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



https://www.youtube.com/watch?v=PLt6ILhQZ7E
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@)Homozygous (dd) mouse Q)Homozygous (DD) mouse

@) Heterozygous (Dd) mouse Q)Gene-drive modified mouse

XD H L : NASEM 2016, Figure 1. (FEFR#H 1T & i E)

T E DBER T2 AP FEMINICELICIE I S B 2 HR £ 7212 Z 0ok, [2FE K%
B L L SR A& ek = 2017 (3 B AL 25 Hia s (N4FE4H1H ICHB A H))]

o

THEHEAEZ D9 U T, HEEEEEDL, —0D0EYD» S ZFDFRICHRINSEEN 2L 5 &
VW BENEEZHESE 5 AT L4 [NASEM 2016; A 2018] z
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http://www.idenshikyo.jp/_src/2910470/GeneDrive_JPN_20170920.pdf?v=1507611457061
http://www.idenshikyo.jp/_src/2910470/GeneDrive_JPN_20170920.pdf?v=1507611457061
https://www.nap.edu/catalog/23405/gene-drives-on-the-horizon-advancing-science-navigating-uncertainty-and
http://www.cape.bun.kyoto-u.ac.jp/wp-content/uploads/2017/11/a722765bf77a7ba05e83b58f7146ee09.pdf

BT F o4 7088

R BTt R4 70 PEHRBEEOOE DD s ) v a kL e85 . [Macias ef gl 2017

+ THERIZIE 77 ARERMNZ H O TEXEZERPCHEERDORFEZ WA T % X ) B8 FERIEZINZ
%k_é;f\ ERNG| ZEITHEL RIEZBHETE R0 LW ERDED 5., [FHH 2016]

+ 7)) LIRERMOFELZTFAICHAEHOEE I LIZE>T, BEFFIA 725518 283
EWVHAREMIE, FTFA BT a7y a NI BWTEE X N Gantz & Bier 2015]. X 6k~
FZVTENERTHE NI THICENTHEBROEBERIEL 5 Z & b FHGEI 1L7z[Gantz et al.
2015], (cf. [F}2016]) 29 LT, =7 YU THRBENDINEZIMA Ten~ 5 7 A DBIEEENTEAH S

N7z, [ZDHK 2016]

+ R LBEFFIA70UENEZE->T, BIIETH % Difind’d %, [e.g. Ledford 2015]

Heidi Ledford "&f{n 1 F 74 70%2%%, Nature 4 2= A by , Vol.13, No.2, Feb. 2016
http: / /www.nature.com /ndigest/journal /v13/n2/pdf/ndigest.2016.160206.pdf



http://www.nature.com/ndigest/journal/v13/n2/pdf/ndigest.2016.160206.pdf

LN AREEYS G RES

= AR WA A (sterile insect release method X 7z I3 sterile insect technique; SIT) & (3,

NRER2RKBHEMBEL, 2062 "AEAL) L THRMBUSRE L, BFEX X DE
Uiz cE 2 < LT KIEAUEIA L Z 8 5 T 5 TH %,

» APEALICIIZIET R TOB A, BRI 5N 5,

o SEANEHUE DB 8T B IEA D RIS, EloWMADEFRIC X 2 Kok
BB S E X DR AR CKEOEGIE &5, EHUR DI % T 3
e DR & LT, (KIERBIIEROHRE 2 EOAE 4 ax b 2HlIC T R)RA

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

Eihh ORI B EL A RHTH B, (RERESIC LS, DT

I P4 2 MRy ) g N E D L Bl S g
(cf. [Macias et al., 2017])

i s RS, AT R — R AT AR O £l HElE, AT (2008).
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Eradication of the Melon Fly by the use of Cobalt-60 Gamma-rays

L 7LC ‘7 ]) E 2N O)*E;"ﬁﬁu LS 5 R BB el £ > & —

NI

+ 22V F 60 DA Vi M H U 7= AU ik
MR TIE, 7Y SN ZIBMT 720122 ,N)L b
60 DAz L - AR 2 8 H L7,

>

AHBREB RIS € 2 — 02 R

+ Y I N O

AKEIZE VT, a,390 b60% A L 7 AU Ui
RICK 57V SN EERD IR 2 19728 2B L.
19784F 1T Ml 2 2L L 7,

IR ETORMMOE Z H iz, 25 7 Y |
SN R MY 2 A O, ST R A Sazons
IR 2 e L 72,

EHEE T 1984 4E 70 5, WRERER TL9864E D> 5 I e o K
J\ FEILIFERS C 1990 47 & A B 2 BtG L. 1993 ARSI SODUS) LRI £ 5 RS0
FI0H ISRk co Y Y SN Z 2R L 72, i

HBREGEHSDD Y Z)TTRIBICK DD U BEOHEILK
DUSNIOREEF. B, B MmN, B ZEXEBEEF KFE SZ<OBFREOBNIDSH > TE
BURLEETHD. SEDOREICHRL, BREOERICLDTERHAOBZRIDHELEDIC. DUSNT

%1@ (qujzzoﬂiﬁ) r}ﬁ%ﬂ@%*ﬁ%%ﬁu gémﬁ%ﬁj[\ | Hz’g}??ﬁﬁ/ﬁ\ RIEPHBRBEZIHIE LU CL S > I BRRFHERITRSERHHP U LT D,
http:/ /www.aesj.net/ activity / activity_awards/ 1st-kouchikusyo . [ ‘o)
7 ters  Atomic Energy Society of Japan
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“BIETF 74 713, WROEEZ[HE., BEHRESCHE DB
HANOBEPIMEZB L 5 2 & TEEZE L. GE L7 k% i
T 5A[EEHELH D 9, 7

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



BEFFrFI9A4 7 T2 Y7 LR

+ 27 ) 7 RBISNT SMEEEE T 2R OBE Y 7 U 7ICH L THIBICREICIA D % Z
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+ INFETOMRLS., BRICBVRE 7 ) TEEPEFELTH, 2O L EHEZIH
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&1 2R OINERMICREIZND 5 HIER LoD TH 5,

+ MITOBIG:? Kenneth Oyeld, BB F 74 72w EMOENOWZEL &
DEATIES I, MBI ECRERINE O W T Wi &3 9 ([Oye et al. 2014]), Ein
P74 732 RRZRILI B N2 OEEZ N D70, S B 7 Bl
DT, —cf. PRt AT FE21RERMFERE Q0224EE) A —HF A A kv
ayv BT F 74 72K BELSIE DURC,) & R#WEG

Heidi Ledford & Ewen Callaway "HIZFF 74 7 C¢v 7Y 7 EED 1 TNature ¥4 2= X I3 , Vol.13, No.2, Feb. 2016
http: / /www.nature.com /ndigest/journal /v13/n2/pdf/ndigest.2016.160204.pdf 12
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WORLD MALARIA REPORT

Y P OER

e 4GAE . A0F AL ED AL D325 ) PO BoT
WEF, 72U TIETFHUBETHEED TE 3R

\\\\\\\\\\

\\\\\\\\\\

EHEINTVET, [CDC]

+ World Malaria Report 2020ClZ, H@E204EE] D < 7
U 7 O IR 2 K U 7 T2 k35
YANA =V ERDEY £F, oM, 156

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

FDORBG L7607 T NDHEC Z T 5 L9, =7
) 7RI B W THIFI D 2\ 2 I & 72 B¢

YEARS OF GLOBAL PROGRESS & CHALLENGES

9, [WHO, 2020]

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

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

i‘%} World Health
i 2 Organization



https://www.who.int/teams/global-malaria-programme/reports/world-malaria-report-2020
https://www.cdc.gov/malaria/malaria_worldwide/impact.html

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

7 NEW MALARIA-

7.6 I FIGHTING TOOLS

MILLION are critical

since 2000

940 Fien o to accelerate
progress

2N
@v World Health #EndMalaria

J ¥ Organization
AL

AFRICA CONTINUES TO CARRY
THE HIGHEST BURDEN OF
MALARIA GLOBALLY

of the world’s

malaria
cases
& deaths
World Malaria Report 2020

‘y’@ World Health . :/ /www.who.int/teams ia-programme / reports / world-malaria-report-2020
K &%) Organization #EndMalaria



https://www.who.int/teams/global-malaria-programme/reports/world-malaria-report-2020

Article

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."

Bill Gates endorses genetically modified mosquitoes to combat malaria - The Verge (Jun 17, 2016)
https:/ / www.theverge.com /2016/6/17/11965176 / bill-gates-genetically-modified-mosquito-malaria-crispr

13
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"The Outreach Network for Gene Drive Research"

OUTREACH NETWORK FOR WHAT IS GENE  WHY DOES GENE ABOUT US EVENTS RESOURCES BLOG
GENE DRIVE RESEARCH SRive] .
nnnnnn

)
Research is needed to c

understand whether using gene drive

is possible and appropriate to address

different health apd.conservation challenges

+ "The Outreach Network for Gene Drive Research"® HiVIZ. 7 \ﬁi@ﬂﬁ the public

good D7z HITEILT F 74 7HADMEICE L TELZEO® 5 Z & TY, [HEE] 2D

v 77— 7@mwkﬁ%éﬁi\tw-7vP-XUV¢-?4vﬁﬁ@§%%§H
Tb)ij‘o

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



https://genedrivenetwork.org/about-us

A secret weapon against Zika and other mosquito-borne diseases

diseases

> 15:11 W)

"[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 weapon against Zika and other mosquito-borne diseases | TED Talk (Oct. 2016)
https:/ /www.ted.com /talks/nina_fedoroff a_secret weapon_against_zika _and_other_mosquito_borne_diseases 12



https://www.ted.com/talks/nina_fedoroff_a_secret_weapon_against_zika_and_other_mosquito_borne_diseases
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MIT Tech Review: B F K74 712k 52 %2 X 3 OREMIZ. HRREL

Vo Z A 5

https:/ /www.technologyreview.jp /s /27705 / first-gene-drive-in-mammals-could-aid-vast-new-zealand-eradication-plan /
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https://www.technologyreview.jp/s/27705/first-gene-drive-in-mammals-could-aid-vast-new-zealand-eradication-plan/

AL S

HAE., Hin & T X2

19" % G\ A

+ A —RAFJ7Y 7T, "t-CRISPRIE | EWHIN 5B HRERMZH\WT, X AZAHAL
IFBZEICED, (BEEHNREL LTOVNY A2 X I OBMEEA9 LT 23D
bbb, ZOE. BNTOEBNETICEIN £V (BN TOENEE T RN,

|[COSMOS 2022]

+ LOITEETRERM Z)0H L7 TR BRGNS, LEA 200 Lk,

+ TSPORIE, RN~ 20IflZHIVE LBETF 74 7OFEICHITTK
S BeBEAL LI WA LT, 1 [Gierus et al. 2022, significance]

World first trial to eradicate mice with gene modification | COSMOS [November 10, 2022 ]

https: [ / cosmosmagazine.com /nature / gene-trial-to-eradicate-mice /

A new gene drive tool could help solve the challenge of invasive mice
https:/ / genedrivenetwork.org /blog/261-a-new-gene-drive-tool-could-help-solve-the-challenge-of-invasive-mice

Gierus, L., Birand, A., Bunting, M. D., Godahewa, G. I, Piltz, S. G., Oh, K. P, ... & Thomas, P. Q. (2022). Leveraging a natural murine meiotic drive to suppress invasive populations. bioRxiv.

https:/ /www.pnas.org/doi/10.1073 / pnas.2213308119

TS T HREBN THRIE D 7 R S 2R T 2 AW DB, X AZARIEIC A 734 7
https:/ /karapaia.com/archives /52317677 .html

1%


https://cosmosmagazine.com/nature/gene-trial-to-eradicate-mice/
https://genedrivenetwork.org/blog/261-a-new-gene-drive-tool-could-help-solve-the-challenge-of-invasive-mice
https://www.pnas.org/doi/10.1073/pnas.2213308119
https://karapaia.com/archives/52317677.html
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[Esvelt & Gemmell 2017, p.3] &£ R LT\ 5%,
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https:/ /www.technologyreview.jp/nl/ 1f-unleashed—m-the—wﬂd—gene-drlves—Could-Create-a—hlghly—mvaswe-spec1es—researchers—say/1



https://www.technologyreview.jp/nl/if-unleashed-in-the-wild-gene-drives-could-create-a-highly-invasive-species-researchers-say/

Gene editing can now change an entire species - forever

. N
§
; J AR V= r
e >
\ - B
- !

J cannow ch

- 1206 oy B & 7

"Gene drives are so effective that even an accidental release could change an
entire species, and often very quickly. [...] [I]t could be a disaster if your drive is
designed to eliminate the species entirely."

Jennifer Kahn: Gene editing can now change an entire species -- forever | TED Talk (Feb. 2016)
https:/ /www.ted.com /talks/jennifer kahn_gene_editing_can_now_change_an_entire_species_forever 12
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oD H ¢ Esvelt, Kevin M., et al. "Concerning RNA-guided

gene drives for the alteration of wild populations." Elife 3

(2014): e03401., Figure 7.
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Public Health

e Control or alter organisms that carry infectious
discases that affect humans, such as dengue,
malana, Chagas, and Lyme discase

¢ Control or alter organisms that directly cause infectios
or discase, such as Schistosomsasas

KNASEMDPEET 5

N J—- N N\ A~ 2 Aedes aegypii . ('.(mlml or alter organisms that serve as reservours of
=] A = = = . J—— . discase, such as bats and rodents
| E | Z S 7 J L\ EH Image Source: US Centers for Discase
P Control and Prevention
Ecosystem Conservation
e Control or alter organisms that carry infectious discas
that threaten the survival of other specics
¢ Eliminate invasive specics that threaten native
. B ecosystems and brodiversaty
Hemignathus munroi o  Alter organisms that are threatened or endangered
ki vl 4 BN (*AKiapOli'au honeycreeper)
- AR e e
yI8] B mage Source: US Fish and Wildlife Service
Agriculture

¢ Control or alter organisms that damage crops or
carry crop discascs

¢ Elimmate weedy plants that compete with
cultivated crops

ey |
’x. }K% Fruit damage from spotted

wing drosophila infestation
Image Source: US Department of Agriculture

Basic Rescarch

e  Alter model organssms to carry oul rescarch on
gene drive function and cffects, species 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. DNA Desble Helix
http:/ /nap.edu /23405 2|

Image Source: National Institutes of Health
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HIL T 87 A4 7129 % Siny 288G & ik O &
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+* B LEEND 2 VIIAEDOHENEL LGS, BrE2 LEZTLL)REZD
NZA4 7()/N—4%)L K F A 7 reversal drive (cf. [Vella et al. 2017]) % F 7 A
7 immunizing drive)Z T LT K\, W) ERLH S, HIFIFR-L T
A4 7 (DFZE) 2 LD BT, WRE L 242 IZITTUDOREICRTHDTH D,

BREIIAIEZ F 74 73RN E T 2GRS 2KE L, LIRS e 5 b
DTH %, [Wade 2015]

5

. (v oy ayanT ek sheT, B b 7 C o ikl
BIs T DIERDHERS S 117 [Champer et al. 2017] £ W) G 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, Gene Drives Offer New Hope Against Diseases and Crop Pests - The New York Times (Dec. 22, 2015)
https: / /www.nytimes.com /2015/12 /22 /science / gene-drives-offer-new-hope-against-diseases-and-crop-pests.html

Champer, J., Reeves, R., Oh, S. Y., Liu, C,, Liu, J., 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.
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KOV LR (skharvitu— W EzRO%)BLEF 74 T7ORFEPEIN TS, BE, XK - PifiREUZEeE T

(Defence Advanced Research Project Agency, DARPA) %3 A

BHEIR L OB%RD 6 . HEMMH O E&EmE

G L EM (FTa7 - 2—2R) & LTOMIEIC,

Ry —L%>T, SafeGenes7 B =7 FDSED SNLT\W 5

MeazRNT2HWEFLH

%, cf.[CSS, VDW, ENSSER 2019, p.13] —cf. Bl ARt S im A2 B 21 RIERIFE RS Q022 E) A —AFA XA Pk vy ¥ =

v BET R 74 72K BELSI ¢ DURC, P4/ &=

= OoNERS

Defence Advanced Research Project Agency (DARPA). Safe Genes.
https:/ /www.darpa.mil /program /safe-genes
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Noble, C., et al. (2019).

"H CHBY self-exhausting | [Noble et al. 2019]D "% 4275 [Esvelt & Gemmell
2017] "5 4 (F 2~ ) FE 747 OWFELEDHENT V5,

+ DBEELF 74 70MREOREEZHR T 51213, BRI 2 L) REBEFFIA4 725002 ET
To FOVIBBDBILELEETFFIA7 22 2 LRABRELZEZATHET, RonZiEMRIcOAREINEET

5 HDTY, 4 [Esvelt, 2020 in Gene Drive Film (FEHIZ X O A FH D & —EEN)]

+ Esvelt, K. M., & Gemmell, N. J. (2017). Conservation demands safe gene drive. PLoS biology, 15(11), e2003850.
+ 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.
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State of the Art Strategies for Gene Drive and Biological Risk Mitigation, Omar Akbari, Ph.D. November 9, 2020
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« BEURBINTIZ, BRIMNEREET(EEA) 237 B )5 HIl 0 B S %2 5] 3
e THRIHZES D)6 OEUXE DZG) 1 ("Late lessons
from early warnings") Z {E& « 2 L T\» % [EEA 2001; 2013],

- HTR TIE Akl "false positive" DEM HFANT 5. H
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. s e
i 2% im : tH8iL1 © Late lessons from early warnings: the precautionary principle 1896-2000 — European Environment Agency
L - ' https:/ /www.eea.europa.eu/publications/environmental issue_report_2001 22
e—
J— — (8l : Late lessons from early warnings: science, precaution, innovation — European Environment Agency
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Social and Environmental Responsibility (ENSSER). (2019). Gene Drives. A
report on their science, applications, social aspects, ethics and regulations.
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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
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Why do we need to do field releases of gene drive technologies as part of the R&D process | Outreach Network for Gene Drive Research [October 5, 2022]
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Jennifer Kahn, The Gene Drive Dilemma: We Can Alter Entire Species, but Should We? - The New York Times (Jan. 8, 2020) 34
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