 Peronnel

The producer should develop training prograthmes designed to ensure the competency required for
manufacturing roles. The producer should provide training for all personnel according to the respopsibilities
assumed.|The training programmes can include, but are not limited to, knowledge of chemistry, molecular
biology aid cellular biology.

6 Biosafety and biosecurity requirements

6.1 General

A risk- and evidence-based approach to biosafety shall be established and applied to ensure that lpboratory
facilities, [safety equipment and work practices are locally relevant, proportionate and sustaingble while
maintaining appropriate control of biosafety.

Laboratory bigsecurity measures should be taken based on a comprehensive programme of accopntability
for biologlical materials used in the production and quality control of synthetic gene fragments, genes and
genomes.

In order to prevent the intentional or inadvertent misuse of DNA synthesis technologies and products,
producers should make use of a DNA sequence screening mechanism.

For biosafety considerations, ISO 35001 and the WHOQ'’s Laboratory Biosafety Manualll9 can be used.

6.2 DNA sequence screening mechanism

All DNA producers should use a sequence screening mechanism to evaluate ordered sequences. This
screening mechanism may be constructed in-house by producers or acquired from a third party. Screening
systems can rely on an internationally recognized database of sequences of pathogen and toxin DNA and

© IS0 2024 - All rights reserved
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algorithms to screen ordered DNA sequences against that set of sequences. Screening should be conducted
for sequences longer than 50 bp or in accordance with regional guidelines. If the screening system returns a
hit for an ordered DNA sequence, the DNA producer shall choose whether to conduct follow-up screening or
to reject the order. Where follow-up screening does not resolve concerns about an order, the producer may
choose to refuse the order or to report the order to authorities according to the particular case. For DNA
producers that choose not to synthesize pathogen or toxin DNA, the synthesis should not proceed [13],

If a DNA producer chooses to synthesize pathogen or toxin DNA (i.e. sequences that are hits according to
their screening mechanism), the producer shall follow legitimate use guidelines. Evidence for legitimate use
may include institutional affiliation, evidence of a legitimate research programme, customer publication
history or marketed products (e.g. detection and test).

If a DNA—producer ¢ o—synthesize pathg
corresponding capacity and facility for maintaining

a oxin DNA he brod e h es

oL £G the producer sha tablish the
an appropriate control of biosafety and biosecdurity.

When a customer orders DNA sequences from a regulated pathogen or toxin, the producer shall obtain a
written description of the intended use for the synthetic DNA from the customer.

Whenever possible, the producer shall verify that the information obtained, including the intended use, is
consistenf with the customer’s activities. The result of the evaluation shall be doetimented.

It is recommended that producers document and retain for at least eight years-the following information for
orders abput DNA sequences from a regulated pathogen or toxin:

a) custogmer information (point-of-contact name, organization, addréss, email, and phone numbey);
b) order sequence information (nucleotide sequences ordered, vector used);
c¢) orderinformation (date placed and shipped, shipping addre€ss, receiver name).

d) intenfled use information (description from the custonier, evaluation result)

7 Requirements for quality control in production

7.1 General

The prodjicer shall establish a qualityncontrol system for the manufacturing of synthetic gene fragments,
synthetic|genes and synthetic genomes to ensure reliability and reproducibility. The quality contyol system
shall estdblish a quality policy, quality objectives and necessary procedures to ensure the ex¢cution of
manufactpring and quality contsol based on the established procedures.

7.2 Quality control in'synthetic gene fragments production

7.2.1 General

Synthetic|gene\fragments are usually synthesized by assembling synthetic oligo nucleotides info double-
stranded |inear DNA fragments with appropriate assembly strategy and purified further when ne¢essary.

EXAMPLE Assembly of full-length gene constructs for protein expression and purification, gRNA expression
cassettes for CRISPR/Cas9-based gene editing, donor constructs for gene editing experiments and template for in vitro
transcription.

7.2.2 Sequence design

Ordered sequences shall be evaluated to confirm whether the sequence can be synthesized correctly by
the producer. Criteria to evaluate can include GC content, secondary structure or sequence repetitions.
If sequences contain motifs that create manufacturing risk, codon optimization may be used to reduce
manufacturing risk and/or to optimize protein expression in a desired host.

© IS0 2024 - All rights reserved
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7.2.3 Assembly

An appropriate assembly strategy (including, but not limited to, polymerase chain reaction assembly (PCA),
ligase chain reaction assembly (LCA), or recombination-based in vitro, in vivo assembly, etc.) can be applied
to gene fragments synthesis to meet requirements of the final ordered sequence.

7.2.4 Purification

Assembly products can be purified by an appropriate method including PCR product purification Kkits, gel
extraction purification Kits, etc. Kits should be selected with the final purity requirements for the ordered
synthetic DNA. Methods shall be validated when developed in-house or modified by the producer. The
performance of purification methods shall be verified before use.

7.2.5 Product preservation
Synthetic|gene fragments are shipped in formats including lyophilized powder or suspended‘in liggid buffer.

For lyophijlized powder or product on certain medium such as filter paper, the prodtiet’should be| stored at
4 °C or beJow and may be temporarily stored at room temperature.

Gene fragments suspended in buffer should be stored below -20 °C. Multiplé freezing and thawjng cycles
should be|avoided.

7.3 Quality control in synthetic gene production

7.3.1 General

In the field of pharmaceutical development (e.g. viral genomes), metabolic engineering, pathway engineering,
humanizdd antibodies production, or synthetic biology, longer synthetic genes in purified plasmid qr glycerol
stock of clonal cells containing the synthesized gene insa plasmid are needed.

Synthesized oligonucleotides serve as building blecks and are assembled into gene-length sequephces. Two
or more gene-length sequences can be further assembled into larger constructs. Final constructs may be
inserted into plasmids for cloning. Factors which can affect assembly and plasmid replication, su¢h as gene
toxicity, regulatory elements and background expression, should be considered. If possible, all cpnstructs,
or at leasf the final plasmid construct, should be sequence-verified. Additional validation approaches such
as enzymatic digestion or specialized"DNA sequencing techniques shall be included for synthetic donstructs
with repeftitive structures or stable'secondary structures which are incompatible with common s¢quencing
validatior technologies. Clones-eontaining perfect plasmid DNA (matching the ordered sequence wjith 100 %
accuracy)| may be shipped to-¢ustomers as glycerol stocks or fresh stocks or may be further exfracted to
isolate the plasmid DNA.®lasmid DNA suspended in buffer or lyophilized form should then be|delivered
to the cugtomer. Linearization by enzyme digestion may also be performed if customers prefer ljnearized,
clonal DNA.

7.3.2 Cplony-screening

To screen|calonies quickly, one or more methods may be used including colony PCR and antibiotic fesistance
screening to obtain properly transformed colonies.

7.3.3 DNA preparation from the host cell

When the synthesized genes are replicated in a specific host cell, the producer should select appropriate
methods to extract and purify synthesized DNA (options include mini-column purification, magnetic bead-
based purification, ethanol precipitation, phenol-chloroform extraction, etc.) from the host cell.

© IS0 2024 - All rights reserved
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7.3.4 Sequence verification

The sequence of synthetic genes should be verified. Sequencing results shall be documented. The technology,
such as Sanger sequencing, MPS or other equivalent DNA sequencing technology, should be selected
according to gene features, synthesis throughput and cost considerations.

7.3.5 Product preservation
Synthetic genes may be shipped lyophilized, suspended in buffer solution, as glycerol stock or as fresh stock.

For lyophilized powder or product on certain medium such as filter paper, the product should be stored at
4 °C and may be momentarily stored at room temperature.

For DNA pkuspended in buffer solution, the product should be stored below -20 °C. Multiple frepzing and
thawing dycles should be avoided.

Synthetic|genes in glycerol stocks of transformed cells such as Escherichia coli. should be stored belpw -20 °C
and prefefably at -80 °C.

Fresh sto¢ks of transformed cells should be stored at 4 °C.
7.4 Quality control in synthetic genome production

7.4.1 General

Syntheticlgenome refers to re-designing, copying and the synthesis®f an entire genome or all DNA §equences
from a spgcified target organism. Sequence consistency of synthetic genome products is critical arjd shall be
sequencetverified.

The entirg¢ process of constructing a synthetic genome shall be carried out in the following steps:
— analyfsing the entire genomic DNA sequence of thetarget organism;

— syntHesizing individual fragments of an entire genome;

— assembling the genomic fragments;

— transpplanting the assembled synthetic genome into the target organism;

— bootipg up the cell to express the genomic content.

Syntheticlgenome technolog§isused to create some of economically important microbes such as lpiofuel- or
alcohol-ptoducing microbés; which are used for decontaminating toxic waste or tracking down tumour cells.

7.4.2 Assembly

sequence$, polymerase-based, ligase-based or recombination-based in vitro and in vivo assembly mgthods can
be used. Efficient assembly requires a high-fidelity enzyme (e.g. DNA polymerase or ligase). For 1qrger DNA
assemblies, seamless assembly methods that do not leave scars at the assembly junctions can be used.

An approiriate assembly strategy should be selected according to the length of the genome. For relatjvely short

7.4.3 Sequence verification

Due to the inherent potential for errors in each step of gene synthesis, including oligo synthesis and
assembly, internal insertions and deletions as well as premature termination are inevitable in synthetic
DNA sequences. Sequences should be verified before use in genome-scale assembly.

Sequences harbouring mutations shall be identified and removed. For unavoidable mutations, the mutation
information validated by DNA sequencing should be provided to the customer, confirming with the customer
whether the observed mutations affect downstream use or still meet the requirements of the customer.

© IS0 2024 - All rights reserved
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Synthesized sequences are cloned into a plasmid vector in Escherichia coli or yeast and then sequenced by
Sanger sequencing or MPS method.

8 Requirements for product quality

8.1 Synthetic gene fragments

8.1.1 General

The yield, purity and size of the delivered synthetic linear gene fragments products are important quality
indicators.
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The quali

ty control of synthetic genes includes the yield, purity and sequence.

8.2.2 Yield

The yield of synthesized genes can be determined by measuring the concentration of the re-suspended
products with different approaches, such as ultraviolet spectrophotometry via determination of optical
density at 260 nm (OD,), or via fluorescence intensity quantitation using DNA binding fluorescent dyes.
Quantitative PCR (qPCR) can be used as an additional validation method if the customer disputes results.
Refer to B.2.

For the ultraviolet absorbance method, attention should be paid to the possible interference of
unincorporated nucleotides and single-stranded nucleic acids.
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8.2.3 Purity

The impurities in synthetic genes can include proteins, carbohydrates, guanidine, etc coming from the
polymerase or ligase used for assembly, or from the host cell.

The ratio of OD at 260 nm versus 280 nm (OD260/280) can be used to assess protein contamination. The value
of 0D, ,28¢ in the range of 1,8 to 2,0 indicates little protein contamination in the product. Refer to B.1.

The ratio of optical density at 260 nm versus 230 nm (0D ,30) is used to assess other impurities such as
carbohydrates, guanidine, etc. The OD,¢ /30 should be larger than 2,0 for normal plasmid and larger than
1,8 for low copy sample. Refer to B.1.

8.2.4 Seguence

The sequg¢nce of a synthetic gene product should be analysed by a DNA sequencing methodsuch fas Sanger
or MPS td confirm whether or not the synthetic gene matches the sequence ordered by the|customer. Each
nucleotid¢ should be assigned a numerical value (termed its “base quality score”) that/correlates to the
predicted/accuracy of the sequencing base call. Refer to B.4, Annex D and Annex E.

The folloying information should be provided to the customer per ordered sequerice:
a) the tdrget sequence file generated from the ordered sequence;
b) the alignment report of the synthetic genes product;

c¢) the s¢quence with the ordered (designed) sequence.

8.2.5 Inptegrity

Integrity peflects the degradation of synthetic double-stranded DNA. Refer to Annex C. After agarose gel or
capillary ¢lectrophoresis, the molecular mass of the identified bands shall be consistent with the expectation.

Restrictign digestion analysis also provides a way-to confirm the integrity of synthetic double}stranded
DNA. Thel manufacturer should select appropriate restriction enzymes and digestion methods tp produce
reliable djgestion and differentiable band sizing:

8.2.6 Rpsidual impurities analysis

Residual mpurities in synthetic double-stranded DNA products such as endotoxin, host cell genqmic DNA,
host cell grotein and residual mRNA should be assayed using appropriate methods upon customerjrequest.

If the synthetic double-strandéd DNA in a plasmid is used for transfection or the synthetic doublefstranded
DNA will pe used for human or animal drug manufacturing, endotoxin in the product should be quantified
using the [Limulus amebocyte lysate (LAL) test method.

The level§ of endefoxin should meet customer requirements and may generally fall within (0,1 to 1,0) EU/ug
plasmid [JNA, alevel which is generally considered to have little negative effect on downstream applications.
EU (endofoxinh.unit) is a unit assayed by the LAL test when testing for endotoxins.

NOTE1 Theresidual genomic DNAin the product can be assayed by methods including hybridization and real time
quantitative PCR upon request.

NOTE 2  Ifplasmids are prepared for use as, or in development of, drug substances/drug products, additional testing
can be carried out.

Restriction enzyme analysis can be conducted by incubating the plasmid DNA with enzymes and analysing
it on agarose gel or capillary electrophoresis. No other minor band should be observed; therefore, a
recommended minimal amount is needed for reliable visualization.
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8.2.7 Supercoiled plasmid

For synthetic double-stranded DNA in a plasmid, the percentage of supercoiled plasmid in total plasmid,
which can affect the transfection efficiency and protein expression, can be assayed using agarose gel or
capillary electrophoresis. The percentage of supercoiled plasmid in total plasmid can be determined at a

condition

defined by the customer.

8.2.8 Bioburden

Viable microorganisms contaminating a synthetic DNA product can be detected with a specific bioburden
assay upon customer request.
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9 Delivered/synthesized material specifications

9.1 Main information

The delivered/synthesized material specifications for synthesized gene fragments, genes or genomes shall
include, but are not limited to, the following:

provided

d map can

1], and are

st cell can

a) amount of synthesized product;

b) DNA sequencing information: sequence alignment or statistical summary thereof;

¢) purity information;

d) integrity information and restriction digestion map, if produced;

e) residpal impurity information, if the customer requested this assay.

9.2 Other information

Other infgrmation that should be included in the final report of the delivered/synthesized materiall are:

a) prodycer information;
NOTE|1 Corresponding address, contact phone number, operator and time'can be included.

b) prodyct information;
NOTE|2 Name of product, length of product, sequence of the,product can be included.

c) vector information, if the synthetic genes are cloned inte’a vector and the resulting plasmid ig
to thg customer;
NOTE|3 The name of the vector, antibiotic resistance of the vector, sequence of the vector and plasm
be induded.

d) host ¢ell information, if the synthesized-genes are cloned in a vector and replicated in a host ce
provided to the customer in the host ¢ell containing the vector-based plasmid;
NOTE|4  The type of host cell, genotype and auxotype of the host cell, and culturing method of the h
be induded.

e) prodyct quality control ihformation, including quality control results, methods and the

instri

iments used.

hnalytical
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Annex A
(informative)

Example equipment and device list and their control requirements

An example of an equipment and devices list and their control requirements for the production and quality
control of synthetic gene fragments, genes and genomes is given in Table A.1.

ing genes, etc.

Table A.1 — List of equipment and devices and their control requirements
Types of pquipment Specifications Intended use Requirements Inspectjon fre-
quency
Temperatfire-con- Storage of reagents |Temperature stability . ‘At the time|of in-
trolled eqpipment and samples and homogeneity stallation, gnd then
(incubatof;, refrigera- - periodically?
tor, freezdfr, etc.) Temperature ¢heck Real time
Pure watdr produc- . Manufacturing/ Electric conductivity Periodically?
tion system quality control check
pH meter Reagent preparation | Adjustment using at At the poinf of use
. least two kinds of buff-
erésolutions of proper
quality
Weighingdevice Reagent preparatipn | Confirmation of zero At the poinf of use
— point and read check
using standard mass
Pipettor or pipette Dispensing of rea- |Calibration and check |Periodically?
— gents for accuracy of pipet-
ting amount
Centrifug¢ machine . €entrifugation Operate normally with- [At the poinf of use
out abnormal noise
Oligonuclgotide syn- |Devices that can Oligonucleotide Check for valves and Periodically?
thesizer perform synthesis.of synthesis flow volume of reagents
oligonucleotides
Electrophpresis Devices that ¢an Confirmation of Ability for separation |Periodically?
equipmenit perfornyagarose gel genes lengths and detection of appro-
electrophoresis under priate molecular mass
native conditions and markers
deétecting devices such
as an ultraviolet lamp
Capillary glectropho- |Devices that can Confirmation of Ability for separation |Periodically?
resis syst¢m separate DNA/RNA or |genes lengths and detection of appro-
protein by mass under priate molecular mass
native conditions and markers
are equipped with
detectors and recorders
that can sum up peak
area
Automated pipetting |Liquid handler, etc. Dispensing of rea- |Check for accuracy of |Periodically?
system gents and synthesiz- | pipetting amount

a  Inspection frequencies are defined for ensuring their fitness for their purpose, by considering the normal method of use and
frequency (see ISO 9001 or standards related to the quality system of the organization).
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Table A.1 (continued)
Types of equipment Specifications Intended use Requirements Inspection fre-
quency

Dryer Devices that are usable |Drying of synthetic |Check for drying time |At the point of use

for the purpose of dry- |genes

ing synthetic genes in

solution
Ultraviolet spectro- |Single beam or double |Yield measurement |Built-in performance Periodically?
photometer beam spectrophotom- |of synthetic genes |check, or calibration by

eters use of optical filter
Fluorescence spec- |Single beam or double |Yield measurement |Built-in performance Periodically?
trophotoneteror flu=Tbeamrspectrophotom=——of symthetic gemes——check; orcatibratiom by
orescencelmicroplate |eters use of optical filter
reader
PCR machjine Devices that can carry |Genes synthesis and | Temperature stability |Reriodically?

out polymerase chain  |yield measurement |and homogeneity

reaction
DNA sequgncer Devices that can read Confirmation of Performance test-and Periodically?

out the sequences of
synthetic genes and
plasmids

DNA sequences

calibration of core
components{machine
system, fluid-system,
optical system, etc.)

a  Inspedtion frequencies are defined for ensuring their fitness for their purpose, iy considering the normal method
see ISO 9001 or standards related to the quality system of the organization).

frequency

of use and
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Annex B
(informative)

Exemplary quality measurement methods

B.1 Test methods of synthetic nucleic acid purity

The ratio 7607280
coming friom the polymerase or ligase used for assembly, or from the host cells. The ratio of opti¢pl density
at 260 nm versus 230 nm (ODy¢/,30) is used to assess other impurities such as carbohydrates, guanidine,
etc. The dptical density is determined by a conventional or micro-volume ultraviolet spectréphotometer. A
micro-volume ultraviolet spectrophotometer allows the determination to be quickly and-easily run.

The pH value and ion concentration of the synthetic gene solution will affectthe determinatjon. Small
changes if the pH value of the solution will cause the 0D, 76, to vary. Only in a ¢ertain pH value pnd lower
ion conceptration condition (e.g. pH 8,0, 10 mM Tris-HCI) is the result accurate, At the same time, the sample
solution should be diluted to the appropriate concentration to make the optical’density in the range 00,1 to 1,0.

ODy,280| in the range of 1,8 to 2 and 0D, 53, in the range of 2 to 2,2 1S acceptable for DNA purity. If the
purity raffio is significantly higher than expected, it is best to review(the spectral profile as a prim3gry means
of troublgshooting.

B.2 Test methods of synthetic nucleic acid yield

The yield|of gene fragments, genes or genomes products can be measured by different approaches|including
ultraviolgt spectrophotometry method by the determination of optical density at 260 nm (0D, ), flnorescent
quantitat{on with DNA binding fluorescent dyes.and fluorometer, qPCR or digital PCR method.

For the ultraviolet spectrophotometry method, the absorbance of synthetic gene solution at 260 nm is
determingd according to the guide of thelultraviolet spectrophotometer. Then, the concentration|of nucleic
acid in th¢ sample is calculated by using the Beer-Lambert equation and is reported in terms of mags/volume
units (i.e.jng/pl). Linear range of the-equipment is also established, and a high concentration solutjon should
be diluted to fit in the linear range.

For the flporescent method,add the aqueous solution of fluorescent nucleic acid stain for double}stranded
DNA (ds[NA) into the cuvette or microlitre plate containing synthetic gene solution, then mix well and
incubate for 2 min to_§ Wiin at room temperature, protected from light. After incubation, mepsure the
sample flfiorescence ising a spectrofluorometer or fluorescence microplate reader at standard fluorescein
waveleng
instrume
yields flu
the time
nuclease !
due to dsDNA. Measure the fluorescence of the sample using instrument parameters that correspond to
those used when generating the standard curve. Subtract the fluorescence value of the reagent blank from
that of each of the samples. Determine the DNA concentration of the synthetic gene sample from the standard
curve generated in the DNA standard curve. For the standard curve, bacteriophage lambda or calf thymus
DNA is commonly used. The assay may be repeated using a different dilution of the sample to confirm the
quantitation results.

For the gPCR method, the amount of targeted synthetic genes can be quantified by using specific primers
of the corresponding genes and a calibration curve. The calibration curve can be constructed using
independent standard samples with specified concentrations (e.g. copies/ul) that have the same or similar
matrix as the test samples. The upstream processing of synthetic genes and the quantity, integrity and
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purity of the samples should be determined to ensure that they are sufficiently pure, concentrated and free
of components which inhibit or enhance the downstream qPCR reactions.

For the digital PCR method, the amount of targeted synthetic genes can be quantified without the use of a
calibration curve. The dPCR mix containing a test solution is randomly distributed into discrete partitions of
nominally equivalent volume such that some partitions contain no nucleic acid template and others contain
one or more template copies. The partitions are thermally cycled to end-point and then read to determine
the fraction of partitions with a positive reaction. Poisson statistics should be used to estimate the copy
number of the target synthetic genes.

B.3 Measurement of synthetic nucleic acid integrity

Agarose iel electrophoresis including chip-based electrophoresis and capillary-based electrophd)resis can
be used t¢ measure the synthetic nucleic acid integrity.

For agardse gel electrophoresis, the recommended values of agarose concentrations for{DNA identification
are given|in Tables B.1 to B.2.

Table B.1 — Recommended agarose concentrations for different DNA length in electrophoresis

DNA length Agarose concentration
bp %
250to 1 000 1,5t0,2
1000to 5000 1,5
5000 to 10 000 1

Taljle B.2 — Recommended agarose concentrationsfor different DNA length in pulse fjeld

electrophoresis
DNA length Agarose concentration
Mpb %
0,01to1 1,5
1to5 0,8to1
5to 10 0,5t00,8

B.4 Sequencing

Sanger sdquencing and MPS-should be used for sequence verification, depending on the compjrehensive
consideration of the synthietic DNA producers. Usually, Sanger sequencing is used for short genes} and MPS
is used fof long genes<Far'a difficult template which can be challenging for MPS, Sanger sequencing is better
suited to yerify sequence identity.
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Annex C
(informative)

Electrophoretogram

If the synthetic gene fragments or genes are cloned into a plasmid vector, agarose gel electrophoresis can be
used to measure its configurations and integrity.

Inthepr orprasmiae actron; e PTas i airacar e pbroxerate—+to ec1Ta force,pH,
reagent, dtc. The extracted plasmid usually exists in various kinds of configurations, including 'sypercoiled
plasmid ONA, linear plasmid DNA and open loop plasmid DNA.

Figure C.1 shows an electrophoretogram in 1 % agarose gel of plasmid DNA cloning differentlength|synthetic
genes of dpproximately 2 kb, 5 kb, 8 kb and 13 kb.
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Lambda DNA/Hind III Marker

The brighter band (B)is superhelix plasmid DNA, and the darker band (D) is open loop plasmid DNA.
The bright band (B) is open loop plasmid DNA.

The brighter band (B) is open loop plasmid DNA, and the darker band (D) is linear plasmid DNA.
The brighter band (B) is open loop plasmid DNA, and the darker band (D) is linear plasmid DNA.

Figure C.1 — Electrophoretogram of plasmid DNA (1 % agarose gel)
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Agarose gel electrophoresis can also be used to analyse the base pair length of synthetic genes in plasmid
vector after restriction digestion, as shown in Figure C.2, Figure C.3, and Figure C.4, which have different
base pair lengths in different size vectors.
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&
Figure C.2 — Restriction digestion analysis of syn&@ gene of 246 bp in 3,1 kb vector (1 % agarose gel)
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Figure C.3 — Restriction digestion analysis of synthetic gene of 1,7 kb in 2,7 kb vector (1 % agarose gel)
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Figure C.f — Restriction digestion analysis of synthetic gene'0f 6,1 kb in 2,1 kb vector (1 % agarose gel)
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Annex D
(informative)

Sanger sequencing

A widely used DNA sequencing method for synthetic genes is Sanger sequencing.

The synthetic gene is used asa template to produce a DNA 1adder of fragments each varymg in length by one
base, thrqueg . , Teraes s i

In the commercial system developed by Applied Biosystems, specific dideoxynucleotides (ddATP, ddTTP,
ddCTP arld ddGTP) are each labelled with one type of fluorescence signal and incorporated into the end
of each 1ddder DNA fragment. These fluorescently labelled ladder DNA fragments are then sepprated by
capillary prray electrophoresis (CAE). A fluorescence detector is then used to readclie fluorescgnt signal.
Fluorescence over time in each channel is used to provide a base case the resulting-fucleotide read.

Figure D.] illustrates the verification of a GFY gene by Sanger sequencing. Eaclipeak represents a fucleotide
signal. Thle result shows that the sequence of synthesized GFY gene is 100 %-correct.

Sequence

> GFY-Gene
CAGGATQAGAGACCGAATTCGCGGCCGCTTCT AGAGCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCAGAT

TCATTAATGCAGCTGGCACGACAGGTTTCCCG ACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGT|IGAGT
TAGCTCACTCATTAG

CAGGATGAGAGACCGAATTCGCGGCCGCTTCTAGAGCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGAT TCAT TAAT

M A

GCAGCTGGCACGACAGGTTTCCC GACTGGAAAGCGGGCAGTGAGC GCAACGCAATTAATGTGAGTTAGCTCAC TCATTAG

iyl

|
|
b0 0 >

Figure D.1 — Verification of a GFY gene by Sanger sequencing
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