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Figure 1.

From the central dogma of molecular biology to the conceptual framework of synthetic biology. In
the first case, the main element is the transfer of information from DNA to proteins and
metabolism. Conversely, synthetic biology is concerned with the relational and compositional logic
of living systems and applies typical engineering abstractions to biological objects.

Source: De Lorenzo (2018)
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2. @goun1nANnSanvawnalulagfineatasdaInendaasieii (synthetic

biology) va4lng

a v )

ns@nwl 1unssuswanIunImnisive auitazanunseuveunalulagiisadesdu
N a o ¢ . . A o = = Y] ) a aa a
FIN1dUAT189 (synthetic biology) vesUsimalneiietuiuSsuiisuiusgauuuvd lulifnands
NuIeuazinalulad Mdau lassadeiiugiusiu mu. sudanalniduguaniungmune ngseideun

all 1%
LNYIVB

2.1 fg1u vaulnvaunAlulagNineave9iutaINed9asIZii (synthetic biology) Nidanndas

AuvsSunvasusemdlng

ANIANUAL 1ULALVBULYAYDNALUIAT T LA 879 23R UT T Ne1d A8y LD UNISWRIUN
FoLOAINNTOUNYILVITIINEFUATIZRUBNE1T Synthetic Biology in Australia an outlook to 2030°

Va

Auzr 3t nalnUssyuiiiovenuiuanAuzd s dianzn1e lnelddnuseyuane nsanand

Y

a

oTudl 11 Aemen 2566 @9 Uszyuddeagusaniuin synthetic biology L uni1sesnuuuuazang
“New to nature biology” agll% “engineering approach” ﬁﬂwﬂ%’aﬂﬁ‘mm§LLazImqa%7NﬁugmumJﬁgLmn
pdeitusimnTsuasmaluladfinn . uisnseduanmssenuuuazaisitazdudau (individual part)
N5NWUUTEULTBITUAILTITus L el d73nesy UL (systems biology) Wudrudaglunisadns
09Ar reference map/network dwsuthluldlumsesniuunazaiisdsddinliilinueandinuiioonuuy
viatl Auznssnandlddoasumdriamiy uasdiureuliususnsdemvesiainerdanasies (synthetic
biology) Hugail

“Synthetic biology is the innovative discipline of designing and constructing new-to-
nature biological components and systems by harnessing engineering principles. Central to
this are methodologies like the Design-Build-Test-Learn cycle, programmable bio-circuits, and
the development of artificial biological systems. As we shape and redefine the boundaries of
biological design, the implications extend from groundbreaking research to societal
transformation."

“FrinerdaunreidumansdmiumsairsuinnssudadumssuinesdaudiBsinnedainen
Wy $93ne1dasrun sruunalnnisuanioenvesiu nsde/medusgedumgitsuuiauayauaus s
nMsvieuresuiiy q war auiisatuauanti/msvhaiurestudiuvesdunioissvesduiiainedu
(synthetic genetic parts/circuits) bazuuAnduimnssumanidaduiannuAndmiunisesnuuuuas
TanszuIung a3 esdle viendnduel Aamisomunulilinadninuninudonts lnsuuiniudne

MiflvuAe 2995 “design-build-test-learn” (DBTL) cycle iovanwuukasimunddbniidslineysing

3 Gray, P. et al (2018) Synthetic Biology in Australia an outlook to 2030, Australian Council of Learned Academies (ACOLA): 123



Tus550713 (new to nature) tafumsfmdumsesnuuumedineniiannsathmddelddundoulian
Mswasuulavasdany”

ol puzdAnun3alaldsnvhienudmiunmsdeastunihsrunsuenliiinnunszduiulnedng
muvIne Wusd

“Designing and creating new-to-nature biological components or systems using a systematic
or engineering approach. This includes, but is not limited to, the use of the Design-Build-Test-Learn
cycle, programmable biological circuits, or artificial cells.”

“« ¥ (3 = = dl ! a v v
NN99DNLUULALAINDIAUTENBULAL/NTDTTUUN T INN Al LﬂEJUﬁ’]ﬂQIUSiﬁN“U’W]@’JEJﬂ’I‘ﬂGU

(% =

SLUUNIBNTEVIUNITNIAINTTH FeldIieieanislea9as “Design-Build-Test-Learn” iiialusunsy

'
a aada

A1F9N9UVBINTNNLIVBINVAINTIN Y30 NTAS1IARFBATIEN”

2.2 A727UNMUININALUlaENNEIVINUTIINEIFILATIZAVBILAN

¥

A15ANEIANUNINUIMIINALULAE NN g IR UTINeIFUATIENVBLanAIUNSIneNISAUAY

@

T UTena Uagliaseiienaisunadivinisangiudesa Scopus neisunnisdnianddnfsy

7

(keywords) fimnzandmivldduiluguteyaielilienansunaruiiisidosiuivinenduase

(synthetic biology) mﬂﬁqmwh‘ﬁLfJulﬂlﬁﬁ?fﬂ%imﬂgfmsﬂssmaLLaﬁmiwﬁamumwmﬁ%’wazﬁmm

wealuladfiievesiudinerduasen wasfieniansviidelussduuuni tiegruiugsely
nsduAumIENsITAd1AtY (keywords) “synthetic biology” Tun1sduAuain author keywords

Yadenasiuguteyaseningt a.a. 1913 - haunsngiau A.A. 2023 (FuAUIgIUTeYR) WULBNaNTIUIY

o
(% v

17,599 1594 a1 author keywords 10L9NANTIRUANITBIEIAUAINAMNAVOINITNUAIAIATYHU )

Aaa o

nunlumtdes Meiidesdu author keywords Aignansaidusunufiaiisiuiu 120 A1 Andudesas 60

(%

YBIANUTINUAYDS author keywords aguuengy keywords muaudIAgyaail

[

ngal keywords (A1d1Aey) Keywords (Ad1Asy)

(]

1. nquAdAgyvan daumang | Synthetic biology, Metabolic engineering, Systems biology,
WA synthetic biology | Protein engineering, Biotechnology, Biosynthesis, Genetic
U 61 AN engineering, Genome editing, Directed evolution, CRISPR,

Genome engineering, DNA assembly, Optogenetics, Cell-free

protein synthesis, Bioengineering, Quorum sensing, Genetic

circuits, Heterologous expression, Self-assembly, Gene
regulation, CRISPR/Cas9, Machine learning, Riboswitch,

Genomics, Artificial cells, Promoter, Genetic circuit, Gene

editing, Genetic code expansion, Bioinformatics, Transcription

factor, Cell-free synthetic biology, Gene circuits, Microbial cell

factory, Protein design, CRISPR-Cas9, Gene therapy, Pathway




o

ngu keywords (Ad1figy)

Keywords (A1&nfity)

engineering, Molecular biology, Metabolomics, Enzyme
engineering, Synthetic cells, Microbial cell factories, Gene
regulatory networks, Cell factory, Molecular communication,
Bottom-up synthetic biology, Biomanufacturing, High-
throughput screening, Artificial life, Genome mining, DNA
nanotechnology, Mathematical modeling, Biosafety, Rational
design, Biosynthetic pathway, Computational Biology,
Transcriptional regulation, DNA synthesis, iGEM, Promoter

engineering

nauAdAMan danununeg
A9 lldmwigse synthetic

biology 97UU 9 A"

Saccharomyces cerevisiae, Gene expression, DNA, RNA, Protein
expression, Corynebacterium glutamicum, Artificial

intelligence, Transcription, Homologous recombination

d

. NRUANEIAYTeIEIA U 1

U 20 AN

Biosensor, Biocatalysis, Biosensors, Secondary Metabolites,
Bioremediation, Immunotherapy, Industrial biotechnology,
Biomaterials, Automation, Microbiome, Biosecurity, Aptamer,
Regulation, Modeling, Drug delivery, Enzymes, Sustainability,

Drug discovery, Microbial consortia, Engineering,

=

. NAUANANAYTOIEIAUN 2

71U 30 AN

Escherichia coli, Yeast, Cyanobacteria, Natural products,
Biofuels, Microfluidics, Biofuel, Evolution, Bacteria, Bacillus
subtilis, Yarrowia lipolytica, Photosynthesis, Fermentation,
Microalgae, Nanotechnology, Streptomyces, Ethics,
Metabolism, Cancer, E. coli, Robustness, Translation, Pichia
pastoris, Pseudomonas putida, Polyhydroxyalkanoates,

Liposomes, PHB, Terpenoids, Standards, Flavonoids

@ o w v =

Avssnandfiatsaiureulild waziaue keywords (FdnAey) lunquenddgwan Sanumune

9 9

Funzsia synthetic biology 314U 70 M1 (NGXT 1 Uag 2) wazliaANTINIUL 10 A1 fadl

o
v

- Programmable, Modular, Orthogonal, Reliable, Recoding, Unnatural amino acid, Virus like

particle, Resurrection biology, Microbiome Engineering, Network biology

10




2.2.1 NAddU query Lﬁaiw’”lﬁ’ﬁz’fayjaﬁLfluﬁ”;Lmuvwmw%mmsmmmﬁﬁLﬁﬂa%’aaﬁ’u
synthetic biology
nsveaeu query Wielilddeyadiidudunuunanadsnisununmaiiieideaiy synthetic
biology ﬂ'mmsamﬂ'q@ﬁ’m%’umsﬁ‘uﬁ’uwmm?mmimmsmﬁﬁ'Lﬁ'msﬁaaﬁu synthetic biology
anzAnyiviinismaaeulugiuteya Scval iteliiedenaiusuiiisudmiunisiinseiludusiely
Tneuvs query ponidu 4 yadail
1) SynBiol 14 keywords fmﬂﬂwimmqéﬁLLazﬁwumiﬁﬁamImﬁu “synthetic biology” 1Ju
“synthetic biology” and (“keyword1” or “keyword2” or .....) 5¥1319U A.f. 1996 - Jagdu nuunaw
FNITUIUIBIRIIUIU 9,447 509
2)  SynBio2 19 keywords 1nunau3wIN1sUILIIR T A.d. 2023% fiedeuniunaiy
fivieadesiu synthetic biology lugudeya Web of Science fag Al Faleld keywords sanandudu
Tugrudieya Scival nudnsewingd aa. 2018 - et wuunauAmmsuImAdILIY 10,108 Fe9
3)  SynBio3 19 “synthetic biology” and “engineering biology” Wu115¥%#119U A.A. 2018 -
e wuunABATIAMIUILNYIATIUIL 10,208 504
4)  SynBio Co 2-6 Tavhumemdiduilud a.a. 2022 (desnifulagafiunanuivins

winndlugiudoya Scopus auysalkds) ¢ keywords 80 /1 Minsanandlianudiugey nuunay

Y 9 9

v v
o w o ==

NTUITIRIIUIUTI 37,160 (389 TIMAFRUMUNANUNA keywords 17U 2 Adulunu 1,593 1509 Lay

&

deyaludsgiudeya Scival iiednsievisialy

Mnnslsuiiisugadeyanin query Wi 4 gadradiudie metric Tugiudoya Scival iuans
Keyphrases ﬁiﬁmﬂﬂ’]iaLﬂﬁ’]zﬁ%ﬁ)%ﬁ%@ﬂu%ﬂ’l’mﬁﬂﬂ%@L%‘IEN UNANYD wag author keywords AleLnALa
text mining ag natural language Lﬁa‘wmaauiﬁmu%ﬂﬁa%aﬁ%ﬂmﬁLﬂi'}sﬁlﬂuwmmimmimmsma
fin1aAeateafy synthetic biology 3nfian Tasasnsnuansdndruilesifudvosunaiuizinis

WIWYIFANTA Key phrases MAgIUaeiu synthetic biology lusazynras query AauanInuzui 2-1

4 Meier, F. et al., Navigating the Frontier of Synthetic Biology: An Al-Driven Analytics Platform for Exploring Research
Trends and Relationships. ACS Synth. Biol. 2023, 12, 11, 3229-3241
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%Publication share of

Synthetic Biology Keypharses

¥ SynBiol_SynBio Publication share (%) ¥ SynBio2_SynBio Publication share (%)
B SynBio3_SynBio Publication share (%) SYNBIO Co2-6_SynBio Publication share (%)

[

JUT 2-1: wansdnduasiduduasunanadvnn1sununvfiidn Keyphrases

MAgatasiu synthetic biology Tuusiazyavas query

wudgateya SynBiol fidndruesifudivesunanudvinsuvdiieidesiu synthetic
biology 1nfian 90.89% se3ale SynBio3 S1uau 88.82% SynBio 2 $1Uru 67.99% Tuvaueil SynBio
Co2-6 Tlified 17.07% wagilofiansaniuss 100 SusuusnifunanAvnmsunny@nniigaves SynBiol
Wisuifisuiuyadeyadn 3 yailnde wuin SynBio2 wag SynBio 3 fsederussfifunanuivins
wumAsnndu 100 Suduusnnssiufis 100% Tuwazil SynBio Co2-6 fisedagusia 100 Sustuusn

A39U SynBiol LWes 39 % é’aLLammugUﬁ 2-2

% Author Matching with

SynBiol in Top 100 Author

= SynBio2 m® SynBio3 SynBio Co2-6

JUN 2-2: wansdnduasiduduasdudaniddnuauunanuuiniu 100 Suduwsn

fimsefiu SynBiol
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2013 - 2022: Publication share of Synthetic Biology Keypharses

Genes; Gene Regulatory Networks; Gene Expression M RNA; Ribosomes; Proteins

Escherichia Coli; Bacteria; Quorum Sensing Top 10 Genome; Genes; Guide RNA
M Algae; Microalgae; Biodiesel Topic cluster M Streptomyces; Actinobacteria; Anti-Bacterial Agents
M Lipid Bilayers; Membranes; Lipids W Corynebacterium Glutamicum; Escherichia Coli; Metabolic Engineering
M Arabidopsis; Plants; Genes W Metagenome; Probiotics; Bacteria

M All Topic clusters

SYNBIO Co2-6_SynBio Publication share

SynBio3_SynBio Publication share 1775 . I
SynBio2_SynBio Publication share 1316 l
SynBiol_SynBio Publication share 1124 I I

[} 2000 4000 6000 8000 10000 12000 14000

JUT 2-3: uaneduauunaNuingIdasiu synthetic biology

Tu Top 10 Topic clusters 1ul,wia:,'°qﬂ°l|a\1 query

v
(2

nUeyalUIeuWigu Topic clusters ¥99YATBYAAIN query V19 4 YA WU31 SynBiol, SynBio2,

)

SynBio3 il Top 10 Topic clusters (10 duAULINVDI Topic clusters NHTIUIUUNAIILITINITUIUIYIF

A Y o

MAgITeeiu synthetic biology gninelu Topic clustersifu 9 mﬂﬁqm) witlounu wioalldadiuves
SrunuunAUTAEdeIfu synthetic biology wansnai ﬁﬂﬁfumﬂ%ga%ﬁaé’uﬁwﬁaga SynBiol SynBio2
WAy SynBio3 flKusauaz Topic clusters Iuﬂdumﬂé’tﬁmﬁu Tuwauedl SynBiol fidndrulesifudves
UnARTINMIUIRT AU synthetic biology (Keyphases metrics) Fawnds 90.89% Fiu1nnn

Yataya SynBio2 U SynBio3 auwiAnwIndenynteyadin SynBiol dmsumslinsieludwusiely

2.2.2 MSAATIZHUILNIAU synthetic biology Tulifinng ¢

Mnmsateya SynBiol fituneaAnnsuumAsingd a.a 1996 - 2024° §1uau 9,423
$09 FafiumannudsnisuiunnAfiieadestu synthetic biology $11u 90.89% 21nNTIATIZHRE
Keyphases §u.8u metric lugudeya Scival dusunuresunauiginisiieadesiu synthetic
biology i avuTiaszwlufifag 4 vesuiseiiisadeatu synthetic biology Wu Ussinaiil
ANAIMTIN19UITETIA 89999 TU synthetic biology @atiu/dn3sefiinacuiseiiieadesiu
synthetic biology s¥dulan n1stheuidefiieadestu synthetic biology TuldUselawiiludusiig 9
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9nas15asFUTEIvUTU Fafld Field-Weighted Citation Impact lndgUszanm 1.2 luvazfianituves
Uszimaansgeudnuslazdidiuiuunanadnnisuiusnaiineidesiu synthetic biology ianas usidan
Field-Weighted Citation Impact \a8sUssanas 2.4 - 2.8 tiidedanmluaniiu Technical University of
Denrark Useineauandn §8aad e, 2013 - 2022 SF1uanunanu3vinsuneisiuay 184 $ed uaz
A1 Field-Weighted Citation Impact i1AU 2.05 wag 49U A.A. 2018 - 2024 TIIUIUUNANNIVINT
WILNIRTIIY 153 1309 uazAn Field-Weighted Citation Impact winiu 1.64 Taedadu 72 - 75% wes
UNAMLAINISUILIYIRveIUsTINAAULNGA 908131631 Technical University of Denmark ifuaaiu

nanvesUsemAuLINsnlun1sALiuuIdeNineIdeiu synthetic biology
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wazdlofnrzinnuidenlomesdatiusing q felusunsy Bibliometrix wiasietievednu
Alemdamiiesenidu 2 ngu neisreihlaganiuanasisuiguszvvudu 18uA Tianjin University,
Jiangnan University, Tsinghua University §19zfiainusauiieat1dlnddndu Université Paris-Saclay
UszwanSaeia waz Chalmers University of Technology Useweiatnu luaaeiidswiniilasaaduain
Uismmﬁgatﬁm laun University of California at Berkeley, University of California at San Diego
war Massachusetts Institute of Technology #swedinnusauiiessilnddaiu Imperial College London,
University of Edinburgh ag University of Oxford Useinmansnvenanang iagnauvesantuainuseing
wosuilasanawlifinsssydeaniusdindeyafvanidunnussmmeesuiififnanuidedusudy
FU 9 WU Max Planck Institute of Molecular Plant Physiology, Max Planck Institute for Medical
Research, Max Planck Institute for Terrestrial Microbiology, University of Marburg, RWTH Aachen
University, Technical University of Munich Wag Heidelberg University LLaﬂuﬂchmﬁﬁmﬁﬁaﬁmﬁU
aorduuautewde lawn National University of Singapore Usgtnad@salus wag Pohang University of

Science and Technology Usgtnanuala é’fﬂLLﬁﬂﬂngUﬁl 2-14
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waniilefiansansruauunanuiennisiiiisadesiu synthetic biolosy wuitaatuvesing
fiaadslunsifuinanuimnsuumAvssana 1.5 - 2.1 Sewed wazan Field-Weighted Citation
Impact fluunldianas :ndeyatasd a.a. 2013 - 2022 faads Field-Weighted Citation Impact Wiy
0.67 uaw 9330 A.A. 2018 - 2024 fifuade Field-Weighted Citation Impact Wiy 0.55 Tngantuiiflansau
TuduuunANLITINTUILIEIRY0dNY 4 Sudunsn (39U Ae. 2013 - 2022) Tawn uwIneideuing
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Citation Impact ¥esandulnefsseazdunmsem 2-1

FwazBuAtoyaNANUANITUIWIYRNINEITTU synthetic biology wawe Field-Weighted

A15199 2-1: wansda U ulIned Juas uAN N U ILIB1A % 1A 899890 U synthetic biology wag

A1 Field-Weighted Citation Impact a1ng1udaya Scival

2013-2022 2018-2024*
Field- Field-
Weighted Ranking by Weighted Ranking by
Scholarly Citation Scholarly Scholarly Citation Scholarly
Institution Output Impact Output Output Impact Output

Mahidol University 8 1.22 1 11 0.91 1
Chulalongkorn University 7 0.77 2 7 0.8 3
National Science and Technology 3 2
Development Agency Thailand 6 0.52 10 0.49
Vidyasirimedhi Institute of Science 4 3
and Technology 5 1.37 7 1.07
Burapha University 2 1.6 5 2 1.6 6
Chiang Mai University 2 0.15 5 2 0.15 6
Maejo University 2 0.73 5 2 0.73 6
Silpakorn University 2 1.04 5 2 1.04 6
Khon Kaen University 1 0.2 9 1 0.2 10
King Mongkut's University of
Technology Thonburi 1 0 9 #N/A #N/A #N/A
Mae Fah Luang University 1 0.77 9 1 0.77 10
Naresuan University 1 0.16 9 1 0.16 10
Suranaree University of Technology 1 0.2 1 0.2 10
Chulabhorn Graduate Institute #N/A #N/A #N/A 1 0 10
Chulabhorn Research Institute #N/A #N/A #N/A 1 0 10

* Jayafiadeunun1iug 2567

19 Pattarawan Intasian, Kridsadakorn Prakinee, Aisaraphon Phintha, Duangthip Trisrivirat, Nopphon Weeranoppanant, Thanyaporn

Wongnate, and Pimchai Chaiyen. Enzymes, in Vivo Biocatalysis, and Metabolic Engineering for Enabling a Circular Economy and

Sustainability. Chemical Reviews 2021 121 (17), 10367-10451
20 Juthamas Jaroensuk, Pattarawan Intasian, Cholpisit Kiattisewee, Pobthum Munkajohnpon, Paweenapon Chunthaboon, Supacha
Buttranon, Duangthip Trisrivirat, Thanyaporn Wongnate, Somchart Maenpuen, Ruchanok Tinikul and Pimchai Chaiyen. Addition of

formate dehydrogenase increases the production of renewable alkane from an engineered metabolic pathway. Journal of

Biological Chemistry 2019 294 (30), 11536 - 11548
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A13190 2-2: LAAE] UANUIUIBIANTNIUANUNUINIBIAN A 8ITR9AU synthetic biology uay

A1 Field-Weighted Citation Impact 31ng1udaya Scival

2013 - 2022 2018 - 2024
Field- Field-
Weighted |Ranking by Weighted |Ranking by
Country/ Scholarly | Citation | Scholarly | Scholarly | Citation | Scholarly
Author Affiliation” Region Output Impact Output Output Impact Output
Jewett, Michael C. | Stanford University |United States 77 2.57 1 56 2.33 1
University of Ilinois
at Urbana-
Zhao, Huimin Champaign United States 59 1.64 2 27 2.62 15
Technical
University of
Keasling, Jay D. Denmark Denmark 51 3 3 29 1.19 12
Yuan, Yingjin Tianjin University China 49 1.75 4 43 2.03 3
Chen, Jian Jiangnan University | China 47 1.51 5 34 1.45 8
Chen, GuoQiang Tsinghua University | China a6 2.35 6 32 2.19 9
Fussenegger,
Martin University of Basel Switzerland 46 1.79 7 22 0.71 16
Technical University
Nikel, Pablo Ivan of Denmark Denmark 45 2.09 8 46 2.05 2
Liu, Long Jiangnan University | China 43 1.41 9 42 1.39 5
Massachusetts
Institute of
Lu, Timothy K.T. Technology United States 42 2.76 10 17 2.04 42
Stano, Pasquale University of Salento |lItaly a2 1.24 11 31 2.45 10
Chalmers University
Nielsen, Jens B. of Technology Sweden 40 3.15 12 16 2.13 49
Li, Jianghua Jiangnan University |China 38 1.14 13 37 1.36 7
Ledesma-Amaro, | Imperial College United
Rodrigo London Kingdom 37 2.02 14 38 2.07 6
Imperial College United
Freemont, Paul S. | London Kingdom 35 1.54 15 19 1.55 33
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2013 - 2022 2018 - 2024
Field- Field-
Weighted |Ranking by Weighted |Ranking by
Country/ Scholarly | Citation | Scholarly | Scholarly | Citation | Scholarly
Author Affiliation” Region Output Impact Output Output Impact Output
Korea Advanced
Institute of Science
Lee, Sang Yup and Technology South Korea 35 3.06 16 22 2.66 17
Faulon, Jean Université Paris-
Loup M. Saclay France 34 1.79 17 21 1.98 22
De Lorenzo
Prieto, Victor CsIC Spain 33 1.85 18 20 1.99 26
Pohang University of
Science and
Jung, Gyoo Yeol Technology South Korea 33 1.44 19 17 1.01 41
University of
Minnesota Twin
Noireaux, Vincent Cities United States 33 2.87 20 16 2.23 50
University of Texas
Alper, Hal S. at Austin United States 32 1.91 21 19 1.64 31
Du, Guocheng Jiangnan University | China 32 1.14 22 42 1.31 4
Collins, James J. Harvard University United States 31 5.82 23 21 5.04 21
Koffas, Mattheos Rensselaer
AG. Polytechnic Institute |United States 30 2.33 24 15 1.28 55
Massachusetts
Voigt, Christopher | Institute of
A. Technology United States 30 3.16 25 22 3.26 20
Zhao, Guangrong Tianjin University China 30 1.63 26 28 1.57 14
Polytechnic
University of
Carbonell, Pablo J. Valencia Spain 29 1.64 27 16 1.89 45
Imperial College United
Ellis, Tom W. London Kingdom 29 2.06 28 17 2.18 37
Lu, Yuan Tsinghua University | China 28 0.8 29 28 0.75 13
University of United
Takano, Eriko Manchester Kingdom 28 1.28 30 20 1.01 29
China Academy of
Chinese Medical
Huang, Lugi Sciences China 27 1.34 31 16 1.81 46

*qayafafoununiiius 2567

# Affiliation SEUMMNHANUATRNNILUNANIBINITUIUIYIA
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LAzl aNaNTAUITIUIUUNAMUITINTUIUIBIAUTIUTIBUAUAN Field-Weighted Citation
1 1 4 1 I~ 1
Impact wusangugaady 5 nau
O Ngu 1: FuATdAUNSANUHUNAMLANNITUINIYIF TWNTU uaze Field-Weighted
Citation Impact v 2 July

1) Nikel, Pablo Ivan, Technical University of Denmark, Denmark

N

Ledesma-Amaro, Rodrigo, Imperial College London, United Kingdom

o

)
)
3) Yuan, Yingjin, Tianjin University, China
) Voigt, Christopher A., Massachusetts Institute of Technology, United States
)

Ul

Collins, James J., Harvard University, United States
o nguil 2: fuslafifldrdunsdfariunaadnnisuunnd Al uazAn Field-Weighted
Citation Impact AU 2 Fuly
1) Jewett, Michael C., Stanford University, United States
2) Stano, Pasquale, University of Salento, Italy
o nguil 3: fussifidFunsARuiuneIATINTIUITIA anae LazAn Field-Weighted
Citation Impact 11U 2 Fuly

1) Zhao, Huimin, University of Illinois at Urbana-Champaign, United States

N

Keasling, Jay D., Technical University of Denmark, Denmark

W

Chen, GuoQiang, Tsinghua University, China

o

Lu, Timothy K.T., Massachusetts Institute of Technology, United States

N O

Lee, Sang Yup, Korea Advanced Institute of Science and Technology, South Korea

~

Noireaux, Vincent, University of Minnesota Twin Cities, United States

oo

)
)
)
)
) Nielsen, Jens B., Chalmers University of Technology, Sweden
)
)
) Ellis, Tom W., Imperial College London, United Kingdom

)

9) Koffas, Mattheos A.G., Rensselaer Polytechnic Institute, United States
o ngufl 4: fussiiTidifunsARITUNAIAMINMFUIUNRA WNTY wazen Field-Weighted
Citation Impact v 1 Fuly

1) Liu, Long, Jiangnan University, China

N

Li, Jianghua, Jiangnan University, China

A W

)

)

) Du, Guocheng, Jiangnan University, China
) Zhao, Guangrong, Tianjin University, China
)

5) Takano, Eriko, University of Manchester, United Kingdom

O NANT 5: JUANIAAUMIARUAUNANLIVINTUINNYNF anae Uazad Field-Weighted
Citation Impact Wiy 1 3uly
1) Chen, Jian, Jiangnan University, China

2) Fussenegger, Martin, University of Basel, Switzerland
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W

Freemont, Paul S., Imperial College London, United Kingdom

o

Faulon, Jean Loup M., Université Paris-Saclay, France

S

De Lorenzo Prieto, Victor, CSIC, Spain

~N O

Alper, Hal S., University of Texas at Austin, United States

oo

)
)
)
) Jung, Gyoo Yeol, Pohang University of Science and Technology, South Korea
)
) Carbonell, Pablo J., Polytechnic University of Valencia, Spain

)

9) Huang, Lugji, China Academy of Chinese Medical Sciences, China

wilddudsiifmanunsifisionedvnsuusfiisg usasilen Field-Weighted
Citation Impact Wiy 2 FulU asidugursiissy Affliation sarniaglsuuasiu luvmegudaiissy
Affiliation Usginaansgeisniduuinazdin1sAfiuiunanu3vnsuinnfianad uidinsseaual Field-
Weighted Citation Impact 111U 2 Fuly LLazLﬁmq'mELLmﬁﬁm Field-Weighted Citation Impact qﬁqm
U Collins, James J., Harvard University @1 Field-Weighted Citation Impact 423U A.A. 2018 - 2024
Wwinfu 5.0 vausiifusiaiisey Affiliation ans1sassUsTLIY SwtusnnusiaziinsRuiunanyivnsg
UUNIRLNT LA Field-Weighted Citation Impact 9333 A.¢. 2018 - 2024 azUszanal 1.3 - 1.5 &9
aonadosrulufifvesusimanazanitu egslsAndaitladenng o Whnnfeades Wu ¥ career vouusts
Tnetsszeznaniianiiansanetadutisaeves career §ims spin-off anaatulaetimasiidelugids

WAYIVTORUAITURUIIIUIING NenvdNason SANLHNAI

[V
v aAa Yy o 1

Vailiivedunnsonissey Affiliation vasElss WU Keasling, Jay D. HUsgiRn13szy Affiliation

P1NAITIEN 19 DU A.6. 2024 Rail

O 1993 - 2024 University of California, Berkeley

O 2000 - 2024 University of California, San Francisco

O 2004 - 2024 Lawrence Berkeley National Laboratory

O 2006 - 2024 California Institute for Quantitative Biosciences

O 2008 - 2024 Joint BioEnergy Institute (5885 Hollis St. 4th Floor, Emeryville, CA,
United States)

O 2014 - 2024 The Novo Nordisk Foundation Center for Biosustainability

O 2014 - 2024 Technical University of Denmark

O 2018 - 2024 Shenzhen Institutes for Advanced Technologies

O 2019 - 2024 Shenzhen Institute of Advanced Technology

O 2020 - 2024 Chinese Academy of Sciences

O 2023 Sandia National Laboratories, California

O 2023 Georgia Tech Shenzhen Institute

O 2022 Shenzhen University

O 2020 The Good Food Institute
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O 2017 - 2019 DOE Agile BioFoundry (consortium of seven U.S. Department of Energy

O

(DOE) national laboratories)
2005 - 2018 Synthetic Biology Institute (2000 Carleton Street # 2284, Berkeley,
CA, United States)

wunlduanusmionsivinisiianisagluialaninenalnuilsdenisifiglamsediumns

visiting professor AqtiutaA35sETluN1sInTilurkaran1fuaIsiasanaeunIutay A udainves

ALAaBNAEY

dmfuusemnalngui alaaaui g uIuuNAINIvINTUIUIYIALAEAY Field-Weighted

Citation Impact laun aaeg3Teainaniuinedsus dailes a. a3 fwila Tadu Fediinsevionnusiude

AUNBINVRNYUMINYIAY bYU

6. A3 @UYIA WU MBI ANEINEIAENT IMINENSBYTH
7. A3. Svun Alna MATIAT AuINeIeEns uinedeuiing
HEl. A3 N1 ANISEENE MATVITHALT AMEINYIFNENT UNNINUISULNYATAENT

Aadlannssal Sauuseiiusns dn3dedungynns vesufiRnismalulagdinm

antuidennsal

A19199 2-3: waARI uASlNeN TNaMUANNWUINIVIAT LA 899090 U synthetic biology waz

A1 Field-Weighted Citation Impact 31ng1udaya Scival

2013 - 2022 2018 - 2024*
Field- Ranking Field- Ranking
Weighted by Weighted by
Country/ | Scholarly Citation Scholarly | Scholarly Citation Scholarly
Author Affiliation Region Output Impact Output Output Impact Output
Vidyasirimedhi
Institute of
Science and
Chaiyen, Pimchai Technology Thailand 5 1.37 1 7 1.07 1
Vidyasirimedhi
Institute of
Science and
Intasian, Pattarawan | Technology Thailand 3 1.2 2 3 1.2 3
Vidyasirimedhi
Institute of
Wongnate, Science and
Thanyaporn Technology Thailand 3 1.51 2 3 1.51 3
National Science
and Technology
Development
Champreda, Verawat | Agency Thailand Thailand 2 0.71 4 3 0.59 3
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2013 - 2022 2018 - 2024*
Field- Ranking Field- Ranking
Weighted by Weighted by
Country/ | Scholarly | Citation Scholarly | Scholarly | Citation Scholarly
Author Affiliation Region Output Impact Output Output Impact Output
Chulalongkorn
Incharoensakdi, Aran | University Thailand 2 1.13 4 2 1.13 11
Vidyasirimedhi
Institute of
Science and
Jaroensuk, Juthamas | Technology Thailand 2 0.61 4 3 0.41 3
Pattharaprachayakul, | Chulalongkorn
Napisa University Thailand 2 1.13 4 2 1.13 11
National Science
and Technology
Runguphan, Development
Weerawat Agency Thailand Thailand 2 0.16 4 3 0.22 3
Mahidol
Tinikul, Ruchanok University Thailand 2 1.07 4 3 0.93 3
Vidyasirimedhi
Institute of
Science and
Trisrivirat, Duangthip | Technology Thailand 2 1.6 4 3 1.28 3
Chulalongkorn
Vangnai, Alisa S. University Thailand 2 0.88 4 #N/A #N/A #N/A
Abdulrachman, Mahidol
Dede University Thailand 1 0.9 12 1 0.9 22
Vidyasirimedhi
Institute of
Akeratchatapan, Science and
Nattanon Technology Thailand 1 0.42 12 2 0.21 11
National Science
and Technology
Anantayanon, Development
Jutamas Agency Thailand Thailand 1 1.18 12 2 0.59 11
Vidyasirimedhi
Institute of
Science and
Buttranon, Supacha | Technology Thailand 1 0.8 12 1 0.8 22
Chantaraamporn, Chulabhorn
Juthamard Research Institute | Thailand 1 0.2 12 1 0.2 22
National Science
Chantasingh, Duriya and Technology Thailand 1 0.9 12 1 0.9 22
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2013 - 2022 2018 - 2024*
Field- Ranking Field- Ranking
Weighted by Weighted by
Country/ | Scholarly | Citation Scholarly | Scholarly | Citation Scholarly
Author Affiliation Region Output Impact Output Output Impact Output
Development
Agency Thailand
Charoensawan, Mahidol
Varodom University Thailand 1 0.2 12 1 0.2 22
King Mongkut's
University of
Cheevadhanarak, Technology
Supapon Thonburi Thailand 1 0 12 #N/A #N/A #N/A
Chunthaboon, Mahidol
Paweenapon University Thailand 1 0.8 12 1 0.8 22
National Science
and Technology
Development
Chutrakul, Chanikul Agency Thailand Thailand 1 1.18 12 2 0.59 11
Det-Udom, Chulalongkorn
Rachatida University Thailand 1 0.69 12 1 0.69 22
National Science
and Technology
Development
Eurwilaichitr, Lily Agency Thailand Thailand 1 0.9 12 1 0.9 22
National Science
and Technology
Development
Jeennor, Sukanya Agency Thailand Thailand 1 1.18 12 2 0.59 11
King Mongkut's
University of
Kaewkamnerdpong, | Technology
Boonserm Thonburi Thailand 1 0 12 #N/A #N/A #N/A
Vidyasirimedhi
Institute of
Science and
Kesornpun, Chatchai | Technology Thailand 1 0.42 12 2 0.21 11
Naresuan
Khongfak, Supat University Thailand 1 0.16 12 1 0.16 22
Kiattisewee, University of United
Cholpisit Washington States 1 0.8 12 1 0.8 22
Kittipanukul, Vidyasirimedhi
Narongyot Institute of Thailand 1 0.42 12 2 0.21 11
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2013 - 2022 2018 - 2024*
Field- Ranking Field- Ranking
Weighted by Weighted by
Country/ | Scholarly | Citation Scholarly | Scholarly | Citation Scholarly
Author Affiliation Region Output Impact Output Output Impact Output
Science and
Technology
National Science
and Technology
Development
Kocharin, Kanokarn Agency Thailand Thailand 1 0 12 1 0 22
Mahidol
Kruasuwan, Worarat | University Thailand 1 0.16 12 1 0.16 22
Kunthalert, Naresuan
Duangkamol University Thailand 1 0.16 12 1 0.16 22
National Science
and Technology
Development
Laoteng, Kobkul Agency Thailand Thailand 1 1.18 12 4 0.67 2
Leungtongkam, Naresuan
Udomluk University Thailand 1 0.16 12 1 0.16 22
Maenpuen, Burapha
Somchart University Thailand 1 0.8 12 1 0.8 22
King Mongkut's
University of
Technology
Meechai, Asawin Thonburi Thailand 1 0 12 #N/A #N/A #N/A
Vidyasirimedhi
Institute of
Munkajohnpon, Science and
Pobthum Technology Thailand 1 0.8 12 1 0.8 22
Mahidol
Nguantad, Sarintip University Thailand 1 0.2 12 1 0.2 22
Nihira, Takuya Osaka University Japan 1 1.19 12 1 1.19 22
National Science
and Technology
Panchanawaporn, Development
Sarocha Agency Thailand Thailand 1 1.18 12 2 0.59 11
Chiang Mai
Pathom-Aree, Wasu University Thailand 1 0 12 1 0 22
Vidyasirimedhi
Phintha, Aisaraphon | Institute of Thailand 1 2.39 12 1 2.39 22
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2013 - 2022 2018 - 2024*
Field- Ranking Field- Ranking
Weighted by Weighted by
Country/ | Scholarly | Citation Scholarly | Scholarly | Citation Scholarly
Author Affiliation Region Output Impact Output Output Impact Output
Science and
Technology
Phumikhet, Mahidol
Pongphannee University Thailand 1 0.2 12 1 0.2 22
Kasetsart
Pimviriyakul, Panu University Thailand 1 1.33 12 1 1.33 22
Naresuan
Pooalai, Renuka University Thailand 1 0.16 12 1 0.16 22
Mahidol
Pootanakit, Kusol University Thailand 1 0.9 12 1 0.9 22
Vidyasirimedhi
Institute of
Prakinee, Science and
Kridsadakorn Technology Thailand 1 2.39 12 1 2.39 22
Prakitchaiwattana, Chulalongkorn
Cheunijit J. University Thailand 1 0.69 12 1 0.69 22
Pughazhendi,
Arivalagan Maejo University Thailand 1 0.78 12 1 0.78 22
Ramaraj,
Rameshprabu Maejo University Thailand 1 0.68 12 1 0.68 22
National Science
and Technology
Development
Sae-Tang, Kittapong | Agency Thailand Thailand 1 0.33 12 1 0.33 22
Chiang Mai
Sattayawat, Pachara University Thailand 1 0 12 1 0 22
Sirawaraporn, Mahidol
Worachart University Thailand 1 1.87 12 #N/A #N/A #N/A
Sirikantaramas, Chulalongkorn
Supaart University Thailand 1 0.37 12 1 0.37 22
Naresuan
Sitthisak, Sutthirat University Thailand 1 0.16 12 1 0.16 22
Suwanmajo, Chiang Mai
Thapanar University Thailand 1 0.3 12 1 0.3 22
National Science
and Technology
Tanapongpipat, Development
Sutipa Agency Thailand Thailand 1 0.33 12 1 0.33 22
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2013 - 2022 2018 - 2024*
Field- Ranking Field- Ranking
Weighted by Weighted by
Country/ | Scholarly | Citation Scholarly | Scholarly | Citation Scholarly
Author Affiliation Region Output Impact Output Output Impact Output
Mahidol
Techo, Todsapol University Thailand 1 0.2 12 1 0.2 22
Chulalongkorn
Tencomnao, Tewin University Thailand 1 0.27 12 1 0.27 22
King Mongkut's
University of
Technology
Thaiprasit, Jittrawan | Thonburi Thailand 1 0 12 #N/A #N/A #N/A
Thummeepak, Naresuan
Rapee University Thailand 1 0.16 12 1 0.16 22
Unpaprom, Yuwalee | Maejo University Thailand 1 0.68 12 1 0.68 22
Silpakorn
Usaku, Chonlatep University Thailand 1 0.74 12 1 0.74 22
King Mongkut's
University of
Waraho-Zhmayev, Technology
Dujduan Thonburi Thailand 1 0 12 H#N/A #N/A #N/A
Vidyasirimedhi
Institute of
Wattanasuepsin, Science and
Watsapon Technology Thailand 1 0.42 12 1 0.42 22
Weeranoppanant, Burapha
Nopphon University Thailand 1 2.39 12 1 2.39 22
Mahidol
Wilairatana, Polrat University Thailand 1 1.06 12 1 1.06 22
CAS - Kunming
Institute of
Zhang, Shiyu Botany China 1 0.77 12 1 0.77 22
Vongsangnak, Kasetsart
Wanwipa University Thailand #N/A #N/A #N/A 3 0.5 3
Kasetsart
Raethong, Nachon University Thailand #N/A #N/A #N/A 2 0.74 11
Kasetsart
Thananusak, Roypim | University Thailand #N/A #N/A #N/A 2 0.74 11
Atichartpongkul, Chulabhorn
Sopapan Research Institute | Thailand #N/A #N/A #N/A 1 0 22
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2013 - 2022 2018 - 2024*
Field- Ranking Field- Ranking
Weighted by Weighted by
Country/ | Scholarly | Citation Scholarly | Scholarly | Citation Scholarly
Author Affiliation Region Output Impact Output Output Impact Output
Universidad
Bolanos-Martinez, Autonoma de San
Omayra Citlalli Luis Potosi Mexico #N/A #N/A #N/A 1 1.04 22
Cheawchanlertfa, Kasetsart
Pattsarun University Thailand #N/A #N/A #N/A 1 0 22
Vidyasirimedhi
Institute of
Chinantuya, Science and
Wachirawit Technology Thailand #N/A #N/A #N/A 1 0 22
Fuangthong, Chulabhorn
Mayuree Research Institute | Thailand #N/A #N/A H#N/A 1 0 22
Rensselaer
Koffas, Mattheos Polytechnic United
AG. Institute States #N/A #N/A #N/A 1 1.49 22
Malla, Ashwini Ltd. - #N/A #N/A H#N/A 1 1.04 22
Napathorn, Suchada | Chulalongkorn
Chanprateep University Thailand #N/A #N/A #N/A 1 0.95 22
Phatinuwat, Chulabhorn
Kamonwan Graduate Institute | Thailand #N/A #N/A #N/A 1 0 22
Vidyasirimedhi
Institute of
Science and
Phonbuppha, Jittima | Technology Thailand #N/A #N/A #N/A 1 0 22
Pongtharangkul, Mahidol
Thunyarat University Thailand #N/A #N/A #N/A 1 0 22
Shandong
Prabhakaran, University of
Pranesha Technology China #N/A #N/A #N/A 1 0 22
Rattanaporn, Kasetsart
Kittipong University Thailand #N/A #N/A #N/A 1 0 22
Vidyasirimedhi
Institute of
Sutthaphirom, Science and
Chalermroj Technology Thailand #N/A #N/A #N/A 1 0 22
Vimolmangkang, Chulalongkorn
Sornkanok University Thailand #N/A #N/A #N/A 1 1.04 22
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synthetic biology A18lUsunsu Bibliometrix

nnteyannunieumanaluladiiisadesiuidineduaseiiduuisuiio Ussinalne
(U 2-21) Ui (Uil 2-5 - 2-9) Tufifmalulad Ussmelnednanuifissiunanudnnisuiunea
fAgadestu synthetic biology luyuues metabolic engineering s'ﬁqLﬂugmaaﬁmmiﬁ'ﬁﬁ@ﬁm%’u
MIReEanvad synthetic biology wadslinumsddefinamunadedis (tools) wileutuszRuuuAfivi
gene circuit, genome editing ey ﬂﬁjm computational biology i deep learning tag Al wlfduesode
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micr@algae
biofijels genetic efigineering

aspergilllis oryzae

quorungsensing

synthe%biology

biosynthesis

strept@myces
biocatalysis

metabolic engineering

naturaligroducts
1,3-butanediol

actinobacteria

cyanobiacteria

JUN 2-21: uaAIANUFUWUS synthetic biology fiungu topic Nlin1sANuRUNANUTAedusswItlne

Tnelddangu Adwiisau (co-occurrence)

agtlsnmugusisralveuaninisuszandldlunguves biofuel, natural product wag biocatalyst
é’aiwauﬁammmgﬂﬁ 2-21 Iummzﬁﬂixqﬂm‘“[fi’fmuié’amwﬁ’m synthetic biology S¥RULNUYIARAMEL AN
thfeyamssnadaunanudsinisunnmnilaednions nngudeys Scval iedeslesmatnmnuidediui
gmsuszegndld Tnsusendulded
nguil 1 NManwAs fegsunAIRvIMsuNNATigndrd dagdnstng
® (RISPR/Cas Genome Editing and Precision Plant Breeding in Agriculture, Annu Rev
Plant Biol. 2019 Apr 29:70:667-697.
ngudl 2 NMsuwnd FregrsunarIATINUIYATigndneBslngAvSUas
® FEngineering CAR-T Cells for Next-Generation Cancer Therapy, Cancer Cell. 2020 Oct
12,38(4).473-438.
® Genetic Inactivation of CD33 in Hematopoietic Stem Cells to Enable CAR T Cell
Immunotherapy for Acute Myeloid Leukemia. Cell. 2018 May 31;173(6):1439-1453.e19.
® Deciphering microbial interactions in synthetic human gut microbiome communities.
Mol Syst Biol. 2018 Jun 21;14(6):e8157.
® Developing a new class of engineered live bacterial therapeutics to treat human
diseases. Nat Commun. 2020 Apr 8;11(1):1738.
® |Immunotherapy with engineered bacteria by targeting the STING pathway for anti-

tumor immunity. Nat Commun. 2020 Jun 1;11(1):2739.
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NEUT 3 PAUNTIN FIBEUNANIAINIMTUIYANgNI19BlaednTUns

Pseudomonas putida as a functional chassis for industrial biocatalysis: From native
biochemistry to trans-metabolism. Metab Eng. 2018 Nov:50:142-155.

Wearable materials with embedded synthetic biology sensors for biomolecule
detection. Nat Biotechnol. 2021 Nov;39(11):1366-1374.

Growth of E. coli on formate and methanol via the reductive glycine pathway. Nat
Chem Biol. 2020 May;16(5):538-545.

Discovery, Characterization, Engineering, and Applications of Ene-Reductases for

Industrial Biocatalysis. ACS Catal. 2019 May 15; 8(4): 3532-3549.

NAUTN 4 WA UUAEHWINGDN ADENNUNANNIVINMIUIIIATNIgNI19BlaednTUns

Conversion of Escherichia coli to Generate All Biomass Carbon from CO,, Cell. 2019
Nov 27;179(6):1255-1263.e12.

Microbial Degradation and Valorization of Plastic Wastes. Front Microbiol. 2020; 11: 442.
Microbial fuel cell (MFC) power performance improvement through enhanced

microbial electrogenicity. Biotechnol Adv. 2018 Jul-Aug;36(4):1316-1327.

= Vo 6 ¥ . . & [ £ o |
AziulaiIn1sUsEenadld synthetic biology WuaiusaldlavainvaisTuivyuuesse

N1508NKUVLAZESY MatiliTodanainNanEUnsNodiunaaidenugIudedn wu

Principles and Applications of Nucleic Acid Strand Displacement Reactions. Chem
Rev. 2019 May 22;119(10):6326-6369.

Interfacing nature’s catalytic machinery with synthetic materials for semi-artificial
photosynthesis. Nature Nanotechnology. 2018, 13(10)

Cell-free gene expression: an expanded repertoire of applications. Nat Rev Genet.
2020 Mar;21(3):151-170.

Cytochrome P450 Monooxygenases in Biotechnology and Synthetic Biology.
Trends Biotechnol. 2019 Aug;37(8):882-897.

Enzymatic assembly of carbon-carbon bonds via iron-catalysed sp 3 C-H

functionalization. Nature. 2019. 565(7737)

813na171091n1519 synthetic biology Tunmsyinulisussynddeinisesdninuivainuang

Aranssaunud adusduausiuiudnuue interdisciplinary 393gld synthetic biology laags

fUszansS
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anzf{Anuldlidoyanfiogd léun Feyainednusuazenuidsatudiuiinusuanumnineds uay
Miea1ur1e 9 904lneg (Thai Digital Collection; TDC) wagdoyauguninnnisiniuuasuaIuuay
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antun1sfnuneing q iaUssmA sauvieAy 95 A 108 MAdvn iiodeunudvdngnsfiisadasiy
synthetic biology snsflenuuazmdinauiignssnandliaiuiu uazldFusanimeunuuasunudnau
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1 aINsalmingay
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UNTINaETeslnl
WIMeSeAlLLaENTEA0UNATUYT
WIngaemaAlulaggIus
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v Induiifvangnafiago
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10. aonUuwmaluladnszsanadinamynsannseds S
11, YMINYFUNEATANERS

12. aUuINedSWS (VISTEC)

NUUUABUNNTEUHANENIINEITBTU synthetic biology 31nT1UIU 20 A1MOU laganyY

[ Ao a A [ [ a a [ A [ [ a
nanansniiilageu nugegare vanansseauUTayain Andu 65% s99RenAe NangassEAuUIyaLen
50% MaNgnsIEAUUIYNInT 45% Uazndanans Non-degree: certificated 10% lagluszeziian 51

o

founaa (w.e. 2561 - 2565) TEdNSaIN1sANYIED 707 Au uwunluseduUSyaes 554 au seaulSyain

122 Ay wazszauUIgygen 31 Au

anwauzuangasiieItas

Degree: U319 s © (45%)

Degree: USqug v S 13 (65%)

Degree: U3y ion e 10 (50%)
Non-degree: certificated m—mmm 2 (10%)

Non-degree: non-certificated (lifelong learning program) 0

JUN 2-23: dnuagnangasiineddasiu synthetic biology
wallaTAeiy synthetic biology @dn 3 BUAULIA AB N1TIAINTIUAINUTENOUNIITINN

wialrdHanTulug (75%) 589890717 BN1599NWUUBIAUSENDUNINTIN NG Luae i Tudeliddin (55%) way

mseneleu metabolic pathways sewinedaidin (50%) GH’&LLaﬂﬂugﬂﬁ 2-24
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watlafiiAgdasiu Synthetic Biology Ml¥luau3de aeldvangns

1.Designing biological components that don’t exist in any organism G 1 1 (55%)
e 15 (75%)
3.Creation of novel genetic regulatory circuits GG 7 (35%)
e 10 (50%)
5.Creation of new chromosomes or genomes 1 2 (10%)
I 5 (25%)
7.Transgenesis using a gene from an unrelated organism  E— . 2 (10%)
2 (10%)
9.CRISPR-Cas9-induced or oligonucleotide directed mutagenesis TS 5 (25%)
0
11.Radiation- or chemical-induced mutagenesis T — ———— 4 (20%)
1 (5%)
13.Protoplast fusion — mmmmm 1 (5%)
I 4 (20%)
15.Biosensors using modified organisms or macromolecules T ( (30%)
I 6 (306)
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3UN 2-24: wallafieadasiu synthetic biology Mldlusuiduaeldnangns

wﬁmmé’aﬁﬁLqu%ﬁwumé’ﬂqm WAL/139 98 eWINWAUINANERAT 131U 6 UNINe Y
Toun 1) uM3Ne1devoulAy AMTLNNEANERNS 1913913108 Lay AuEINeIAIEns a1v13v1893ne0
2) uingdeysn (nendunys) anginermansuazaumans 3) uningrdeusdiiimvas didndn
ANYIANERNS @1V1TVIINYIFEATTINN 4) UNIINYIFUATUASUNTILSA ABEIAINTTUANERAS N1ATYN
AAINTINTINITUNNE  5) UMAINGIROUIAIT AMLINYIAERSNITUINNE N1AIB19aTTINeuazUsdnIne)
waz 6) antumaluladnszaound dInuIsalnnseds AneInemans 11AIYINeINIsABNTIAES
WAT ANYENAIMNTINDIMT A1 3vInAlulagnisvidn wazidlofiansanmunaziasaadAndu 21.6%
ViﬁLLmuﬁ]zﬁ'@uumé’ﬂgm Wag/v38 9gIenINimUImMaNgns Tnsuansdnaiuny/na3vn7idununsRaL

NANGNT ﬁﬂgﬂﬁ 2-25

Liifindngas (37)
64.9% Taifiumu (29)
78.4%
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INUUADUNY ﬂmz/mﬂ%w‘?iﬁLLmuﬁ@uumﬁﬂqmizﬁuﬂ%zymﬂw (5) 62.5% UIgyeykan (3) 37.5%
USeuey1m3 (3) 37.5% Non-degree: certificated (3) 37.5% Wwag Non-degree: non-certificated (lifelong
learning program) (2) 25% Wag Dual degree program (1) 12.5% lnefiidvuneii efwuiyaains
AN Y ANUIANLAINNTINBUAUBIHOAAIALTINY ﬁwamu‘i%’aﬁmmsadwmm;jmﬂLaﬂ%u Hunanu
FgmsseiuuuwmAduiivensuluannin way Qﬂa’]ﬂiﬁﬁﬂﬁ’méj/ﬂﬁ’mL‘?jIEJ’J‘U’linGIHJLﬂ’]mJ’]EméJﬂQGﬁ

PN FLARIAUTUT 2-26
FULUU/Anuaznangns nsalEsunseag sendnanmumangns

Degree: Useueu s | ; (37.50%)
Degree: sty | 5 (652.50%)
Degree: Usayawen [ : (37.50%)

Non-degree: certificated | N R NN  : (37.50%)

Non-degree: non-certificated (lifelong learning program) | 2 (25.00%)
Dual Degree Program [ 1 (12.50%)
3UN 2-26: JULUU/ANBENANEAT NIAUNEUYIRREIENINIMTHAILIANEAS
ndeyanangnsuazivfiigitednu synthetic biology ldarnuuuasuny lavinsdunivel

mignunszyivangnsiiieadesiu synthetic biology 31U 12 W INeNde 10 A 30 MENgNT kae
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M13199 2-4: MITanguuangasNlavinmsiunteal 91U 12 wnInende

NGUNANEAS

G

na;uﬁ 1 (non) fnsiSBuUNSARUNEIAY biochemistry, ceramic,
bioprocess, reactor design wazlaifin1359u synthetic biology W1lulu

NANgN3

3 MaNgns
3 YNNINYIaY

2 Ay

ngui 2 (potential) IN13i5EUNTAWAYTU molecular biology, cell

biology, bioinformatic usiglsiiin1353u synthetic biology Wi lulundnans

10 viangms
6 UANINYIY

6 ALY

ngui 3 (concept) dn153euUN1sAR ALY molecular biology, cell
biology, systems biology, genetic engineering Wagiin1saeou concept

fAeteatiu synthetic biology W D-B-T-L cycle , redesign,

12 ingms

5 UU13INYaY

1 Aty
programmable system
n’sj:sﬁi 4 (subject) 7% synthetic biology (SCBT309 Synthetic Biology ) 3 Mangns

Wunisaeuyuiedlvivein1siinuINugIuMsiugmans vse I3men

savluanaluldludaiamnssy

2 UR1INYIRY

2 AlY

nejm‘?‘i 5 (curriculum) dnangns synthetic biology #angmns Non-degree
Program: Synthetic Biology for Industry (Re-skill, Up-skill, New-skill) wag
wangns degree Wa 2567 whundnau lnawdunisBeunsaeulidle
WANN15984 synthetic biology wagn1sliuselemianaiminiavudiinel
wazmAlulaB¥inin wszgndldlu synthetic biology wagthlugnisasne

yaanshiunAndinnssulagldanaiivlunisasauinnssy

2 Yiangns
1 W INYNaY

1 Al
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Funrvalmirgeuiiudelivdngnsiiuadosiiu Synthetic Biology 1u 12 uuninende 10 ane 30 uinges

Non degree 15 Al

nijzﬁi 5 (curriculum) 1 w&ngns

USuauon 24 A
nsjm?'; 2 (potential) 3 ningns
nzju‘i?; 3 (concept) 4 wé’ngm
nguil 4 (subject) 1 uSngns
USuuns 554 au
nzjuﬁ 1(non) 2 wingms

] ﬁ 2 (potential) 3 wingns
USeuunln 93 Au a ﬁ 3 (concept) 4 wé’ng‘lm
nzg::uﬁ 1(non) 1 dnges na'uﬁ 4 (subject) 1wdngns

ﬂ ﬁ 2 (potential) 4 wanam

ngu uii 3 (concept) 4 ningns

nz; 4 (subject) 1 ‘wanams

=
n
nig ﬁ 5 (curriculum) lwanam

 USeyyns USyeyrln B USqueyon M non-degree
szoznan 5 U Joundls (w.a. 2561 - 2565) fifdFanisAnuuds 686 au (a5 554 Ay, Tn 93 Aw, 1on 24 AL, non degree 15 AL)

o ° Yo & = Y 1Y o
glh/l 2-27: LLﬁﬂ\ﬁ]'}uquaﬁqlﬁﬁ]ﬂqiﬂﬂl‘nLLa353@Uﬂaﬂﬂﬁﬂgﬂﬁiuﬂquﬁqﬂ 9

TuliAmasaudn ”ﬂqmﬁm%’aaﬁu synthetic biology 311U 30 vidnans Fanszangluseiunmsfing
A9 9 fafl 1) seAuUSeyy1es 10 ndnans ddnsansfnwiuds 554 au 2) sedudSyyiv 11 vangns
Trdsansfnwinds 93 au 3) seAuuygyien 8 nanans Hd1SAINIIANYILET 24 AU uax
4) non-degree 1 Mangns 15 AU Iﬂadaulwzg;g’ﬁﬁL%ﬁ]miﬁﬂmam?{m%mﬁu cell biology, systems
biology, molecular biology, genetic engineering, metabolic engineering Wag biotechnology Faudu
aaﬂ‘mmg”ﬁyugmﬁ%mmmﬁﬂﬂﬂizqﬂﬁlﬁﬁlé’ﬁ’u synthetic biology wenanil ladunwalvayaniu
muidefiAsadeslaeylidunivaliidnmaifounisaeunarduiunuidedaeiu ulunudnyes
synthetic biology L‘f]umia%’wm‘%aﬂ%’wqﬂaﬂﬁ'ﬂszﬂaumﬂa%aﬂwwiﬁﬁﬂmamﬁ’ammﬁé]’aami el maneg
Tunsihldlduselen lngendeninuinnudilagdving1veasas 0sAUsENaUNIITININ SEUUNTIINY
109AailTin ifleatvdeiliansafiatuldio smusssunilasdadn defaddesdanuiiiugiunsiued
way F3ImendeuSun (quantitative biology) N1sAnlvadffiednwdedidin wu INIINITIAIYVOITAR
Sasmsldunasasuounaznsndnaisiunivelasi Weulesiudainerszuu (systems biology) vile
annsaadslunauazsruusng q ivisandefawaislunisimnsmesduszneunisdinin ssdamg
ﬁugmﬁﬁmﬁﬁmﬁ Usgnaunay cell biology, biochemistry, genetic engineering, bioscience and
application, n1998nLUU Bioinformatics, Machine Learning, mﬁmswﬁ%ga (Data analysis),
Structural biology na@AIUAIIUINAY Bioprocess engineering %qwé’ﬂqmmsﬁ‘aumsaaufjmﬁug’m
fiflog Wy §33ne1 Fuell Wugemansszdvluiana niseenuuuesdUsznounsdininlngld Machine
learning/ Computational modeling @unsanssonluiiudainerduasgiaiumig 9 sﬁyuag'ﬁ’m'm%’ﬂ
faulauarmsieslliiinuznszuiumsAndassuy sgslsfinu yaansidaudernglumsdouldn

W39NSWAILY Machine learning figu1sad1ladivinen wiedndinefiaiunsaaniaszideruaule
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¥

m3ﬂ’mmqm§%’8maiﬁmﬁﬂqmﬁlﬁ'wﬁaqﬁu synthetic biology ﬁﬁqmaﬁnmaqﬁmmi’ﬁugm
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wAlLlagT N1 NLAIR
AnauRLINemans

wazwmAluladutenn® (EECH)

College London

(Synthetic Biology)

nanansTuaddusuazansiaddininada
99 FermdensAnuuareenuuuia
Fuadlugadlagld 8edausiuTIINe
FUATIEW LATNITWNAIUITINTEUIUATS

o o o

dAmSURBUNSENTNTY

60



https://stscholar.nstda.or.th/stscholar/sis/most_view.php?StudentID=53356573
https://stscholar.nstda.or.th/stscholar/sis/most_view.php?StudentID=53356017
https://stscholar.nstda.or.th/stscholar/sis/most_view.php?StudentID=53356144
https://stscholar.nstda.or.th/stscholar/sis/most_view.php?StudentID=53356144
https://stscholar.nstda.or.th/stscholar/sis/most_view.php?StudentID=53355752
https://stscholar.nstda.or.th/stscholar/sis/most_view.php?StudentID=53356553

YA

Yo-uuana 92d39 RN A doufnen | Usswmadidne d113YNANED anun3vniulvifne
n1sANY
10. Imans uea 2567 quéﬁuqﬁmmsmax University of au%’gam%m Chemical Biology Molecular Biology/ Study and Synthesis
wAluladdin i@ Texas at Austin of Bioactive Molecules
11. wansad Yselans 2569  |AuglnduAEns University ans1veandns  |[uiluwmalulad Biomedical Engineering/ Synthetic
UNINY1a8AaUINT College London Biology/ Molecular Targeting/ Systemic

Nanodelivery

*JayandhetnSeuyuszunamuingimansuazimalulad (GSTS)
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https://stscholar.nstda.or.th/stscholar/sis/most_view.php?StudentID=51000043
https://stscholar.nstda.or.th/stscholar/sis/most_view.php?StudentID=53356549

2.4 anunFoumanalulagiineadasivdinerduaseiannisinszigiudayagnsing

mAnneinnmiesmanaluladfifedosiuidneduanginnmsiengigudeyaanidns
Tumenuatull sidunslaenismunuuaslssnanaangutoyadvstns (Patent database) fsil
1. grudoyadnivnsililunisdududeya Uszneudie 1) grudeyaidenidad (Commercial
Database) laiwf Derwent Innovation (DI) ka# Innography ?* waz 2) g1utayadniuinsves
nsumsnsaunatayey) Useelne (Department of Intellectual Property, DIP) wiglinsdudiu

AsauAguNslusERuLIWII ALazUsEWAlng

o o [

2. fdAy (keywords) Aldlun1sduAudeyaluseuatuil Ysenaudienisnaaedldmdfy

I 8 Yaludusu uaglddndonyadddgivanzauiianies 1 ga dmsunisdududoya

Y

FEAVWIUNNIAN AL AL TDUNNYDUI 83T TN duaT1gnlauniign iiwetrlulssuianaway
Wnauadeyauuiliilumusing 9

3. syezhaInsAuAutayadounas 25 U (A.A. 1998 - 2023)

1% a o

S Y v o o <, =] o o P & v v a
AMNNNANIVINEUY au@ULLiﬂLUUﬂqiﬁﬂLaaﬂﬁﬂﬂ’]a’]ﬂm (keyWOi’dS) WimUﬂqiﬁUﬂu%aHaamﬁUmi

)

v v !

ielagyiaun nIIneduasient (synthetic biology) 1nfign LivetNaN1IEUAUIINYAREIARYAINGT?

Qe

v
a ¥ =]

Wamsgiuazdnaveidudeyauuiliuniefianiswnueng 4 andeyadnsinsnduduny viadl nsnaaey

'
v A ¥ o

AreMshimddyrateyn LN 1) Adfyyan 1 AFuAUAIEA1IT “ synthetic biology” LileaA1LAE?

'
=

a?mi"‘umsﬁuﬁugmﬁﬁagamﬂﬁ"’ﬂaﬂ WeMAAYnN 2-6 fiAUAUSBR1I “synthetic biology” SaufURBY
ldanunsansoumquvauunkazile1uued synthetic biology b mmqﬁ’awﬁwﬂmmmwﬂsgmmlaﬂ%’ﬁﬂﬁ
(21314131 engineering biology unw) deuveaidsailiiarumnesiudenansnainnateans Sns
ANYULIANIZYDINITVOTUANNANATEIANSUNS Fve ﬁﬂﬁ]mﬁlENﬂ”Iﬂsffﬁ’TﬁmiﬂﬁULﬁJ@MWLﬁ@MaULgﬂd@:mjﬂ
fldudunudeya dudunagndmaninddumedyanifldtulasiill 2) dddyyail 8 Wunsdudulu
gudoyansunsnddumslagn Ussmelne (OIP) SndudesdsuimdAglunisduduluniwilvedundn
mugunislinwdsnguunsdin Sninsivssmalnenumdnisiauludesddefeutusissae

[

Y o & v = Yo o w v v a v A o o o dad
JUU ml,"dumaﬂLaaﬂs[ftiﬂ’]a’]ﬂilﬂmmmzﬁﬂAﬂUUiUWUENUizL‘V]ﬂl‘VlEJ Lﬂm"ﬁLUﬂqiﬂﬁLaaﬂsqﬂﬂﬁla']ﬁfymﬂV]Ejﬂ

Y]

8 seudumddgyfilinanisdvAuiiasiiounmdivenduaseiuniian dwuandlunnsei 2-6

£

o))}

21 Derwent Innovation (DI) &g Innography tJugiudeyaiiaseuaquieyadnivnssedvuiuviianialan (sauuszndlne)
drunmsduAudeyadnsUnslagnsslugrudeyansunsnddunadyny Ysenalne agladeyanisiuvesuauduasesdnsinsves
4 v o o ad ad o = & v = ¢ 8 v o B
AulngiiieAuasesdnslulszmalny warauvAdungudves lulssndlny FwauludeyaiauysalniinisduAuaingiudeyad u 9
A v o ) v v o ' " A v v a O Ny o W
\losngudeyaduenainsusudeyalmiatinit lifleuniniugnudeyavesussemalnelagess nvitenatidedialunisuaniuive

< 9 v 4
Junwdanguinliaysal
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o v o

)

M19199 2-6: uansyaddAidlunsiudunaznanliannsiuduansunsiUasduvasudazyamrdiAgy

v

A AnwauzAEALY IUIUENZUNS fegramaluladiiny gaamnssuTiietes
GUGh (309)
il A.f. 1998-2023
1 19A1m3e e “synthetic biology” ALAgn 659 ﬂfjmmﬂiuiaﬁﬁLﬁ'm%’aﬂﬁumiﬁmmqéuw?é waluladifinsiluldlunannwane
nsdin MsRwELETUaYUNIIHER 1y PAAMNTIH LU PAAMNTTUDINT
Tuslumes wules Waunsu wedesileiionns QAAWINTIINITWING Fren ALY eqAunIs
Wnseideya Mssenwuy Msasduanatinm | dmsuldlunszuiunisade
M3AselUsAy ssuuunannesy
2 1%/ “synthetic biology” i"mﬁ'umjuﬁﬂﬁ'u 2,434 nquinAluladfifgtostunsiamgdunie weluladiifinsiluldlumannwane
Tuanan (discipline) MAeadias, 1A3eile (tools) Msniln MsRAUEUETUAYUNTHER L9 PAFNNTTA LU @NENUNTIUBINNT
AAedosiu synthetic biology, nguA1aIN TusTuwes wulesl Taunsu indesdiodieronuuy | gnawnssunisung fensimunideqdunis
AU NI IAnRAl LazngumTnUIIN M3IATIeAlUsAY n1seenwuullshy waddtiu | dmsuldlunssuiunisuds gaavnssunds
msauAuInmdRaed 1 nsudndulevsgead SngAuiilenisnoadns
3 | Wwdnnsifeafuyail 2 lnewfisniudddny 1,284 ngumAluladNAgtosiunsianqdunse weluladfsinsihluldlunainvany
fifienfiu gene expression, vector, promoter nsudin MyUSudssiigsanulse MsiauE QAAMNTTH LYW BRAMNTTUOWNS
diluiieesdle (tools) Mfasifu synthetic atfuayunsnan Wy nwes nsileAteti stuuil | granmnssunues mensianNfiviulse
biology fimsmuaunsuansoonvesdu (Programmable | gnavnssusuedosile gunsalmalulad
Expression System) L%aﬁﬁﬂmauﬁﬁmiﬁm ansaume
a | Mvdnnsieafuyail 2 Inewianiuddny 54,966 naueluladiiedesiunisianngaunie wielulagifinsthluldlunainvany

ey gene editing [iluTudATowle

(tools) Aeadasiu synthetic biology

msniln MawadLaliuayun1NEs W Rnwes

NISAIUANIINLE N1IATIVAOUNITVINIUYRN
Fudgrunnug waluladifgiiuaiuindanasiy

wialulagUyauseivg welulagiuny

PRANMINTTH LU QRATVNTTUNYAT
PAAMNTIUNITLINE QRAMNTIUAIUATDID
gunsal maluladansaung gnannIIusgusn

mvuglsautdu
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aeszuy IPC? lungu A61 (medical or
veterinary science; hygiene) C12
(biochemistry; beer; spirits; wine; vinegar;

microbiology; enzymology; mutation or

genetic engineering) CO7 (organic chemistry)

a o = o A Yy a a
Laziin15USUUAsUANEUAUIAIULNULAY

druatiuayunIskan 1y Lnwes wanalin

walulagnisasravelmuunzaudunisiluly

sl

Uszlovi waluladdyausehvsninedos

£

wAlulag HTP genome engineering platform

A AnwazAEALY IUIUENTUNS fegramaluladiiny gaamnssuTiietes
d1Any (509)
il A.f. 1998-2023
5 THrnss A “synthetic biology” wag 776 ﬂfjumﬂiuiaﬁﬁLf“ﬁiaa%’aqﬁUﬂﬁW@umﬁﬁuw%é weluladfidnmsiludluvannnans
“engineering biology” Msviln MsawdUaTuaYUNTHER 19U AAMNTIY LU @AANNTIUNYAT
wanadin gunsad Microfluidic QREMNTIUNTLINE guavnIsuaugUnsal
6 19@131 “synthetic biology” wag 700 nauwAlulagn smIaUEE n1svedn nsamn welulagfidmsiluldluannnans
“engineering biology” tudwmanlunis dauaﬁuawmﬁmam wu WUslumes wanada YNFINNTIN S qmamﬂﬁsmmmwé
Fudu Saurunguaiduluanu (discipline) NlAs1enlusAu gunsal Microfluidic inalulad | geanvinssumupeufiawmes nalulad
ffedeq, w3esdle (tools) MAeadostu HTP genome engineering platform walulag ATEUYNA LYY IBM
synthetic biology ﬁﬁﬂ&juﬁ%ﬁmﬁ’u gene Aenfunissiaes (simulation)
editing agy, NAUAIIINAMLLTIUTDS
ANl waznguAfinuanNsEUALN
fdayei 1
7 | Tiwdnnsifeafuyeil 6 Ineiudunisdudu 1,524 nguinaluladnmstaungdundd msvin mawann | weluladifinsiiluldlunainvane

gAFMINTTH WU QAANVNTTUNEAT
YRANVNTTUNITWNNE RRANVNTINOINT
MAMNTIUAUMALLLAETININ L

Zymergen

o

2 sWadydnwal

I3

n15UszAwg IPC: International Patent Classification 1Judgydnwalduunvuiangn1sussAv§seninelszing d1e810u A Human Necessities (@sdndudmsuuywd) C Chemistry;

Metallurgy (1nfl 33 suenlanzeanainus) Wudu (finn: https://std.moc.go.th/std/group/158) N3 IPC saulunsdududeyadniunsasdrelinisdudunseiuiuiidesnisuiniu vienandnidenilede

sndeyaluauilinssiudayaiidesnisivevudanlauniu
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https://std.moc.go.th/std/group/158
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W0 UTINeNdUATIEY Lastauniaelng
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N899 IADUTLUUN N1TUTUUTINUGNTTH LWdumU

A AnwazAEALY IUIUENTUNS fegramaluladiiny gaamnssuTiietes
d1Any (509)
il A.f. 1998-2023
8 14/ “synthetic biology”, “@23ne1 N/A nauwAlulaggnuves modem biotechnology 19U wihenluusswalneusaes Tugnamnsy

A a v 1) v P
Aneesiumsidmalulagdinw

wuewn: ToidAnyyai 1 - 7 Fuaulugiudeyaseivunnei dlunisduAuasaiildgiudeyaiBenlyg Derwent Innovation (DI) ke Innography wagldrdAtyyad 8 dudu

Tugudeya nsunindaunstaa Useindalng
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d' A a o o o A a & v v a aw o a
NAITNN 2-6 LN@W%Wimﬂﬁﬂmmmw 1-6 MiﬁﬁuﬂﬁaUﬂugﬂuﬁuayjaaWﬁUmiizmuuﬂuﬂﬁmm

wuiugeddAgylinansavAunliaseurgumalulagnifestesiuiinerdunsidedisuiudeya

o

PNNTANTIVINMIANY wazugadddglinanisduaunivseneuimemalulagnlineidesivivinen

o

o v al =~ a

duasigilsdunun vueiiandAgyyed 7 daumnizauiian Wesdnlinan1sduAunaAsounquauLn

o
[ a

wararvieuNMIVINgIduasIzvivInian 8nvalinisly IPC sulunmsdurudeyadniinsiiiedndaya

q

v '
v ¥ a o a ! !

A ay oA Y = P P a = o w
Tuarvduinludinendestsgvudnunlauniu aetu Jeyaiiiuninseiluddniuidyusie 9 luaau

Y 9

e

o d'

noluazdanisldAmduvesyan 7 lunisduAugiuteyadnsinsseavwiuvd uagldmdidnyyan 8 Judu
lugrudeyadnidnsnsuninddunadygyn Ysewelny wensdnwideyadnsinsiieitasiudyine,

Fuaszaludeaansaly fad

2.4.1 aoumwnnsvasuanuduasesansUnsiineadasiumalulagninesdasiviiainendunesi

Yadlan

'
a ] (%

Mnfinandrsiunantsinudnildunanmadenldmadyyad 7 saufu IPC Tundu A61, C12
uaz CO7 Fauandlunsnedl 2-6 TumsAudugiudeyaavtasseduumnmi desneligudeyatigudoa
ﬁgwawhwizww'fiLLawaanmemmaqﬁw Imaﬁﬂﬁﬁzymﬁ 7 Usznausieg “synthetic biology uag
engineering biology” \Jufma@uaunan ﬁ'wﬁumjuﬁﬁuﬁLﬁ"msi’faqﬁ’u*%ﬁwmﬁﬂmeﬁ laun “algorithm,
deep learning, machine leamning, artificial intelligence, Al, metabolic engineering, systems biology, protein
engineering, saccharomyces cerevisiae, biotechnology, biosynthesis, genetic engineering, genome editing,
directed evolution, crispr, gene expression, genome engineering, DNA, assembly, optogenetics, cell free
protein, bioengineering, quorum sensing, genetic circuits, heterologous expression, self assembly, genetic
code expansion, bioinformatic, transcription factor, cell free, gene circuit, RNA, microbial cell factory,
protein design, gene therapy, pathway engineering, molecular biology, protein expression, metabolomic,
enzyme engineer, corynebacterium glutamicum, synthetic cell, microbial cell factor, gene regulatory
network, cell factory, molecular coommunication, bottom up, biomanufacturing, high throughput, artificial
life, artificial part, genome mining, DNA nanotechnology, mathematical model, biosafety, biosynthetic
pathway, computational biology, homologous recombination, transcriptional regulation, DNA synthesis,
iGEM, promotor engineer, microbiome engineer, genetic transformation, microbio engineer, minimal
genome, regulatory circuit, orthogonal biosystem, bionanoscience, bionano science transgene, circuit
biology, genome engineer, gene drive, reprogrammable cell, programmable, design, build, artificial,
engineer, modula, omics, machine leaming, deep learning, predict, database, data, library,
communication data network, image, computational molecular biology, artificial intelligence”

[

ell mamTieseidayaluinueing 9 annsldnguadfgdrsiulumsiuiudeyadnstnsuiuni Wl
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(1) uwrliunsauvaiuauAuATasEnsins

nsfnudeyanuliunisiuvesuanuduasesdnsdng dliiuinilandnisbuvesuanuduases
ansUnsifetasiudinerduasisiiiniy lnalussezusn 939U a.A. 2003-2013 adliruiuiios 9nuu
3 U v Al < U Q’ a ¥ Q’ d’g ] a o o o 1 1 4‘ = L%
AAN1Endal a.e. 2013 WWuduun SudwwliniugaduegsivedAgedseiliosauiis Jaqdu lag
USunaunsduaednsunsy a.d. 2013 Ad1uau 40 DWPI Patent family?® wagtiisidusiuau 280 DWPI
Patent family Tud a.f. 2023 8ns1n15venedfndu 600 Wosidus awanslunimuuildunisduresu
ANUANATEIEAVSURS TN uTINendauaszvinilansel (Patent publishing trends) (3U7 2-28)

280+

260 e

240
220 /
200

£
g 180
S 160 /
T 140
€ 120
g 100
0 80

60 / N0

40

20 (e, A—O~—O—0"

—_—— 00—V
O_
e%d ‘J%v e%ﬁ' 809) ‘)%& (‘00.9 ‘Jq’o eq’z HQ’J ‘Jq’d "b"v ‘b{s‘ e@s ‘Jq’) (éa’rp S ‘Je'b 80"22 %b (Ez?p

Publication Year

JUT 2-28: wudldanstuveiuanuduasesdnstnsnnediuiiimendunsizi
n2lans1eU (Patent publishing trends)

11 g1udeya Derwent Innovation

(2) wilpaunBuvauANNANATEIENSUATHINTIGA 10 duAUKsN (Top 10 assignees)
nsAnwideyaniigauiiimalulagnifeitesiuimedunsienuniign 10 suduuwsnainmalan
(Top 10 assignees) Fiiudauisuiiduvesuanuduasesdniinsseauuuintnvedian Jadugil

9 LA Y] Y] a v & o . A o a 9 A o
nesuiindrdgluszauuund e1adaduguds (Competitors) niewusiinsaumalulad deuansly

U 2-29

% Fvsdnssenieriuiituresuanuduasestulsenesing 9 Goilu DWPI Patent family Weniu wianandniewilsie vanudwe

avsdnsiituluuszmesing 4 dudu 1 waluladues DWPI Patent family
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DWPI family count

1 1
10 10 4

Assignee/Applicant
= 1. INBIOSE NV(44) 6. UNIV CALIFORMIA(1T) ™ 11.UNIVSHANDONG(11)
M 2. UNIV JIANGNAN(42) M 7. BROAD INST INC(15) 12. UNIV ZHEJIANG(11)
M 2. UNIV TIANJIN(26) = 8.1BM(14) M 12, UNIV NANJING(10)
W 4 MASSACHUSETTS INST B 9. UNIV WUHAN(13) 14. HARVARD COLLEGE(10)
TECHNOLOGY(25) 10. TAKARA BIO INC(11) ™ 15, INST MED PLANT DEV
M 5. ZYMERGEN INC(18) CAMS(9)

JUN 2-29: miheaunduvaiuauAuATasEnsURsINeINuIIINeduaTIziNINAiga 10 Suauusn
(Top 10 assignees) A1n#alan

N: gﬂ‘wﬁjaga Derwent Innovation

NgUA 2-29 Faddumhenuibureiunuduasesdnstnsanuiniigaludosdian 10 Susu
usnwadlan el
1. INBIOSE NV
. UNIVERSITY JIANGNAN
. UNIVERSITY TIANJIN
. MASSACHUSETTS INSTITUTE OF TECHNOLOGY

. UNIVERSITY CALIFORNIA

. BROAD INSTITUTE INC

. IBM

. UNIVERSITY WUHAN

10. TAKARA BIO INC /UNIVERSITY SHANDONG/ UNIVERSITY ZHEJIANG

2
3
il
5. ZYMERGEN INC
6
7
8
9

nfeyatreiuldfinis@nunseazdenvemenuieussmandussauwumilunmsiuiesu

o/ ¥ a

AnSUnseuTInendunszivaslaniiuiuiodunsal@ne fail
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INBIOSE NV, Uszindiuaiiiay 2*

U3 INBIOSE NV ifunagsiafidudvednstnsduduniian Insuisudanavigsia
Lﬁ"mﬁumémﬁm%mmmasqmmw Whmnenmsaidunslunswaulazn1swan Specialty Carbohydrate
yunnlvg wag Human Milk Oligosaccharide (HMO) Faidunnslulawnsaiiiiluanaiedou Tnosinu
weluladfiAgadostunmsiaunaduaznszuIunsvn

fagnensiuandnidng

® S5G11202251985A1 KDO-free production hosts for oligosaccharide synthesis

® \W02021160829A1 Viable bacterial host cell

® W02023111141A1 Sialyl transferases for the production of sialylated oiligosaccharides
® \W02021160830A1 Glycominimized bacterial host cells

® \W02022034070A1 Production of a sialylated oiligcosaccharides mixture by a cell

® |D202205555A Production of glycosyllation products in host cells

® \W02022219186A2 Fermentative production

[

Fadauns USEVvesuANALATRsEILTRLAlUlaENaTuaYLNIALTUgsAIVDIUS I

ga1dun1sAne aa10udTeuasans1susTUTEYIYUIY

Fadumitsui wautmalulad i eadeatudainedunsizrilussaud usuimun gy
Jiangnan University, Tianjin University, Wuhun University, Shandong University, Zhejiang University,

Nanjing University {u@u Tunillsuansiognsunamisnumiaulaly fsil

Jiangnan University %

Jiangnan University tunmitsgeuiifinasuiuingimansuazinalulad advayuniniaiy
TUlduselovilusedugnanvnssy vilslufoslfoRnsvomihenui fe mihenudwineimansuay
weluladnsensvesmminerds Sdmsimumeluladfiferdesfunmsimuigaduasnszuiumsmin

feg1an1sBuanansing

® (CN113186142A Escherichia coli engineering strain for efficiently producing 2'-
fucosyllactose

® (N114874966A Construction method and application of Escherichia coli engineering
strain with high yield of 3 "-sialyllactose

® (N116606844A Construction and application of alpha-farnesene synthesized
saccharomyces cerevisiae engineering bacteria

® (N112080440A Saccharomyces cerevisiae engineering bacteria for producing

farnesene and application thereof

2 fla https:/inbiose.com/en Fuiudl 6 SuA w.a. 2566

2 fian https://english.jiangnan.edu.cn/index.htm dudutuil 6 Sunaw 2566
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https://inbiose.com/en%20สืบค้น
https://english.jiangnan.edu.cn/index.htm%20สืบค้น

Tianjin University 26

Tianjin University in13sdmn3suainuniouvesgiutayawaznalnatiuayusig 9 817 SynBio
research platform, SynBioML sieaasafisIuTinfesanstiduase faulaamsadumiazihluly
panuuunazaslalaglifialaane Synthetic Biology International Cooperation Joint Research Center
swieiusingidelulasanis Synthetic Yeast Genome Hithnunglunisasauazeaniuu eukaryotic
genome 1agdl Yingjin Yuan Lﬂuﬁﬁmmz:wﬁﬂéhu%ﬁmmm

feg1an1sBunansing

® (N107016520 A Information processing system and method based on synthetic
biology sample entity storehouse
® (N105755028 A 4-hydroxyphenylglycolic acid producing engineering bacteria and

construction method thereof

Massachusetts Institute of Technology (MIT), Usgimagunsgaaisni >’

MIT Wunid dlusminendeduiildanuaulad esdainendunsedt danundeuriadu
Im&a%mﬁugmuazqﬂmm Fadsnardaimnssu (MIT Department of Biological engineering: MIT
BE) wazdlgueianiga1u Ae The MIT Synthetic Biology Center (SBC) waw1uiduiidnunin dasiog
nPRRENNTSY asenelabiuniuminendeuazifnAunadiu davziiuldainnasuees Prof. Dr. Robert
S. Langer yAaIns MIT filaswiuuarléfuniseensuluiinis finnsveiunsdunsednidng n1smeuns
Ha91UIYINTT wagn1seugInbildanslunanuuinuneg 2 fsdedunileugiivasanigawsn
fitwuimeluladfiAerdesiuiineduaszsismauan venaini ansgowsnidaiiniisanusedu
wuwidu « Tuduiduanidunsdne amﬁ’u‘i%’aﬁuaqaﬁgaLz,f%mﬁﬁmmL%@ﬂﬁ193’Lm' University of
California, Broad Institute Inc., Harvard college Wuduy

FegnsdnsinsiduAuwy

® W02019232025 A2 Microbial engineering for the production of isoprenoids

® W02019241684 Al Synthetic 5' utr sequences, and high-throughput engineering and

screening thereof

Ghent University, Usewedluaidiay 2

[ YY)

sl Ghent University aglala@nduau Top 10 assignee LANUAMNLToNTEIN1TYINIIUAUUTEN
INBIOSE NV &aiins8uvesumnuAuasesdnsinsasan Jadanuiraulalunisendisgraunsninludiud
My WIngdeiuenaindnisudnyaainsinudVinerduaseiugs Seduayunisidisiulasmisnig g

Weasaiusiingide uazddiudgliifinnissuitemansaiuilluienine iy 1w 1asen1s BioRoBoost -

2 fian https://www.tju.edu.cn/english/index.htm FuAu Juil 6 $unnaw 2566

27 flan https:/be.mit.edu/ Fudu Jufl 6 $urnau 2566

8 FrwseaziBeaiiuiui Innography, https://achievement.org/achiever/robert-s-langer-ph-d/ uag
https://be.mit.edu/directory/robert-langer AUfu Tufl 29 $uaAu 2566

2 fian https://www.ugent.be/en Zudu Juil 6 $unnau 2566
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https://www.tju.edu.cn/english/index.htm
https://be.mit.edu/%20สืบค้น
https://achievement.org/achiever/robert-s-langer-ph-d/
https://be.mit.edu/directory/robert-langer
https://www.ugent.be/en%20สืบค้น

Fostering Synthetic Biology standardisation through international collaboration *° ?falé’%Unuaﬂ’uaqu
9nanamglsy (H2020) e 3 3 (1 ganau 2018 - 30 Auenou 2021) Anwideiiesjsudiyminis
wadiauazisuaienuunsgusuininendauasgy lasmusmdnidean 27 miaseu feanningls
ansgelsng uazlelle vse 1A39N13 BactoHealing-Bio-Kin-Tsugi as a trans-disciplinary tool to bridge
science and society and challenge the ethics of synthetic biology > %58 1asin1s Disclosing
thermophiles for industrial biotechnology by developing an orthogonal synthetic biology toolbox **
(spEEi3a19u 1 weednigu 2022 - 16 werdniey 2024) lag 2 lasen1svdewneldsuyuain Flanders
(FWO) 139 1AT9n13 Synthetic biology and artificial intelligence, mutual learmning to advance together
and jointly drive industrial biotechnology - accelerating knowledge discovery ** ASusudunisaaud
A.6l. 2016 Anwiiseiieafutudn swrdseneu nseddle wazmaiama q Mieados

Fodana fUszAnguImuYeIUTEN INBIOSE NV illuynainsiisunisdiniain Ghent University
waziAeyauil Ghent University

(3) fusshugArvainsUns 10 duduusn (Top 10 Inventors)

a a o [ o

nsfnwteyanUseAvga1vednsung 10 duduusn Mnetdesivdiineduasgiainialan

]

v )
a o v o o a A vV

(Top 10 Inventors) azstoun nin3seivinswauineluladseduduiidsrmasuivedan Tne
Sosusulanad

1. BEAUPREZ, Joeri \ufUseshugluave Afinsouveluwiy INBIOSE NV (Belgium)
COUSSEMENT, Pieter 1{ugfusziugluduen fifinsduveluua INBIOSE NV (Belgium)
DECOENE, Thomas 1Hugfuszugluven fiflnnsduveluui INBIOSE NV (Belgium)
PETERS, Gert (Jugfuszawgluden fifinnstuveluua INBIOSE NV (Belgium)

VERCAUTEREN, Annelies 1iug{uszaugludues #ifinnsduveluuny Annelies INBIOSE NV

DA N

(Belgium)

6. VANDEWALLE, Kristof tUufUssfugludue fifinsuveluunu INBIOSE NV (Belgium)

7. AESAERT, Sofie 1JufUsziwglurve 158 uueluuiy INBIOSE NV/ Ghent university
(Belgium)

8. Flashman, Michael WWusfussaugludven fiflnmsduvsluuy Zymergen Inc (USA)

9. Dean, Erik Jedediah 1fugustiwsludwes Afinstuveluuiu Zymergen Inc (USA)

10. LANNOO, Nausicaae Lugjuszfiugludive fifinnsuveluuns INBIOSE NV (Belgium)

0 FnwseaiBuaiiudulei https://www.ugent.be/en/research/explorer/eu-trackrecord/h2020/collaborative-h2020/\eit/leit-
nmp-bioroboost.htm (FuAu Jul 29 SunAu 2566).

31§y https://research.ugent.be/web/result/project/aca0e2ed-6e1b-11ec-ba90-9b3dedaa5384/output/en (FuAu Juil

29 §urAu 2566).

32 iy https://research.ugent.be/web/result/project/a95f31b0-4a15-11ed-b83a-f72ac5e4d00f/details/en (FuAu Juil

29 §urAu 2566).

3 fiyn https://research.ugent.be/web/result/project/32f8d848-5624-404a-bcab-57a78f18aa71/details/en (FuAu Juil

29 §U11PL 2566).
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https://research.ugent.be/web/result/project/a95f31b0-4a15-11ed-b83a-f72ac5e4d00f/details/en
https://research.ugent.be/web/result/project/32f8d848-5624-404a-bc4b-57a78f18aa71/details/en

a

ndoy atredud W iiudwind Tefivhmsitammelulad seduuumdadudinend sz
10 suduusnvedlan detavtrsnuluusemavad oy neldnisd udve Tuuiuvesu3 ¥ INBIOSE NV
(uaden) Wudmlug Tnewuinussm INBIOSE NV dmmsauileiu Ghent university iwsiguSsv INBIOSE NV &
niudiedl Ghent university fuszRwgunavinuesussniduyaansiiaunis@nwain Ghent University uaziae

YA Ghent University faninanauaiinesiu sesasn fe dmdedeinmbeailuanigonsn meldnistue

2991 TUuNveIUIEN Zymergen

(@) Uszmanduuunglunistusivesudniing 10 dunuwsn (Top 10 countries)
nsfnwdeyadnsunsludiuventsemandudmuneglunstumvesudnsing® 10 Suduusn

(Top 10 countries) @NoUNNUIHNANLANEAINNN1TAAIN (Markets) W30ANUAINNITHARN NABITD

1% '
v a I

fugImenduasie lnednisdnaduussinasswuaduainuiniaaludadesnan fal (Ui 2-30)

1. a1ssusgusevIvuiu 6. @du
2. ansgenisn 7. Yawy
3. WAWIAY 8. Lwosuil
4. \na 9. Buife
5. ananglsy 10. Win@ln
800+ 774
700 -
G600 -
g
] SO0 =
3 300 - 300
% 220
200
100 < 68
. a9 19 9 17 32 11
Country Code
1. CA(ES) 5. IM(9) 9. US(220)
2. CM(TT4) &. JP{1T) 10. Wo{300)
2. DE(9) = 7. KR[22)
B 4. EP(19) . RuU{11)

U 2-30: UszmaiidudtmanelunisBiuveiuanidns 10 duduusn (Top 10 countries)

N gm%’aga Derwent Innovation

3 YszmalUudmanglumsueiudvddns lneunfguesudvsUnsaniilandadimsnusuefuanuduesedvslutsumad mned
v Ya a9 a = a a9 & aw  a & o v a ¥ % a a1 & o o 9w &

Hesnmadiiindvsmungine ewnavsludnsunafetuamelussmaiidven Buveiuanudunasasdnswinuu dwmiuteya Wo Wy
snwstenvaneiianstiuimuen avsUnssevinsussmaruszuuauSdann s iilenuaAvUng (Patent Cooperation Treaty: PCT) fiouive®

awdndulatuive WselsumenidesnsAumrsesds lumaunely
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[ 17

Toyatefudiiiiuinarsisasgussvrvuiuludszmadunefiiuvuiyssmasunsauly
a1513u5gUsEEvUIUYRTUANANATRENSURTIINTIgA wavdduaviiaininUsemadmuneay 9
' v A o a a < =

ABUTINTIN 589AHN AB anIFaLNsna lag uAuIAT WA wag auatnglsy Wudsemadmanenuin

UseinatuveSuauANATeaEnSUng s8N 2 Usemediindaingan audwy

(5) wwrlduviTavaulYAN13VaTUANNANATEIENSUAS (Technology landscape (trends))
nsAnwteyadnsynsludiuvesuilduvsovoulwnnsvesuauANATesdn3Uns (Technology
landscape) uansluguil 2-31 Fsannisfiansannmssfvngluununwadnsong (Themescape) waz
oazBunvesdvednivns (aeddn) Anulunmdangnuszneuiu wuiidveanstasiineadasiu
FrAnerdunszivasialandanuiieatasiunainnatsarvunalulagdinmitauaniuaansnig
Aeanssuuaznaufianmes il
o msWawwadidrdu (host cel) TUslumad (promoter) 1anumad (vector) Lioid osianis
augadidd i mulvaudinistamunaaresy tefiunsussondldinalulad Hafu
nMseankUULEad nMsvinusadufiduleionseanuuuiad welildwadiimunzause
nalndnanstvenedidesns
o nsWmuINIusin (fermentation) fivsnzanfiunshlulfUsslevinanansidivaneg

o manmuAIBsdia gUnsaliiieddes 1wy gene (or genetic) circuit lusu

o nswamalulaglyyiussivgiieussendldiuanunuil

JUN 2-31: UHUNWENSURT (Themescape)® NUAAIYBULYANTTVBTUANUANATDIENSUNT
Magatudainendauasizinilan nMsieszvialegiudaya Derwent Innovation

3n: gwuﬁﬁayja Derwent Innovation

% WHUNWANEURS (Themescape) 7ia319anlusuns Derwent Innovation Wuununwiuannsianguuagaifesilssdoya
nauAvednsUnsvwavgluguiuuwungiusEne (topographical map) lne?l 9adan uansivednsunsusagave USamgan
WuusnaiinudwedvsUnamuuuniiinugu wazuansmddy (keyword) inusiiuvesdeyadvidnsluuinmeen uazuinm

Tndfulunsunianudeuloaty USausuaiudiden waztimza Wuusnainuiwednstnsiosas anudidu

el wenanArdAglulkunnEnSTRsuaY MsfinwideyadesinnsananseasiBenluivedvsUnsnaulausznauiiensiiasey

v

Joualudadnmie

U
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mndeyatneudadliifuinduednstnsifsrtuininedaasgiiinisysanmanisriauves
aansluiiunsidnszurunmsianssaluniseanuuumsinuie Il dnadnsinssiuidmuneg
fidaanns nsadne gene circuit Aidudoud wazmaluladynnusvavg iedueiesde (tool) Tunsvinnu
FuTImendaasiest Ussnoufuamandaanuidy modern biotechnology and genetic engineering
$2uR8 11 N3UTUUTE (host) cell MsiaI vector/ promoter LteldlunisuanseenvosBuliivne
(Gene expression) kaA¥ NSEUINTINIIN (Fermentation) Tuseausing q iendnansidmneiidonns Ing
GUEJUmemiﬁuaﬁ@ﬁm%ﬁﬂﬂﬂgiuﬁﬁa5a§w%ﬂ'ﬁamqmﬁu’aﬁaummm%qﬁa NSPUILUNT uaznsiiasydnBam
it} N15v5UANUANATEIENSURIAINE1INTEIENSANATEIlUAINNaI8UTELNA Feludani
Huanshegnansveumsduasesansinglinoduay dil
o Muednsynsduiandl CN112301049A 15 09 Recombinant plasmid and genetically
engineered strain for high-yield production of heme, construction method of recombinant
plasmid, construction method of genetically engineered strain, and method for high-yield
production of heme
o AYeAvEURTIUAUT CN107502614A 1504 Screening and function verification of carotenoid
cleavage dioxygenase encoding gene participating in synthesis of gardenia jasminoides
ellis crocin
o MvedAvsUnsanigoniniavil US20180216100A1 1384 Microbial strain improvement by
a HTP genomic engineering platform
° ﬁﬂﬁuaﬁw%ﬁ’maﬁgam’%mm%ﬁ US20140088883A1 1384 Method and system for knowledge
pattern search and analysis for selecting microorganisms based on desired metabolic
property or biological behavior
° ﬁﬂﬁuaﬁw%ﬁ’maﬁgam’%mmﬁuﬁ US11810646B2 1389 Synthetic biology tools
o MYeANSURTLANIA1LAYT CA3179113A1 15 04 Selection and monitoring methods for
xenotransplantation

a B a

o updnsunsifindlnavil MX2014007964A (383 Process for producing lipids

N a =

o AaedvsUnsfiafianii WO2021160830A1 3o Glycominimized bacterial host cells
o AYeAvEUnIHTTaii WO2015199614A1 303 Systems and methods for synthetic biology

design and host cell simulation

(6) wudltinvasaasmnssudmaneiinlulduszlevd

1 o

PndeyannunndnsUnsiarteyaveansunsinuluwnunmansdnsaainandiesu (jUn 2-31)
Fliiuinnuivesuanuduasesdnidnsilaniieriudadnenduasied anunsailugnisldusslev
ATOUARNNIIUEARINNTTUNAINNANBUTTAN TI9QATINNTIUDINIT QAFMNTTUNITUNNEG 9AFINNTITH

ASINEATLAZEILINADY
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waNINU HaNIAUMYaYatiay (Sub-search) MAgtasiugaamvnssuthvaneimirluldusslowl
TudIugnavNITUNYATUAYeIT Antayanusingluusunm@nstnslugun 2-31 nuiluszduuiuned
fwnldunsuszendldnulugnaimnssueomisuaganavnisununsasut1en tnewuliunislddnsdns

luavgaavnsTuNEns (RAaLAY) J91UNNNINRamMNTIHE NS (RRdITe7) fandlugun 2-32

JUN 2-32: uNUMWENSUAS (Themescape) MLaAIVBULIANITYRTUANNANATASENSURSNNEIU

u

Fymedaasizinilan wazuudlinn1sUszendldiugnannnssununsuazams
a [$4 v .
MNNTIATIEHINIYZIUVBYA Derwent Innovation

N: g’lu“ﬁaga Derwent Innovation

(7) agdaarunmnIsvasuauduasasdnsunsingltasiumalulaginineadasiuiiainendunsizi
vadlan

TuszauuIUIYR

o insvesuanuduasesdnsunsiifeiuiineduaseiiuuilduidaauiasiiuduegia

'
' =

oA & ' o o & v =% o o sw a a o Y
ABLUBIRUAN18RIU A.A. 2013 1WUAUUN EUQGNWUﬁﬂUSU'NL'Ja']‘wLiuuﬂqiﬂﬂﬂqiﬂigﬁﬂﬁuuuq

Fvinsusenisussyudalfuinslussduununanugvinenduaseiiiuduegesioiles

[
(g

Fauwpaaal A.a. 2010 - 2013 WWuduin

o dfirmsmsvesumudunsesdnsinsifedesiumaluladvannvansann Wudnuarnisysanms
Aansenumnalulagdinmiuiumanimamnisuiaznsuiames

o fuwnuTVingrduasisilusyduuiund Ae as1sussUsEruiY ausgelEn uasussna
uauglsy Tasfinnsanldainrasin fadiuves (1) feyamisauiidudives wnitan (top

. = = o A o & 9
assignee) FIUANIANEANNNITIUAIUD VasUTEIMATIULAERNT (2) vy auszne (top country)

'
a

Mdudszwadmineg (eradunainviounandn) TnussinaazdiluBuvesuannuduases

q

v av A g

s X A v a & . = v o s X = Y
NNAUUNIN La (3) WoRUIEAYY (inventor) ©TaUNIENIUURUININNIUY LEAINIAIINAURT

s

voeEUsrAviuariivednsluuaulsemeding 1y NdesnisazAuasey/Undesdnslunisusehivg

P
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a

AN U on1sitUselevdlusuinn Taadawiulsemadmuneieonadunaianas/vse

o

waINannifnenmAsoen stasuldans luansS R uiiogatmay fadunasulilawnann

(9 '

Uszwmaduinanandnalnnisadvayulus esdogradugusssy dwanisduminerde/

Y
[

128919378 uE USRI AlLlag N1LA 879 89R UA1UTIINe1FATIE 08196 8Ll B9
N3asIuATeIIEN1TITY Nstilassainsiiugiunazulouieysemeasasdu Bnviedalinalnatuayu
n15una113dlUTgUs e fanandludiagnansma neIulIgusEa UL Ut lunsEuTa sy

ANUANATOIENSUNTSEAULIUNYIAT Y

o uwilduvesgaavnssuidmunemilulduselont Asounqui anaIvnIsuOIMNT BREINNTIY

ATUNNE qmamﬂsimmimwmaz?mmé’au

v
a a

® VYNUNVETUANUANATEENTS INsaanTun1sfiny)/Ady wavniAenyu

Uszinalng
LinwudayanulnedurivednsvasimneinviiTnerdunsizinidunisldmansivaludu
nszuIUn1sNINIAINTsuTUNITeaNUUUNITYIININA TWTITNEId A TIeY lugrudayadnsunsseay

w19 widsnadenudnlunidesinisdudunisiurvednsunslugudeyavesUsemelnesieiios

2.4.2 §01UNNN15YR5UANNANATEENS Unsi A eadasiumalulagnineatasiudaIne
o 3
dunnzvivasUszmalng

ninandtuiite 2.4.1 wWesnnlinuteyarulneduivednsUnsiinetudimedunsie i
nsidamansiniludiunszuiunsmamnsslunisesniuunsiaumuininerduanesilugiudoya
ansUnsszAuund luidelifauansdinanisduAunistiudvednsdnsinetedu q inulugiudeya
YosUszmalneg Weosnaulvednduvesuanuduasednidnslulszmealnadududuusniouiiagluu
e lulseimnadmanegdusely fil

b4 v o vV oa

(1) namsavAudayarvaiuansinsangudeyansunindfunslyyusemdlne

Y

NAsAnwIdeyadnivnsatgnisduaulugudeyansunsndduniadagr nsensimialvd

v a

menslamdfnyyan 8 MUsenaume “synthetic biology, biosynthetic, biosynthesis, ¥33ne1dATIEN,

[ ¢ I3 a

dumsei, Badqnuau, gnuaw, Ansile Tawdy, 353l Saniug” Tunsdudu wunansduAudivesy

Y u

S9))

ansUnsiiieafiudiinerduaseilulsemalneroudialos aietedninvenasallonIHanINauas
grudeyauseinalnedddidamnsanansdruiuiuvesdives iudeiiunsduaulugiudeyanisen

s

Tusgduuund wazldannsaddeyadsnarliuansdunmwnliunistudve fiudves waviussivg

<3

10 Suduusnle Wwdeiunan1sdvAugiudeyawnid egalsin nsldyamdAglunisduiudnan

wudeya 2 nqu Ae naud1ves Avedednilavngumitsnululssmalneuazngunilisnusielssing

[
[

f9FI0819 ATl

D,

o ngaumirsnululszmalng
~ fMaoaaii 2001002381 1384 L%aéﬁaﬁqﬂmam Saccharomyces cerevisiae BMGC 339,
BMGC 341, BMGC 342, BMGC 343 waz BMGC 344 @unsunisuanlelediniusaqin

ealelaansediuranduinialelaa iWundadussdusenaundn o ddnauimun
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a o

Inemanswazinalulad wiiavf, #1N9UANENTIUNNTEWESUANGANENS IT8LAY
winnssu viefwedy q vesdinnuRauIne mansuazmalulaBusiand 1wy i
1401001165 (389 oysudidu-wuniia-Sule-dnddalalasu uaznssudSmsduaszsians
#4na17 (N-naphthyl-N,O-succinyl chitosan and synthetic method thereof) %#59A1®
@il 1603002634 1304 nsrUUNasTUUATAUD-AuadlutdnsuldlunsuTuseu
nsuanseenvasdutinegluwasian iiugiumsd

foLaail 1901003930 1381 35n1sad1udndenwndlaenisildeunlanssuiunis
To-nqAuundatadyu (O-GleNAcylation) luidtanleedudsiasizsiluianadinin
(Hexosamine Biosynthetic Pathway) 984 111 Ineasuing

Fveianil 2001002856 1309 Fn1snszdunisaiandaideslasnsdudenssuiunis
To-nqAuundalatu (O-GleNAcylation) lud A duasizsiluian adaa1m (Hexosamine
Biosynthetic Pathway) U89 U Ineduuing LagdunauAMeNITUNTauEsIINeImans
RBuazUIANT I

Aueavil 1401004841 1309 ﬂizmumiﬂ%’Uﬂqqmaﬂ’uﬁ:aﬂmﬁmﬁamimamﬁﬂﬁuéﬁ&Jmi
aneBuduaszit (Synthetic gene) 909 davuiTeInemansiazmaluladuisuszmalneg

Auetanil 1701006238 1309 fussFAzondanmluseanudeudldandiduognuay
uazlauil 1901000969 Fos fussufAzedanmanwanuiouilsnndiduegnua
Y83 WINIFUNALLLAENTEIDUNATUYS

Avelavil 1801005143 B0 ayitus 6-u11adilla onerludauetansiniilalaeiu dmdu
Junedwesdafndaien warnssuisnisduaseriaisiingtd (6-Maleimidohexanoic
acid grafted chitosan as mucoadhesive polymer and synthetic method thereof) ¥4
dinnuldansensansgaudiny) Inermans Ideuavuinnssy, SUnuAMENIINNIS
ANASUINYIANENS 98 LATWINNTTY, YINe1aeAalIng

faoiaeil 1503001745 1309 n33u3ansdanszrdiusuindnlud uneuieon ves
UPINEABULTAT

fuelauit 1703001916 13ee wodUlndlmiwinuasdunseiuarnssuisnisnan veq
AUNUANENITUNITIVU WY

Auelauil 1501006056 1304 Ireuduuuduuafiioundada fuiiaa anevus 168 dmiu
nr9fnguuvuanudufivainasiegeiimdonhlfiAansianefidue nshane
TUSAY WaznNMLIASENBBNTATY 983 USEN Uam. 311 (LITw)

Frveianil 1901007318 1383 yaBudmiunisuanansuinfueaneseduazisadinulas

Nilyagul v anduwInedsus (VISTEC)

naungulusaUszme

AveLaudl 0401003747 1309 Buldswaduleddmiuissujisertrdunszivesdniu

waznslduesdsiiu 4es Suntory Holding Ltd.

T



- Avelavil 9301000819 3o susiusvetesanslalasuumsndy pondudmiunisduds
Trduaneivesraaameseannnisuiayslivsslovivoseyiudiveni ves dwien

- Mvelavdl 1101002890 1389 N5dAnsMsdaATITiNIsTInMYBINgAUNLY (fructan
biosynthesis) wag N15LAUTILIAINAY (plant biomass) v wan3Aaned Ianaise
wosIa Wy woaiia.

- Mweiavil 1201003747 Fes Asiildanmsadunsadinddniivszneusenguuddin e
TnslnlsAuuarfuias eanune (Nucleic Acid Construct Comprising Pyripyropene
Biosynthetic Gene Cluster And Marker Gene) 984 MMAG Co. Ltd.

- Aweavil 0601004326 1Fes nauduiAsriuluTduasgivedlelamuiidalanoainn
Tuddusu-wanlalunves HEVEA BRASILIENSIS wea uiadalau aoduaisdu, uiuau
wWandeu uau fitwestu walulad

- Awelanil 1201005752 Bos 9aTnuazisnsdmividuaneivesimiledu (butadiene)
Y83 FUAN B9A

- Avelavdl 1301006170 1Fee Inddedlelndiidisiaeuleianidirdunsegianiy
luiglonszian ves Janana 9 SEsy duasnm

- Aelavdl 1501002691 Fes Adawmeitudmiuidunneivesneiiindaiu uarlansen
FaosiinTafu 1e3 BASF SE

- Mwslandl 1501004990 303 unlAasmsnensiafimuauiidnaneiiladulusngu ves

North Carolina State U.

(2) aguanunINNIsVRsUANANATRNENSURIIINITasiumaluladiingdasiudTnedunsien

vasUszmAlnenmsaudugudeyatiniing nsuninddunelyyr Uszmalny

wuteyadnsinsiiAeriuiinerduanevideudaleslugiuteyansuminddumatiyan
Uszwalng sldlanunsadnavedeyaiuiliudnsinslundyusing q idudeatunisduauain
FuteyauIui

nunguvthsaudurefuanuduasesdnd 2 ngu Ae wirsaululssmelnsuag ey
fsuszina Taeg B udveaindnsUssmadsiuiuudes e onadunaedsendlne

lldusswadmngdmiunisvesuanuduasesmalulagiuivinerduaseilussesil

) v )

misauveslssmalneduunldudusvednivnniisadesfumaluladgiusu modern
biotechnology/ genetic engineering 1 N15a5193AoNTUUUY LOUNaN Way gene editing
usdan uidslinudved Aajsnsldmanslndludiunszuiunmiaimnsaalunisesniuy
miﬁwmuﬁwu%ﬁmmé’qLﬂi’mﬂmmqLéziuLﬁmﬁ’usﬂ’aaﬂa1’7iwU‘Lugﬁu%’agaﬁw%ﬂ’mszé’ummﬁma
mirsruwesssmalneduuliunisiudes dwmiugramnsmuilifedesfumeluladdanim
Jumén

miheuiveduanuAunsesdniveslsimalng Ao an1uns@nen/Ade Wundn lae

[

Tanwauensrangluraienuigau
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2.4.3 UNIATITHILAUAMUNSauva A lulag T nedaunsizidalsesuiisuvasusemdlng

AUUIUIYRA

ndoyaluiiten 2.4.1 uay 2.4.2 dindmsinseinnuniauveanaluladdiinerdunes

JadSeuiisuretnedunumannnsinsanlugusesddeyadniing dwmnsei 2-7

AN5199 2-7: Ms1alSeuiisussauaundauvaamalulagddnendunseiidadseuiisuvasdsemelne

Weuivuuannnisiasanluyusesdoyadnsins

Y

v
%UD

A19UsZINA

Uszindlne

1) an5INSLAUIAYBY

AN58UAIVASURNSURS

mstufveduanstaslanduuiliy
\isuseherewies TneUsinansiu
AURENEUATU A.A. 2013 T91u7U 40
DWPI Patent family wagifisfusiuau
280 DWPI Patent family Tul a.a. 2023

Fas1nssaula@Andu 600 wWasidua

Joyaldiieanaiiagiiaszile

2) wurlduvauLn

N13UBTUNITANATOL

Aertastumaluladnannwansanan

1AgNITYTUINSANENTAY

wialulagnmsmnumansynig

AMINITULATABNNILADS 819

o msiaugaaaUu WUslunes
nnwesiitelBarenTHAILAS
WU TanlUIUDIIWRILN
unanve sy Wlelfiunsuszgndly
welulad faduniseonuuuwas
mMshuned R Bueions
gENLUUAS s limnsaui
msihlusdnansitihmnedigesnis

® NNSWAILINITULN (fermentation)
Fumnzautumsilulduss T
nanasivung

o myiiann Ledesile gunsaliiistos

o msiaumalulaglegyuszhivs

L]

WoUssynaldiuauaull

e \Aedasiu Modern
biotechnology/ Genetic
engineering LUURaLRY
TnglanzN1583193A0NTULUUN
waa NsUTUUTITugNTIY
Junan uay gene editing

UN9dIY

o dalaifidruo yjsldmansll
TudiunszUIUNITMSIAINTTU
Tun1senULUUNTTIUAIU
FAneFnaswRlnense
mstusves Tuussmelveuas

AnausEna

79




o/

v
%V

A19UsEIne

Uszindlne

3) wudlduves
gaanssulvung

funlulduselevd

yadunsUsegndldivanainnssy
ATBUARNYINOAAINTINBINS
YRAMNTTUNITUNNE 9AAMNTTH
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ANUANATOIENT

MNIANSANEY/ATY Uazionvu 1ag
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2.5 annunsanvadlassadisnugiuiiunisideuasNaumalulagineidasnuiainerdauasisi

WWWUSIUBUAUUIUIYIRA

nMsessiaunseumalasadsiiuguitonsiteuasianmelladiiisrteatuiaine
duasizi lnenisdrsrakazdunivalunideluanitunisdner/an10uide wuin ﬁyugmmu synthetic
biology tdun1sausiud1u molecular biology saufun1sTiasiziideya dn1sldinaila genetic
engineering LAAULANAITIUANTALTAUAT synthetic biology 31nN15@AN®Y biotechnology LuLAL A
fnsldmalulafgnilml 9 ysanmsswivesdanuimedine Wetelinsiimnssudddinietu
E23y wilugriu 1wy CRISPR-Cas aeludlamiduoldusiugniu Gene synthesis 9aelddauaszimsute
1815930 msdl tools Aaelvanansomugunsuansesnvesuldusiugunniy anauianainlunis

'
a

asnananadin nsasnelumadnsuyin systems biology Wiedaelivinureninndulaegreusiugu 1Wudu

v
v v [ 1 0 '

v & a A 1% A4 a4 a aa v & A4 A oA
AIUU Iﬂi\?ﬁi’]\jwug'}UWLﬂﬁnmaﬂ LAY LAIDNNBLNDNTT) Smuaqmquaﬂquu@’]\i 9 a’]ﬂi’]ﬁﬂlﬂfLUuLﬂiaquaLwa

ndeuasiaumalulagils Insaniunimlassasianugiu wniesda/gunsaliaiunsaldls naenau

)

(9

UL UNLANUNSDUMS 9T AT BILDMNEIVDT AT

A3190 2-8: lassadeinugruiineadesiuivinenduasivasUstmalnevsenusamalneanusadnala

MIAIUNUITBUAT RN mhanuiiinnumion/inteslefiAsades
N1590NLUY
fndenqauvignadiuain o audiagusemelng (TBRO gudiiugirmnssuuasmalulagyinmn
A&aidaqaunEd wisnd (lulema) ddnauiaunineimanswazimaluladunagid

o Audydunid antuidInenmaniuasinalulaguisUsenelny

AR/ Template plasmid ® Addgene
lUsunsuuazunastayalive o gsudeyaanssmy wWu NCBI
N138NILUUTAUNIY ® Open-source software online Uy alpha-fold

a

AFA5199AUNSIRUNDBNLUU

9

[y fal @ a o Y a [y} 11 | 1
NIFLATIZRLOULD o ySunliuinsduasizilnsmes wu IDT, Macrogen W1
(Oligonucleotide synthesis, vsEnmunudmiiglulsemdalng
DNA synthesis) o UIIWlUINITdUATIZNIU WU GenScript

nsanenatalinidwaald1 iy | o aguinedsws (VISTEQ), Tulewa (BIOTEC)

viransunsnaenduneuansn - High-throughput liquid handling platform: plate hander
Lstqu:LGZiaé ARBAIUNNTARLEDN robotic arm, microplate reading assays, colony picker
@@ f8 High Throughput dAmSudaE enwad 7 dnanssuveseulsditnue Aaden
automation system Talail/wadiilesunmsaeiu fndonwadiinanansitihmng
MINTIVIATEAAIAU o audladindurarid (NOC) dtinauimuninermanswazimalulad
Tamdlelns (Plasmid WA
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ANSAEUINUIFLLAZARIUN

1 Aa o A A A4 v
PUIIUNUAMUNTDU/LATDIUDNLNYIVDY

sequencing, Whole genome

sequencing)

o Usunlvusnisimsizviansuiinealalng Wiy Ward Medic

Uszineulal@y, USev BGI (Beijing Genomics Institute)

a15130:5UsE VUL

MATIznaaey AnwanautR Seud/sviunenisesniuuwasUTulslilinaaudiniudonis

A NASIZYNAFDY

® FAUHLATNLBINYIANENT VDILAALUIINGAE

Y

- HPLC, GC-FID, GC-MS, LC-MS

- etc

AUGUINITIATIEN NAdeu NSTDA Characterization and Testing
Service Center (NCTC)

Auelelinduviayd (NOC)

- MTIAIE Genomic, Transcriptomics, Proteomics,

Metabolomics

A5k Bioinformatics,
Machine Learning Jtas1g

o = a o U I3
wagyinuneEy UHdusius

1 a a a a 6
seninadu TS wagqdumnsed
Wen1sUSuUvunlulvd

AaNURMUADINS

Online algorithm

NSTDA Supercomputer Center or ThaiSC

AsuARlusEAUVEIBIUIN

AsunanIziwnanlunig

WNZLALTEAUVENLVUIRA

lulowma
- High-throughput micro-scale bioprocess optimization
1asdandn 20 dns asluwan 2 faddns loAnnsesaniae

ANSVINTLMLLAUADUNISVYNLVUIAMUEINLINIUIA 20 ARS

NIINNELARITEAUVLNLIUN

el uRnisluantuide/uminende

- feUfnsaldinmauna 5 - 10 §n3

159UAULUUENTVINQWAF a uvnInendenalulag
NILIBUNATYT

- feufnsaldinamuunn 5-2,000 dns

I59UAULUULIENSHANYEWNSE a uvnnInendemalulad
NILBUNATYI
- fuUfnsaldan muun 5 - 1,500 aas

- faninlUUnuLWINeUILT 200 - 5,000 GRS

Tssuduwuudinszuaunisiulewa (BIOTEC Bioprocessing
Facility) 50 BBF
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o a aw 9 | a o A A A4 v
NN UUITUIYYLLASWRAIUN PUIIUNUAMUNTDU/LATDIUDNLNYIVDY

- feUnsaldaninuun 300 Gas

o lssnununuululeslwiues (EEC Biorefienry Pilot Plan) a Liog
UINNTIUTININ

- fUnsaldan muun 5,000 a3 15,000 03

o | o o

Pndeyatiiuiivedunaitmaluladndidgyuaziidiutieduinfeun1saniuauniy synthetic

o

biology lakn gene synthesis technology wag sequencing technology Famaluladiugiudinaiiil
Laldgiiunisesluyszmaniainisandunisludseimeliuindn Jeguassavesnisaniuaude
ANNAIT IUNTEIFUATIZALNSILDS NTEUATITREY RaBAIUNTTEIIBE I IERaIRULUE Ussnalny

THauu 7 - 30 Ju vuen1saRuuaInantumausemaltdatiios 1 - 3 74 vinlnisidenay

v

waunludsziwaduliegnadn q wazlisnaung Wesuiunisaudunuideluniisussne denane

[

037 (cycle) ¥aIN1TITuaziniug N13a319eIAANUIHALNITHENNAN T TEINY
uanani lusrausemaiinisadne Biofoundry® uurasiudssiuiganuaenindinsunisise
warimu131Ine1szavlananakuuysunig selasias i ug s uszuusnludf in3elodnsiey

= -

FoNiLIs yrans saudaszuun1sdinnsteyanidndudmsunmsliiniestie wiensesnuwuu ad1e uaznasey

' ¥
aaa a ¥ =

Tudu p3fUsEnoUnIsTInm usennaoun uantAvesd il diafadreduummnedesaniga
Tuszaginandu sadvannsaringnemsenssuriunsmsdsdnedaasesilded1emadlusgdy
high-throughput 1ets3aasalunisadesdaus nsideiauiwazimnssussuudininlmi o iy
flufinistiesgidoyanaresnuuunisnaaei suddaminisineimansuag nswmunan sl
Tugeamnssy fadu wndanudesnisainmsifeluaniduidevesiy/aminede/naenvufisme
n15a51919d national biofoundry/ central facility 191U3n150153AINTIUIAUNTENTRRIAUTENOUNIS
Fanm sesiuanideniemnudionmsiivainuae fiszuuuimsianis msfhwiaudulaznssuansteya
WAIWNANAUIIUAY synthetic biology VosUTEINA Lﬁmmmmmm‘Lumaﬁ@umqsﬁaﬁﬁmméfanmi
THwalulaflv 9 Dalenalinguuisnanindm Whiunaluladlunstamnde nglidosmmuaths
uwanladudaus Susy

=

PnMsdnalasaiiugunTeluaniuns@inw/aaduide nulsenailassasisivugiu

[

1% 19} va o P v a aa = = v & Ao o 1
@']uaguuamiuaJmm(ia%V]vLUIaL‘V]ﬁLLagﬁﬂqUUTV]ﬁlﬁiLllﬁ AYTUN 2-33 5(1QLUUIﬂﬁQatiWugqUVIﬁqﬂmmaﬂqi

Y

fimudnanuanansavesUsumdlnelumsiumuasiamuminenseduvidiifiogodrsmannvaeiiondn
a15%2nf Arueiyarngaiuy high-throughput Haetiislemauszavaiudnsalumsimuigduniduas
arsudndasinndunididmuneluszeznadusnss awnsavegeuiiedtldnondululiuamin
Usgvdanan waztsanaildgielun1siiide uenandssvunmsdumuasiauminensgdunisiuy

high-throughput sisnangudugmdausnaiun1slaseas i ugIUNIAIUTINTZUIUNITVDY AINT. UaY

36 Maciej B. Holowko, Emma K. Frow, Janet C. Reid, Michelle Rourke and Claudia E. Vickers. Building a biofoundry.

Synthetic Biology, 2020, 6(1): ysaa026. doi: 10.1093/synbio/ysaa026
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Tssnusuwuululeslviued (EECH Biorefienry Pilot Plan) suagtilugnisregenldusylevininensydunsd

ldsziugnamnssuliegansuaeas

Y

5Ufl 2-33: 3AUszNBY High-throughput system vadlulama

A-C 93AUsENOU High-throughput system aaslulawa a@mnsadenldanuls 4 Wslanoa laun
1) MsAnnsaseulel 2) Memungaswaueuled 3) nsAansedlaauainuandlulng uay 4) n13AInNTsy
seeudlun (Uslaroadl 4 egszwinege set up)

D. High-throughput micro-scale bioprocess optimization Tdiansosan1nznmaminiluunzay

ABUNNTVYNYVUIA MU INLIN
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ForausuuzuumenswIBaaImSaualassadaiugu

o Tlunsdifldfisudszinmamulasadaiuguuialrgenaduandnvianiunwdiuguu
JeEEiIaT Wardnsnnuauwman (failure rate) vesn1safivnuddelutlagdu fawinsyuiuns
Usmsdanisteya wieliledsns idumeildnardesiignlunsiminssussddsznaunie
FaawilFegnasingy Waunalnnsihiuedesfevemissnuiidanunien 1wy ndnsu
wheruiifieiesdeldadunuuinisivins Inefinsdaidyaisnumeanudu (NDA) wie
audufioan@nlunisliuinis msadraaievisanudiuiieseninanyisaueng 9 §d
Snvaizianzvesdsdnneanuazmniaziiyaansiiaaund srvguensisiu ysannisg
Tassadefiugrumanisnuasnishatadndetiu Waussuuiamsgudoyainiodioway
gUnal senaugUuuunsliuInsiiansadidddie Wessgnisaireszuuiinaiidose
nsAdunuLIanTIITINedLaTIEn

e 5a¥19 Biofoundry n3dififlsuyszanamanu central facility Tusuran wazfianudesnis
unmefvghliAnnsldnusgeduimsiansundeyaliinsounquaasa vislgnisiseuas
WL Ran A daudiday 1nise Franada AUsTAUIU JUIMSTANTT central facility
USunallandide/auideludseme (supply) wagd3inanudesnis (demand) 9nEUsEnaunTs
wioniaonyu A8nseaulidlduinisegedeides 1wy audua S1AIFuYuTsas
anuazanlunslivinng ieduteyausznounsdnaulaguuuuiimngauvielnssasis
fuguiiFesamudmivlssmedlng Welmannisldusslovizean

o uuvemsauluwanisiusnig Biofoundry anamdnefuauliusnisiedesdiodnendmans
funamesumstirdeyaileveiuuims mIszyanudesmaiinfsdssneanuazen wu
nsdndsgunsal madndsTusunsunisiineusy Waudsnslduinisegiafuguvy Vel
nsadsluuanisviiaui eug el lduinsviedfdwlddudsanaiaivinisvie
magaamnssuiufduius fulidervay/uszaunuly Biofoundry ilensuauiesnns
vouflfuariatmnenadnsfimantegistaiau iloairstudumeiugnasy ssdusznay

a 4

nedann visedlidiniidanaudfineulandanudeinisvead i uinisiduiiladdyues

q

nmsiawlean1sliuing asliiegugnAuasililduinisedwioiiien
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2.6 anundalunisiiuguandadnsiniauilaeldmalulagnineidesiuiinerdunsizi

(synthetic biology) W@aiUSautiisuniulan

S a (9 s

Frivenduaneiiodudundweunaluladdinmarelng (modern biotechnology) fatiu
?&ﬁ%’imﬁﬁwmmﬂ%ﬁwmﬁamiwﬁﬁﬁmLﬁuﬁqﬁ%mé’mmaqﬁuqﬂim (Genetically Modified Organisms)
vio GMOs ansnsalingsuifuiifnadesiunisiifugua GMOs lunsguansdasnde

TusgAuuNIIR udYaNIIEANUNAINYTIAIEN19TININ (Convention on Biological Diversity:
CBD) iduiupudfgyresnisguanuvasadeveavaluladdinin luuins 8g Semunlidasainig
FamsvFomuauaudsddunslivseloviuasUanudesdediiinfuanmaluladtanm Fadufinives
fisansasanauritserulasaienisianmiunsaisaerineeydyqyiv (Cartagena Protocol on
Biosafety to Convention on Biological Diversity) %ﬁLﬁu%’amaqﬁwdwﬂizmﬁﬁtﬁumaauammﬂaaﬂﬁa
maa?qﬁ%imﬁﬂLLanﬁuqﬂﬁsm (Living Modified Organism - LMOs) sutlunasnainmaluladdininasdeln

AU DU YNIIIRILANUNAINNAIENI9YININ (Convention on Biological Diversity: CBD)
finnsand Piverduaneidulssdugiilmifiondvansenuderuvannvanemsdaniw iy Tul

1 ¥ IS

A.A. 2019 YoenUszyuaiInAoydya1nmeauaInaIesiinndslienuiiuiy ddindaulng

Fitmuniulaedinedansiedt (synthetic biology) o duddiTindauasiugnssu angliusunvesiisans
A1TRLEETIIREANNYaaRAAEN1T I aansaiiugualas ldnalndeaduiunisiidugua GMOs
dufvadfiafivaniulneiainedunnesiuagldididiady aMos du finsedlureuiumrasnisgua
meld CBD iilosan veuwaves CBD aseunquAsddinildannmeluladtaniniiavan
dwsunstfuguaTivenduaseilutssmesing 4 tu agRonsand F7vedaenesiidudiuni
voanalulag¥inmadeludiguiu wagseldnalnmduauaninudasadenis@inmguieliunisiiu
uadsliFindaudasiugnssy sniuluuisussmmeiinalnnsifugualewzdmsuaddindiiaunain
wialulagn1susuusadluy (genome editing technology) Tnefinszurunisiansananisiiiofiansan

nviulidaduadidindauUaniugnssy Megrawumeiiugualuuisszna dail

1. annwglsy

annmglsdidunguussmaiidinunng ssifeuniesnsnsmangranetusnivsitos faduld
Tumsmuaudsdindaulasiugnssmnusuan wasianssuiiieadedunndunou faud n1stiluanin
muRu msveaeulumeauy msUanUdesddunnden msnsdwieglusiesman msineain nsirdeude

PIUUAUTEIINUTENAGUNT NS oN15d 90N lUTIUSE AT E1ULAENSASIVEUTBUNAU (traceability)

&, va aaa

Judu lnengseideuiifsidesivarmsiaueeveuvannisdsduldeanlulinseunquiianisldddiaia

(% I3

) 9 I ] a % g & A Y a o % U 1 Aa
anwdasiugnssuidudiulsenauveandndudinig visil wweliisanuiulalusuanulasndesetin
e d0d wazdwandou

aelademunualunisiduguadlldindnwUasiugnssuvesanainglsuldeniulnd«idia

v a s

AWaudumsmaiavseisnistninldminnisnateius (mutagenesis) laidnily GMOs Failtanniiieain

90PN NauIAemAlulagnsUSUBAaRluLLUU SDN1 fdnwaueisuvindunisgninbiianisnatenus

9

A o oo

= =~ = 1y & v | 1Y) a ada I3 = '
Lu@qqnﬂllﬂqil»'ﬂaEJULLUa\‘iﬁqﬁwuﬁqﬂiﬁﬁJLaﬂu@EJLLa311]11?173WU§qﬂ533ﬂJ@qaﬂ3~m?m9u g93aLUJu GMOs Mi@ill
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| 3 A A a i = & 1| a ada o o =3
E]EJNI’:?ﬂGH@J tHBLABUNINS AN A.A. 2018 ma&gmﬁﬁmm&awquiﬁﬂ llﬂ'ﬂ’]llLuuaqaﬂmsﬁﬁmmwwu’]mUIﬂﬁl

o

msdnilAnnsnaneiugiu GMOs uaveganeldnismiuquaufisadiuiu GMOs sniiudiidin
ﬁﬁ%’a;ﬂadwﬁmﬂ%’aéwﬂaamﬁamL‘flunmmu (long safety record) siounluioungadnieu U a.a. 2019
AuzaurIwiannglsy TdvelitinisfnyrinndnSasiiiaunduge novel genomic techniques 3o
angldmsmdugualaengszidoudsnariviel Jadedeusmwiou J a.a 2021 Aurnsmnsnnsglsy
I§Ffiuinan1sAnyLAEIiUaaLEY9 new genomic techniques (NGTs) neld Union law Taedinaaguin
melassuumsmiuguavesannmglsuludagdu danuvimelunisandunsuasnsdefuly lnsany
981989 N1IATINTULATNITHENAILLANGAVDINENT U NGTS ﬁiﬁﬁmaﬂ’uqﬂﬁmm foreign genetic
material Fadutigmdmsumisnudsdld fUitRnu waziiu Jefnaduingiferdestumiuuaense
uaznansEVUADAwIndeufionnintu saudsnrumarnvaienisiinim nsegsamtutuineasnisy

a a v

UaonansduvsduarUaanisanuuasiugnssy naenaunisinaainuasansvesiuslaalutoyauaziasam

Y
lun1siden wavm1ufl European Food Safety Authority a3uld ndndusiannwendlusindainuides
IndiAssiuarunsalaanmadan1suauiug buun uid n1snatgiug kuumuad Mg waznIsiie
. . ° Y] a A o o a a e % a sal o &
cisgenesis @y NGTs inalladu 9 vsensuszynaldludniuasadunsd anuimanermansniniy

faldrfinvisedvined lnaanivegradalusuanulasnsiy

2. anigaLisni
mimiuguadedidindaulasiugnssy Tuansgeusnm duunslay 3 viee laud nsensinnuns
(Department of Agriculture - DA), 84An1591M150az81 (Food and Drug Administration - FDA) @z

dninsuuntlesdaanden (Environmental Protection Agency - EPA) warluideufiguiou U a.a. 2019

a

in1v00nAdNiLABI0IUTEsUITUR (executive order) 1599 modernizing the regulatory framework for

I3
a2 I

agricultural biotechnology Tansun EPA Tunislénalnfidiegeniiundadusidiunisinunsiiaunauain

walulag¥anmniianudessi (exempt low-risk products) 3INASMAUALARINAINVINZEY Lag

=3

finseniuiianszauildwdewduduinia (non-browning mushroom) damurduainmalulad

ANSUSULASR Ul

3. @%S1Y0IUIAINS

a aaa

nsifuguadidindauvasiugnssiluavivetandng ludagiuimualiaddin GMOs
wiazsalddunsussifiuuazeygndusensdouiszannsotunldly dufadestunsusziii
auidss mslimuInwanssue waznsiiuissaziBeninimaaesissasintuilolniuasiilu
ae14l3id Ussimafiumnudidgvesngszifounasuinsguanizeesda3nen3mnssy (engineering
biology) Wielsiiusienisiauied19sanEaduirwveanaluladd Tnely National vision fisavilne
Department for Science, Innovation, and Technology finmsnanisUszdiui ngseileunazinnsgu
Hunguadifglunisadanminadenidiinerimnssuannsadidsfnenmgsgaldogisaonde ua
Timnuivlawdansisuvunazaainiindnsusifguaiwguazasnds Falnsuszgndlddringima

[
[

Fenssulavainua1eis dedy msldnutduegangldnmsaivauvemiiernuiiuguadnuinenn wagiite
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lindnduainlaandingmedmnssuaiuisaeengdnainls ngseideuasiinnudaiau nzauuas
advayuuinnssu lnedansdnuansgiuanuvasasdsvesuslaaliluseduge

ans1ve1INI AR AT IENIBUI AU WA LTIINE1IMINTTY (Engineering Biology

'
A

Regulators’ Network - ;EBRN) i oka39n1ten1alun1svnanusiuiuse nitaniisnumiugia way

o W

nsudsduenuiuaruunuuanafan lasazFenuszgamhissnumiugua 10 wisanmhenualiuayy
7 wnun Wieaisnalnideuleslunsiaususeninamhenuifuguaresavroianinsuazyuvy
I Amnssuriy EBRN teafuayumsiauinisufsungsadeuiivanzan TnsnsiausnAenisdnyi
fumeuiriagiundadasidldandiinerimnssldsunismuaueshsls Ssiinmsdaasssuuszanalii
EBRN wioa31e reculatory sandboxes #udaingimiaiminssy ﬁl,ﬂmmmﬁa?miwﬁﬂmmwLLaz
AuUanafsreandninsiniy evidence-based analysis F3sududmiunisadrangssdouiivungay
Womulindevesansisary wazdinisueununely Regulatory Horizons Council Waiusoseninu
ngsueviitleglaeliifuninsoaziBonussiiusungsuifouiiiosdesiuiingrimnssulagians il
vinguassadungsuouuasiiguiliiiuianseunsiifuguaressamelusuan sl Food Standards
Agency 15135zt public consultation LRgaffudaiaua (proposals) dwsunseunisviaulmdludangy
d1m3un13AIUAN precision bred organisms Fldfdvsuemsuazensdn’

uenntl MaatuayuiufnazInnedet BTN eRuAnmansuasmeluladuesa G
wUfiRnungsufouseiununei waraiensdenlesssninamhsnuiiuguavesanswenandnsi
mhonuiiiisuinlussduaina aueraivmngay vdarteliilaldimhenuiiuguavesszme
wlisuudaRfumsiannluidulazannsaiuuU juananaaluufuals ansverandnsdadunia
TudemnassevinaUssmaiiAndestunsoumsmiuguanielulsema TneTrinendaasziidunssdidy
Tunsusyyuvessydygy1indernunainalen1s@nn wazsguiadidwsnedrudsiulunseivse
spwiUssaTionadsnansenudendnsaridaingmmnssy wu nertunalnnsudsiunayusslovd

v aa o

wynAlnidmsunislideyad1iuaivia (digital sequence information - DSI) WeIfuNIweInTHugnssy

(genetic resources) VaANaEIAUTBIVDIDUH Y OBUAYYIFINATY UTENoUAILNTATANTANEUIIINEY

AMUUARASENITININ UagiiSansunlngritmenisidwazniskuslunalselevd visll Sgutavineu

Swdugiiduladnnds sudanaensu kunsussygumsdiuaznsudsunalsslevdndungiuiu

'
1 a

naufiv3nwimnessAaly DSI wazluounanrunsAnseiunguiuIAdouTINeTAmnssuelvsiiduysyd
LLazﬁmJisLﬁuﬁf%’ﬂéﬁ’igﬁam33%’Nmm§m‘£ﬁﬁu%ﬁwaﬁmﬂismzLﬂuqq;LLﬁaé’wﬁ’iﬂumsmaé’Nui’mmiu
Fremsifinauiinelunisvings (reproducibility) wagn1siUSeuiiiay (comparability) Aifoandey
\devhauiussuunadiinet TnedviesufiRnisnsaiaurennd (National Physical Laboratory; NPL)

Judwddglupnunesnuvesansizerandnslunmsuiuugunasinewnudiiveimnsy

4. AU
nalnn1smiuguadedidindauuasiugnssuvesusemanauini aldun1slngeddn1snsivaey
91915UD3bAUIAT (Canada Food Inspection Agency - CFIA) JURAYRUUTEIHUAINUADAN BUDY

fudauUasiugnssuneulgniuduinden wag Health Canada Uszfiuanuvaeasdeiiieléiiueims loe
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nann1sUszIiiueMsni (novel food) Newanaman (pre-market assessment) Ton1siansanaInndnnis
YoIWanfiue (product-based approach) AeUsziliuanizrdniusinusingdnvaslmilagliedadaisnig

ldlumsiaundadaeidy q vl fddadaudasiugnssunmelinisiiugualulszmeauauiniazsiuis

Y

' v
19

FneduaneiuanmelulaBnisusuudedlunde duiu ndenfurdiauniunnmeluladfnanasdes
shunszurumsdssidufdodiondnfasidinanidnuuslmiviidy
5. 2dAsAY

ooawmsdeiiuguadsdifindaulasiugnssulaeniseenngruneiamziitoin Gene Technology
Act 2000 wag Gene Regulation 2001 ﬂsamqunﬂﬁaﬂﬁmﬁqLm'mﬁﬁ'fa nswuan Msd M
nsiedeudng wazmsiane lneidleieununnsiug U a.a. 2018 mirsaumiuguadumaluladiuves
goawside (Office of the Gene Technology Regulator - OGTR) l¢dnvdaiausuuglunisinnsanadidin

a o £ a ' oY | a ) | P | a a
Asunduanmadalng Inefiveiausludiuveamalulagnisusuudsdluuniseuledlunquilndioa

1%
v a

(Site-Directed Nucleases - SDN) fail
e SDN1 (lsifins1d DNA template) laidadu GMOs
® SDN2 uag SND3 (fn15ld DNA template) daLdu GMOs

6. 213RUAW
nsMivguadeiiTindauUasiugnssululsemeaesiauiiun AseuaquasusnIsaaedluamauy
= a v = X 1% N ] a g va
uian1sUgniienisan lnediaugnssunsnuinwdumalulag@inimnisinynsuisnadud fansan

Y

Usgdiuanudss melamsandunmsveansumalulag®anin nsensieamnssunyns vl Tu U aa. 2015

' '
a d

Uszinaenfiauiun An1sdnvidoufiAeaduddidiedimud udtomeadanisufuuseiusing (New
Breeding Techniques - NBTs) il

o AwiTindiiaunTudieimadanisnaensiuaIsRugnIsa (recombinant DNA technique)

919.8u GMOs

o mnmadeiltlsinoliAnastugnsaln ludaidu GMOs

o mnmadailneliAnasitugnssuln Sadu GMOs
7. gy

Ussmaduiimsfvuangmneanzilorduguadsditindnudaniugnssa Toun wsesvdydd
TshemseyinduaslivsslevieuvarnnmenisinimegditulasmsiiAuguamslifedtindaudas
ﬁuqﬂssu (Act on the Conservation and Sustainable Use of Biological Diversity through Regulations on
the Use of Living Modified Organisms) #38i3enlaggain wigs1eUyan1snieun (Cartagena Act) Tng
finsoanddsnazizuund Mmdsisuuniviovsznmasguusdidungmnedifuses iilefvuasoaziden
YaaIsNsU UAvTenannsaiunsauvesng uungatuman

dw¥unsld amos uewns TussmadUuldngmneguounisoms nquuedndenisiuses
amuUasadBuarn1sUTuUTsRma e sdnilunisidugua ludiuvese s lianinalulad

n1suSuwaedlun Tud a.a. 2020 NTENTIETITNGY UI91U wazaTafnig Ussimadguu ladariuuinig
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U 4 U

U dRdmsuiiauuazusrasdldanulunisanudsemsuaingisvuomsivaunduanmalulag

Y

£ g

nsusuusieilustudumaians Tagliimsdndstoyadiefinnsan fod

® Names of item and breed and summary (usage and intended use) of the developed food

® Method of genome editing technology used and details of modification

® Information on confirmation that there are no remaining foreign genes or their parts

® |nformation on confirmation that confirmed changes in DNA do not cause production of
new allergens having adverse effects on human health or increase of known toxic
substances contained

® Information on changes in major components (nutrient components related to the
target metabolic system for items which modification affecting the metabolic system

was performed in order to increase or decrease specific components)

® Year and month of marketing

8. AeAls

aaa U 1

UssimadaalusmiuguanisliusslevianndsfiTindnudasiugnssulaglingruneiieg (existing
law) Tnefluums foaaesgsunuudmiunsldivelulad oM uazsdnfamiaonn oM Mhanldieliuladn
fimsmfuguaiiiiiesme Fanseiuan GMOs Tudsalusiinainanuneisuuas MsUsEAUNUIINTATY
ey TneflanznssunsiuinwinmsdauUaniugnssy (Genetic Modification Advisory Committee -
GMAQ) fiffesdusnauannaugnssun1siuinyanuanevussuildldniisnuiidugua dedalag
n3ENTIMIALArgMEnNTIL el a.a. 1999 Timuugiimdinemansiisrtunisndn nside nsld
wagn1sUdos GMOs Tudselus Tnedfnguszasdieliiulalunuuasafovesansisurlurasidetu

& o 1% S & ¢ 1% a o ¢ a o cayy
ﬂiﬂwqaﬂqWLL’JﬂaaNWLaamaﬂqﬁLLaqﬂVﬂNaﬂﬁgiﬂsﬁquﬂﬂqiﬂqsﬂaﬂmaﬁﬂm% GMOs LLa%Na@ﬂm%W‘lﬂf\nﬂ

o
[V 1

GMO aamsgIuaIng dslaseaiieues GMAC vnenududdudusn 1) nsensnanisiuazenamns
d9alUs 2) nutguduuInetdians waluladuazni133de 3) ANENITUNIINANVDI GMAC
4) AMEaYNIINNNTVBY GMAC Feutsgosnisyiauduguatamziies Idud 4.1) angeynssunisiite
M538eLAeafiu GMOs 4.2) Anzeynssunsiiennunseuinfuesssevy 4.3) Anzounssunsamsy
NSIHELNG GMOs WagnAnfnusifiAsadostu GMO 4.4) pureynssunIsNIAnAaIN FeUnumuad GMAC
ApAIUT SN wazUSuUTawImMmI U 1/133LLU’JV]NUﬁﬁa‘U@ﬂa\‘]ﬂIUﬂu% ALA. 1999 F10IENITHELNS
GMOs TiAgifesiunainuns uazkuimsmalasafemadinnvesdealusdmiunmsidoiietu GMOs
T .61, 2006 (@TUUFUUTS A.A. 2020) wazdsvimiiidmuanalalumsmiuguatuulszauany numiu
Tuugi wazuushlulssduiiiendostu GMOs uagdrusmnuazaIniuMIAnwaIsITUIABTY

Uszuhu GM

9. @s13usgUTEYIvUIY

a (%

JuilnsmiuguaivanulasiugnssunsluisesnisuansaainadndusisauUasiugnssuiaun

v & 9 Aaa o

i waaugiivdaulasiugnssy owsdnitazndniusiomsndnsdawlasiugnssududiunay

q

' & a v oA a & = & o v ' 3 v Yo ) o
‘,LN']qf\]gLﬂuaUﬂ']V]NamsﬂusLuf\]TJVﬁauqLSU']f\ﬂﬂmrN‘UigLVlﬂﬂﬁnllfﬂgmaﬁiﬂﬁUﬂ']iﬁUﬁa\ﬁﬂ'g']llﬂaa@lﬂEJLLag
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Anaaniidaunoun1sIedIniig Weaulasndusouysd dniuasduinden a1515usgUsesyIvuiy
gelufingruneriuguadddiafitauianmalulagnsusuudedlundunisene agszninansimn
ngsuidey

10. Uszmelny

Uszimnalneiiuguanislivsslevdnnddifindaudasiugnssulaglingraneiey (existing law)
ag1alsif nsldnguuneuazngseideviifegludagtuvessewmalveiomiuguad ilid3ndaulas
o A A adda o o P A a o & . . . I I3 1 o o
WUFNITUNIDAWUVIANWAUINYYTIINYIAWATIEN (synthetic biology; SynBio) Wuusziaululdnsu
Uszinelng Sndudeuduadslnnnuaunsavianbenuiiuauaasnngnaimnssy delilivinvsuas
UszaunsalanunsadeduldnguuneldliiAnaivaunaseninanisguaninulasndsuazn1simuives

AAYAANNTIH ATl

Anweue ngvsne/ngszdeu 89U
Waviang

JUNDU Y . dowo o v
nslduszlovd nldifugua Jubinvau

o

L asguaums | 1.1 AuvsEmiamn | wau. WelsAuaviiy (o atuayulilingsudeu  |e nsuivensans

HER (process) 78 SynBio Wag | Ndnl dmsuseAvanamnT Ty NSWNNg
fildqaunis floglusiens Junisanng

e dolsnm

SynBio 11M37 18 789

N.5.U. LWolsAuay

v &

NWANETR)
1.2 QAuviseniamn | Alle waninau o atuayuliiinnisldeilo |e nsulsanu
e SynBio usi | Reuly uasTBURUR | wuvaddnsla iequanw | emawnIsy

Weglusiens | suenudaendenie|  Jasadenmstinmuas  |e lulawme/

Folsn Finn dmsu linsgnumenisaniunu | ame.

HUsENaUMIlssy | ¥9901Agsna

PAAMNTTY o LHeLNIharUTEMAUNUS
ngseideudaznalnnig
miuguanisldusslewl
NnqduvIdiRauilag
SynBio Tuszeu
QRANNTIY

o Wawnalnliuinwdes
ngsuideuuazn1su3nig
Iansamuanulasniy
NI nliiLA

AALDAYU
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Y anwae ngvisng/ngy seiliey M9
Yunau . . oo o wWnang A
nslduszlovd nldiiugua Suravau
® WU BIMNT duaSunisandunisiny |e oe.

(nselduems)
* WU MIUAL
AMAND N TR
(nselBuemsdn’)
o N.5.U. ¥ (el
Juesetndu)

® W.5.U. LATDIE1D9

ANNUaBANENSTINN
Hunsaduayulvldaiie
puANUasnfenng
Fannveansulssnu
gRAMNTIUAIUALUMIY
WL NS UazUsEIdUNUS

ngsvideuuaznalnnis

o nsudAdnd

o lulawa/amne.

(nseilu miiuguanisldusslev
\3e3d914) NnqduvIdiRaulag
SynBio Tuszau
QNAMNTIU
Wannnalnlivinwides
ngszidunagn1susms
IAN1IUANLUABAAY
M9 lIuA
AALBATY
2. wandou 2.1 2WNSHASNAERN| W.5.U. 8113 WeLnWsuazUssduius (e ou.
(product) Fanmiileussq ngsedevuaznalnnis  |e lulawe/ams.
findnan 9913 muguanisldusslend
PUNIEN |22 owmnsdad W.3.U. AIUAY NnaurEdiiannlas e nsuuadnd
Wounnee ANTNDWNTER] SynBio Tusgau o nuUTEIN
SynBio 1ng QAAIMNTTY o lulowe/ame.
lundndag |23 guaziatu WU, 0 LW3UUAIIUNTDUVDY o ot
Liifiqduvise mhenudsuraveuly  |e lulawe/ama.
NI 2.6 150381979 W.5.U. 1A309d1079 nMsmiuguasuey e g,
NARUN Uannfuvewmdninian |e ylewe/dame.

2.5 i euainng

NMINVANT

W3.U. 199UAIIY

SynBio

® ASUIVINT
LNYAS

o lulawme/ame.

2.6 NAARNTININ

Alallondnsioue

UIIYDIMNT

Lifingraneuas
ngsuilgumiugua
AuANUUasnsiy

a [ 6 &
YDINARNUNLUU

NMTRNE

atdvayuliinnislygile
wuvadnsly Wegua

ANMUUABANYNIITINN

o nsulsay
AMAMNIITY

o lulawe/aime.
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N9TIANIALA

AALDAYU

" anwae ngvisng/ngy seiliey M9
Yunau . Wi
nslduseleand nldiiugua Suravau
2.7 woulesiiiio lafnguaneuas wazliinsznusionis n3ulssany
guszasa ngsuideumiugua | AnluuresnIAgsng RAAINTTY
lunswennsene| suauUasnsit weknsuarUsznduius (o lulama/ams.
Wonutia w3edu 9| vowwdAninusiiy ngsvideunaznalnms
Al QUETOURE: Miuauansiduselevd
uslon NnqduvEdinaulag
28 Fowdstinm | Lifinguaneuas SynBio lusesu nsulsenu
wiu lulawemuea| ngssideumiugua | geawnssy QNANMNTIN
AuANUUaonsY fanalnlivnuides | luleme/am.
SBNARLRGILIRV nn sz deunagn1susnig
Mg IN1sAuANNUaondY

wwamsluniswangszadsuuaznismivguamalulagyaInendunsizsd (synthetic biology)

Twnngaunuusunvasusemdlnawasiniumalulag

Tutlagtu waluladTinendunsisi (synthetic biology) Maunfulnegesings dnsWauiuas

eelunatesruislulseinalnewazilan nsunaasusinuiannmatuladananaiiluleludanisive

°

Jndudeswunisussidiunnuiasadeainuiienuidugua nsussduanulasndevedasinig

PR v o . . o g Ao W ~ P ' A va o
MAeadesiu synthetic biology 3atfunsyurunmsiidrdy weliudlainlassmsuanilldneliindunse

pouywd d0 wazdwanday ag9lsinu nszuiunisuszilivdagiuenaldiaiuiu wWesndesiiansan

wazlduaraelsznis MsldnTEUIUNIT pre-assessment ABTundUUIEIUITDIAUNDUNITUIZITUS

Wukuimanilsfianuisatisansseznainisussiiusasiinussansanvaanssuiunsusediiule

TmaUseasn
ngusyasa

e lipanszuziiainsusziiuauUasnisvedlasinsAeIesiu synthetic biology

o iaiinysEAnSamlumsUssiliuiarmaeseuauniouveusenauns

o patuayun1ITenasiauiluanw synthetic biology lneliaaneuunsgiuainulasnsie

[
[

YUARBUNTLUIUNIT pre-assessment

1. N158UYD pre-assessment:

o HUT¥NOUNMSBUAIYD Pre-assessment wiautoyanug1uvedlasanig Wy ingussasd 35013

WAUNAAN N LAZNTEUIUNSNAR LASNARAUNNAIAN T

2. MsnsRdaulendsiiasfu:

o wihenumiuguansivaeuteyailosiunaividuuzdilewiufgiiudeivuaiaruinsgiu
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3. N3UTEYU pre-assessment:
o fnuszyusEninaduszneumsuazgUssiduioolutessasoafiuiy wazsuduuzih
Admauanguszidiu
4. AN15IAYINSIP9IU pre-assessment:
o mheaumAuguadamisesu pre-assessment fiusznaufemuuziasdolausiuzlunis
wissllenanshazdoyadmiunsusiiuase
5. msaAnmuuasliAUIne:
o WimUBnwiisduuniusznounsmuanudidu Weliulaimsdudunsidulumuduugi

Uselegyuneania

o maanszazIaINsUszdiu: oduuriideadu fuszneunisannsowieuenatsuardeya
Idgndesuarasudiusausiuan il¥nsruiunsUssdusimniiatu

o mafuvszAudain: msliuuzindowiuazdisanaufinnanuazauidouluenaisuas
Foyafiduveusziiiu

o MsEUAYUNIRAUL: MIanszeznansUssdukasiiudseansamlumsUssidiuastgaduayu
nTIdeuaziauIluaInT synthetic biology

st bl

o MsdnFUBUUIAN:
o dalszuswiumhsnuiifedeuieauoninfauagduilsanudniu
o UuusinszuumImuanaAniiulaselauouus iy

o msises:
o @enlasnaisendionnasdddnssuiuns pre-assessment LLasLﬁUﬁﬁ@gﬁLﬁ@ﬁmmma

o msUszliunazyiulse:
o Uszdlunanmsaifiunisisedaziuuenssuiumsmunanisuseiiuy

o VIWMSIEATTUIUNIT pre-assessment AUTATINITIU 9 AIUAIILALNZ AL
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asu

sle

nsldnszuiung pre-assessment Tumsuseiiuanuaendevediassnisiiisadostu synthetic
biology \{uumsiifilszansnmlunisanszeznanisussfiusazfinuseansnmluniswdounnundoy
Y03UsznaUMs Ssaetwatuayumsianuarnideluaunilulsemelne
TR IR
Usziiungszideunasmsmiduguaiissiionsanlunsiamusuiiimis
1. mMsUssfivarandeuaznisdanisanandes:
o T%Mé’ﬂLﬂmsﬁﬂﬁﬂisLzﬁummLﬁmﬁﬁaﬁuﬂm}ﬁﬂumiﬁwﬁ’UQLLa synthetic biology Wagfiasaun
mMswauInsaunMsUssiumudsaiiuivdmsumaluladln o
o mslmsnsmstestuiiodanistuanuinmiimanermansluvnefidn@Eaasunside
WAZWINNTIY
2. MINAILILAZNITNUNIUNGY T2 TBU:
o fnsanmsusuugngsuleuliiualiouasnovaussiemsiudsuntamnanalulad
o Famueuinmiuazmsiaumeluladlval 4 sgrseiies
3. nsadANMNsIusiasTnIneUssme:
o mssudlefussAnsuazlsemady q Wleuanidsudeyauazuumajoanalunsiitugua
synthetic biology
o mwﬁﬁauLLazﬁmui”m’LumsaﬁﬂmEJsz‘mfmJizmmﬁmﬁ’umiﬁwﬁ’uaua synthetic biology
4. MSERNASIIANURTTRTNKAZNITANYA:
o mislideyauazadismnunsgninlumiussmvunazgidlddudefofuanuddyues
MIMNugua synthetic biology

o MIIRNBUTHLAEIRUINYed S UTNIdeuazineadlun1sussiiuuazdnn1snudes
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3. dn1un1nnisiduselevilimalulag i nendansigivadlantasusemneaine

o

firmnanudesmslivseloviannaluladfifeatesiviinedunseiiduteyaddnlunis
fnupiianienisiaunalulagnaonaunisadrsszuudinafdnasunisisesanamuiliinnisasig
auansauazliusslevdanmaluladfinan Tnewdowluuniidunisinaveaaiunmuusld
nadulavesmaInLazNIsveNefmveInsamuredan dmsulssmalnailunisiiausaniunmeesgsia

nadnennlunslduselosiananuimdmamalulagdingy uazdregrsvenisussyndldinalulad

AUTINGEUATIEN

3.1 #0UAINKAZHULUNISAAIANARN AU laENINEITBINUTIINeEdwATIZHYRlan

v v
v aa !

wAlulag¥inendaaenlfnanmlunmsiauiasugiatinmlvdulnegedsty adiiinsenad
yarnaIndaineduasgivedlanasiiunin 13.4 Wudumsoyansglul we. 2565 iy 116 Wudu
wisggyansglud we. 2575 lasfidnsinisvenesiiiesay 28 5eninel w.A. 2565-2575 (Precedence

Research, 2023)"" uazfidnen naziisndu 700 WuAuWsyyansglul w.e. 2583 (CSIRO,2021)%

USD Billiion

140.00

120.00 116.04

100.00 91.24

80.00 72.37

57.90

60.00 46.49

37.46
40.00 30.29

ooy 2458
13.40 1635
20.00

2565 2566 2567 2568 2569 2570 2571 2572 2573 2574 2575

JUN 3-1: yarnangiinedaasieivasian

1'71'm: Precedence Research, 2023

37 Precedence Research (2023) Synthetic Biology Market- Global Market Size, Share, Trends Analysis, Segment Forecast,
Regional Outlook 2023 - 2032
%8 Wwilliams, G. et al (2021) A National Synthetic Biology Roadmap: Identifying commercial and economic opportunities for

Australia., Commonwealth Scientific and Industrial Research Organisation (CSIRO)
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na1ndadinerdansiziainnsasinunlaidu 3 ngu lun 1) nqumalulad (technologies)
2) nduAnsiost (products) waw 3) nguvesnsUszendld (applications) waluladdnana il

1) aanndAnendunseiduunauussinnveamalulad walulad PCR Wumaluladfifidauus
pangsanUszanasosay 28 vosyarmand wa. 2565 wielulaBlunduimainazdinaiulnegeiios
desmnaruldivisureanaluladinmaduldesuudusuasiinnuliifmden Wosonistundszgndld
Tumsitedelusziluanaiomsdnuidsdesiunassadumaluladsndulunmaidosueyivivemnguuuy
Tnefin1smansaidmaiaveamalulad PCR azdulnain 3.75 Wuduwdogansghud we. 2565 udu
33.15 Wuauwmissgansglul wea. 2575 dmsuinalulagnisusuwssdluy (genome editing technology)
Iefunsmensaiinesiishnmaiulagatuiu Inmsussgnaldinaluladfanariiionstesiunazfnwilse
vosywiuIUS g uenant Sdimaluvssendldlunianues Wuduimausulgaiugelrldsnue

9 '3

HugNynTodn

2

naensidegruiug lnganiunalulagnisusuusslunaziiyarinaiaiud uain

241 Fuduvdeyavislud we. 2565 Wy 21.95 fuduwioganiglud wa. 2575

(%)
30

25
20

15 28

22
10 18 20

Bioprocessing Genome Editing Others NGS PCR

Ul 3-2: Sasnsidulnvasyadinaindainenduassivaslansuunaassnnmalulad
#i11: Precedence Research, 2023
2) aandadnerdaaszisiuunanulssianyesnanduet nansusiiddasnaiulngs fe
Tedlnihadlelnd (Oligonucleotides) Alimaapudnumzymaiugnssuuasuudiimeimans nnsldau
Adiudunnanmandniisaneilidelunsdanmeisdurededlniedlelndfianamin mdeuszan
8 wussiolua (M3oUszana 3 Uw/ud) dnnsaianisalinyarinaiavedledlndandlelndaziingin
4.76 fiudruwonansglul wa. 2565 1y 42.87 WuduvBoyansslud we. 2575 wandusiTduul

Aa1nse9aun Ao UlwlNwulnanAINdaIn st lUTINawnUaTsIAT TuNSZUIUNISHAS SAUTIRIe

vada i a

AuaudRnfdedwindenddlinainfulneg1ssimsian 3.35 wudumsegansglul we. 2565 il

29.30 Wuarusegansglul w.a. 2575
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Chassis Organism,

7.5%
Oligonucleotide/Oli id,
gopols& Synthetic

DNA, 35.5%

‘ Enzymes, 25.0%

JUN 3-3: dnsnsiaulnvasyadnaInddinedauassivaslandiuunauussinnuandue

'
a

Y111 : Precedence Research, 2023

3) panagaInedanTRiIuunaunsiimalulagluuszendld  gnanvinssuguaILazNISLNNE

< I A % ¢ o Al | aa o aa o a &
LUUﬂQNV]lIﬂqiiﬁﬂigiﬁmuqnﬂlmﬂiuj;aﬁlﬂ\‘iﬂaqﬁmwaqﬂﬂaqﬁl LYU ﬂqimﬁqﬁnu’ﬁmﬁﬁﬁﬂ N13IUIRYNIINALYD

ay o

mamwansaeiiteaianfiduiulviugiae wu nsdmalulad Chimeric Antigen Receptor (CAR) #1a31¢
weuRuwasihlvugnaglituwadieasenfquduliiudUaelsaues sadahluwamunduewialn
dwsugnamnTsudu o Wy aeavnITunens visewriidanndnisdnsinisldusvleviiiuduuiulaeinig

NIl el 2575 aanasdlyan 52.67 WudnuwiSeansy

JUN 3-4: dnsmsiiulnvesyadnandiinendunsieivaslandnuunaiunisuszendldimalulag

17‘1'm . Precedence Research, 2023
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nandaeilunguinizideaieianisuilanainead (culttured meat) Dundnsasif ldmalulad
AU synthetic biology NHAMUATMUNLINTAATERINHEANITVINNITWINNE AU WNedAtyveINsHanly
sEAUNNAYEARNITARA U UNISHAR NsasrAnNaInsatunsvenemamsHaasluseAuresU]iinmuay

seAvgeavnssy NMsufiRmungssdeuiineades suluivwnudensvewmanddagiuenaiineudndiin

Technology tipping point attained Cost tipping point attained

Industrial
e 0 e (e S S
University or Design for Design to produce  Design to produce  Design to produce at cost and with
Research 'ES@H’_C" and samples for for limited proximity to feedstock
laboratory optimization regulatory distribution
approval
Meat Traditional farmed &
processed
Plant- Meat was created as
Based a collection of plant- i .
i Available in
meat based technologies 2008 2011 - rrent
(such as those made oL sugermtarkets .
by impossible foods and restaurants
and beyond meats)
Meat was created as At least six
Cultivated a replica of animal 2013 Current companies Current Sold only in a
meat meats (such as those (beef) (beef) are scaling (chicken) few restaurants
made by upside
foods and Mosa
meat)
Must overcome : Must overcome :
*Cost of media *Industrial-level scaling challenges
*Scaling challenges *Regulations
*Regulations *Demand generation

JUN 3-5: anavimnevasnisuszgnaldnalulagdainerdaunsizi

ﬁuﬂ . BCG Interviews and research, 2022

a a £ L3 v LY Il a a A b ! a a a
nandnerduasginandagdueglunivewsnuvie sesaanlaun nivglsy niviede uay
WUTin eeelshd finsmanisalivannedeuasildiinagiinadulnasgn el we. 2575 dnsaamsalin
yarA1manvesiinedunszivevalunz Tueenasiiyani 31.42 Nudumseganislagiuduain

U n.m.2565 gafis 10 16

60
44.15
40
14.61
20 10.59 9.74
536 375 335 (g4 631 459 412 |, 2.51
0 e [
2565 2566 2573 2575

mousnuule melsy W eWeuUIWn  E arfueliEm

'3

UM 3-6: naatadinendaassingdiAgvadlan

Y

‘17'1lm : Precedence Research, 2023
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Arthur D Little (2024) * d1533amnauiiuangildsivgilanieltugeaivnssuiininiiaglisu
Usglevdnnnaluladdvinerduasieiluszes 10 Ui lnedesas 26 YawnausyynNaIvIEvANLaY
Finemansiduavinagldsulsslondunniian sesawn laun aviomsuaznisinuns (Fevaz 21)
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UM 3-7: anvanmednazldsudsslevianmalulagdiinerdaaszi
#17 : Arthur D Little, 2024
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AUNeINSHaTNSINYAS WU Nskandednianmsmnedsuadiemelulaiiinendunsizi
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nsilagedainvemingIns

39 Arthur D Little.2024. The brave new world of synthetic biology : Major impacts, significant challenges.
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grunpauazmniunideuazlinnuddglunisianiudeya DNA dWiuntu
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= agriculture
Energy 5 Fragrances
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) synthetic products
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Time

Ul 3-8: uaneipdnsvasnisuszndléimaluladdrinendaunsizii (Gartner-type cycle)
fian : Arthur D Little, 2024
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fian : Arthur D Little, 2024
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3.2 #@0UNINKASRANIINITHAILIMALUIaENINEYaINUTIINETFIATIZIVRS AN

BCG Henderson Institute® Uszidudnlul w.a. 2573 malulagdarinerduasgiazainayan
wiswsRarngsdandsluauues GDP vedlan UssimAanigeidniniadiyasmiaswsAafind uain
weluladiinedunszsiardsnaliidadause GDP tinduandosay 21 1ud wa. 2565 fndudesas 24
Tud n.m.2573 dwsuansiverandng weluladfananaainaziiuyarmaasugialasn 1 widuile

Wisuieusul w.e. 2563 Tnadndiusie GDP avfiuidudosas 2 1ud w. 2573

Industries potentially e Q- =
impacted by SynBio - ¢ =S =
o 2) %¥29GDP —= B 4
(2022) Qunirin saves =

24 %29 GDP + «
(2030)

1 %93 GDP
(2020)

2 %Ya3 GDP
(2Q30) o ~

Synthetic biology could disrupt sectors that account for as much as 30 percent of the global GDP —
$28 trillion — by 2030.

Source: BCG Henderson Institute

‘ﬁll’l : sauswTnginednuiddeuloueuazanulaoniioniedanaw

[

Alliance Bernstien (2021) MUsziliuinmaluladiidnsnmuansenuligedis 1.7-3.4 Suduviesy

ansy Mellanvasugianiaininvglasunansenugs LA @a1v1auguaIn sesanlaln a19In7sinyns

Pl

Uszad Wagems uaganuminetesnsianduraulnausinatasaviuinig®

90 BCG Henderson Institute,(2023) How Synthetic Biology Can Make a Materials Difference.
https://www.bcg.com/publications/2023/how-synthetic-biology-materials-can-make-a-difference
41 Alliance Bernstien, (2021) The Synthetic Biology Revolution: Investing in the Science of Sustainability.

https://www.alliancebernstein.com/corporate/en/insights/investment-insights/the-synthetic-biology-revolution.html
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Synthetic Biology
Direct Annual Economic Impact
(Range, $ Trillion)
Total = $1.7 Trillion — $3.4 Trillion

Human Health and Performance 0.5 _ 1.2
Agriculture, Aquaculture, Food 0.8 - 1.2

Consumer Products and Services 0.2 0.7

Materials and Energy Production

o2 o3

Other O . 0.1

5U#l 3-10: N1sAIRNIsalNaNsENUAINmAluladdIInendaunsiz

ﬁuﬂ . Alliance Bernstien, 2021

natndrAglunsseiaimuiwaglduselesimalulag@iivendunsieivadlan agulansl
nsasuiilaniienisWauiuazauiiiedesiumeluladiinerduasziiulned 1959057
9 532 duwiBegansgiul wea. 2552 Wiadu 7,800 dusSugyansgensng Tl we. 2564 lneseway 37

L%UH’lia\?VluFLUﬁ’]s{J’Wé’jsﬂﬂWWLLa%EJ’] 5098911l AKA E1VIDIMITUALIATUINTT LA A1V UNYAT

Synthetic Biology Funding (USD millions) Deal Count by Industry (1H: 2021)

_ Food and Nutrition _
2078 Agriculture - 6
o1 | sotvuare [l 4
2017 - Automation and Hardware - 4
2016 _ Multi-sector Applications . 3
0015 _ Materials . 3
DNA Synthesis . 3
2014 . 650 Organism Engineering . 2
2013 - 772 Gene Editing . 2
2012 l 355 Energy and Environment . 2
o011 l 384 Chemicals . 2
Protein Engineering I 1
2010 _ Genome Engineering I 1
2009 . 532 Consumer Goods I 1

JU# 3-11: yaAnsamunsiaunalulagdInendunsen

ﬁu’l : AllianceBernstein,2021.

U3¥ Sana Biotechnology d@tinaulugjasegluusemeansgaiuin dyar1n1samu 700 41y
wisggyansy newdenamulufansiiertesiumalulagdinnaugunin augvinermans (life science)
I % 9 oA A % o o 1 < U oA a o ea
Wumsldanuslunsusuudsduiaundamlsadidny 1wy weiss wasiuwnu Jagduiindndueiiegly

JupauMsageunenaiin sudunaanmsamuideuasianninunnuassaiios dudiulaainasusn
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Y3 w.f. 2566 UTEMTlATldneUszna 200 Auwdpgansy ludwauididualdelumAdouaziamumn

fefeway 70 vesAldane Insdlugdualdaeiionsidenemddndundn®

Sana’s platforms, technology, and programs

Pipeline poised to deliver multiple clinical data readouts over next several years

Potential Clinical Milestones @ IND filing
Product Candidates Mechanism Potential Indications 2023 2024 Clinical data
SC291 (HIP) CD19-targeted allo CAR T NHL/ALL/CLL
HIP primary islet cells! Type 1 Diabetes [ ]
SC291 (HIP) CD19-targeted allo CAR T Autoimmune .
SC262 (HIP) CD22-targeted allo CAR T NHL/ALL/CLL o
SC451 (HIP) Stem-cell derived pancreatic isletcells  Type 1 Diabetes
SC379 Glial progenitor cells PMD, HD, SPMS

Multiple Myeloma

SC255 (HIP) BCMA-targeted allo CAR T

JUN 3-12: wAndaaiidmunevasu3sn Sana Biotechnology
111 : Sana Biotechnology, 2023.
U3¥ Impossible Food® fiyaf1n1sasuussann 500 auviseganss nenswuiled w.a. 2554
Fanudua 750 au tnedinaulngaseglusguadnnesidy Usswmansgowsn usdnlanediming
HandaaivesinesNNillaisunndnanivniiledudanderdsiuledndlud we. 2559 Tunaiseuuiem

e mnerdniaeisnvianeviin 1wy ldnsen vy 1n

IMPOSSIBLE
SAUSAGE MADE

FROM PLANTS<

JUN 3-13: A29E19WAANINVEIUIEN Impossible Food

fian : https://impossiblefoods.com/products/sausage

N8N ULBIVTEN Venture Capital aumnaluladdvinerdunseilulasunawsnvesd w.a. 2566
fyar1nsamu 1,798.5 d1uvi Tudwaudidunisamuid edauisde Susingugunmiagensiuiy
1,430 drumsyansy sesawunlaun amwndanmans 9uau 141 drumiogansy sesasmndunisiamun
Tungal Bio-CAD (Computer-aided design) Tafissawiuasdmivoanuuuuazirasaiodadanim
N134AR98aNYRITY LAENITATLUUTIABINTEUIUNTYINNIUYRlATIATIMTIN Tagyar1n15aey

Tugnuiussann 215 uWSegansy YaANIsamuiiEIuInUnauntuingds 165 auwsuyansy s

#2 Sana Biotechnology.(2023).PIPELINE. https://sana.com/our-pipeline/.
* Impossible Food. (2023). Impossible products. https://impossiblefoods.com/products/sausage.
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n19aenulu Cloud labs 7 fiidmunaii alduselovianmalulaganiu Al uazssuudnludfui owasy

UseanSnm wazanusnslunsidowasiauimeluladiinendunsigr®

Synbio applications

Bio-CAD

other

Gene Synthesis and Sequencir
Organism engineering platform

39,
9
s38.9/0 9

$1798.5

gﬂﬁ 3-14: Lﬂﬂwuﬂﬂnﬂsaevguﬁﬁ'm%’aaﬁu Synthetic Biology 984 Venture Capital

fian :SynBioBeta, 2023.

susuunsumalulagdinerduaneildldussloviivanvarelasdmsnendniionsiiy

UsednFn1nlunisudn andununIsngn WaILInnIsui oliuANdUARIUDIMNT AINAINIT

TunsiludaldegesiniaredngAvisinunisiuisuwlasaningiieinia wsensszuinveslsa saului

NTAANANTENUADAILINADULALLNLANUTITUVBINTNYINT ALAASIUAITIN 3-1

A15197 3-1: A28819n15 1Y levdaNMAlUlaE T INY1dLATILRVDIRNUS LN A

&1

suwuunsldusslov

bNWYAT

nsuTulseiuglilanuueifeans wu inandngs nuselsa wagluas

[ a a ¥ wa | VA £ L3 + v ' < a a
maannwuaSelitinuau iR liivanunsaldUsslemianleldegrafudssdnsnm
wdaiuginuiedaiuuiauazlse
NsiRLIsNIN I e ukarUSuan wAuiouasialinndn wu tnaluas

nsiawastnnlunsmIndn iy

9IU3

¥ o o T . T % 4
Wadniannsinizidea (cultured meat) Wi wilat waln el
MINRUNETUTIMAINAUTE 19U nootkatone, valencene, vanillin and L-arabinose
KA UNINNTEUIUNIVENAIENSEREUSE

ATEUIUNSHANDIAN SN ITWAIIUFN

@

JanmaulnadnTin1n

q

ASHANNITITININANTER 13951

N e L%

msndaduledensiaunligdunidlnuaudifiag

q

maaniunsdasuiinudunarafindinm

WARTIN W

ANSHAILINTEUIUNSHANANSLATNS DEILUTENBUMNBATINNNY USDVDWAULNUNITHER

9nUlRsLae3 LYY bio-BDO

Z‘j‘Uﬂ']‘WLLﬁ%ﬂ'ﬁLLWMFj

ATWRIUNTATUY LU 1AIN-19

4 Bunger, M. et al (2023) SynBioBeta 2023 Investment Report. Insights Into Synthetic Biology Trends, The Global Synthetic Biology

Conference
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e uanswel biologicals
o NAnAIILOUAUDA
o annum cell-free sensors
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PAIY

o Wamdwn mivasswasuaulaeanluninau

o AT NNIgmAlulaganduAIsuau

'17'1'm : Francois Candelon et.al. (2022) , Lanteng Wang, Xin Zang, Jiahai Zhou (2022)
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Center (Synberc) maqﬂizmﬂaw%’gam?m e Department for Science, Innovation and

Technology ¥99a%I1¥9IUITINT

7) msasnanns anudila waznisaszmindliiuniadiusing o Wudssiuusn 9 ivszmegin

TinnudiAymvg ludunssssaimuanuimdimanalulad :3u8an1sWmuIwuImig

nmsmiuguansluiuanuasndeuasUssiuniainuasesssy

M15197 3-2: nalnn1sadiauaziauT synthetic biology Ya9UsWMARNIFOMENN A9I1Y0IUNINT Uaz

d15150u33UsEYvUIY

a13galEnn A1919210413N35 A15130u5gUsTYTIYUTY
wleve/Adeviml  |e 2012-U.S. National e 2010-2012 Sgawmuiay 100 au. |e 2006-SynBio research has been
Bioeconomy Blueprint e 2012-Synthetic Biology listed in National High-tech R&D
e 2015-National Academies Roadmap for the UK Program
Industrialization of Biology|e 2023-wmalulad¥ine dunsieyt |e 2008-Key Lab of Synthetic Biology
Roadmap Wu1lus Lwﬂiu‘laﬁwﬁmam% e 2010-National Basic Research
e 2019-Engineering Biology Al  vasUsyined %’gma‘[,ﬁﬁ’]ﬁuamu Program of China
Research Roadmap for the| 2 fuauUaun (91,240 av.) e 2018-Ministry of Science and
Next-Generation feawiles 10 ¥ Technology initiated a national key
Bioeconomy R&D program on “synthetic
biology”
o 2021- \{u cutting-edge tech. Tunns
Wanassgiatinmdadunidu
YYEANEARSUDIYIA
e 2022- Centers for SynBio
Technology Innovation
o Spuiaviesduduaiugnamnssy
SynBio
ANTAsI9AL e International Genetically |e University-based courses o MsdnmMsiounsasuluszauUIyn
Engineered Machines e Retraining courses F3-1n-lon uay wﬁn@m33wz§u
(iGEM) o iGEM o wrsalunisudedulu iGEM age
o MIALIEEUSINSANY e SynbiCITE's Business Education |  slailossiausi®l a.a. 2007
fudrnssulrdag and Training e 2022-Synthetic Biology Innovation
Femasudiine Competition
FupTziiiudy e The Code of Conduct for Biological
Scientists for SynBio governance
msa%wmmﬁ . %gmaamué’m SynBio e 7 Basic Center . 2000—’43”@103% SynBio research centers
Fousid a.. 2005 meyar |e UK Govt. synthetic biology for wilugandumsanvuazaanduide
140 druwvisugyansy growth program WlaiseaiesdmudnsWaun
o msaiuArdiaiugiu | e SynbiCITE Innovation and \ndosilouaznisuszndld duwalvid
(NSF) Synthetic Biology Knowledge Centre. Wihenuiieatownnin 100 wis
Engineering Research o Wuaduanuuflotumealsune  vhusemea
Center (SynBERC) Tud WleunseiuAMAMYBINAIIY
ALA. 2006 WATMIBITU Afusilgatu Haawdfs 65%
W funsuszendlyd nnANuTefudiey
SynBio 1y DOE HHS Haust
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U a.A. 2007 (@susnnndn

700 SNuWBERENSY)

AreUsEInApgNatioy 1 AU
(2018-2022)

Tiungusznaumsidu

startup wagguszneuns

Engineering Biology/
e Synthetic Biology (SynbiCITE)
e Synthetic Biology Seed Fun

miafelaseaiie  |e dnsdaawiosUfjufinis | e 5 Biofoundries nsxaneey China National GeneBank
‘ﬁyugm Wudwoaun vhuszine China National Center for
e 2012-2014 a4y 35 au Bioinformation

LM%'EJaﬁW;i”Jﬂ Living e 2020-Advanced Biofoundry
Foundries tiaisa ShenzhenNational Academies of
NS¥UIUNIT DBTL Wﬁaﬁu Sciences, Engineering, and
10 wh wieuauanam Medicine.
Tonalul 9

MINAUITIAR o msatfuayunsiunuite |e The National Industrial . msaiuaigumiﬁuwuﬁﬁgmaﬂma
msiudunisfivannuane Translation Centre for ”gmaﬁmﬁu Venture capital o

auayu gusznaumslaeianie

startup

A15199 3-3: nalnnsad1auasiagn synthetic biology vasUsswmaAnvalauazdsnlus

WNNAR G AeAlUs
wleveAdeiad | e walulad SynBio Wu 1 Tu 12 wmalulad e 2015-established NUS Synthetic Biology for Clinical and
qwﬁmam%‘uadﬂixmﬂ Technological Innovation (SynCTl) as the focal research
e National Synthetic Biology Initiative & program for synthetic biology at the National University
Roadmap (2023-2027) of Singapore.
e 2018-Singapore has set its sights on becoming a global
powerhouse in SynBio.
e National Research Foundation, Singapore (NRF) has
invested $$34 million in synthetic biology-related R&D.
Msaseny o Javhwdnansludnuuy aninens . mﬁmmiL'%'Emmiaauﬁy'ﬂuﬁxﬁw%tytmLLawé’ﬂﬁm
“Bio+ Al+ Engineering” 33837&?‘14 LLasﬂﬁﬁ':sJuiuszﬁuauma
o a5 MAIAUNIUAINT T TTAULIWINF Lazn19919
QLST}wmzymﬂﬁhwswﬂmﬁmu‘[,uamﬁui o
nsaseeug e Design of Biomolecules o Maaesdnuluimiedouasanituiseduines
o Design of Circuit Useine 1wu NUS, NTU tag ASTAR  Tasdinisaduauy
e Construct and Control of DNA/RNA dnwa National task force
e Construct of Biosystems e Research strategy 348U niche pathway fianusosesen
o Automation speed-up using IT-Digital Tech |  lAvanen@nsiusi
e Scale-up
msadlasead e Public K-Biofoundry e 2015-The Synthetic Biology for Clinical & Technological
‘ﬁug’m e Expanding the biofoundry into the private Innovation (SynCTI) programme at the National
sector University of Singapore (NUS). SynCTl is home to the
e Software-Open-source IT Platform Singapore Biofoundry.
e Cell Gene Biobank .
MIAIUIGINT e Facilitating the transition into o fluvaaluyudmiugusznaun1siuann ~30 Bioventures

bio-manufacturing
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o Supporting the establishment and growth |e Consortium (Synergy) nalnienlessewinsenyu-

of innovative companies antuide-Sguna

e Promoting private investment

N1389YUYB9EN515UIIFUTTYIVUIY

1

suaresduiuamunield “lasanis Biofoundry uarlaswadneiugiunisinereaniuazinelulad
AUTVINGIFUATIER” yar 722.2 §1umedu (Usennn 3,600 811U Tasvasafiugudfgdseneudae
“cloud lab” dwidufldau uag “smart lab” dwSUEUATRMS Tassadrsfiugrudina1iasdaliniaisnis
waznngaamnssiifawagliusslenils unanresuidmunglunisamudsnaiivseneudie 1) wnanvlesy
N3BONUULLALN1SISEU] (design & learn platform) 2) unanvlesun1sdunsieiuazn1snaaay (synthesis &

testing platform) way 3) unanesNA1IRTIVTULAZNITIATIZH (detection & analysis platform)

(c) TYIRER 2 (d) LRI 3
fegaesolieluesfuninis

i - www.isynbio.org/institution-detail_en.aspx?detail=1651 uaz Synthetic Biology Journal 2022
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(IngAv PNaenwey) 3) sedurnunseuaumalulad (nalulagluseAuduwuy viselimsudawazinminely

ARALLE) ey 4) ANUANATUNITAW Y (RUAMU NaRaUWNY SeesnaINsAuYY aseenuiuasliiuyssing)
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fiail Tudesuussiduldiyadmaasegiafimadiasfatuanmadssgndldinaluladd2iven
Fuaseidly 10 Ydramidiyarinngn 324,000 Euumuazenaiidneamanniign 634,000 dwuum Aadu
Yovay 2-4 vowyann GDP mudiu Taanwniimainazladiuussloniae ldun 1) anvnuns 2) wdidnmuay

1Y

Tan¥nm uay 3) gUAnarMIung uag 4) 013

M13199 3-9: YARMNAATEFAANAIAIIREIRAAINNTUSZENALY synthetic biology Tu 10 Udrewitin

_ ﬁqu (é’ququ) uqﬂﬁqﬂ (él’]ucu’]%)

WUAS
® HANARLNEAT 100,000 (0.19% wemaialan) 200,000 (0.2% va9manalan)

o asUTulsahgeRu ansMdndngie 7,000 (5% vesmainlulszme) 14,000 (10% vosnanalulszine)

* 9IMN5ENT (EsiaSuavnIN) 15,000 (5% vawainlulseina) 30,000 (10% vosmantuyseme)
971913 58,000 116,000

(@WnsHenTw/a15e 19 sHenTu) (1% voImainlan) (2% voImainlan)

HUNIW NITUNNE 50,000 150,000

(API, Biobetter, A%, n1sunndunaiugn) (1% v899a1naTeu) (3% VBINAINDNTEL)

S s S
LANYINTINLLASIEAYININ

32,000 160,000
(Special chemical & new enzymes,
(0.  wpIwaialan) (0. wpImaInlan)
Biomaterial)
WAIUTINN 5,000 20,000
(FouwasTanm tsuaiestu) (5% VpINAIMUUTELNA) (10% wvpamanlan)

33U 324,000 634,000
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4.1 unIAsizsinunsanlunisnaukazfagaamalulad daInendaunsiziainsulsemealng

Anunsanlunsimukarsesanmaluladdinendunsievdansulsemalnglunsdnwd wusla
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=D

4.1.1 frumsiveuaznaumalulaganudaInendaunsigi

anundoumanaluladiifevestuiineduarzmvecsandlneSeudisuiulanuasUssea
A dlofa1sananndiuiuunanudvn1suiuIvd waz A1 Field-Weighted Citation Impact Tudes
PAAOTNUINTENINY W, 2556-2565 Way 497 2 s3mdnad wa. 2561-2567 (nuanwiug) wudilud
WA 2556-2565 Uszmalvafiunainudannisuiuiwfsiuiau 30 50 uazen Field-Weighted Citation
Impact Winfu 0.77 Gsdneglusuduil 31 vedlan dmsul wa. 2561-2567 (nuaus) Ussmalnedfia
UNAMUITINTUINTIATILIL 34 304 TA1 Field-Weighted Citation Impact wirffu 0.7 aﬁ’mayﬂué’ué’uﬁ

o A

24 vodlan Sufuil 8 veuedy wardusuil 2 vetedeu sesnUsenedenalus
Usewalnefinanidseiiiertestuides metabolic engineering %"'ﬂl,ﬂugmaﬂﬁmmiﬁéw AfydInTu

Mssesanues synthetic biology wadslifnanuiiiuwludniiisadesiunsideivauneiasde (tools)

atfelvl Wy gene dircuit waznsduATIZRLUU cell free SauialainunsAinuiild computational biology

W deep learing way Al inuasesiioluniseanuuuuazasne host cell
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o aw-ﬁmuaamémﬁﬂﬁwuﬁ’auuazﬁa‘!ﬂwumnuwm'uﬁmms'ﬁ
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n1514 systems biology
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4.1.2 Frunswannmdsaudsimgiiudiinerduased

qﬂmﬂsﬁﬁmmﬁmmwﬁm synthetic biology Tutusewelnedaidnuiudes annsmdeyauay
nsdunwainuintagiuindnanssnu synthetic biology 2 ndngms Tudnwaiziidu non degree oedlsid
ﬁwé’nqmﬁLﬁ@%ﬂﬂ;ﬂﬂil,%'auﬂﬂsaaul,ﬁ'm%’aaﬁ'u synthetic biology 533 30 nangns Wattlugae 5 Yieauan
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biology, genetic engineering, metabolic engineering ke biotechnology Faud umﬁmmi’ﬁyug’] il
ansanluuszendldleanu synthetic biology b Lﬁ@lﬁ%’umiﬁwmmmﬁﬁmﬁﬂugﬂLLUU upskills

TushaUseneiinisadanasiaunidsauluaudu synthetic biology sgnstnausiaiiedlitos
10 3 Tnesjasiunmswauinugivannuane stsumeluladinnatelvl Sennssu nmeiauiaie

Al LaZN1SVENYUVUIANTTHER
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bioprocess, reactor
design

3 ningns
3 umImenay
2 AU
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bioinformatic

uﬁnqm
5 unnende
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CONCEPT
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1 uvIngnay
1A0E
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4.1.3 FNSURSNNYIVINUTIINGEWATIZA

NMTAATERgudeyadnstnsiieguteya Derwent Innovation linupaulngduvednsdng

v oA a o L3

NYINUTINedLATITRLLUNS L AEs Studludiunseuiun1smalaInssulun1seenkUUNISYINIUATY

=p

o

Tnnduasziluguteyadnstnsseauuni
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dmfunmsenansnsangrudoyansuninddumatqgyszmealne nuteyadnstnsiineiu
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engineering wuuRaRY Tnelamznsad1sameuduuurivad nsUsuUsiugnssdundn uas gene editing
vvdu wildnunsBusvednstnsfiisanuvinenduaseiiiniunisldmanstmdludiunszuiuns

mamnssulunsesnwuunsinumudIneduaseiluguteyadnsinsseAuuna

4.1.4 TAseaieiugIunsiReuasiaineadasiudInendunsiei
Uszinalnaanundousulassasisnugiuiionsidelusyaunis saudadinisdnnsoulaseasng
fuguiviaunlessuudaludfeg1edon 2 uvs laun Audnugdennssukasimalulagdinim uag

[
o v W v

v a aa o o & o v o =~ % o A v
anUuinedsus el Ussmenliannuinvdmamelulaglududsnaninsiienudfyiunsinng
Weslfuinisuazanduddenianudisrnganizay ndsneslfuiinisuasanduideiinnnudeinigy
WNTY Feaenu biofoundry LiatinUsyansainn1sinaulagldsuuuunsusmsnilalemaliviieau

manpsguwazionvulalduseloviognefuen

GenScript
e '!:t. [ -4 - Iq b %
1 V_l_r;J " BGI%X| J
i . of | & me, Lo s
P 8 \/ == € »addgene
. F‘f lﬁgﬂq‘auwguﬂiﬁuﬁ"nﬂﬁ\’ b m » ‘Modelling Parts assembly Host modification B]DTEC‘P
1@oqaunsd experiments - -—l_- e
¢ & ' -
aqamwfwugﬂu - _—- « DNA/gene synthesis
Algorithm/Software for design Combhistariat « Gene editing (Gene assembly,

and modeling: ocably Plasmid construct
Open-source software online 09 - Transformathn
L)B « Gene sequencing

:.) NCBI Alphafold
-

O Omiis e

Automation

Analytical % vl s 2
chemistey. AuginFosilodngnAans (m:
YOI INENFY
oz ] NCTCH:
-
. + Protein/enzyme analysis by

ThaisC [$4]

automation system/High throughput
Supercomputer: ThaiSC
* Algorithm/Software for design

Screening

PP of enzyme activity assay

and modeling : Open-source . : L] :: +  Chemical analysis by analytical
software online (partial) : : :0: platform ex Maldi-TOF, NMR, LC-MS

Other specific Detection
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4.1.5 aruaunsalunisiifuguanaadasiiwaunlagldmaluladiif sadeeiudainen
duaszi

wuIensiuguandndariAialaslfinaluladfiAsrdesduivinedauneivesseime
#19 1 H SeindAneduenehidudumilweanaluladinmatiln uarldnalnifuguariulasnste
msrnmiguieaiunsiduguadedidindaulaniugnssu egralsid visUsamaeatinalanmsiitugua
rnzdmsuadiTiaiivawiannaluladnisuuunsdlug (genome editing technology)

dwsuuszmelng TudnnsufdRwuieaiuumned Tnemsthngrmnewssngsedeuifegluns
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ANUUaDASELALNSHARIUNVBINIAAENNTTY
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Uszmnelneg

UsindlnedilifulousduaiunsfauneddiusslomimaluladMiieadosiuiAnenduase
el anudesnslimeluladdfuuliufutudeninastissaimundndosiuazsusnslmaalfistu
TunaneUszinarvuslidumeluladgmsmandilensiaunUssmand wu ansverandng

Innovation Engine veasuszwmdlnauuslaidu 2 seuu laun 1) ssuunmsideuasimuniinisasis
51UAU3 ludIUVB metabolic, engineering, pathway engineering WA sFannsauLes oad ol
flassadrsiuguifuddslailusunsuaduayunslivssloniidunaans 2) ssuunsldvsslomives
weluladfifstesesniagsia danuunndeiu Insuisvlngldnalnanusinile ms license nindau
ety wagn1sTInamu d1wsU Startup asuideuasiauinalulad witagudsdidwauliuin wasd
SynBio consortium Liunalnidiesles nasy an1uide wazniaenwy

@5 Innovation Enabler f9msUsznaudie 4 drwiididy wiluanmidagiuvesusemelng
gefilainsudau laun 1) Regulatory system lguann1sifeiun1siundnfasidaud siugnssy (GMOs)
2) Education and human capital system laifindngnsasnaniasaudunisianiy wazlufinisiivue
Whnemsianidsauiiowionnsaiagddimaluladliifivsme 3) Financial support laifuvasmu
Wumaiamg Widunulumsidouasiaumnsuussausiuiu lifnsedeunsfeduaiumaluladi
TnslamizuazvinauseldssweunduiuatvayuiiszthnansisoidigiBemdvdeg1ssnsa uas
4) Non-finandial support §3liifinmsfvualmnesinsnsduasunsiseiaugsiaiifeateadunis

(2 gE (g‘dﬁ 4-a)
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Innovation policy and governance mode
TifiuTouneativauumBunisianis

Innovation
@ - - » Poli &
Demand (waluladiiszdralfifondniug (Gi$adu) G oy
overnance
Tech & business e
intermediaries .
Innovation
Engine
3 Sector
intermediaries
Innovation
Enable

Non-financial support : falsfinnsdmuaviuie wesnisduaSulunisianiz

Source : U¥Ua7n Arthur D. Little, Kuhlman and Arnold , Expert and stakeholder input,2020.

JUN 4-4: szuuiinansauuasldusslevdnalulagnneidesivinineduaszivasusendlng

4.2 wunvmeansnauiwaslduselavilimalulagningadaanudaInedansizi

mswanuazlfUsElomimaluladfiieadesfudrineduanesifeadestumhsnududuiuinn
(a-5) sisluauves 1) madsns Wi an1tunisine/andulss 2) fussnounsildussleniann
walulafdananiudavisluduresnivnuas startup dsuisniiddneamiliunisdesenaingiugsia
Wuvdonisianntulu 3) mirsnuniedsfiatuayuisiuulovis wisnudungras nssdeu
migudnaTINTamU Larnsd1ianaia uaz 4) SynBio consortium AdunsTmiTINAUTEIINS
mhenuass vy wevantunisfinwy/anduide fufu Salufiinmesnsdrhusuiiivnansiam
warlivseloviimaluladifstesiuinondaaneidelymnmadwldiufiame Wmneuaznalnves

msmunsutuldegsdaau Inadunisnesenainunuiitnied SynBio consortium a5l
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Thailand’s key stakeholders of Synthetic Biology
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4.2.1 M3WATIEH SWOT uaz TOWS Matrix Strategy
nsdaiunuitmasudusiensiesesiliiugauds geseu lona sadeguassalunisiy
waluladifedeaiuiiinenduanesiunlivsglovilunmsiaudsema oazidoadegudl 4-6 nans
Besremiungnsiundu 4 nagns lawn
1) nagnsldgaudadifslania (SO) : 15IFANmUINTASIYAAIVNTTULALNITVEIBAAIANER U
waruinsfiieadasiu Synsio dnanalan
2) nagmsfidunisudlagaseuiiordnfislonta (WO) : nisi3edanisaiisesdannug welulad
winnssy waridsnudavgiieidestu SynBio sz
3) nagnéildlugaudafieanguassa (ST : msldnalnanusandessnitesemalunsensziu
AIUENTAU SynBio VasUsemelng
1) nagniiudlugnseuiiioangUassa (WT) : nsadausriaszuuinafidedenswan ey 1y

Usglovil SynBio ag1snnanselan
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TOWS Matrix Strategy

Opportunity (O)

0l nJummTuTasJv‘miﬂamsﬁaﬂsmmu
UsEANBATWNNTHER R8N
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= o
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Uszwalunisgnssiu
AUAINITOAIUY SynBio
YoUSTINA NY

5Ufl 4-6: TOWS Matrix Strategy
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fitiouuiis )
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WO:
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4.3.1 Fdenad waztmuignisnauinarlduselevimaluladfngadaanudaingdansisi

Yasuszndlne
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v ¢ < Y o vV a A a = ¥ ¥ ¥ 4 ad a
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e (objective) uaznadwsfidnday (key results) fistwaziden el
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KR 1.1 aontuddedifianuanunsasu SynBio litfeendn 10 s

KR 1.2 fdsaufifilenwasnu SynBio wazeanifieadesldieendt 1,000 Au

KR 1.3 $runudvdtnsinulneviomonulnaduidives ~ 100 Bes

KR 1.4 UV3smduimedlandiu Synsio 1Hlneidugiunside 3 vitm

Wit 2 1ingnsdiudineduaneiiauiassgiaonsedugunmdinuasliningins
uardundonegnadidu

nadnSid1Any

KR 2.1 @5190afLATYgNa 3.2-6.3 UAUAUUIMN (2%-4% Vo9 GDP)

KR 2.2 gsiadudsegnaly SynBio ~ 1,500 U3EM

KR 2.3 §1u3u Startup 71l SynBio ~ 100 518

KR 2.4 4aA1N15899)1 5-8 NEIUA1UUM
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§41A351294 (Synthetic Biology)
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wWhviwne (milestone)
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ddeanuanunsaliia
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fanuanunsalunisly
engineering concept Way
wdesilefiflunmsusudey
345173

3-51
3 g
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un3velnedidiusiy
(CRIGIED)
fdauanusatunsty

engineering concept Tunis
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w3esilenns Al/big data
Uszanawsyuu DBTL 14
Usuusedadidinlmngaty
Waunesasioursetals

1NN 59
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NIAN15IWABLLD 908198981
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THa3esilonia Al/big data
Useanaltnsyuu DBTL 14
Usuusedadidinldmndaty
Waunpsasioursetales
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wsatlUdnansinailmile

1. Gene and
genome

engineering

® AUEINITOIUNTIY

\w3nsilodmiu gene
editing den3lsidAneg
\an"g CRISPR/Cas i
gnafiasanludditin
nanviaekarenIlidnin

NERUNIE

o syuumMsinausulunsly

\3nslodmiu gene
editing Wa¥®NALUUAI
FenglunisTd
CRISPR/Cas \floasnagu
NTINENNIUTINYTIAY

ANSIAY

® ANUANLNTANRUINIT LY

LAT0Ie LaZ/130
\A38lod MU gene
editing Tu platform 7

PnivglnelauSeunse

wdwas

o TFIALATUINTZIUVD

\3p9dlalduaz/vse
LA303LRd MU gene

editing

o ANENNTALUNSIY

wdasilodmsu gene
editing TiflnauanTRny
ANADINTS (high-efficiency
gene editing tLag minimal
off-target effects) 1unﬂ
Adidieiitianuaulalunns

Ma/UTuUse genome

® ANWENLNTALUATIN

\3aslodmsu cene editing
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LHUNISWRIUN ecosystems
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Uselgnlldanaivd

2. Protein and
RNA design/

engineering
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technology, Bioinformatic
ez machine learning
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protein Wway RNA tluune

g X a a ada
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TUsAuLay RNA f1d309

Truwdnluvenenlugau
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Usuusedaidinlamndaty
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3. Cellular
pathway and
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sessunsielavainuane

model organism (single
cell, consortium) kag
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1. UsEnwuaing
o lUsunsuAnusiudedvusenvuinnglasan1duidevessgaduayunisisouag i
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Wuanuieensswmvesniaenyu (Precompetitive research)

Licensing, Merge,
Acquisition

Networking, Information
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Networking, Information
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Capacity Building Collaborative Reliability Responsibility

Frontier research,
Technological innovation
& Infra. development

Interdisciplinary Measurements & Ethical, Regulatory &
Research & Education Standards Engagement

*Ethical considerations
including safety,
privacy, and
environmental
sustainability.

» Advanced Tool *Cross-Disciplinary * Advanced Tools
Development and/or Research ,methods and
proficient tool *Education and technology
utilization Training Programs * Data standards and

* Bioinformatics and *Industry-Academia sharing

*Regulatory framework
*Public engagement
and communication

Computational Biology Partnerships * Production
» Automation and Scale- * Products & service
Up
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SynBio Ecosystem Development Roadmap

RDI Infrastructure Enables = Strategic Partner
* Incentive to encourage the world’s Leading
« Synbio Key lab = Management research institutions to set up R&D based in
= Establish National Biofoundry + Host in each area Thailand
+ Promote Pilot Plant and CDMO capability + Conductor » International networking such as global
= N@l development biofoundry
. = Investment & Strategic Funding
. Frontier & Translation Research « Seed funding for startup = Legal& Regulation
- Food & Agriculture « Incentive for corporate /VC /FDl investment  « Biosafety/biosecurity/social responsible
« Health & Medicine + Intellectual properties/Ease of dging

« Biochemical & Biomaterial innovation

* Biofuel . Enterpri i idi
« Others L9 tools, standard nterprise capacity building

+ Technology localization

SynBio Academy + Talent mobility E:I;leattlng&
+ Create curriculum/training courses + One-stop solution provider fndus _r.y new
« Support ASEAN & Global connection & E—— capability
participation Capability
+ Promote public awareness, participation Utilization
& acceptance
* Research & tech platform Capacity Building
Goals
Short (1-2 Y) Medium (3-5 Y) Long (>5 Y)
+ Capacity building (frontier & translational) + Scale up facility + Deep tech enterprise
+ Collaboration Platform + Manufacturing process (precision fermentation) + New s-curve industry

+ Demonstration commercial feasibility « Standardization (lab to market)
+ Standardization (tools)
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“Synthetic biology is the innovative discipline of designing and constructing new-to-nature
biological components and systems by harnessing engineering principles. Central to this are
methodologies like the Design-Build-Test-Learn cycle, programmable bio-circuits, and the
development of artificial biological systems. As we shape and redefine the boundaries of
biological design, the implications extend from groundbreaking research to societal

transformation.”

1. whgnuvesiulaiindnansiiiettesiu Synthetic Biology meldrmdninanutnsiuvsald
O & (e 2)
O ludl (ude 3)

2. nsal dndngesiiieddesiu Synthetic Biology Mmeldfdninaautnaiy
2.1 WinssyTevangasiineatesiu “Synthetic Biology” mumdninaud1wsiu

2.3 angasaananianuazuazszauln
[0 Degree: Usqyey1es
(1 Degree: Usgyeynln
O Degree: U3gygyuan
[ Non-degree: certificated

[ Non-degree: non-certificated (lifelong learning program)

150



2.4 meldvdngnsifdmifedesiunmsiiiiunuideviold Siilusndenieganaiafifedesty
Synthetic Biology #il#luau3de
] Designing biological components that don’t exist in any organism
L] Engineering of biological components to give them new functions
] Creation of novel genetic regulatory circuits
L] Transfer of metabolic pathways between organisms
L] Creation of new chromosomes or genomes
L] Creation of artificial cells/compartments
[] Transgenesis using a gene from an unrelated organism
L] Gene drives
[ CRISPR-Cas9-induced or oligonucleotide directed mutagenesis
[ Cisgenesis (i.e. deliberate transfer of genes between sexually compatible organisms)
[] Radiation- or chemical-induced mutagenesis
[J Induced pluripotent stem cells
L] Protoplast fusion
[ Tissue engineering, prosthetics, pacemakers
L] Biosensors using modified organisms or macromolecules
L] Non-biological nanotech applications of nucleic acids (e.g. DNA origami, DNA-based

sequence sensors)

2.5 9059821381 5 U daunds (w.a. 2561 - 2565) nandastisduddduianisfnwiudafiau

“yaAungallitayauenaIusy AU Fusn15Any nsaliviiesyesuilvangasiiieadas

flU_“Synthetic Biology” %ae/s¥ay 1% seauUaga/lu X Av, seaulsyqen XX au**
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[J Degree: Usgyay1ln
[ Degree: U3gygyan
[ Non-degree: certificated
[ Non-degree: non-certificated (lifelong learning program)
3 81 e (TUTATEU) oo
3.3 nsdlilBunsenyseninaiammdngns viuiuindmneddgiainiiegldannmsduiuns
elavangns (Fenmu priority)
O yrannsiifiannuy/anuidernamudvnemdngns
O yAansilyinuyemnuiaNuaisnneuaueIwonaInlseiy
O unansivnsseduuusafidufivensuluane i
O wanuidefianunsacevengniaeny

D BUY e (TUTATEU) oo

daun 2

Az IdBveuAmYNANLTIdalun1slvideya 11 o Tenail

152



© N o kR N

10.

11.

12.

13.
14.
15.
16.
17.
18.
19.
20.
21.

22.

23.
24.
25.
26.
27.

f. 05, fiuila Tawdu

A. m5. 931 Jalu

SA. 915, 155N FFALAIUA

WAL A3, N1AT NINEGUNS

WAl 73, Wl wedAanna

6. 3. annTel Prgsusny

s
NA.AT.AUADU 19

HALAT.LEENYl AaUn@nual

W

n3.

3.

Jf.

IF.
W
n3.
3.
W
J€.
J€.
W

WL

IF.

W
W
W
W

W

2]

. 3NH ITUUNAI

YYOND LUNAING

5Tl Sanitu

¢ o U

2N

A3.1INE JURTL

2]

2]

- gu31 Jayann

. AINT WAL

avate dUIIAINT

NYS ANYITIEU

3.

3.

3.

n3.

3.

3.

3.

3.

an.

3.

2]

Y IUAN BUANNUS
AN UBIA

Wasell ey
250USH ATRLINN

gnnnsal lanauiauzlaa
SNl LU TRUIULA

ilF azeigiy
s

Q0
&uR Tns@s

=)

f. A9, WINUNT SN

WU LNUAILUNT

o 4

. Vgt yaynéfal

. 38¥e WiANayATIEidayaNIuNsA NN BalTIYINITUALNENEAS

85MsUR antuInedsws

AMAIVITUAT ANEINEIANENT THIAINTUMINE T
AAIVIFRTINGT ANEINEIANENT WIS EATAENS
AAIVITUAT ANEINYIPNANTNITUINNE UTINGNTEULTAIT
A nAUlagTININ AuEIneIrEns univendeuiing
WM INRLNALULATNTEIDUNAITUYS
AEIAINTIUANENT UINEIFnAlLUlaENITZA0UNATUYS
AENINEINTTINNUALNALLLAE
WINeFeAlULaENTEI0NATUYS

AINEAMIERS
andumalulagnszanuina1dnnmIAIAnTE U

A INEIMIERS
antumaluladnszasunaldngunmsainnseds

naudduwmaluladluleswweswaz s

q

AUGNUTIAINTTULALNALULATTIN NI

q

e

arvunalulagdinin druindsunalulagnisinens
wInedemalulaggsuns

AAINTIINGT AUEINGIANERS UNTINeIReTolnAL
AAINTIINGT AUEINGIANERT UNTINeIReTolnr
AAINTIINGT AUEINGIANERT UNTINEIReTolnAL
AMAIVITIINGT ANLINYIANERNS URINBE8LTe gl
anvmelulag ¥ AL aRENVN TN YRSV INeNdededvl
AV UAT AMEINGIAERNS UNINeSuesln

AV UAT AEINEIAERNS UNINeSuR el
AMAIAN AEINGFNERS UNTINeRedln
AuzAlLlagLarUIRNISUNARAUTINSINEAS

U INYIRYATUATUNT LI

A1UIYINENANTYIUINTT AEINYIAIERS
WINPTV ULNY

AAIYIAINTTUAT ANLIMINTTUAARNT UMINIFEYTH
AAIYIAINTTUAT ANLIMINTTUAARNT UMINIFEYTH
AEEMILNNEAENT PNAINTAILMINIFY
AEANITANERNT PAINTAIUNINE

AMEIAINTTUANERNS UNTINYIRULIAT

153



3. agdusTgunsiElaeiderviyaisusene

Az 13uladnfanssumsiaiulaed gyl i ervyinsussman dusgaunisallunisideuas

U o

a a

19Usylovdarnnaluladnidnu synthetic biology Waidaivinisuasideanidae Lﬁ'aiﬁ'mw%’aga
anuAMutuasiirnisnisiawimalulaguesdnuszsmadmsuidugiulunisimsiziiussuiiisuseau
anundoumanealuladresuszindlng Snisasdunisinauoyuuesvesnrudiivessnainiues
Uszaunsalliuninidewazniaensuvedlne lnedunisadunuiiniunnanunading slunudad
“UK Science and Technology Framework” Tus1u UK — Southeast Asia Tech Week 2024 Favmeudi
Usewalvesznineduil 4-5 flunau 2567 Tngdnensanansveandnsusznausie
1) Dr. Isabel Webb
Deputy Director for Technology Strategy and Security,
Department for Science, Innovation and Technology
2) Ms. Sadia Sapsard
Head of Critical Technologies Unit,
International Technology Department, Foreign, Commonwealth & Development Office
(FCDO)
3) Dr. Michael Adeogun
Head of Life Sciences & Health, National Physical Laboratory (NPL)
4) Dr. Yvonne Armitage
Principal Strategic Programme Manager, Centre for Process Innovation (CPI)
5) Prof. Paul Freemont
Professor, Imperial College London
Co-founder, Imperial College Centre for Synthetic Biology & Innovation, and Co-director
of National UK Innovation and Knowledge Centre for Synthetic Biology (SynbiCITE)
6) Prof. Tuck Seng Wong
Professor of Biomanufacturing, University of Sheffield
Co-founder, Evolutor and RenewFood
7) Prof. Martin Tangney
Director of Biofuel Research Centre, Edinburgh Napier University

Founder, Celtic Renewables, UK
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THAnA s uileNiRetesnumaluladlugiinmedons fusonideds mhsnufnwuazdninnnsgiu
LA vty Synthetic Biology (Engineering Biology) Mu7841uA N WAz WAILINIT scaling up 21N
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winsdle LLaxiﬂsaa%fwﬁugmfiauiuszmufmmsf[ﬁ “Synthetic biology: public dialogue”** Tul a.¢. 2010
w3y Engineering Biology Aiflitivuneludsnsusegndldusgloviidonded ogrslsfin
arudisanazauansolunstadmnensaisansenudaasugialdduiennnsiam sty
INNANY 9 AU LU NITHAUINILTTENAIUITIARALNITAMNUANINTFIUNTIINeLae National
Physical Laboratory (NPL) waznissuldmeannniswmunliaiuisavetsauianiswdnlag Centre for
Process Innovation (CPD) @slsiynsfansdndunuiiios step mstmunle step nils uiazidlusaniunis
WA svgsruas Nt uies Ui oAn1ed s utuuiunvesaddedy 4 Snsssuvatuayunisiam
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Entrepreneurial Mindset tiiglilAnn1sduindeudagsnalangsauy
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54 Synthetic biology: public dialogue, https://www.ukri.org/publications/synthetic-biology-public-dialogue/
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