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— Dr. Fern Wickson (Research Professor of Environmental
Governance, Norway) in Gene Drive Film
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Mendelian Inheritance Gene Drive Inheritance
D

[*> 71t : BEFEFLSOXONETIRCEDS. | | MEFKT(7  MOBEFHEF 00%FRIEDS,
QHomuzygous (dd) mouse Q)Homozygous (DD) mouse
&Helarozygous (Dd) mouse Q,Gene-dnva modified mouse

Mot : NASEM 2016, Figure 1. (FEEHIC &k h —B&E)
+ TREE ORUBR T 2 AW RN IS BRI S € 2 BIR £ 72 13 2 OB o) [Z2EK
SPAETELR T SR EROMHE ek 2 2017]

+ TEWERZSH LT, b 2RIBEED, —20EYD S ZDTFRICHEI N2 %2mbT
30T, BENFEZRS Y5 AT L) [NASEM 2016; KJE 2018] 3

AZ714NK3

T N1 D5

+ BETFFIA7E, PERBEEOVDEDDT 7Y -2 a v LTEE L%, [Macias et al. 2017]

+ WRNTIE T7 7 LSRR H O OREERDMEERORME LT % & ) RBETREZ A
%2 LT, ERPE|ERI THRA RMEZBETE R VD L) EEDH 5, [F1H 2016]

+ ) MREBRO FEZHAIHAGDE S I EICk>T, BEFRIA 7T2E5BICH SR IES
EWVWI)HEEEIR, ETFA B a TP a uNTIC B THEI X 1 Gantz & Bier 2015], X 5ICi3 =
ZVTHARTHENT Y T HICBOTCHRARDOERPAL 5 2 & b IS 17 [Gantz et al.
2015], (cf. [FF¥ 2016]) 29 LT, =7 Y PHEBRADIEE i 2 72N~ &7 H DIEERE N CTREAH

iz, [VHk 2016]
+ R LBIETF 74 70%eMe8->T, BIETH S Diis’d 5, [e.g. Ledford 2015]

Heidi Ledford N#f5 T F 74 70%45xt%, TNature ¥4 £ = A b , Vol.13, No.2, Feb. 2016
http:/ /www.nature.com/ndigest/journal /v13/n2 /pdf/ndigest.2016.160206.pdf
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BIEF R4 703, WRAOELZIE, BHRPMEDEAELR
HAINOEGIMEZWE 5 2 & CREZZE L, FH IR Z
ez sk H Y £9, ~

— Esvelt, Kevin M., et al. "Concerning RNA-guided gene drives
for the alteration of wild populations.” Elife 3 (2014): e03401.

AZ74K5

e o (7 cv 7Y o bl

+ 27 ) PERBICNT BEE T2 RO E 7 U 7 L i flic )R 3 2
EPTENIR., ZOREYIEE KAICRCcE 2R H 2, ZDIFE, BIETF R
A 7 TCENDFEETEES Z LRI N,

+ INETOMEDLS ., FNICEGTE > 7 ) 7EIRPFEL TS, Z DI L5/ z 1

\\\\\\\\\\\\\\\\\\\\\\\\\\\\

BF 2 AT OWERNIRBICIRD 3 TIEBGEP 27D TH 5, [(FRIFFEEFICE
%, LU AR

+ MITOBGA# Kenneth Oyeld. TEET F 74 72HeBAEMOEHOKLE L &
DEAHBES I, BHILBOGERINEV D VLT Wi\ £ F 9 ([Oye et al. 2014]), B
T R4 7R3REERR2ZIERIN2ROEEAOCND 0, akh i 2 74 Bl
DK,

Heidi Ledford & Ewen Callaway BEfETFF 74 7cv 7 U 7 LB9 ) Nature ¥4 = A b g , Vol.13, No.2, Feb. 2016
http:/ /www.nature.com/ndigest/journal /v13/n2/pdf/ndigest.2016.160204.pdf
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7 \7 ]) 77 @iﬁ}lﬁ WORLD MALARIA REPORT

+ G, 0F AN DAL D25 Y 7oL BoT
WEF, v 7Y TP THEED TE 2R

T EHEEI TV 7, [CDC]

+ World Malaria Report 20203, #2204/ FEM D~ 7
Y 7 ~OWF I 2 iS22 TERK L 72 123870 iR F>
CANA L=V EEDIRD £, oHIIE, 15

TEORR L 760 F ANDSEC 2GS 2 L v, <7
V) 7 XSS B\ THIF D 72 WS 2 I 72 T YEARS OF GLOBAL PROGRESS & CHALLENGES
9. [WHO, 2020]

World Malaria Report 2020
https:/ / www.who.int/ teams / global-malari reports/world-malaria-report-2020

% %\\*\4, World Health
& %2 Organization

CDC - Malaria - Malaria Worldwide - Impact of Malaria
https: / /www.cdc.gov/malaria/malaria_worldwide /impact.html

AZART7

Over the last 2 decades,
malaria-affected countries have
achieved remarkable success,
but the fight is not over

2.6

MILLION

lives saved globally
since 2000

- faate.

NEW MALARIA-
FIGHTING TOOLS
are critical

to accelerate
progress

94% s ®

#EndMalaria

AFRICA CONTINUES TO CARRY
THE HIGHEST BURDEN OF

MALARIA GLOBALLY

XY World Health .
. VOrganization #EndMalaria

of the world’s

malaria

cases

& deaths

‘World Malaria Report 2020
7 j*y World Health #EndMalaria https:/ /www.who.int/teams/ global-malaria-programme /reports / world-malaria-report-2020

&%/ Organization
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Bill Gates endorses genetically modified mosquitoes to combat malaria

+ "Gene drives, I do think,
over the next three to five
years will be developed in a
form that will be extremely
beneficial."

+ "Of course, that makes it a
key tool to reduce malaria
deaths."

AZ714K9

"The OQutreach Network for Gene Drive Research"

OUTREACH NETWORK FOR WHATIs e why
GENE DRIVE RESEARCH prver

Research is needed to

understand whether using gene drive
is possible and appropriate to address
different health agdconservation challenges

* "The Outreach Network for Gene Drive Research"® HI%, 23D F|4% the public
good D7 DITEIET F 7 4 7WFiOflificBI L CBL %2 2 2 £ TF, [FlF] 20
2y FT7 =7 OHKRELRBERZ, ENV - TUEF - XYY - L VHMEAOZEERT
N2,

About Us | Outreach Network for Gene Drive Research
https:/ / genedrivenetwork.org/about-us

AZ74 K10
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A secret weapon against Zika and other mosquito-borne diseases

roff | TEDxMidh

A secret weapon against Zika and other mosguno-borne
diseases

'S - s ) B O

"[Bliological control of harmful insects can be both more effective and very
much more environmentally friendly than using insecticides, which are toxic
chemicals. That was true in Rachel Carson's time; it's true today."

Nina Fedoroff: A secret Weap()r\ against Zika and other mosqultu borne diseases | TED Talk (Oct. 2016)
¥ ted.. 1k :

274K 1

EARFmEEIC & 5% X 3 DR © HIRREDERD ?

+ TEEFFIA7) 77/0Y— (DNADHMARICHED ZELIE, MRzERL L
AV OBE T 2WEL, LIRS 5N 21 EIRFITRA ATE) 134
k., BREBBETEEI N T o7,

* TAYATIR, FXI2NRICLAEIRERDPHBI N L), KESI NG
2RO R 2 HARDORHERANKD &, WESNBETHIERL, I LWEZ
BA1Y, Mm3€ih)TES,

+ BREIRFEMA Island Conservation!d, s T F 7 A 712 X % Tdaughterless (=X 2%
HFERV) | FRI, DFNARALTRECEEZEY IR ZED TV S,

+ BIETRETARADRAIZRMTS TSIy F—LrviviER, 12, EEE2M4E
@#6?5@%%;&&mx%@f;%m>o Zzi e b ARGFHED L % 5 Y 7RG il
WE DA DD,

MIT Tech Review: JET F 74 712k 2 % X S OMfffuld, HAREL Z2D0?

274 K12

06 I £ P e B U B A



AL
BET F 7 4 7 CORRMIRI I R RSO RN

* BET R 74 7GRS, COFEIHEAREIC AR D, FELD BIAWHIFHT, &
KLTWao S CHEEBRERZEZTLE ) HEL, BERICH kv, FHHE, Eis
T R34 Z7DEBEDOE D THEIMITDT EY » TANL b E, BUEEHTD & LM
TLRRERHL VWD

q

+ 20174E11 H16 H fTPLOS ONE L THE I N-im i kiU, X D oG 2205 %2 3%
RWVRD | REINEETIE. BAEYDROELHIERICE CAB>TLEI V), T

ARV LS, TEET F 74 703, RfEIICIEH L IR ICRAN AR ZED 3o &

[T Z &72) [Esvelt & Gemmell 2017, p.3] & FEL T 5

|

+ ANV ESIE, AR RV ICEEBETFF 74 72MF0%% 35 2 LIdTREL L
BT 2, 225, FEBIEZ2IZERCHRALLTA TTIRELRVCOPEIR, 29 LT
AT 7T 5 TR, BETRESINBHYCERZ KEICHICR OO IEH L 72 5
PEHE2S Lz, MR EZESDIEIRBELELTE. DENICHREITEE
T, EZ AN B IREROT S,

MIT Tech Review: S{5T- I 7 A 7 CHRRBIIR 3L BRBHRO BN, FFEE L

X714 K13

Gene editing can now change an entire species - forever

"Gene drives are so effective that even an accidental release could change an

entire species, and often very quickly. [...] [IJt could be a disaster if your drive is
designed to eliminate the species entirely."

Jenmfer Kahn: Gene edltmg can now change an entlre species -- forever | TED Talk (Feb 2016)

AZ74 K14
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BInT 874 7 OEH#EIPHDIER S 415 Al

Immunizing Aiding
Animal Reservoirs Threatened

of Disease Species ﬁ
Safely Controllin 5 & i S > S
< Gent vz ana + BT P74 ZI3NHENS %5 WIicH

Human Health Environment o 7 foae o S
HIHDIL BT TH 5, RERIISER
Controllin ontrolling W = N 3w
Vedorgore TR 54 7HM 5B~ EH & B AEE
™ Geneorives = %
P M % 2Tk < BB B (JE),
Herbicides lanagement

} o R LA (R GMO)D %At &

Ak o RO, b5\ 122 OUR L
I3 % B O TR & 72 5 TTHERE
%) o

[ it : Esvelt, Kevin M., et al. "Concerning RNA-guided

gene drives for the alteration of wild populations." Elife 3
(2014): €03401., Figure 7.

X714 K15

Public Health

o Control or alter onganisms that carry infectious
discases that affect humans, such as dengue,
malaria, Chagas, and Lyme discase

Control or alter organisms that dircctly cause infectic
or discase, such as Schistosomiasis

KNA DET 5
NASEM?7H SR
O G | Al 1y f
oo o Control or alter organisms that serve s reservoirs of
'fK?‘ ]\ 7 /f O) ' )EH %B. Image Source: US Centers for Discase e

Control and Prevention

Ecosystem Conservation

« Control or alter organisms that carry infectious disea:
that threaten the survival of other species

Eliminate invasive species that thrcaten native
ecosystems and biodiversity

Alter organisms that are threatened or endangered

Hemignathus munroi
J, \gﬁﬁ él_:‘ (*Akiap0li'au honey crecper)
I AR Image Source: US Fish and Wildlife Service

Agriculture

Control or alter onganisms that damage crops or
carry crop diseases
y Eliminate weedy plants that compete with
< %% cultivated crops
Fruit damage from spotted
wing drosophila infestation
Image Source: US Department of Agriculture

H

*  Alter model organisms 1o carry out research on
gene drive function and effccts, specics biology.
National Academies of Sciences, Engineering, and Medicine. (2016). Gene drives and mechanisms of discase
on the horizon: advancing science, navigating uncertainty, and aligning research with
public values. National Academies Press.

http:/ /nap.edu /23405

DNA Double Helix
Image Source: National Institutes of Health

X714 K16
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BIS T B 7 A 7B 2 By 26 8lam & imPrEpR B o

+ b LEEND 2 CIIFBOFEIEL 256, BHE2 LEZT2L)RFE 0
K24 7(V X—H)L K7 A4 7 reversal drive (cf. [Vella et al. 2017])’?-”%‘7’5 N7 A
7 immunizing drive)Z ET UL L v, LWIERLH 2, HiF RN 7
A4 7(DEE)VEIBRNT, WRERLZEYZIZIZTLOREBIIETHDOTH D,
BFEIIAIELR P74 7H0ENE T 2 8EFRFIZKE L, AHcEtIEs b
DTH 5, [Wade 2015]

* —h, ¥4 avPavnIzHuiERT, BT F 74 7ICNT 5E5kE
AR T DI DMHER S 1172 [Champer et al. 2017] £V I HE D H 5,

Vella, M. R., Gunning, C. E,, Lloyd, A. L., & Gould, F. (2017). Evaluating strategies for reversing CRISPR-Cas9 gene drives. Scientific reports, 7(1), 11038.

Nicholas Wade, (,cnc Drives Offer New Hopc Against Diseases and Crop Pests - Thc NLW York Times (DLC 22,2015)
-dri -he a s

Champer, ], Reeves, R., Oh, S. Y., Liu, C, Liu, ], Clark, A. G., & Messer, P. W. (2017). Novel CRISPR/Cas9 gene drive constructs reveal insights into
mechanisms of resistance allele formation and drive efficiency in genetically diverse populations. PLoS genetics, 13(7), €1006796.

17

274 K17

iy BiInFF 747 ? : Safe Genes

Control of Gene Countermeasures Genetic
Editing and Prophylaxis Remediation
‘“
-
\ SR
. o
Enable temporal, spatial, and Inhib®t unwanted Remove engineered genes
reversible control of gene gene editing activity from environments to retum
editors to baselne

o XOReR (skhaviu—AEEEOR)BIET P74 7OBESEEN TS, BIE, K - B SR i T
(Defence Advanced Research Project Agency, DARPA) 23 A R > % — & 7% > C, Safe Genes7” R =7 F D 5NT W15

+ FRIR L OBIRD S . WRWH O MER IR A L7l (7270 - 2—X) L Lo, HazRHT 2@tE#L b
%, cf. [CSS, VDW, ENSSER 2019, p.13]

Defence Advanced Research Project Agency (DARPA). Safe Genes. 18
https:/ /www.darpa.mil/ program /safe-genes

AZ74 K18
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HEHBAED T F 74

Daiey drive: CM.BMA

MW

Esvelt, K. M., & Gemmell, N. J. (2017)

3
¢ EEISOOwes
26 00 916 B© bilikh__ S5
o e « %% il L ‘L“ -
ALy e/%f el il et i g
© i outoflnks. = inhertance it Wi E
Ol b iR 9 000 008 0060 006 N 0 8 oo oo ol ol

Noble, C., et al. (2019).

*

TR OBRIECb 525,  THCOIHIA! self-exhausting) [Noble et al. 2019]0 %427z ) [Esvelt & Gemmell
2017] T7A P —(F=—)F 74 71 O dbED TS

-

DEIET F 74 7OMBORELZMRT 511, BRI T 2 &) RBEETFIA 72E5 70w LT
T, BOIBEPIEE ZBETFF 74 7 2E2 L RABER L EZ TV E T, BRonitRUco A WEINEE T
%4 DTY, 4 [Esvelt, 2020 in Gene Drive Film (F663# 12 & © N T30 5 —HekaN)]

+ Esvelt, K. M., & Gemmell, N. J. (2017). Conservation demands safe gene drive. PLoS biology, 15(11), €2003850.

+ Min, J., Noble, C., Najjar, D., & Esvelt, K. M. (2017). Daisyfield gene drive systems harness repeated genomic elements as a generational clock to limit spread. BioRxiv, 104877.

+ Min, J., Noble, C., Najjar, D, & Esvelt, K. (2017). Daisy quorum drives for the genetic restoration of wild populations. BioRxiv, 115618.

+ Noble, C., Min, J., Olejarz, J., Buchthal, J., Chavez, A., Smidler, A. L., ... & Esvelt, K. M. (2019). Daisy-chain gene drives for the al
Acadeny of Sciences, 116(17), 8275-8282.

ion of local pop of the National
19

274 K19

"meiz BinT R " & Z D BRI

Approach

Examples Temporal Dynamics ~ Geographic Reach

Linked-homing, Medea, Self-propagating

Non-localized

CleaveR, TARE/TADE

(low threshold)

Translocations,

Gene Drives Underdominance, UDMEL

Majority wins
(high threshold)

Daisy, split-homing, killer
rescue

Non-Drives

SIT, RIDL, fsRIDL, pgSIT

Localized
Self-limiting
(temporary limited)

*

ULz an =S R i A 2 PRl e

SY7RI4 71 owdns, EEENH population suppression / 4

[l %2 population modification ® &5 5 IC BT HMHHARE, HiFICOWVTid, EBEICIN L 2 BERR &, 7727
L AR S NG TS 2 Lo fe, HIBRIICIRIRS 245 1303, HCHAD 7o, YR ZHERIGEE LTY

NI F I 4 7HEDONHE D RO 5N 2, BFICOOTUIIFRIIC HHIBEIC ) ARIICHIB I T 37D, M4
0 THIRIN) © 61 THAHIEZRD THE 2 Eh 56 (U N—HLF T4 7%D) WS AHE,

State of the Art Strategies for Gene Drive and Biological Risk Mitigation, Omar Akbari, Ph.D. November 9, 2020

https:/ /osp.od.nih.gov/wp-content/uploads/ Akbari NEXTRAC_110920.pdf 2

AZ4 K20
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BIET N7 A4 710089 2 BB D RERE

* Gene Drive DEREINDHE DK E S 24, BB 7. Gene Drive ICBIL T TRID & B R %
L E 9, [RERFEEETFUI SR E0E R HH 2 2017]
1. Gene DrivelZ B4 2 [z BEANIC AR5 2 &,
2. Gene Drive% F\» 7285 T 2 EEGIHO A EZIET 2 2 &,
3. WY NS LB ESH SN T LS L 2ERT S 2 L,
—Gene Drive/E¥id, Z OBEISIME 2 W R & 75 2 EWFEELRNIC 20 IR S & 2B ERE 23 %

b EIAFALEZ WS OHIIEOBIFIC X 5 BV DS ERIEDHECR B 2 WA Il > 7258 Y] 7 55 8
LA B ) CEETT,

+ KREBET AT S —IBEF F 74 7T a2 MEHEOP T, KRRV TEEBEFF 74 71Cd >

N EAED S Z LA RT B V) REEZR LTV 5, [The National Academies of Science,
Engineering, and Medicine 2016, p.177]

+ LTI L, EHEOZEI TRV EEZZTLAIIES. ERBERCELTEEAERVLEBbN S,

21

274K 21

. Gene Drives on the Horizon
Gene DTIUBS 01’1 the Advancing Science, Navigating Uncertainty,

and Aligning Research with Public Values

Horizon

+ DEEEFF 74 7oL I niimi3, 55 Ik
TERVHEANDRAL, 72 & 21BN EYE D
R ZE L faRic S o InEofReh e, §

B Th %, EY L AEBRICA NN R %
FlERITEETF 74 7OBERIZ, VAT %2
fili$" 2 DICIRA 5 TTER SR 5, A, 27 —7
RV =LA, Btk BERIEGRIC BT 2B
FERI TR &, B RO 1m0 2 T L% < |
BETF 74 7HRD. THrpiCBR 2 - 72
(step-by-step) 7 70 —F ZWREICT 5 Z L3 TE

%, 1 (FFUX[LREE 2018] % 21H)

National Academies of Sciences, Engineering, and Medicine. (2016). Gene drives

on the horizon: advancing science, navigating uncertainty, and aligning research with
public values. National Academies Press. The National Academies of

http:/ /nap.edu /23405 SCIENCES * ENGINEERING * MEDIGHNE

274K 22
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BREEFMIANF v ZAD O EDODEES « FRAEH]

+ PRIEANZ, 199240 THETEBAFICBIT 2 U AEE ) DH15
J5HI© "Bk precautionary approach; & LTE &N
Te.

+ EUBINTIE, BRINBRELDT(EEA) 23 PR Rl o> S B % 58
s TRIZSED S OENUEEDZEN) ("Late lessons
from early warnings") % fEi& « 2B L Tv» % [EEA 2001; 2013],
—IFihTiE TRBaME) "false positive" DFHIH NS %,
ICinnovationZ Gl T 2 & &, HEEDOZBR SN 5,

{11411 : Late lessons from early warnings: the precautionary principle 1896-2000 — European Environment Agency

https:/ /www.eea.europa.eu/publications/environmental_issue_report 2001 _22

{11412 : Late lessons from early warnings: science, precaution, innovation — European Environment Agency

23

https:/ /www.eea.europa.eu/publications /late-lessons-2

X714k 23

Gene Drives at
Tlpplng P OintS Arnim von Gleich

Winfried Schroder Editors

+ [fE & LT, SPAGES (Self-propagating artificial genetic elements,
THEAET 2 ATBER T ) LBET F 74 713, 88RO L TR
HISET 28003 5. [von Gleich & Schrider 2020, p.248]

o
(a) EEARBRICB VT, HRNICKII /BT F 74 7 e n e r I V eS

ZHE S N7 BT X BRI ISR L, TR il
TER DR KIS ICIER S 5 70 & AT,

[ ] [ ]
(b) BBy & SEBIATHEAE D) 1258 U C (BUEBEIC 2 9 L a t I I n
FUEIEBEO b0l ) 505 305 HHOM)ZE
HIBRISBRIHET 2D TIRAL, L AI TR (1979 DS °
9 MU H-D  F Rl ‘heuristics of fear’ Z VT 7 7 P O I n tS
QIS N ) A 2 I L FHIMBRIALNE L S5, M
A sl Precautionary Technology Assessment

U—FIRETH2),
(@) 2 LCRIBRIAIC b5 4 /53 3 ¥ ORBUERTT and Governance of New Approaches

Sl e i to Genetically Modify Animal and Plant

kSRR AT & AR I 2 2 2 el 2 SR T I . y fy
von Gleich, A., & Schroder, W. (2020). Gene drives at tipping points: Popu atl ons
precautionary technology assessment and governance of new approaches to
genetically modify animal and plant populations (p. 256). Springer Nature.

@ Springer Open
Gene Drives at Tipping Points | SpringerLink 24

https:/ /link.springer.com /book /10.1007 / 978-3-030-38934-5

274K 24
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GENE DRIVES ,
A

»

+ Critical Scientists Switzerland (CSS), the Federation of

German Scientists (VDW) and the European Network of j E
Scientists for Social and Environmental Responsibility rﬁ
(ENSSER)?D = [M{A4%20194E5 H I ABH L 72, MIZF F 7 A E Al
TV 2 W, 3 , ) ? (

»

BEA - BT 7207 T3 72 < . ELSIGRERIY - 310 - #h
KANFTE) DT> 6 OB 24 I Tw 5,

CPNATRIEOR S, MIBOFRE, BREERE S GENE DRIVES
W% RIS AERE R~ DO U 2 IO W2 B L <,
FEEETIR, TORABIEONS £ T, H 5\ [EE A report on their science, applications, social aspects,

(A B OB 5 1B 50 M 5 4 7y ethics and regulations

+

+*

L) REE, oL RN RBAICIER T 2 BROR R
DS E 2759, 1 [CSS, VDW, ENSSER 2019, p.13]

Critical Scientists Switzerland (CSS), Vereinigung Deutscher Wissenschaftler
(Federation of German Scientists, VDW), European Network of Scientists for
Social and Environmental Responsibility (ENSSER). (2019). Gene Drives. A s o ‘;&?
report on their science, applications, social aspects, ethics and regulations.
https:/ / genedrives.ch/wp-content/uploads/2019/05/Gene-Drives-

VDW E=

Report.pdf.

274K 25

"Gene Drive Film”

+ ENSSER, VDW, CSSh# /1D b &, BilERIA "Save our Seeds"IC X > TR I N7 R ¥ 2 X >~
2T

+  BHFISCK D GERFIC X D —HUER)

NEIEETF 74 74W13. 826K 20 CIRBEINEEB T LEOR D BREIGH T
T, [ EE TR 74 7EYIE, BAROREO L DR EEMZ 20, I o3RS % X
IICEGEF STV E T, 2o iz, AEBREEYMICTHTE R VL b 76 JHEE
HERH D ET, TLIKRT I LIFTEER A, REOHE, ZUII 54k 2O L EER
RO O3 2 WREMED D . AR OIE@ER & &) nutrition 2 &3 AIREMED H D £
kR
[rfiliE]
Save Our Seedsid, FA Y, a—w vy, Z L THAEBTORELS 74 740 d
ZHAMNLZEZ Y TLZERLTWET

Gene Drive Film - YouTube

https:/ /www.youtube.com /watch?v=PLt6ILhQZ7E 26

271K 26
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+ Critical Scientists Switzerland (CSS), the Federation of German Scientists (VDW) and the
European Network of Scientists for Social and Environmental Responsibility (ENSSER)? = [HI{4

122018411 H8H ., BB T F 74 70OWi%EF s >, FHRANICHESEES MY 72 23T
% X 9 % %3 L 72[CSS, VDW, ENSSER 2018],

# —Jj. The United Nations (UN) Convention on Biological Diversity (CBD){&20164F 12 {xF
74 71T 2 MAHBETHOET b Y 7LADEAZEKE LTV 3 [Callaway 2016], 24E4, [EH
BBRGTFRF 74 ZICHBZ2F 22 EIOVTIRABLED, €9 b)Y 7LDHREICOWTIE
BHOSEL 72, 20184E11H29H. T2 7 b DEL-Sheikh THif# & 1172 CBD&#EICE W GEIB T
7 A THEVOB 2 —RIICEE IR T 2 K% T A g b5 7 DTH 5 [Callaway 2018],

Callaway, Ewen. (2016). ‘Gene drive’ moratorium shot down at UN biodi-versity meeting. Nature News & Comment (Dec. 21, 2016)
https:/ /www.nature.com /news/ gene-drive-moratorium-shot-down-at-un-biodiversity-meeting-1.21216
Callaway, Ewen. (2018). UN treaty agrees to limit gene drives but rejects a moratorium. Nature (Nov. 29, 2018)
https:/ /www.nature.com /articles / d41586-018-07600-w
Critical Scientists Switzerland (CSS), Vereinigung Deutscher Wissenschaftler (Federation of German Scientists, VDW), European Network of Scientists for Social and
Environmental Responsibility (ENSSER). (2018). What is on the horizon? Biodiversity and gene drives: science, culture, ethics, socio-economics and governance.

https:/ / genedrives.ch/wp-content/uploads/2018/12/ First-statement_Gene-Drive-Project.pdf. o
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Abstract

Gene drive organisms (GDOs), whose genomes have been genetically engineered to spread a de- o
sired allele through a population, have the potential to transform the way societies address a wide
range of daunting public health and environmental challenges. The development, testing, and re-
lease of GDOs, however, are complex and often controversial. A key challenge is to clarify the ap-

(03]

propriate roles of developers and others actively engaged in work with GDOs in decision-making @

processes, and, in particular, how to establish partnerships with relevant authorities and other
stakeholders. Several members of the gene drive community previously proposed safeguards for
laboratory experiments with GDOs (1) that, in the absence of national or international guidelines,
oo i Anaad anaa LAl e mn T T mn b < ienele $n e mnn A RTacie <oisle ATNA Anconlac
Long, K. C., Alphey, L., Annas, G.]., Bloss, C. S., Campbell, K. J., Champer, J., ... & Akbari, O. S. (2020). Core commitments for field trials of gene drive
organisms. Science, 370 (6523), 1417-1419. 28
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2014; Esvelt & Gemmell 2017; Ledford 2015; Reeves et al. 2018],

+ BRI A LTk, RO TOEABDPNTR2IRETH S, 2D, FEEI
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. TP RAYATR, BT F 74 72 GUEEORIBEDOEEDS. bW 3 Hi RSMOEMEK L

fifE% 2 T\ %, ; [Kahn 2020]

Jennifer Kahn, The Gene Drive Dilemma: We Can Alter Entire Species, but Should We? - The New York Times (Jan. 8, 2020)
https:/ /www.nytimes.com /2020/01/08/magazine / gene-drive-mosquitoes.html

\\\\\\\\\\\\\\\\\\\

29

274K 29

2% © Draft Report of the Gene

Drives in Biomedical Research
Working Group

+ SRENZEAENIZERT (NIH) 122019
. TEYRIAIZEIC BT 585
FRI74 7OREELERD B
Hizowiiatd52 &, 2 HRY
@ >t s, "NEXIRAC
SRl

+ AEELIZ, 2021F6H I ¥
TOIEERRE DEREZ ANBI LT
%O

NEXTRAC: Considerations for Gene Drives Research and an Emerging Biotechnology
Framework — Office of Science Policy
https:/ /osp.od.nih.gov /2020/11/09/nextrac-gene-drives-research-

biotechnology-framework

NEXTRAC, Draft Report of the Gene Drives in Biomedical Research Working Group
https:/ /osp.od.nih.gov /wp-content/uploads/

Draft Report of Gene Drives in Biomedical Research Working Group.pdf

Novel and
Exceptional
Technology and
Research Advisory
Committee

Draft Report of the Gene Drives
in Biomedical Research
Working Group

JUNE 2021

z‘. C
", National Institutes
o of Health

AZ74 K30

7 AREHM—R TR TAE L Do0dH 5k L B — (RHHMCET 270 Y = 7 12021)

105



=R O niHmEA BuiE LS

+ ARFEFRIZISPS FHIFEE JP 20K20493 NEIRT- N7 A 7 OFK - Pl - L2 WFHIEICEE 3 2 ABR AT (RF | BRI S X OARUE
A HIZME A S 4 ASC - thRREADFZERI DRIZT B 7 4 7 OMBEI « 1 - 2B 3 2 B MBEnE%) o
W EZ I b DTH S,

= RERO—EBIZ, T OMHFHRXONEZRKML 7 bDTH S,
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IFRIZWwI &, T X o> THEILDEBIES, BAZECEB D ICBIET L EWHRICAD
o A2HbDOHRICH L TORESEVWHHKIED>TLE ) WREENH L EFEbI TV E
Fo (RZ14K2)

TlE, V=Y o478t ny b, AL TEHEPELD 525 I AMbNzR
YTINVEBIEOBREBET HELZESDONLTVwET, XATA4 N3 IZBWTEMIZA YTk
BIZOBEAXZ R L 4. AMAEMOY G, BRI D52 DR TIREZ 2T <
V) EHICREZERIFRTEHCE T, V=V FI4 708 M Z2M9 &, ENEST % il
AIIEIZ 100% DFERTTRICITXESE L 2 LN TE T T, AR ERIL., EEKRESE
(R ZE SR i i A T X R0 R E O R BT R4 7 7 77 I —  (National Academies of Science,
Engineering, and Medicine: NASEM) 72 E29R LTWE 325, MW & BENEIET %208
I R IARAN & 2T /R DS % Bl T4

BIRF P74 7HRIEARRTORONZBLTY ., 7/ 2fEEMOB, L2 L
T, TN ANMOFTHBITE S XH)12% 0 T L7ze 2015 SEEHD SWIERAMEHIIC A & — b
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A ZETHH 3,
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(1) AEKSEEE TIPSR i 3% A% 175 2 [Gene Drive DI e\ B 5 5B ] 2017.9.20, pp.3-4. <http:/
www.idenshikyo.jp/ src/2910470/GeneDrive JPN 20170920.pdf?v=1507611457061>; National Academies of Sciences,
Engineering, and Medicine. Gene Drives on the Horizon: Advancing Science, Navigating Uncertainty, and Aligning
Research with Public Values, Washington, DC: The National Academies Press, 2016, pp.15-21.

(2) Heidi Ledford, Ewen Callaway (Z44E 30 TEETRFSA4 7 T~5 Y 7 &S | [Nature ¥4 Y= A M) Vol.13
No.2 2016.2, pp. 4-5. <https://www.natureasia.com/ja-jp/ndigest/v13/n2/%E9%81%BA%E4%BC%9D%ES%AD%90%E3
%83%89%E3%83%A9%E3%82%A4%E3%83%96%E3%81%A7%E3%83%9E%E3%83%A9%E3%83%AA%E3%82%
A2%E3%81%A8%E9%97%98%E3%81%86/71658>
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(GRAE R 2021-4) & HAE A K O & 2R, 2022.
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WAE A TTAL LY T 7 TUEL BoTWET L, BEDIFD 2k S ToTEL2H
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72 AU, Microsoft fEDBEIZEH & L TIAK LGN T WA E ) - 574 (Bill Gates) 2% .
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57259 LIBRTVWET (RF4M4K9),

ZEBRIZ Outreach Network for Gene Drive Research (&, BT RT3 4 7Oz &b 60w
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YF A YMEFTELTWET (RTM4K10), EETFIA4 720 Tid, BOiR72 0
TIER L, HERDZENZDIZVD LW 2 LT,

BIET NI A 7 2o TRBICIB S NZEWIE, Ay~ GERIR -2 EYEOME
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— T, BREPLELLDHVET, BETFIATORBED I ATHETE Y - TAN
Vb (Kevin Esvelt) (X, 2T FT A4 7, m#EMICEIHIHLVIEFICRBANREZ/ED 15
DEFRUTH-> T, HHICETLTEIWT 20O TR Z2WA ] EFRLTVWET (RFA4K
13)0 720 V¥ —=FVAIDY =T 7—+ H—2 (Jemifer Kahn) &, [FEHZ LT L%
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TEDEEICLZV] EEoTwET (RT1K14),
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(3)  WHO, World malaria report 2020: 20 years of global progress and challenges, 2020. <https://apps.who.int/iris/rest/
bitstreams/1321872/retrieve>
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(4) National Academies of Sciences, Engineering, and Medicine, op.cit.(1)

[5)  Arnim von Gleich and Winfried Schréder, Gene Drives at Tipping Points, Cham: Springer, 2020.

(6) Critical Scientists Switzerland et al., GENE DRIVES: A report on their science, applications, social aspects, ethics and
regulations, 2019, p.338. <https://genedrives.ch/wp-content/uploads/2019/05/Gene-Drives-Report.pdf>
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