BARUN

olo
b
ofo

Ely

Peterfsinger fEthicsfinfihefRealfWorldfifvol 4f$CIENCEfANDITECHNOLOGY

& Bt
1 GoldenfRicefifiifeMadeftofDrderfifThefCostfoffBeingfinscienti ¢
2 PDFfi4 4/fii42 44
=1 o] (6 ) A ER e + &) H
z 858 2 ex 2 :

3 = |2 o = B A Y . AfClearfCaseffor
GoldenfRice 1990 2 zt T , o
o] = o} Zz Ht 3L o ot Life
MadefiofOrder &4 % = =2 3 BhA

7k L . TheflragicfCostfof fBeingfUnscienti ¢ 2 Z &
g A% , 9 a3 A AN 2
4 2 - 4, FF W dmn ©E
o .8 %
-H]— =]

- 010-9968-1387

o]



ofo

- EthicsfinfthefRealfiWorldfifVol fAfS CIENCE A

HOWAfT O AiUSE

>
| ) v
Partﬁm % OC:)‘ ) Ei) %] ) ! : ?:‘. OE-! : ;\_\-
|
Partf] fi Zn < = o =
( HE )
Partfi fA] L e gl +  F1  (100%) Partfi g =
* (40 )
Partfi fi 501- ?éll- 12/\1 , . _g_ , 321_ (é_l 2~301
)
2]
5 Al dE o L& , * (1] [2] » & , Partf) fi
= & 3 <q , = &
(o5
=
E " Ad ' = = %
| il
3 b (o ) el
S  PDF el (PDFfi 12 ). D) g 3
%k =5 & ' Ao = = = °F tE 2%
A 2 g A& of 2 ¥l & A




ofo

i

4~5

9-10

11

PARTHM

=
| =)

¥
0

s I

N
E[N
we

ot

i\

)

- EthicsfinfihefRealfivorldfifvol ffSCIENCE

ool

AV

5= 4 3
(7 = = = o] z
=) A , = Cl 9 . Partfy

il %
=P A G (192 9v6) / BN

= (192 94-95) / A Al
2l % = (193 92-13) / = o=y
= B (199 1)

theftargetfoffonef{ fromplicityfinfrhefdeathsf{ fThatfhurdlefwasfraisedthigherf{ fwe
Greensf{ fblanketfoppositionfiofthefveryfideafof fGMOsf{ fiikefiakingfafloyaltyfoathf{
playingfGod f{ fextinguishfthefargumentf{ ftheflifefforcefwasfalready finfthefrellf(
That fbattle fwas flost f{ fas fappealing fas fbuying fimonochrome frathode fray frube
monitorsfi fgoodfintentionsfarefnotfenoughff frejectfsciencefasfafmethodfoffinquiry

hefifHefifthemfifhis =1 ] =1e 2 2 197 96-~198

9 f{ thimffd3 92 = fifihefpresident sfafi & fifitffig 92 = AfE  f
Thefboardffs, d = T < flfitflk. 93 = < ffThatfbattleffd/
9= B} ) - Thosefwhofdidfsoffd3 96 = &+ A =y

200 1990 -2014 - 25 ~50 - AH}-12 (191 91-~92) / 2000 - 2004 -
2021 - 2022(191 94) / 10 1-50 - H# (192 ) / 2010 - 13 - 20

10 -4,000 - 1980 - 1984 - 6 - 2018 - 2025 - 1 -6 (193-194 )/

1999-2008 - 36 5,000 - 1994 - 1961 - 69 - 5000 - 2021 10 - 16
3,000(197~198 )

accusefAfof fBfifg] whichfifforfwhomfiftt@] 4 Moorefclaimedfifoyfrfgr 4 +
2 2 - 2ZF+ offwhomffitfwasfnotfuntilfi fthatfifi didfifasfiongfasfifi %
Mightfi fnotfif passingfifbefamongfithosefwhofifpreventft+fOfrfiingfifthatfoffi
nonefofftfi . thatfifdespiteftheffactfihatfifwhat %] - mayfwellfifbefworthfi
ingfifft & hadfrreatedfiffromfwhichfii & & - asfrloseftofi fasfifAsked

- describefAfasBfithavefyetfiofVfifiakefrfi =+ &= + tof VA whenfi
objectfiofiingfifieadftfOftfiofVfifi  thefhopefihatfifi ~ thatf - evenfasfififfi
oo - appearftothavefp p fifbeftofVfifi dofifnot ffor fAfout fforfBfi
havingfp p fifsofi fthatfifmustthavefp p fifallowft fOfr fiofbefp p fifrecommendfthatfr
<3 -may mustfnot

de ciencyfi fsu ciencyfifsusceptibilityfi fresistancefifthrivefi fwitherfifproponent

fopponentfifreliablefi funreliablefifblanketfi fselectivefifextinguishffd. 95 fi
ignitefifinertfi fanimatefifsweepingfi fnarrowfifabsorbfi femitfifronsensusfi
disagreementfifoverwhelmingfi fnegligiblefifpredecessorfi fsuccessorfifculpablefi
blamelessfifunorthodoxfi forthodox



< - EthicsfinfthefRealfiWorldfifVol fAfS CIENCE A
il K
12 the fstrongest fobligation fto fallow fall fthe fevidence fto fbe ffairly fpresented fand

examined fwithout ffear for ffavorffd3 94 f( frisks fneed fto fbe fiveighed fagainst
possiblefbene tsffd, 94 f{ fSynthia sfvery fexistence frhallenges fthe fdistinction
betweenflivingfandfarti cialffd/ 92 f{ fwefmustfnotfrejectfsciencefasfafmethodfof

inquiryffd4 91
13 2 Akl S| oj(191 9g5-~192 A ) = 2+ Itfisfiruefthatfi =]
butfi o= of Insteadfi & < Thefboardfi fi
H  Thatfisfwhatfishowfhappening
14 z g8 x4 A4 (198 v6) Al( Af FX H , 191
13)
15 o (194 9q1): 8} Thatfbattlefwasfiostfinfi43) ffi £ fi fafstep
furtherfinfi43/ffi 1 fE o vsfi .
16 34 = 3 G199 M- HE % : )
s = =5 HE o QF
¥ QuIZfitd 84 & - True(Falsef2 olEl
A
2 b} 2
2 3 E =< H : Zl
200 - 1990 - 2014 - 25 ~50 - AH} - 12 - 2000 - 2004 - 2021 - 2022 -
1980 - 1990 - 10 1-50 (1 )/164 -2010-13-20 -10 - 4,000 - 1980 - 1984 -
6 - 2018 - 2025 - 1 6 (2 ) /1999~2008 - 36 5,000 - 1994 - 1961 - 69 - 5,000 - 2021
10 -16 3,000-6 1°]-11 30°|(3 ). A1 50 %25 ~50 ,2 1980 - 1984
1 1980 , 2 20103 2018, 1 2021x 3 2021 10 , 5,000 36 5,000, 20003 2004)
LS B ! &l 1-4 )
True(Falsefi < (targetfi fieader frorrectfforfihefearlyfi44) sfi fforfy) / fhas
not feought fto frommercializefi fhas fnonefi fsome fnot fby fusing fiventer s fmethodsfi by fusing
anticipating fi fiproducing fwas fnot fin fthe fi nal freport fi fwas fipromptly fi redfi fkept fi
2+ '(Moorefclaimed) - ' '(perhapsfifpresumably) - '~ '(wouldfseemfifappears) - '~°]  ®'(may)
e Eqg] '(mustfhavefknown) - ' '(Proponentsfhope) VS| A&, . E.
- 2 - 8 A% @) @A A
u 1-2. GoldenfRicefifi.ifetMadefiofDrderfifThefCostfoffBeingfUnscienti ¢
(191~194 - 197~199 )
A . F( =) 3 = HE X (4 =4
) A3 ( ) Z2 I ) d4 =) Hs(
) ) by (= ) 3 A4 ( X 9 A
4 F AP (36 5,000 ) ( g 5= 2 A
A .g v} vsfi , 2 vsfi , vsfi A



ofo

19111

191 912~93

191 94

191 95~192 A

192 11

192 92~93

192 94-~95

192 96

193 91-93

193 94-95

193 96

193 97-194 92

194 93-94

194 95

197 91

7]

Y

%__;! .

ol

b

pad

i

b

i

i

- EthicsfinfihefRealfivorldfifvol ffSCIENCE

( o )
2014 2 (= 9y =
200 £ A fi7 il
( 3 eteF )& 9 ( Z)
=1990 - 2014 9l 0] =)
= A2 = 25 -50
Al AHeE 12 %
2000 # ( 2 )-2004 H =% 2k - GMO
A >3 o Y 2 - 2021 2
I £2022 EF= &
| dE A o] ( )/ A = n=
of al 5 < . gk= o}
S
==}
1980 = ( =] . _/é ) - 1990 —
o] A & 3 e Z
AR 5 10 1 ot - o]
4 5= 5 ( %l perhaps) / 5 =
=GMO Hf
z &1 A % vsfi & =
50 Al e - =9 9 /
= % kA
o = = B &4 : = g =
E < % #H9Y  Gi(may)
2 - venterftfi / 2010 =A A PE|
= = © A o d
DNAf1 o
4 =3 ¥ @/ =
( 3] H z ) - = ( By
&4 A ( g F ) A8
2 A AL
2k
=
=3 13 /20 -10 - 4,000 o
28( )-1980 - 1984 = 9 vsfi £ -
2 9o 4 @
S HH| 6 2018 =
2025 3 1 9 /2010 Az J . owr
g3 )
s = 3 2 3 (
= =5 3 H(may)
£(1999-2008) = = A & B o3 - u}
12~ S % E% & (@



ofo

- EthicsfinfihefRealfivorldfifvol ffSCIENCE

197 92-94

197 95~198 111

198 92~-94

198 95~199 11

m 1-3.

GMO

K

et
o

e
]I[O||

il

(
H| (1961 - 69 )
(
(appears) -
g B
2 Q] .
Az
%7 A g
)/ =
A
=
A5
4 9 oMo t
=4 d
g =
aon A o
I %‘ :ﬂ‘
Al( 2t
4 X A 4 F 3
4 ®n ZH A=y
= zd =
13 g
P o
o4 4
b2 A 2 4
2 23
o %@ o ¥
A (% = Al
)

o

5
3 - o =36 5,000
A = =Lly
5,000
)/ ° ® =Y = g
A
=)
il 4y BE
=z )/ E A4
A Zd
(2021 10 ) - (g 16 3,000
E o ol & = o :
= of =Ex HY
C =
-_— o
@ B35 )
o = =4 H} = 3,
qd 5 A |
s ()
A
=
50 Al o
) £9 © A ()
] HE ot ) &
g, &
g5 ot 5 (B2
Ely AN
5 | X 20 10 A 4,000 c
o] d 28 ()
s} F 9 B} AT,
)
EI =
53 « ) =2
Ll A4
2 Gl 8,
zk =D
1 2 2 s
=3 3 " ( ,may)
3 = HIV fi El
) E3 36 5,000
(H A)
A 3 b = I
¥4l }



ofo

- EthicsfinfihefRealfivorldfifvol ffSCIENCE

@ &5
48 9 g A E
HE of =1 of
Al z
S 3 ®x2 5 o % 3 S
a0 s o 1
) z &l
ml4 - A 2 9
( )
GreenpeacefifPatrickfMoore = A = 2014 =
g 200 K
vitaminfAfde ciency ot = 1990
% = 9
WHOfif;0) ))) 0)) ))) A7 = 25 ~50 Al
(¥ &l ) A - 0]
goldenfrice g ( Ad ) §HEF
: z 2004 A=
PhilippinesfifBangladesh = c = 2021 =
a £ 2022 =5 C
Syngenta fi fiHumanitarian 4 H = P! Fo -1
Board gh
43) s f1 f144) s fi fidustralian k2 A = 1980 - 1990 =
Greens =
one tenthfifsuperweeds 2 AA = 10 1 et o]
« = a) 4 2 &
glyphosatefifhalffafmillion a A A = o
el =9 9 ‘3
Paracelsusfifventer 16 24 - venterfequinusfrfi ak
Craigfienterfify) ) 2 < 2010 &4 = Al A
=5
Synthia i % =
2 ( )
ArtfCaplanfififenter sfwords Al = (
)/ = 2o
SyntheticfGenomics 2 5% 13
2 )
, ) fifafdecadefif$/) fmillion 2 20 -10 A 4,000 d =

AW

)
g 9
¥Y %4 ®
°9d ()
o9 e z
A
)
/ =%
( 7
- 2014
A"t 12
3
3 - 2000
A & (
o of
o] /Bl—
S
50 Al
= )
d 2 & venter
A4 A
DNAf1 o]
I I
ah)
< BHIX 6
28( )



ofo

1980 - 1984

ExxonMobil fi fRichardson fi
Patron

ThabofMbeki

NelsonfMandela

Harvardfifil0) ) )

Sharpevillefi4l

MakgobafitMotlanthe

Brazilfifdctoberf} ) ,

USAffil. )))

- EthicsfinfihefRealfivorldfifvol ffSCIENCE

( )
1980 &= = 2
( A Z A %)
2018 =2025 &% 1
= ! t(!)l— Eg
1999~2008 < 7 Cly
g E g3 : 2
g A (= ) A
5% & t
=Zd & /3
)| 36 5,000
1994 5 X Eshly
1961 2t £ - 69
5,000 2 (d
— =
- |=]
32 W/ g & (
/;Si =
2021 10 S g = 3
) ‘= Al 3
| )
g 19 A o] 2l
A = 2021 6 19]~-11 309]
3,000

AW

1984 H
9 / = 6
a
( = HIV fi
A9
= gl
( )= 5
/ E= 0¥ A
)
Al /BE = 4
)= g o
(4 23
Fo d =
7 % F8
16



ofo

[ 0-1 ] , 7] 191 1-192

- EthicsfinfihefRealfivorldfifvol ffSCIENCE A

PARTA,
Ao

EthicsfinfthefRealfiVorldfifGoldenfRicefifiifefMadeftofOrderfifThefCostfoffBeingfiinscienti cfffss PDFfi4
197-199 )-6

rO]l

A B

il

A

4/fi

2 191 T-~192 A & z 1] [2] - & ,

>y

91 % z+ Butfinf; ) /fitfbecameftheftarget o - Bb
offone

S
g

c

91 1N z accused fithe fiorganization fiof ot
complicity fin fthe fdeaths fof ftwo
millionfchildrenfperfyear

191 91 Z+ vitamin fiA fide ciency fwhich fis = Z whichfifi +
common fiamong fichildren fifor
whomfricefisfihefstapleffood

)

91 9 z Thesefdeathsfrouldfbefprevented = 4r21Z Moorefclaimedf? fi ot
Moore ficlaimed fby fithe fuse fiof
goldenfrice

i\

91 124 Moore s fimortality fi gures fwere &4 o]
correctfforfihefearlyfi44) s foutfby
,) / fihefi guresfhad ffortunately
droppedfsigni cantly

>FJ
oh

191 92 Z+ it ficauses fiblindness fiin fiabout o] - 2+ offwhom
,0)))) 0))))) f pre school
childrenfeveryfyear faboutfhalffof
whomfdiefwithinfi, fmonths

o

91 93 F & lackfof frvitamin fAfisfalsofafmajor
factor fin thigh frates fof fmaternal
mortality

¥

191 94 A~ ZF Goldenfricefwasfi rstfproducedfin =4
,))) fi fSwissfscientistsfi fiThe
rstf eldfirialsfwerefconductedfin
2004.

gl

91 94 z Further fi eld fitrials fihad fito fibe = hadftofbefp p fifi
carried fiout fito fimeet fithe fistrict
regulationsfgoverningfthefrelease
of fGMOs



ofo

HE

[

ofl i}
¥l oH
of S ) . S ol

2]

b

0|

rEl

- EthicsfinfihefRealfivorldfifvol ffSCIENCE

191

191

191

191

192

(15

192
(15

914

94 ©

14

=l

¥5 4~

2k

Ad|

H

o

rfl

i}

Y

2014

i)

[

iU

o\

[

2
a
2k
a
2
a
2
a
2
A
#u}
=
[e]
al

That fihurdle fwas firaised fhigher
whenfactivistsfdestroyedfi eldsfin
thefPhilippines

It fwas fnot funtil fy ), fthat fthe
Philippines fibecame fithe fi rst
countryftofapprovefgoldenfrice

Proponents fihope fithat fiit fiwill
receive fi nal fi approval fiin
Bangladeshfinf} ) , ,

Criticsthavefsuggestedfi fitfisfirue
that fithe fiagribusiness figiant
Syngentafdidfassist

Instead fSyngenta fhas fgiven fthe
rightftofsub licensefthefriceftofa
nonpro tforganization

asflongfasfitfdoesfnotfchargefmore
forfitfthanfthefpricefforfordinary
ricefseeds

2
AN
o
e} )
Afd g A
‘o gl Ad
= (GMO)
el v H H
Ay ol
Z AfE
12 Z
o
e}
7 A B 2000
AXE . d =
GMO
E
o AR
T 1
aq A
a 7| 5
E 9 s,
) |

10

AV

1
Itfwasfotfuntilfi fihatfifi &
=5 = E q4 25
ok (Itfisfiruefthat) - did
5 & Ay
asflongfasf? fi  ©]
2014 = A
200 K
AfH s o4 =
.2 o ok
ot =z g, ¥
1990
AfA % o
25 -~50
%A g
A A 2
=4 AfH A4
2004 =
S 4 =% =
Zer 2021
A d . FF E 2022
9 47 2 BB A
= Al
=
4% of 2
= EE o] o] 2l



e
=N

AV

- EthicsfinfthefRealfivorldfifvol fAfs CIENCE

PatrickfMoorefi faccusedftheforganizationfoffcomplicityfinfthefdeathsfof ftwofmillionfchildrenfperfyear :

accusefAfof fBfefA B 2l 3 (Bfi : ). perfyearfefi . theforganization fr
(Zk 2r E ).

Hefwasfreferring ftofdeathsfresulting ffrom fritaminfAfde ciency fivhichfisfrommonfamong fchildren ffor

whomfricefisfthefstapleffood fHresultingffromfrfdeaths (- ). whichfefg

A (A vitaminfAfde ciencyfi fi is). forfwhom fefricefisfthefstapleffoodfforfchildren for
2 %l
Thesefdeathsfrouldfbefprevented fMooreftlaimed fbyfthefusefoffigoldenfrice fafformfoffithefgrainfthatfhas
beenfgeneticallyfmodi edftofhavefafhigherfbeta carotenefrontentfthanfordinaryfrice ffMoorefrlaimedfr

ARQITA( zd 5]). couldfbefpreventedfefi + . afformfoffihefgrainfrfgoldenfrice . that
hasfbeenfmodi edfsfi & ZA . tofhavefrfH to A
Moore s fmortality fi gures fwere frorrect ffor fthe fearly fi44) s fbutfbyfi) fthefi guresthad ffortunately
droppedfsigni cantly fibyfrfel  £4(2014) + 2 & (hadfdropped) = =3 ~ 94 . fortunatelyfr
2} Aol
=4 =2 21-

itfrausesfblindnessfinfaboutfy 0) ))) 0)) ))) fpre schoolfchildrenfeveryfyear fabout fhalf fof fwhom fdie

withinfi, fmonths : &F + offwhomfrfandfaboutthalffoffthemftg fwhomfefRt childrenffi

die

Itfwasfnotfuntilfy) , fthatfthefPhilippinesfbecamefthefi rstfcountryftofapprovefgoldenfricefforffarmersfto
growfandfsell fitfwasmotfuntilfAfthatfBfrfA g B . thefirstfifiofVfsfi A . forffarmersfs
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Thefboardfi fhasfthefrightfiofprovidefthefricefi fiorfhumanitarianfuse fasfiongfasfitfdoesfnotfrthargefmoreffor

itfthanfthefpricefforfordinaryfricefseeds fithefrightfiofV fefi . asflongfasfrfi 3 (). chargefmore
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Mightftheyfnotfrross pollinatefwithfwildfplants fpassingfonfthefspecialfgualitiesftheyfwerefgiven fsuchfas
resistancefiofpests fandfsofrreatefnewfisuperweeds fEMightfifnotfefi 3 ( =-~-"x ot ). passingfonfr

<= . thefspecial fqualitiesffthat ftheyfwerefgivenfrfi2 Z + (theyfwere
givenfihefqualities fcross pollinate create andfsoz] 2j(Mighti 23).

Ifwasfamongfthosefwhofarguedfforfstrongfregulationsfiofpreventfbiotechfrompaniesfputtingfourfhealth for
thatfoffthefenvironment fatfriskfinforderftofincreaseftheirfpro ts ffbefamongfthosefwhofrfi g

H . preventfr fOfrfffrom fiingf? fi fromfi . thatfoffthefenvironmentfrfthethealthfoffthe
environmentffi} o that fputfifatfriskfefi . inforderfiofVEi

nonefof fthefdisastrousfconsequencesfthat five fGreens ffeared fhave fromeftofpassfnonefof f+ fi
haveffi  has% fwefGreensfrfi  ( Ak 2 % ob). thatfsf
Z . comefiofpassffP]

Therefisfnofreliablefscienti cfevidencefthatfGMffoodsfrausefillness fdespiteftheffactfihatftheyfhavefreceived
morefintensefscrutinyfthanfinatural ffoods ffevidencefthatfrfi  thatfh fdespite
S| | theffactfihatftf&. theyfefGMfloodsfi fhavefreceivedffi -2

perhapsfthefregulationsfthat fivere fintroduced fin fresponse fto fthe froncerns fexpressed fby fenvironmental
organizations fplayed fa frole fin fthat foutcome : the fregulations fi fthat fwere fintroducedffi 214 fr
expressedffi fi i played fperhapsfrfi % . infresponsefiofsfi <% . playfafrolefin
=~ 3
Whatfneedsfiofbefrethought thowever fisfblanketfoppositionfiofthefveryfideafoffGMOs ffwhat?]
is fneedsftofbefp p f£fi A . thefveryfrtfi = & ~( ). oppositionftofefi Ht  (to
).

Wherefthefbene tsfarefminor fevenfafsmallfriskfmayfmotfbefjusti eddwherefthosefbene tsfarefgreat fafmore

signi cantfrisk fmay fvell fbe fivorth ftaking fifwhere frf1 3 ( ¥ ). may fwell fr f& ~
3 (-9 ). befworthfiingfefi % (taking k| & 'z ).
afGMferopfthatfhasfthefpotentialftofpreventfblindnessfinfathalf millionfchildrenfwouldfbefworthfgrowing
evenfiffitfdoesfinvolvefsomefrisks : afGMfcropffi  frfthat®  wouldfbe fihefpotentialfiofVffi
evenfiffsfi -3 . doesfinvolvefsfi does
LG} )

cross pollinate | self pollinate

resistance A, A immunity susceptibility

regulation control deregulation

cropland

il

farmland
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g (8t )
disastrous oF 7k catastrophic bene cial
reliable dependable unreliable
scrutiny A,z examination
blanketfif , 9] sweeping selective
innovation novelty
herbicide weedkiller
irony , paradox
traitor betrayer loyalist
ideological doctrinaire pragmatic
merit ps| advantage drawback
o] 1980 = ek P 3l 4 ? - 1990 =
o] & & & - F= AA = 10 1- 4 o=
g "ol Fof J ® ( 2 ) ol
o 4 52 5 %'(perhaps) CS = GMO
t 2 z- ke BT -
. 50 A % - =93 -
a A < 3 5 ¥l z
Bt = 24 - 3 9 4 £ 3% B
' '(may) - 3l ( z ) wefGreensfrfi & Eas H 9 / blanket
oppositionfiofthefveryfideafof fGMOsfrfi == 0o} GMO Gl ot / afmorefsigni cantfrisk
may fwellfbefworthfiakingfrfi [y 1 / likefiakingfafioyaltyfoath fe flGMOfH} =
o = /192 91 theyfsfi & - theirfpro tsfefi g /92
theyfhavefreceivedfsfi & £ /93 thatfoutcomefsfi 4 = o} o] / 94 thosefbene tsfrfi
/ 95 itfdoesfinvolvefsfr] al / 96 othersfsfi GMO
1990 z = oF o] Z o} , =
GMofi w & ® 2 2 o}
95 v} iy ! 22 193 91-96
S 193 -9 & < (1] [2] « &l ;
A
AN
193 914 thefalchemistfParacelsusfo eredfa T2 164 =24
recipefforfereatingfaflivingfbeing
193 915 Z+ usually fitranslated fias fi horse = 23} Venter

manure fibut fithe fiLatin fiventer
meansfabdomenforfuterus
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Sofoccultists fmay fappreciate fthe
fact frhat fiCraig fiventer fwas fthe
drivingfforce

inf)) ) fannouncedfthatftheythad
createdfafsyntheticfformfoffiife

a fibacterium fiwith fia figenome
designed fiand ficreated fifrom
chemicalsfinfaflaboratory

nicknamed f1 Synthia fireplicates
and fiproduces fiproteins fBy fiany
reasonablefde nition fitfisfalive

Although fit fis fvery fsimilar fto fa
natural fbacterium ffrom fvhich fit
wasflargelyfropied

putfdistinctivefstringsfoffDNAfinto
itsfgenomeftofprovefthatfitfismotfa
naturalfobject

afwebsite faddress fthe fnames fof
the fi researchers fi and fi apt
quotations fisuch fias fiRichard
Feynman s

synthetic fibiology fihas fibeen
looming fasfthe fnext fbig fissuefin
bioethics

expectedftofbefioldfthatftheyfwere
playingfGod fandftheyfwerefnot
disappointed

this fromes fas frlose fto f playing
God fasthumansfhaveftome fsoffar

would fseem fto fiextinguish fthe
argument fithat filife firequires fia
specialfforceforfpowerftofexist

afgiant fphilosophical frhange fin
howfwefviewflife

they fiput fiit fiinto fia ficell fifrom
anotherfbacterium freplacingfthat
cell sfDNA

We fihave fiyet fro fbuild fa fliving
organismfentirely ffromfbottlesfof
chemicals
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b
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1
I
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havefyetfiofVfifwillfnofdoubt
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164 =5 E , A A A venterfequinus
A gt ot e 5 , venter ) c ,
A tH = & = Al HEZIER B
24 Al A A= ZAH = q . =
&l 3 2 El ZI | 2 A =
BF = d H DNAfi o
A o 2l t = gl c 1=
%k 5 Bl |
g .JAf zx E £ B 3 , 9 4 Fof
z e , ° &2 & ' = z o . A
=l Ax 3 gl = E
a4 o El % Eh o] g A,
5 gt , Bl
= A A DNA = = .
A2 % El . &l A
% ' E A 24d A DNA 2
Z

m Ho
i) [r

thefalchemistfParacelsusfo eredfafrecipefforfrreatingfaflivingfbeingfthatfbeganfwithfputtingfspermfinto
putrefying fventer fiequinusfiSfithe fialchemist — Paracelsusfrfi . for fr fi (creating). that fF fi
Z (A afrecipe)  beganfwithftfi (putting). putrefyingffi ( ).

SofoccultistsfmayfappreciatefiheffactfthatfCraigfVenterfwasfihefdrivingfforcefoehindfthefteamfoffscientists

thatfinfy) ) fannouncedfihatfiheyfhadfcreatedfafsyntheticfformfoffiifefftheffactfihatfefi  that i  thatfs
A (A thefteamfoffscientists fi infy) )). hadfcreatedfsfiz 2 ( o] ).

mayfefi FH F

Althoughfitfis fvery fsimilar fto fa fnatural fbacterium ffrom fwhich fit fivas flargely fropied fthefrreatorsfput

distinctivefstringsfof fiDNAfintofitsfgenomefiofprovefthatfitfisnotfafnaturalfobject ffiromfwhichfrfropyfAfirom

B from Z ot . putfEfEr  (put put put). tofprovefsfi to A . provefithatft+f].

For fsomefyearsfnow fsyntheticfbiology fhasfbeenflooming fasfthe fnext fbigfissuefinfbioethics fifhasfbeen

loomingfsfi & % (forfsomefyearsfnow 3t == ). loomfsffi £

IffonefbelievesfihatflifefwasfrreatedfbyfGod fihenfihisfromesfasfrlosefiofiplayingfGod fasthumansfhavefrome
soffar fHonefefp| B} (2. asfrlosefiofAfasfi fhavefcomefrf&a = -~ ZF (& |
). thisfefetd ol.
Askedfaboutfthefsigni cancefoffwhatfthefteamfhadfdone fVenterfidescribedfitfasfbringingfaboutfiafgiant
philosophicalfcthangefinfhowfwefviewfiife fHAskedfi frfiWhenfhefwasfaskedfi ffi fwhatfefr
A (~ ). describeffastBf? fasfi (bringingfabout). infnowfwefviewflifefsfi + how3.

althoughfthefteamfproducedfafsyntheticfgenome ftheyfputfitfintofafrellfiromfanotherfoacterium freplacing
thatfrell sfDNAfHalthoughfsfi . team theyd 8t ( A-8L). replacingfefed 3 ( e Al
DNA 3h.

Wethavefyetfiofbuildfaflivingforganismfentirelyffromfbottlesfoffrhemicals fsofanyonefwhofbelievesfinfafilife
force fthatfonlyfafdivinefbeingfrouldfimbuefintofinertfmatterfwillfnofdoubtfclaimfthatftheflifefforcefwas
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AW

alreadyfinfthefrellffhavefyetfiofVfrfi ~m= . anyonefwhofbelievesfi fmatter 7] will
claim fthatfsfi# Z (imbuefAfintof8  A). nofdoubtf+E &]
vp o (d} )
alchemist =5
recipe , formula
putrefy rot
occultist mystic skeptic
synthetic 1% arti cial natural
genome
replicate = reproduce
distinctive characteristic ordinary
apt A 5 2 tting inappropriate
loom ) emerge recede
extinguish (B ) , 4 eliminate ignite
signi cance , A importance insigni cance
imbue H instill
inert R = o} lifeless animate
o] H = 16A 24 - - venter fequinus fefi k. venter frfi
8] " ©'(may) - = =3 - 2010 CAL A A& A
= T el o
% DNAf of 2 ® ey - R
s = z = 5 & « ) (Al ) =
( 3] H z " ' wouldfseem) - = ( ) - ge =
A DNA : | : E A
9lof 2 ( HW= o} ), venterfeftt (- )= 2 gzt / theyfwerefnot
disappointed fr ff§ = 2 EY / extinguishfthefargumentfrfi 3| =
Z+ o SH( ) / theflife fforce fivas falready fin fthe frell fe fi Al H| g
9l H /193 92 theythadfcreatedfefi 3 / 13 itfisfalivefifitfwasfiargelyfropiedfefi &= - These
stringsfefDNAf1 o] / 94 thisfcomesfasfclosefsfzHd o] / 95 itfef o] / 96 theyfputfitferfi - &g
2010 Al A 2| % = L= =
= = A A 9
o o

18



< - EthicsfinfthefRealfiWorldfifVol fAfS CIENCE A
9-4 D , 3 LA 193 97-194 95
< 193 97-194 915 & Z N[l &l )
A
AN

193 974 thefteam sfworkthasfproducedfia ok A
very fpowerful fset fof ftools fifor
redesigningflife

193 97 &% Z+ fundedfby fSyntheticfGenomics fa

~194 A company fthat the fro founded fi
hasfalreadyfi ledfforfi. fpatents

194 A thefworkfhasftakenf} ) fscientistsfa takefti 2+ +tofV

(97 ZH decade fito ficomplete fiat fian
estimatedfrostfoff$/) fmillion

194 A commercial fiinvestors fiare fian

(97 ZH obviousfsourcefforfsuchffunds

194 M=% z+ Thatfbattlefwasfiostfinfi43) fwhen ] o
thefUuSfsupremefCourtfdecided

194 91 Z+ Patenting flife fwas fraken fa fstep 55| o
further fin f1 43/ fwhen fHarvard
Universityfsuccessfullyfappliedffor
afpatentfonfitsfioncomouse

194 91 Z+ speci callyfdesignedftofgetfrancer 3 - softhat
easily fso fthat fit fivould fbe fmore
usefulfasfafresearchftool

194 91 ZF There fiare figood figrounds fifor = 9
objecting fto frurning fa fsentient
being finto fa fpatented flaboratory
tool

194 q1 = itfismotfsofeasyfiofseefwhyfpatent = presumablyfifi it
law fishould finot ficover finewly
designed fbacteria for falgae fthat
presumablyfranffeelfnothing

194 92 Synthias fi very fi existence Z (notfiofapprove)
challenges f1 the fi distinction
betweenflivingfandfarti cial

194 9q3d % hadfiofcompetefforfheadlinesfwith Ho|
newsfoffthefworld sfworst everfoil
spill

194 93 affl)) fmillion fagreement fwith o g 9

- Z ExxonMobilfi finfy) 3fi fi) )))

barrelsfoffalgaefbiofuelfperfdayfby
2025
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194 94d & Synthetic fbiology fhas fexpanded <
rapidly fin fthe fyears fsince f} ) )
but fnot fby fusing fthe fimethods
Venter sfteamfused
194 94 % z as f1 appealing fi as fi buying 1
monochrome ficathode firay fitube
monitors
194 954 F the firelease fiof fiany fisynthetic +
organism fimust fibe ficarefully
regulated fjustflike fthe freleasefof
any fi genetically fi modi ed
organism
194 95 = thefrisksfoffsyntheticfbiologyfmay =
befoutweighedfbyfthefhopefthatfit
willfenablefusftofavertfaflooming
environmentalfratastrophe
A 2 % 2% 99
2 e A E I
5% x 38
z 4,000 & ogdo | =1 H o
Bt o A=t 1980
g8 7 e 9 A 1984
7 .Y ' | ]
7 A F 5 % |
% 3 F B ol
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HefhasfbeenfrriticizedfforfiheffactfthatfihefresearchfwasffundedfoyfSyntheticfGenomics fafrompanyfihatfhe
co founded fwhichfwillfholdfthefintellectualfpropertyfrightsfresultingffromfihefresearchffhasfbeenfrriticized

= 3 . criticizefAfforfB fiheffactfthatfrfi . aftompanyfrfSyntheticfGenomics . whichfrfg]
el (A SyntheticfGenomics). resultingfiromfefi
Butfihefworkfhasfiakenfj ) ficientistsfafdecadefioftromplete fatfanfestimatedfrostfoff$ ) fmillionfiakefrfi = +
2 +tofVfei o (= A . atfafrostfoffeh 2. estimatedfsfit (A )
That fbattle fwas filost fin fi 43) fwhen fithe fiUS fSupreme fiCourt fdecided fthat fia figenetically fmodi ed
microorganism fdesigned ftofclean fup foil fspills frould fbefpatented fwhen fr {7 A A 1980
). designedfiofy/frfmicroorganism = . couldfbefpatentedfsfg=  ©] +

Therefarefgoodfgroundsfforfobjectingfiofturningfafsentientfbeingfintofafpatentedfiaboratoryftoolffgrounds
forfiingfefi . objectftoftfiingffo fiurnfAfintofBfefA  Be]| . patentedfrfi
itfisfnotfsofeasyfiofseefwhyfpatentflawfshouldfnotfroverfnewlyfdesignedfbacteriaforfalgae fihatfpresumably
canffeelfnothingfandfmayfbefasfusefulfasfanyfotherfinvention : it 5 tofsee fwhy4 = .
4 that fr fbacteriafor falgae 2} Z (#A which = 2 that).
presumablyfsfi (). asfifasfanyfotherfsfi ~  Fo}
theffactfthatf$ynthia sfbirthfhadfioftompetefforfheadlinesfwithfnewsfoffihefworld sfworst everfoilfspillfimade
thefpointfmorefe ectivelyftihanfanyfpublicfrelationsfe ortfrouldfhavefdone : theffactffi  that? el

made frompetefforfAfwithfBfefB A . couldfhavefdonefsfi Qlo} (A ) - done
=fiadefihefpoint Sk

thefemergencefoffnewerftechniquesfled fsarahfRichardsonfand fNicolafPatron fresearchersfinfthefi eld fto
suggestfthatfusing fWVenter sfmethodsffor frreating fsynthetic forganismsfwould fbefiasfappealing fasfbuying
monochromeftathodefrayfiubefmonitors ffleadfrfOfrfiofVfefO -~ 71 . researchersfinfthefi eldfrfi

S . that?%] = usingfVenter sfmethodsfi forganismsfi fwouldfbe fasfappealingfasfiingfr
-3 o (BF ).
thefrisksfof fsyntheticfbiology fmay fbe foutweighed fby fthe fhope fthat fit fill fenable fus ftofavertfaflooming
environmentalfratastropheffmayfbefoutweighedfoyfrfi g (). thefhopefthatfrfi . enableft
OftfiofV flioomingfrfi ( ).

v () )

redesign < Zd remodel
intellectualfproperty &5
patent ( )
estimated | approximate exact
microorganism microbe
sentient 5 % conscious insentient
algafifil falgae (BH)
sweeping Hoo broad narrow
absorb = soakfup emit
anticipate o o expect
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g (8t )
monochrome HF black and white
regulate & control deregulate
avert o prevent
catastrophe ok disaster
o = % 78 209 (W 2= ¥ A B
EPN 13 <X 20 -10 2 4,000 | = =8( )
B 1980 &= = e 1984 H (
A A )5 @ = B} = 2 =
Q) £ o= 2 g oo ek W
= Sx = S A e H(may) - &l = &l
FHlX 6 Z  -2018 =2025 &% 1 ' . 2010 Nz =
R Y - 3 IR %
g ( = &35 3" %'(may). afveryfpowerfulfset fof ftoolsfr fi =
Zost! Al 2( 2}) / Thatfbattlefwasflostfrfi 1980 Az z /
madefthefpointfrfet4d 5 el | & / asfappealingfasfbuyingfmonochromefrathodefrayfiube
monitorsfefl %l = o} /193 97 Hefsfi - whichfsfi A
= /194 91 Thatfbattlefsfi B} - itsfioncomouse fFfiF - itfwouldfbefsfi / 92 thisfs
= =2 [l A / 93 thefpointfsfihd ™ / 95 onefsfi
& - itfwillfenablefusfsfehd
1 = = o =
Gl 3,24 H %k X = 3
i ol
A TO
o= ; A 197 q1-198 91
< 197 9q1-~198 9 & 0 N2 &l ;
=
197 1A Z Throughout this ftenure fas fSouth %) o]
Africas fpresident ffrom f1444 fto
2008
197 1A rejected fthe fscienti cfronsensus thatfi = Z g
that fIAIDS fis fraused fby fa fvirus
HIV fandfthatfantiretroviralfdrugs
canfsaveftheflives
197 91 % Z+ continuing fito fiembrace fithis - evenfas

position fieven fias fithe fievidence
againstfitfbecamefoverwhelming
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Z+ evenfiofNelsonfMandela fi fSouth
Africa sfi rstfBlackfpresident fand
was fi Mbekis fi immediate

predecessor

2k Usingfronservativefassumptions

z had fiSouth fiAfrica s figovernment
providedfthefappropriatefdrugs fi
itfivouldfhavefpreventedfi10) ) )

prematurefdeaths

staggering ficosts fthat fican farise
when fiscience fiis firejected fior

ignored

Z roughlyfromparableftoftheflossfof
lifeffromfthefgenocidefinfDarfur
andftloseftofhalf fof fthefiollffrom
thefmassacrefoffTutsisfinfRwanda

infi44/

more

= hefisfresponsiblefforfthefdeathsfof
0)) ) fiimesfasfmanyfBlackfSouth
Africans fias fithe fiwhite fiSouth

Africanfpolice

How farefwve ftofassessfafmanflike

that7

anyone

= He fiappears fito fihave figenuinely
believed frhat fiantiretrovirals fiare

toxic

= we fishould fijudge fihis ficharacter
di erentlyffromfthosefwhofdofset

outftofharmfothers

2008 &
HIVA 4 A g

A E

ol

o
K<)

23

While fiBotswana fiand fiNamibia
South fi Africas fi neighbors
providedfantiretrovirals

a firevealing fiindication fiof fithe

thefi4l fSharpevillefmassacre fi
killing fil 4 fand fwounding fimany

InfMbeki sfdefense fitfranfbefsaid
that fihe fidid finot fintend fito fikill

ol

9 3
S| S|
a a

=
I=]
=]
AA
] o
=
3 g
A
= =
=) =)

appearsf? i 4 252 S|

dofifwhetherfAforfB
A , HIV
4 A ¥
4 =9, uhg

AV

w0
34



< - EthicsfinfthefRealfiWorldfifVol fAfSCIENCE A
2ooaE A da F ¥, ¥ J% E
E ) E A=
o] d . ¥l e =] g 2t =
HV — Zd 2 ) = 2 23
= A A A% g
A X3 EARibN g ¥ H s 36
5,000 A = o = VAU
ZF o} g o 3 ,1994 2 sl -
2 uf A7 E | = < e
1961 H] d . = 69 Es
29 d g A g , &
b % 2 5000 % 34 o
2 3 = g = o BE of
- 2 49 & o 9 @ = I
ge Fob HY ¥ Y L % 2
J =3 A

ThabofMbekifrejectedfthefscienti cfronsensusfthatfAIDSfisfrausedfbyfafvirus fHIV fandfthatfantiretroviral

drugsfranfsaveftheflivesfoffpeoplefwhoftestfpositivefforfit fHronsensus that#]
andd| . afvirus fHIVfefi . testfpositivefforfefi A B . isfiftanfrfB5 25 - Al
%

Instead thefacceptedfihefviewsfoffafsmallfgroupfoffdissidentfscientistsfwhofsuggestedfotherfrausesfforfAIDS
continuing ftofembracefthisfpositionfeven fasfthefevidencefagainstfitfbecame foverwhelming fEwhofrfi

Z (A scientists). continuingfefi g . evenfasfrii ¥ | &, itfefihisfposition
While fBotswana fand fNamibia fSouth fAfrica sfneighbors fprovided fantiretrovirals fto fthe fmajority fof fits
citizensfinfectedfby fHIV fSouthfAfricafunderfMbekiffailedftiofdofso fAWhilefsefi  (~ H} ). SouthfAfricas
neighborsfrfi . infectedfbyfrfritizens 3 . dofsofrfprovidefantiretrovirals Sk,

hadfSouthfAfrica sfgovernment fprovided fthe fappropriate fdrugs fboth ftofAIDSfpatientsfand ftofpregnant
womenfwhofwerefatfriskfoffinfectingftheirfbabies fitfwouldfhavefpreventedfi10) ) ) fprematurefdeathsffif

SouthfAfrica sfgovernmentfhadfprovidedfi  if el H X £ (wouldfhavefp p). bothfAfandfB
befatfriskfoffiingfefi 9l
hefisfresponsiblefforfthefdeathsfoffD ) ) ) ftimesfasfmanyfBlackfSouthfAfricansfasfthefwhitefSouthfAfrican
policefwhofi redfonfthefcrowdfatfSharpeville : +asfmanyftfi  + asfifef . refonfrfi
. whoftfi Z (A thefpolicefi fi ).
Howfarefweftofassessfafmanflikefthat fEbefiofVfrfi . ( ~ | ). afmanflikefthatfsfi
E TG~

Hefappearsftofhavefgenuinelyfbelievedfthatfantiretroviralsfareftoxic ffappearftothavefp p fr{ff: fi
Gl & A 52 %) A ' '
wefshouldfjudgefhisfcharacterfdi erentlyffromfthosefwhofdofsetfoutfiofharmfothers fwhetherffromfhatred

orfioffurtherftheirfownfinterestsffdofsetfoutfsfi dofthosefi fi fsetfoutfiofVfEfi ™ . whether
AforBfsfA B fromfhatredffi toffurtherffo & ord] 2.
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ofo
AW

L) )
tenure o term
consensus Ely agreement disagreement
antiretroviral i ()
dissidentfia = dissenting conforming
embrace ( )uF & adopt reject
overwhelming o crushing negligible
denounce = condemn praise
predecessor o forerunner successor
premature untimely
staggering A astounding trivial
genocide
massacre slaughter
toxic A9l poisonous harmless
malice illfwill goodwill
o] = =1999~2008 -3 & ( = HIVfi : &
) g3 ]l %% o 2 % -
5% ¢ (4 A R : - 29 2
- | A g - zo% 9 d -3
5,000 ) = 11994 & A 21}
1961 H] = 69 : . =29 2 v} g . ] B} 2}
5,000 (¥ = ) ( )-o % od -4 d 5 dE
" '(appears) - : S| . &3 197 91 hisfienurefifhefacceptedfs
T - itffestfpositivefforfit fFfHIVhfthisfpositionfifagainstfitfrf < Al - themfflenounced
them frfi & & - Thatfhappenedfsfigd & / 92 itsfritizensfrfi
thisfpolicyfrfi | HZE oF A - itfestimatesfr{ig - theirfoabiesfr ! / 93 That

numberfifitfefil 5,000 / 94 hefisfresponsiblefefi 7 / 95 afmanfiikefthatfefi 5 /198 91 themfefi g
=1 2t - hisftharacterfsfi  &.

= 7 A% = A 36 5000
, = o] ® 4 A A
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[ 9-6 vy g 9 198 42-199 91

£ 198 92-199 1 & z [ [2] - & ,

>

198 924 F But figood fiintentions fiare finot
enough fiespecially fiwhen fithe
stakesfarefsofhigh

ofol

198 12 F = culpable fnot ffor fhaving finitially = notfAfoutfBfifig-
entertained fia fiview fi  fibut fifor
havingfrlungfiofthisfviewfwithout
allowingfitfiofbefiested

198 92 Zk Professor fMalegapuru fiMakgoba
South fiAfricas fileading fiBlack
immunologist fi fiMbekis fio ce

il

accusedfhim

198 93d After f1 Mbekis f1 ouster f1 his o
successor fiKgalema fiMotlanthe
movedfguickly

198 93 % ZF who fnotoriously fsuggested fithat Z+ True(False
AlDSfrouldfbefruredfoyfrhefusefof
garlic flemonfjuice fandfbeetroot
wasfpromptlyfi red

198 93 Z+ sofmuchfinfihrallfiofMbekifthatfhe = sofi fthatfifi (Itfisfiragic)
was finot fideposed fimany fiyears
earlier

198 9431 F Mbekifmust thave fknown fthat fif =~ mustthavefppf? i &
his fiunorthodox fiviews fi fiwere
wrong

198 94 &+ 2+ thefstrongest fobligation fto fallow 1
all fithe fievidence fito fibe fifairly
presented fand fexamined fwithout
fearforffavor

198 94 ZF Mbeki fi cannot fi escape A
responsibility fifor fihundreds fiof
thousandsfoffdeaths

198 95% Z+ In fiOctober f1,), fia fiBrazilian - o]
Senate finquiry fi frecommended
bringingferiminalfchargesfagainst
presidentfjairfBolsonaro

198 95 ~ z+ murder fby fomission fi fwasfnot -9 A
in fithe fi nal fireport fi fithe
prosecutorfwasfafpoliticalfally
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thefonly frountryfinfthe fworld fto R
havefmorefdeathsffromfCOVID 4
thanfBrazil
Those fiwho fidid fiso ficaused =
innocentfpeopleftofdie
from fijune fi fito fiNovember fi. ) o 3+A
,), fi1.))) fmore fpeople fdied
thanfwouldfhavefdied
We fmay fdisagree fivith fscientists el
butfwefmustfotfrejectfsciencefas
afmethodfoffinquiry
to fiact fiwithout fidoing fiso fias to % - asfi fasfpossible
carefully fiand fias flobjectively fias
possible fisfgrosslyfirresponsible
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Mbekifisfrulpable fnotfforfhavingfinitiallyfentertainedfafviewfheldfbyfaftiny fminority fof fscientists foutffor

havingfrlungfiofthisfriewfwithoutfallowingfitfiofbefiestedfinffairfandfopenfiebatefamongfexperts finotfforfA

butfforfBfEfAfl Bfi . havingfp p frfig ( QA1 o]). heldfby frfview
PN . allowfrfDftfiofbefp p

Mbeki sthealthfminister fwhofnotoriouslyfsuggestedfthatfAIDSfrouldfoefruredfby fthefusefoffgarlic flemon
juice fand fbeetroot fwasfpromptlyfi red : Mbeki s thealth fminister was fi red fi A
A who? A9, couldfbefruredfrfi + (&= o] ).

ItfisfiragicfihatfihefAfricanfNationalfCongress fsouthfAfrica sflominantfpoliticalfparty fwasfsofmuchfinfihrall
tofMbekifthatfhefwasfnotfideposedfmanyfyearsfearlier : It that?. sofifthatfsfi -~ o
befinfthrallfiofsfi g Q! . wasfnotfdeposedfsfi

Mbeki fmust thave fknown fthat fif this funorthodox fviews fabout fthe frause fof fAIDS fand fthefe cacy fof

antiretroviralsfwerefwrong fhisfpolicyfwouldfieadfiofafiargefnumberfoffunnecessaryfdeaths ffimustfhavefp p

=~ Eg] (= ). that% ifa  Akol 2 hisfpolicyfwouldflead Z. a

largemumberfofftfi

Thatfknowledgefputthimfunderfithefstrongestfobligationfiofallowfallfthefevidencefiofbeffairlyfpresentedfand

examinedfwithoutffearforffavor fiputfrfOfrfunderifffd -~ . tofallowfrfobligation to
A . allowftfOftfiofbefp p ffiresentedfifexaminedfi 2

=
‘i!' =R=]

ThefinquiryfalsofdiscussedfrecommendingfihatfBolsonarofandfothersfoefthargedfwithfimurderfoyfomission
forfilelayingfvaccinefpurchasesfiidiscussfrfiingfid 2| frecommendfthatftfi ~ + (should) €& be

charged fchargefAfwithB&FfA Bfs] & o . forfth =

1. ))) fmorefpeoplefdiedftihanfwouldfhavefdiedfif fthefpopulationfhad foeenffullyfraccinatedffthanfi
would fhave fdied f? fthan ( Z &), iffr fhadfp p f fvould fhavefpp frfi 7
I G | HEOH ).

Especiallyfwhenflivesfarefatfstake ftofactfwithoutfdoingfso fasfrarefullyfandfasfobjectivelyfasfpossible fis

grosslyfirresponsible fifto 7 (tofactfi ) is fwithoutfdoingfsofrfi BE oF . asfifas
possiblefsfi 2l ~3m | befatfstakefsf|{ 2
v (vF )

stake A, 2

culpable Els blameworthy blameless
entertain ( consider dismiss

clingfio H adherefio abandon
laughingstock joke

notoriously infamously

depose ( )= oust install
unorthodox A H unconventional orthodox

e cacy e ectiveness ine ectiveness
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asfafmethodfoffinquiryfefi 2 g & 2] /198 92 himfsfi - the
president sfefi & / 913 hisfsuccessorfefi &  / 94 Thatfknowledgefsfi E & =3
ok . thisflidfnotfdofthis fefi A4 %-A ®m 3 o] /95 hisfadministrationfifthefpresidentfrfi /
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GoldenfRicefifLifefMadeftofOrderfifThefCost fof

40
Beingfilnscienti cfffgz PDFfi4 44
Z 516 (0"®)+ &1 (04)=1008.F & g & &8 a9 k| =
= o A
1 a | A ? HowfBacteriafi.earnedfiofivritefTheirfDwnfNames

[5.4%]
Infsomefenvironmentalftircles frejectingfeveryfGMOthas
becomefsomethingfiikefafpledgefoffioyalty fandfanyonefwho
breaksfranksfisftreatedfasfaftraitorfworking thandfinfhand
withfafwickedfbiotechfindustry fThefauthorfthinksftheftime
has ficome fto fleave fsuch fa fnarrow fideological fposition
behind fSomefgeneticallyfmodi edforganismsfmayfturnfout
tofbe fuseful ffor fpublic thealth fivhile fothersfmay fhelp fus
meetfthefdi cultyfoffproducingfenoughffoodfasfthefrlimate
changes fRatherfthanfacceptingforfrejectingfallfof fthemfat
once fwe fshould flook fat feach fgenetically fmodi ed fplant
separatelyfandfweighfitsfmeritsfrasefoyfrase

Allfgeneticallyfmodi edfrropsfshouldfbefbanned funtil
theyfarefprovenfsafe
Environmentalfgroupsfshouldfstayfioyalfioftheirforiginal
principles

Publicthealth fmattersfmore fthan ffood fproductionfinfa
changingfclimate

Eachfgeneticallyfmodi edfplantfshouldfbefjudgedfonfits
ownfmerits

Biotech frompaniesfshouldfdecidefwhich fcropsffarmers
grow

2 a &l & ? [5.44]

Infy) ) fafteam fof fscientists fwith fCraig fiventer fas fits
driving fforce fannouncedfthefrreation fof fsyntheticflifefin
thefshapefoffafbacteriumfwhosefgenomefhadfbeenfdesigned
infaflaboratoryfandfassembledffromfchemicals fNicknamed
Synthia fthefnew forganism freproducesfitself fand fmakes
proteins fsofbyfanyfsensiblefde nitionfitfisfalive fitfrlosely
resembles fthe fnatural fbacterium fon fwhich fmost fof fits
designfvastbased fbutfitsfmakersfaddedfspecial fstrings fof
DNA ftofshowfthatfitfisfnofnaturalfobject fivrittenfinfcode
these fstrings frontain fa fivebsite feddress fthe fresearchers
names fandfi ttingfguotations fincludingfoneffromfRichard
Feynmanfaboutfbuildingfandfunderstanding

30

WhyfsyntheticfiifefCanfNeverfBefTrulyfAlive
Feynman sfDreamfoffBuildingfafBacterium
NaturalfBacteriafCopiedfforfPro t
SynthiaFAflivingfBacteriumfwithfafiab MadefGenome

3. a Sl 3 ? [5.4%]

Everyfinnovationfrarriesfrisks fandfthese thaveftofbefset
against fthe fgood fit fmight fdo fiWhen fthe fgainsfarefsmall
evenfafminorfriskfmayfbefunjusti edéwhenfthefgainsfare
large fafbiggerfriskfrouldfwellfbefworthfaccepting fRulesffor
geneticallyfmodi edfcropsfshouldftherefore fdistinguish fa
crop fiengineered fro frolerate fthe fweedkiller figlyphosate
whichfsimply fmakesfweedfcontrolfeasier fforffarmers ffrom
crops fthat fsurvive fdrought fand fsuit fdry fregions fof fpoor
countries finfthefsamefvay fafcropfthat frouldfsavethalffa
millionfchildrenffromfblindnessfwouldfdeserveftofbefgrown
evenfiffitfrarriedfsomefrisk fThefironyfisfplainggoldenfrice
has finever fibeen fishown fito fiendanger fihealth fior fithe
environment fyetfitfisfstill theld fback fivhile feropsfbredfto
resist figlyphosate falready ficover fmillions fof fhectares fof
commercialffarmland

Genetically fimodi ed ficrops fshould fbe freleased fionly
whenftheyfrarrymofriskfatfall

Afcrop sfrisksfshouldfbefweighedfagainstfitsfbene ts fso
afcropfasfbene cialfasfgoldenfricefisfworthfsomefrisk
Glyphosate resistant ficrops fiare fimore fiuseful fithan
drought resistantftrops

Poor ficountries fishould figrow fionly fidrought resistant
crops
Thefrisksfoffanfinnovationfalwaysfoutweighfitsfoene ts
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4. That fhurdle fivas fraised thigher a
| | ? [6.0A]

After fseveral fiyears fiof fresearch faimed fspeci cally fiat
vitaminfAfde ciency fSwissfscientistsfi rstfproducedfgolden
ricefinfy) ) ) fandfihefi rstfi eldfirialsfiookfplacefinfy) ) / fAt
thefstart fresearchersthadftofbreedfbetterfrarietiesfablefto
thrivefinfthefplacesfthatfneededfthemfmost Morefi eldfirials
thenfhadftofbefrunfiofsatisfyfthefstrictfrulesfthatfcontrolfihe
releasefoffgeneticallyfmodi edforganisms fThatfhurdlefwas
raised fhigherfiafter factivists fwrecked ftrial fi elds fin fthe
Philippines fOnlyfinf} ), fdidfthe fPhilippinesfbecomefthe

rstfrountry ftoflet ffarmersfgrowfandfsellfgoldenfrice fand
supportersthopefthatfBangladeshfwillfgivefitsfi nalfapproval
infi),,

Activists fdestructionfoffirialfi eldsfmadefitfevenfharder
tofmeetfihefstrictfrules
Goldenfricefhadfiofbefgrownfonfhigherfground
Thefphilippinesfraisedfihefpricefoffricefseeds
Swissfscientistsfsetfthemselvesfathigherfresearchfgoal
Bangladesh fidemanded fimore fi eld fitrials fithan fithe
Philippines

5. asfappealing fasfbuyingfmonochromefcathode
rayftubefmonitors a dl ¥s|
? [5.44]

The fwork fthat fproduced fSynthia ftook fi ) fscientists fa
decade fandfWVenter fsaid fthat fonfafpracticalflevel fitthad
given fresearchers fa fpowerful fnew ftoolkit ffor fredesigning
life fsyntheticfbiologythasfindeedfgrownfrapidlyfsincefy ) )
thoughfnot fthrough fthefmethodsthisfteamfused fOnlyfsix
yearsfafterfSynthia sfrreationfwasfdramaticallyfannounced
newerftechniquesthadfemerged fandfSarahfRichardsonfand
NicolafPatron ftwofresearchersfinfthefi eld fsuggestedfthat
creatingfsyntheticforganismsfthefwayfVenterthadfdonefwas
now fasfappealingfasfbuyingfmonochromefrathodefrayftube

monitors.

Venter s fimethods fiwere fitoo fiexpensive fifor fimost
laboratories

Syntheticfbiologyfstoppedfgrowingfafterfy ) )

Venter sfmethodsthadfbecomefoutdated fnext ftofnewer
techniques

Synthetic forganisms fshould fbe fshown fon fromputer
screens

Venter sftoolsfwereftoofpowerfulfiofbefusedfsafely
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6.
[6.0Z]
InfMbeki sfdefense fonefranfsayfthatfi fhefneverfmeantfio
killfanyoned1 fhefiseems fto thave fsincerely fbelieved fthat
antiretrovirals fwere fpoisonous fiwe fran falso faccept fthat
Mbeki fwas fnot fdriven fby fmalice ftoward fpeoplefsu ering
fromfAIDS fBecausethethadfnofwishftofharmfi fthem fwe
oughtfiofjudgefi fhisfcharacterfinfafdi erentfwayffromfthat
offpeoplefwhofdeliberatelyfsetfoutfiofinjurefothers fwhether
outfoffhatredforfiofserveftheirfownfinterests fgtill fmeaning
wellfistnotfenoughfwhenfthefstakesfarefthisthigh fMbekifis
tofblamefmnotfbecausefi thefatfi rstftookfseriouslyfafposition
thatfonlyfathandfulfoffscientiststheld foutfbecausethefclung
tofitfwithoutflettingfexpertsfiestfitfopenlyfandffairly

ol
*H
D

7. a ? [5.44]

Greenpeacefisfusuallyfihefonefleadingfprotests fyetfinfy) /
itffoundfitselffihefobjectfoffone fPatrickfMoore fwhofspoke
forfthefprotestersfandthad fonce fbelongedfto fGreenpeace
chargedfthefgroupfwithfsharingfthefblamefforfiwofmillion
children fdying fevery fiyear fiThe fdeaths fhe fmeant fwere
causedfbyfvitaminfAfde ciency frommonfamongfchildren
who flive fmainly fon frice fandfMoore frlaimedfthatfgolden
rice fgeneticallyfmodi edftofrontainfmorefbeta carotene
thanfordinaryfrice frouldfpreventfthem fMoore sfnumbers
heldftruefforfthefearlyfi44) sébyf; ) / thowever frheythad
fortunately fffallen fu figreat fdeal fEven fso fthe fde ciency
remainsfafseriousthealthfproblem fparticularlyfinfareasfof
Africa fiand fiof fiSoutheast fiAsia fiand fithe fiworld fiHealth
Organization festimates fthat fit fblinds fabout fy 0) ) ) ) fto
0)) ))) fpreschoolfchildrenfafyear faround fthalf fof fivhom
arefdeadfwithinfafyear
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Whenfitfromesftofshowingthowfusefulfsyntheticfbacteria
areflikelyfiofbe ftheftimingfoffSynthia sfbirthfdidfmorefthan
anyfpublicfrelationsframpaignfrouldfhavefdone foecausefthe
announcement fhad fto fi ght fifor ffront page fspace fwith
reportsfoffthefworst foil fspill fin thistory ffomeday fscientists
might fdesign fbacteria frapable fof frleaning fup foil fspills
quickly fsafely fandfe ectively fWenter sfmostfexcitingfidea
however fisfatkindfoffalgafthatftakesfrarbonfdioxidefoutfof
thefatmospherefandfturnsfitfintofdieselffuelforfgasoline fHis
company fSyntheticfGenomics fsignedfaf$l) ) fmillionfdeal
with fExxonMobil faimed fat fgetting ffuel ffrom falgae fand
ExxonMobil fsaid finfy ) 3 fthat fit fexpected fto fbe fmaking

) ))) foarrelsfafdayfoffoiofuelfmadefiromfalgaefoyfy ) , O

“ 2 52
[e2]
I
HH] 2018 g3 1
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9. a , E ? [6.0Z]

South fiAfrica s fneighbors fBotswana fand fINamibia figave
antiretroviralsfiofmostfofftheirfritizensfwith fHIV fbutfSouth
AfricafunderfMbekifdidfnot fAfteamfoffHarvardfresearchers

hasfsinceflookedfintofivhat fthisfpolicy fled fto fivorking
from fronservative fassumptions fthe fteam festimates fthat

hadfthefgovernmentfsuppliedfthefproperfdrugsftofpeople
withfAIDSfasfwellfasfiofexpectantfmothersfwhofmightfpass
thefvirusfioftheirfbabies f110) ) ) fearlyfdeathsfwouldthave
beenfi fprevented fThatfnumberfshowsfhowfl fstaggering
thefrostsfranfbefivhenfpeoplefreject forfignorefscience fit
roughlyfmatchesftheflossfofflifefinfthefDarfurfgenocidefand
comesftrloseftothalffthefnumberfoffiutsisfi fkillingfinfthe

44/fmassacrefinfRwanda
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) ffA fig fifi ™ |
A ? [5.43]

When fgenetically fmodi edfcropsfi rst fappeared fduring
thef143) s fpeoplefhadfgoodfreasonsfiofbefvary fiVerefthe
cropsfsafeftofeat7 fCould fthey frross pollinate fivith fplants
growingfwildfandfthandfonfthefspecialfiraitsftheythadfbeen
given fforfexamplefpestfresistance ftherebyffA f&reatingf{
created9fnewfisuperweeds 7finfihefi44) s fwhilefrunningffor
the fSenate fas fa frandidate fof fthe fAustralian fGreens fthe
authorfwasfonefoffthosefwhofralledfforfstrongfregulations
tofstopfbiotechfrompaniesfiromff feputtingf{ fputApeople s
health for fthe fenvironment fat frisk ffor fthe fsake fof fpro t
Today fthefdisastersfthefGreensffeared thave fnotfhappened
and fino fitrustworthy fiscienti c fievidence fishows fithat
genetically fmodi edffoodsfmake fpeoplefill feven fthough
they fiffi fighave freceived fi( fhave fibeen freceived9ficloser
scrutinyfthanfnatural floods

fA iz f&
creating putting havefreceived
created putting havefreceived
creating put havefbeenfreceived
created put havefreceived
creating putting havefbeenfreceived
. 2 , 9 = =
o} ? [6.0%]

Forfsomefyears fsyntheticfbiologyfhadfbeenfi floomingfas
bioethics fnext fmajorfissue fandfthefresearchersfoffthefj
CraigfVenterfinstitutefanticipatedfbeingfaccusedfoffplaying
God fiThey fwere fnotfi  fdisappointed fFor fanyone fwho
believesfthatfGodfcreatedfiife fihisfromestearerfiofplaying
God fthanfanythingfhumansthavefdonefsoftar fArtfCaplan fa
well known fbioethicist fat fthe fiJniversity fof fPennsylvania
called fithe fiachievement fia fihistorically fi  fisigni cant
discovery fisince fit fwould fiseem fito f1  fistrengthenfithe
argument fthat flife fneeds fsome fspecial fforce for fpower fin
order ftto fexist fiOthers fpointed fout fthat fthe fteam fhad
inserted fiits fisynthetic figenome finto fia ficell ftaken fifrom
anotherfbacterium fwherefitfi freplacedfthefcell sfownfDNA
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12. c 7t 3§ | ? [6.0]

Mbeki fheld funconventional fbeliefs fabout fwhat frauses
AIDSfand fabout fivhether fantiretroviral fdrugs fivork fThese
beliefsfwerefeitherfrightforfwrong fandfifftheyfwerefwrong
a figreat fmany fpeople fwould fdie fwho fdid fnot fneed fto
something fiMbeki fmust fsurely fhave funderstood fSuch fa
leaderfrannotfjustfactfonfhisfbeliefs fThefhigherfithefpricefof
being fmistaken fthetheavierfhisfdutyftofi fiMbeki
never fdid fthis fand fin fthe fauthor sfview fthat fis fivhy fthe
deaths fiof fhundreds fiof fithousands fiof fipeople fiare fihis
responsibility

keep fthis fviews fprivate funtil fthe fexperts thad fi nished
debating

let fevery fpiece fof fevidence fbe flaid fout fand fweighed
fairly ffavoringfmofside
followfwhateverfmostfvotersfhappenedftofbelieve
relyfonfthefgoodnessfoffhisfownfintentions
consultfonlyfthefscientistsfwhofalreadyfagreedfwithfhim

13.2 2 9 , 3
? [6.0Z]

Instead fitfthasfhanded fthe fGolden fRice fHumanitarian
Board fafnonpro tfbody fthefrightftofgrantfsub licenses
forfihefrice

Someftriticsfseefgoldenfricefasfpartfoffafbiotechfplanfto
controlffarming fiworldwide fffi fifAdmittedly fSyngenta fa
giantfoffagribusiness fhelpedftofdevelopfthefrice fffi fifivet
thefrompany thasfnotftriedftofmakefmoneyffromfit fffi fi
This fboard fwhose fimembers finclude fthe frice s ftwo fco
inventors fmay fprovide fit ffor fhumanitarian fuse fto fstate
research fibodies fiand fito fipoor fifarmers fiin fideveloping
nations fffn fi fit fmust fnot fhowever frharge fmore fthan
ordinaryfricefseedfrosts fffi fifThefPhilippinesfisfwherefihis
isnowfhappening

c V3]
— =

14. a 2 ? [5.43]

InfAmerica fthefonlyfrountryfwherefCOVID 4fkilledfmore
peoplefthanfinfBrazil fmationalfpolicyfunderfoothfTrumpfand
Bidenfbackedfvaccines fi fEvenfso fmanyfAmericansfwere
taken fiin fby ficlaims fidescribing fivaccines fias fipart fiof fia
treacherousfplotftofrontrolfpeopleforftofsterilize fthem fi
Rather fthan fexamining fwhat fthe fscience fshowed fmany
people fwith flarge fisocial fimedia fifollowings fispread fithis
misinformation fi finfthefauthor sfview fthosefwhofspreadfit
were fto fblame ffor finnocent fpeople s fdeaths fi finfsome
countries fafshortagefoffvitaminfAfalsofhelpsfexplainfwhyfso
many fimothers fidie fiin fichildbirth fi fA fiKaiser fiFamily
Foundation fstudy frountedfil. ) ) ) fmore fdeaths fover fsix
monthsfoffy) , fihanffullfvaccinationfwouldfhavefallowed

H
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A &l % ?

[5.4%]
Somefpeoplefarguefthatfnofliving fthingfshouldfeverfbe
patentable

fA finfi43/ fpatentingflifefwentfonefstepffurther fasfHarvard
University fivon fa fpatent fon fitsfioncomouse faflabfmouse
built fro fdevelop francer feasily fwhich fmade fit fa fbetter
researchftool

B fThatfbattle fnowever fhadfalreadyfbeenflostfbackfinfi43) 5
in fithat fiyear fithe iUS fiSupreme fiCourt firuled fithat fia
microorganismfgeneticallyfengineeredfiofrlearfoilfspillsfwas
patentable

ff fTherefarefgoodfreasonsftofobjectftofturningfafsentient
creatureflikefthisfintofafpatentedfpiecefoffiabfequipment fit
isfharder fthough ftofexplainfwhyfbacteriaforfalgaefdesigned
from fscratch fwhich fpresumably ffeel fnothing fand frould
provefnoflessfusefulfthanfotherfinventions fshouldfbefkept
outsidefpatentfiaw

fA A fif A fiB
fB fifiA fi i
B fi it fi ffA
i i ffA A fiB
i i fiB fi i

16. a gl : (a),
fa = 7t 9 & ? [5.43]
Thefauthorfistnotfrlaimingfthat fwhateverfmostfscientists
believe fis falways ftrueéthe fpast frecord fof fscience fplainly
shows fotherwise fScientists fare fhuman fbeings fwho fran
makefmistakes fandflikefeveryonefelseftheyfranfbefswayed
byfherdfmentality fand fby fthe ffear fof fbeing fpushedftofthe
margins fiWefareffreeftoftakefissuefwithfscientistsdwhatfwe
mustfnotfdofisfthrowfoutfsciencefitselffasfafwayfoffi nding
thingsfout fiWhetherfwefleadfgovernmentsforfrompaniesfor
in uencefothersfonfsocialfmedia finfmanyfi eldsfwefrannot
tellfwhatfthefrightfcoursefoffactionfisfunlessfwefexaminefa
wholefbody fof fscienti cfi ndings fwWhenflivesfare fon fthe
line factingfwithoutfdoingfthisfasfrcarefullyfandfobjectively
asfwefranfisfgrosslyfirresponsible

fAlthough fscientistsfranfbeffA i fivefshould
keepfsciencefasfourfwayfoffinvestigating fsincefinfmany
areasfwefrannotfdecidefwhatfiofdofwithoutffB i
thefevidencefitfprovides

mistakenfi fassessing
mistakenfi fignoring
trustedfi  fassessing
objectivefi fignoring
unanimousfi favoiding
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Goldenfrice fafgrainfgeneticallyfmodi edftofbefricherfin
beta carotene fwasfproducedfforfihefi rstfiimefinfy) ) ) fand
inf} ), fithefPhilippinesfwasfthefi rstfhationfiofgiveffarmers
approval fto fgrow fand fsell fit fiToday fabout fa ftenth fof fall
croplandfinfthefworldfisfplanted fwithfgeneticallyfmodi ed
crops finfy) ) fCraigfVenter sfteamfannouncedfSynthia fa
bacteriumfwhosefgenomethadfbeenfmadeffromfchemicals
In fiSouth fiAfrica fiHarvard firesearchers fiestimated fithat
supplyingfihefrightfdrugsfrouldfhavefsavedfi10) ) ) fpeople
from fearly fdeath fOnce fMbeki fhad fbeen fremoved ffrom
o ce thisthealth fminister fivasfguickly fdismissed finfi41
policefatfsharpevillefkilledfi 4fBlackfprotesters

<QUIZ>

th finfwhatfyearfwasfgoldenfricefproducedfforfthefi rst
time7

Answerfforffifn
ffi fWhichfrountryfwasfihefi rstfiofietffarmersfgrowfand
sellfgoldenfrice7

Answerfforfifi &1
ffi fOnfebout fwhat fshare fof fthe forld s frropland fare
geneticallyfmodi edfcropsfgrown?

Answerfforffi 1
fff finfwhatfyearfdidfVenter sfieamfannouncefsynthia7

Answerfforfif 1
ff fHow fmany fearly fdeaths fdid fHarvard fresearchers
estimatefrouldfnavefbeenfpreventedfinfSouthfAfrica7

Answerfforflo 1
fh fisfitfirueforffalsefthatfMbeki sthealthfministerfstayed
info cefafterfMbekifwasfremoved7

Answerfforffh 1
ff fHowfmanyfprotestersfdidfpolicefkillfatfsharpevillefin
19617

Answerfforfilf 1
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#:fRegulationsftofprotect fthe fenvironment fand fthe fhealth fof fronsumersfshould fbe
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