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Photosynthesis
in chloroplasts :
CO, + H,0 : Organic

molecules

' Cellular respiration
~ in mitochondria

Qo VR 1

ATP powers most cellular work

Heat
energy
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PSII (Photosystem Il)  PSI (Photosystem I) ATP synthase
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Endosymbiosis theory (R#HZERER)

e The mitochondria (%% #2) of eukaryotes evolved from

a -proteobacteria (a-Z#2E) living within their host cell.

~ 1.5 billion years ago

* The chloroplasts ( &= ) of eukaryotes evolved from
endosymbiotic cyanobacteria ( EE4xH ) .

~ 1.2 billion years ago



MhER YRR IR FRIES : LUCA (last universal common ancestor )

Bacteria Archaea Eukarya
Green non-sulfur bacteria Animals Ciliates
Gram-positive bacteria Methanosarcina Green plants
Purple bacteria Methanobacterium Haloarchaea Et
) Methanococcus
Cyanobacteria
Thermococcus
Thermoproteus Flagellates

lavobacteria & allies Pyrodicticum

Microsporidia

Thermotogales

LUCA

3.6 ~ 4.3 billion years ago

The last universal common ancestor (LUCA) is the hypothesized common ancestral cell
from which the three domains of life, the Bacteria, the Archaea, and the Eukarya originated. 5



https://en.wikipedia.org/wiki/Cell_(biology)
https://en.wikipedia.org/wiki/Three-domain_system
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Archaea
https://en.wikipedia.org/wiki/Eukarya

EikazSLAMRREMA BT DNA

DNA in chloroplasts
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EMEREANER

I.  Genes involved in chloroplast gene expression (BERZRHFAFHEBNVER)

- TRNAS, tRNASs
- ribosomal proteins
- RNA polymerase

Il. Genes involved in photosynthesis (BB &{ER. EFEEREERVER)

(electron transport chain)

- 28 thylakoid proteins psa and psb subunits
- ATP synthase subunits (atp)

- NADH dehydrogenase subunits (nad)

- Cytochrome b6f subunits (pet)

lll. RUBISCO large subunit (rbclL) 7



Ribulose 1,5-bisphosphate carboxylase-oxygenase (RuBisCO) is the enzyme responsible for
the fixation of C derived from atmospheric CO, as part of the Calvin-Benson cycle

\l—

1,5- Z i B #% B
(RUBISCO):

EAEERPRRXEIRE
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&8 £ 2= /Y1

ik [E 7€ = FE

LS —

I

CH,O0—P)
3 molecules
RuBP

3ATP

Stage 3: regeneration of RUBP

' 5 molecules GA3P

' 1 molecule GA3P |

3 molecules
CO,

!

Calvin Cycle

CHO
CHOH
CH,O0—P)

6 molecules
GA3P

| 1/2 molecule glucose (CgH;,06) |

Stage 1: carbon fixation

RuBisCO
\ EHoH

COoO™
|
CH,O0—P)
6 molecules
3-PGA
6 ATP
6 ADP
Stage 2: reduction of 3-PGA
C 6 NADPH
6 NADP™+ H*


https://zh.wikipedia.org/wiki/%E5%85%89%E5%90%88%E4%BD%9C%E7%94%A8
https://zh.wikipedia.org/wiki/%E5%8D%A1%E7%88%BE%E6%96%87%E5%BE%AA%E7%92%B0
https://zh.wikipedia.org/wiki/%E7%A2%B3%E5%9B%BA%E5%AE%9A

Human Mitochondrial Genome

ABEBEGOEREALE16.5 kb, A A 1318 T XAHKE %
FORNEAR (RETFRBESEHMN)

The genome of human mitochondria contains 16,569 base pairs of DNA
organized in a closed circle. These encode:

125 rRNA

165 rRNA

e 2 ribosomal RNA (rRNA) molecules N
e 22 transfer RNA (tRNA) molecules
* 13 polypeptides

cytochrome b
-

tRNAFhe

tRNALEU

\ Subunits of NADH

dehydrogenase

Subunits of
cytochrome ¢
oxidase

~

. 7 subunits that make up the
mitochondrial NADH dehydrogenase

. 3 subunits of cytochrome c oxidase

. 2 subunits of ATP synthase

. cytochrome b

AT INARIEERE - AIEEMEENS - AREZXZITUKEA

ATP synthase



Evolutionary trend towards reducing organelle gene content

Genome Protein coding
genes
Rikettsia prowazekii (alpha 832

proteobacterium)

Reclinomonas americana 62
(protozoan) mitochondria

Marchantia polymorpha 04
(liverwort) mitochondria

Arabidopsis thaliana 57
mitochondria

Homo sapiens 13
mitochondria

ERkES, FIHRES: “Energy Producing Organelles” #AREAZEX£EE= (ATP) MEE
fazs

ﬁﬁﬂs FifREE . “Semi-autonomous Organelles” HECOHER, B E{MEMEA

\




Many important reactions occur
In the chloroplast

Photosynthesis FE1EH
Amino acid metabolism SELER 4 B

Carbohydrate metabolism FE #5424

Redox regulation...etc

« REFEBIERAKS, BOFREEMNSTRAR,

REEZ2NEY, B ERIRH.,



EBAEM EER AT RN F)

BASF &k (1&H)

Syngenta %&iEiE (Gad)

Bayer # % (f&H)
(Monsanto & .l #R)

Corteva fi# (£H)
(Dupont A #R)

syngenta

S

CORTEVA
ag

IIIIIIIII
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Percent Global Area

9k EBAEW:

GM Crops grown on 200 million hectares in 2022
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0%

Corn Soybean Cotton Canola

ES 3 %9 AL h

BGM Bnon-GM

Source: https://gm.agbioinvestor.com/
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3 B AR

e 16.5 F
« 1181588 £

ek, AiEF, £F, fuwE
2017-2022 tF ERZ FH R

Time and Cost to
Market Study

A new study from Agbio Investor surveyed
four leading biotech crop developers (BASF,
Bayer, Corteva, Syngenta) on how long it
takes and how much it costs to bring a
product from early-stage research through
product launch, for traits launched 2017-
2022.

BB LR PTICR A B A S 4R

DELIVERING A NEW

GM TRAIT

TO MARKET REQUIRES
AN AVERAGE INVESTMENT OF

=
R &(@’ aﬂoﬁl

16.5

YEARS

of research, development,
and regulatory approvals

14



“Roundup” [ SF4

Erythrose 4-phosphate

“Roundup” ##| 7T
% &7k BB 694 AR,

FHEHERALAR: LIARALE

AR . ABIEE B ATA AR
, LEAREN P HEF,

“Roundup”

BT BT AR A ?

Shiki

mate

v
v

Shikimate 3-phosphate

Glyphosate

PEP

EPSP synthase 5—%% ﬁ? i\ —V‘i @F’] @iﬁj‘tﬂé @é‘l—?)—@s: ﬁié\ﬁx @iﬁ:

enolpyruvyl shikimate—3—phosphate

“ = 99 EPSP
FHRE synthase (EPSPS)
\ 4
Chorismate

Anthranilate Prephenate

¢ Arogenate

v x///A\\\x 15
Tryptophan Tyrosine Phenylalanine




%Y Roundup Ready®
E A

1% 4% %9

"i - .(‘ 4

-5 g & P > . \ ', {7, 1_ - ",; .1 {2
Conventional weed cont,["-él Roundup Ready@;’,@ygem A By

FLAEEREGESR: “Roundup” [ FHF 45| HEH

“Roundup”: the most used herbicide in the USA and the most-sold agrichemical of all fime



Roundup Ready® #k#4p &9 5% %

A2 KEEFEAFHE (Agrobacterium tumefaciens) ¥, &iE 2|7 XA “Roundup”
X e F B AR EAAE (A tumefaciens CP4)

.

HhEHAER E % EPSPS BE A REFTER (mutant EPSPS)
#& R Roundup #4169 EPSPS R & 7 K X &% 74 2| 4E 0 P

- CTP 4 A. tumefaciens CP4 mutant EPSPS -

F R % 3% Roundup Ready® Y&y i B & B

A F A EAEBRA “FE&E” WAk, BRAEPSPSEFA @i L—K
“transit peptide (TP)”, 38 EPSPS ™ LUBA| #iEX 2] “FE &7 N, 17



A K AEM (Bt crops)

« #Z B (Bacillus thuringiensis) € £ 4 L& #% &% F 94 a4 & 9 (crystal proteins, Cry)
- CryZaLRanipEy (i) A &N, EABKBET (BH) REFHE.

c MEHEAAWCry ARRAINEMF, A “Btcrops” .
.+ Cry & 0/E A%

"}:.}. Bt Gene is
s inserted
-' INkQ crop

4

Crop is infected by Peast dies when feeding on
Eurcpean com borer any plant parn

BAOBEW Cry TROEHAEBWNIGEMIOIE LEST R (receptor) &4, & aJFm@mieF I .



2023% B 2% A H#5KXF, 09/07/2023 #% 7~ Bayer (Chesterfield, MO, USA)

19



FBER, RENE &%%QW%$Lriwx%%%

B GM Planted Area (Ha m.)

e 27 countries in 2021

* Total of 202.2 million
"l hectares in 2021
.I""I"“ | * Increase of 3.3% in 2022

2 L L\l S L i S S\ 1°ﬁ (208 9 million hecta reS)

Year

Source: https://gm.agbioinvestor.com/

¢ 99% U LEMEBMEMRIBIH. RAEWEZMES
« BHABEWOTE, BERIFES 12, LWEAETNE LK LU TF
« HHAXMHWHRAR: £B. 5, MRE, &K, FE. B, TH., ©-
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20045F, FHA—FKAEBRN S ERE BT AR E a9 X &Y

NO2 inducible Gene that controls Termination
promoter anthocyanin biosynthesis signal

MTARAERFRERWAR, BEFX_ANLIAFINRY TIAR



= AR B 3 E G944 Land-mine-detecting plants

Ehe New Hork Eimes | : T
- g - = ——
December 9, 2004 Photomontage by Zachary Scott for The New York Ti . &ﬁg H%ﬁ




T A B S B & 09 R B RN 998 F 2 B B R R E7F

#) FIDNAZ 4 B 47, MR
(Ringspot virus) 8 & @& & (coat
protein) A& B, ##74 2] KJN,

et - .
Lt 4 g S -
% -

3l

Ly

LeEns T,.QM }papaya ]‘akes on, R
’§ “’Vﬁ’usand Wmsm i,
¥ 3" &mf*rﬁ o Ee ¢
Tﬁ@%mmn Hah"'long tr
yet lf is SU[[ runmng m‘toj

472 Z5APRIL2008 VOL320 SCIENCE www.sciencemag.org



¥4 % Golden Rice

IPP
Tocopherols
Vitamin E }
Gibberellins <—— GGPP
Chlorophvll Phytoene synthase
o (psy)
' Y
- Phytoene
5!9"" gggg =
'g = Phytoene desaturase
o fcrd)

Lycopene

18R AT o

‘ ’j R %’JGQL E .iR|CE LR ES /\Lycopeneﬁcyclase
3 T : [

"W , Pﬁbtope hifl J‘ yand d;g‘{”,f L f

2 jts 'U« e l i : of ldrﬁc t

% NJ,H'.Ua £€ ‘“‘ﬂ g U-z rl J~ ('{'h . ? \“ J
h} 4 \St!‘”

25APRILZ2008 VOL3IZ0 SCIENCE  www. sciencemag.ong
Published by Add S

WA A B R, RERABREGEA MR psy, crtl, lcy BIA B KAS

a-Carotene -Carotene

| |




&4 % Golden Rice

T

b y :,4»' N
== & /3 THIS RICE

o COULD SAVEA

; «..but protesters beli .
g \ such genetically modﬁte'ed
; foods are bad for us and
our planet. Hereswhy.

wild type Golden Rice 1 Golden Rice 2

http://iwww.goldenrice.org/ ¥R £ % EFE_XK E£K

Provitamin A (B-carotene): 1.6 ug/g 31 pg/g
B-AEE &



Wi glA  Del Monte “ROSE” pink pineapples

FDA approves pink, genetically engineered pineapple from Del Monte Fox News December
16, 2016



http://www.foxnews.com/

* B R 3F2022559 A #up K & 69 X K B 7
Genetically modified purple tomato approved by
US regulators

By Rich Haridy
September 11, 2022




58 B (non-browning) ¥ AL & 38

Conventional § 8 Arctic™ “IB” BE
Apple Variety Apple Variety

- , Okanagan Specialty Fruits

PPO: polyphenol oxidase % & & LEs
AR “RX BB (gene silencing)” ,

PH oy  PPO T o
/@’ — /Ej BF RNA interference (RNAI) #5347,
« 2 X Ripsl PPO AR&EA,

reduced state oxidised state
polyphenol ortho-quinone



EFROMELTHEXESHE

USDA Approves Modified Potato. Next Up: French Fry Fans.
By ANDREW POLLACK NOV. 7,2014 The New York Times

s R AN E BN EHE

A genetically modified Innate potato™ ( “X4” H4E) left, made by J.R. Simplot, next to a bruised conventional potato.



BASF 3% Nuseed 89X & XA H =4 EPA 32 DHA

BASF-LBFLFK

omega-6 omega-3 70
A12-desaturase A15-desaturase (FAD3)
18:1A° omsm——d 18:2A9.12 EEEEN * 18:3A9.12,15
l A6-desaturase l
18!3A6'9'12 18:4A6,9,12.15
1 A6-elongase 1
20:3A8.11,14 20:4 A8 11.14,17 0 = B _ - gD .l B -
l A5-desaturase l FEIEY ~'>° ¥ V& Q,b"“ o"\? Qy ‘>° & &
20:4A5'8'11'14 20:5A5.8.11.14.17 EWT (Kumily) BLBFLFK
(C) NS-B50027-4
1 A5-elongase l 70
294 A7.10.,13,16 22-5A7.10,13,16,19 60
50
l Ad-desaturase l 40
22:5A4.7,10,13,16 22:6A4.7,10,13,16,19 30
®3-desaturase 2 ‘
C18+n-6 mmmmm C18+ n-3 10 .
* 0 —— - - e —— J
K \",» ».\/‘:\ ¥ & m@“ & ‘b: & & &S

Napier et al. Plant Biotechnology Journal (2019) 17, pp. 703-705

HWT (AV Jade) BINS-B50027-4

BASF-LBFLFK A& ¥ #78 T12/852 DHA &AM AR (THABELX) , /Ite—ERZEEHLR,



BASF $2 Nuseed /N 5]%) DHA XX wF O£, m, ARERMRA LT
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A&

RN MM, EEFED,

GM Crops grown on 200 million hectares in 2022

Percent Global Area

Corn

B AT LAz /EE o ag L

BGM BEnon-GM

Soybean Cotton Canola

*9 AR hE

Ei'flﬁﬁ}é]ﬁﬁﬁﬁ JI—7]‘ ?—L\ 7}%4&\ /‘3[3711\ ﬁ’Eb]:

33

Source: https://gm.agbioinvestor.

.com/
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202256 8 0 & 827587 (ER17757, P.9989 % "a)
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at1: 20134 > 87908 » SRBMIEHIE > FCRUETE » BIERE SR 5430/2750000+5430 = 0.001970 (~ 0.2%)
120175 > 467400 » Bt KieEiT= » BIERESZ=1E
: 20194F » 4,776/AME » B G EIBIEATETE » EES TSN 202254649098 At EF e 20 F S

1 20225 > 543078 > BB AREE - BIERT =B 35

2
i3
4

2022 B E & 85 & ¥ %5, 430/ %4
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% CRISPR/Cas9 ##7#9 % & 7 2020518 /53 A ML F #

SEAE P LB R M,
R A 58586 N\SF!

Emmanuelle Jennifer A. Doudna
Charpen‘rier Prize share: 1/2
Prize share: 1/2

The Nobel Prize in Chemistry 2020 was awarded
jointly to Emmanuelle Charpentier and Jennifer
A. Doudna "for the development of a method for
genome editing” 38




B2 CRISPR/Cas9 (¥ ML EHFNNELEMBE O Z %) ?

* “CRISPR” (pronounced “crisper”): Clustered Regularly Interspaced Short Palindromic Repeats

1987 B AR EREXRGAFAGERAE AR RGO EFF], X— ) BOINAGE—BFH, ¥
BABZMXAERWMIG, WFFHEE CRISPR. CRAEAMBTH—HER, ZHLH
PSR YELEBZEAYRFOEARF K., @HERE LA HH BARAR SEHKSAEFEHE
B EE, BHGEHADNA, BHAREREHE .F F 5 6h b s R

« Cas9: CRISPR-associated protein 9; an endonuclease that cuts DNA at a location
specified by a guide RNA

Cas9 7%% ""ﬂﬂ ?fﬁl% /i/f?; H‘] ﬁ’] CRISPR ;]:gg;;g{@ (https://zh.wikipedia.org/wiki/CRISPR)

 CRISPR/Cas9 RARmHE £.% £ 69 —3H9 39



4 {7 ] ] CRISPR/Cas9 # 47 & H % #? Guide RNA + Cas9

o MU EAZREBEZ
7] L RNA (~20 bp)

e Cas9: CRISPR ¥
B

NHEJ HDR

« Guide RNA EBAEZA R F 7B KL, Cas9 ZOH T AASEEL AL DNA Wl
- DNA BiZ 4, mia€ s DNA 1448 & &
- DNA #B#frzs, EARE, BETHELH

40



HEREARAEB%E (genome editing) 4t A ?

(https://en.wikipedia g/w ki/CRISPR_gene_editing)

o ABRAZHRL: HRLLERR PR

e EEAHBRER: ARESRTE S A
BAar& B 90% A L&y CRISPR E&RL AP IEERHEHT (FAEN! )

41



A 2 KT ) FICRISPR/Cas9# 47 A H 48

#3 #5h

i LA F ks E
#£51 RDNA &G AR

Current Opinion in Biotechnology 2015, 32:76—-84

« ARKFEMEMNEE, AAME., ERGHA
- A F%EESIRA RIFZE (offtarget), LR

42



HMWFREAAEXE%TF (CRISPR) fettpr?

. RANEE

% (ARPIE R T O AEF)

AR “TRE” 89Fk, ARRKBREREBRZ AR
SEE £

—FBCRISPR¥E A, HEHZAE

— R,

TGN, AR

X

" ) RE,

43



#) F CRISPR/Cas9 #4784 % KA OsPALEL X EH&zhee

)
OsPALE1 (0s089g0566000) A RRE

sgRNA 250 bp N\/\/Y\/\WMMW/\

TCGAGGGAGGCCGCCTTCGCCGC(?

single guide RNA: B8 3/% RNA A PAM

<t =2
&3

single nucleotide insertion ~ CRISPR'R % £k ﬁ 1%
T-DNA unit

e

TCGAAGBGGG ABGC CGBGC CTTCGBC CGC C
G

B-BHBREN, SETEARGS!

(https://www.sigmaaldrich.com/TW/en)

1

P “R24m—B DNA F7| (20mer), clone

<— Ospalel CRISPRE # #

1 68 110

# CRISPR/Cas9 ##, BHETRATR. ”

(Hsieh et al., 2021) s



43 KA5. A CRISPR mutant &8 K% OsPALE1 #

WA EBISE

b
o

TDP (nmol/g FW)

=] N B [=1] [=+]

1 |
e
C_.W)L—/‘ Ospalel

WT Ospalet

(Hsieh et al., 2021)

Plant Biotechnology Journal

The rice PALE1 homolog is involved in the biosynthesis of

vitamin B1

OsSPALE13R 4k 4 £ B1694 A B

BEEBYINERE, WTUETHESL CRISPR K5

" 2 RE

45



%8 K: L CRISPR ##&AKEH £8aig# (poplar tree)

PLANT SCIENCE SCIENCE science.org 14 JULY 2023 » VOL 381 ISSUE 6654

Genetic editing of wood for sustainability

Trees engineered to have less lignin could make paper production less polluting

v
»

46



£ ESBERA: AT 0 QBT R Y LT R

Sulis et al., Science 381, 216-221 (2023) 14 July 2023

WOOD ENGINEERING

Multiplex CRISPR editing of wood for sustainable ERA&#ESE 6 AR
fiber production REEASmAM G E

Daniel B. Sulis2?, Xiao Jiang* Chenmin Yang'2?, Barbara M. Marques®>, Megan L. Matthews®®,

Zachary Miller, Kai Lan*, Carlos Cofre-Vega®*, Baoguang Liu*>37, Runkun Sun*, “... 21 lignin biosynthesis genes,... genome editing strategies
Henry Sederoff?, Ryan G. Bing®, Xiaoyan Sun®, Cranos M. Williams*%, Hasan Jameel*, q h I . f ”
Richard Phillips®, Hou-min Chang®, llona Peszlen®, Yung-Yun Huang'®, Wei Li"!, Robert M. Kelly?, ta rgetlng the concurrent alteration o up to 6 genes'"

Ronald R. Sederoff'?™, Vincent L. Chiang">**!, Rodolphe Barrangou®'%*, Jack P. Wang-%3*

. REEAE
© 60, BFEEIK

©

S 58 ‘

©

Va

+ 961 % 8

o ®

e\-’ 54' z [e)

S

.1; 521 @ CRISPR-edited lines

o g, |® Widtype | " |

g 14 16 18 20 22 24
Lignin content (% wt) Paper from CRISPR-edited wood

AAEREE A B 4 88 6 58 BT 38 09 4K

K—EL09 KB E T A IT4 8 — 249 CRISPR K &%

a7



HWFREAHAELARE%SE (CRISPR) et AR?

s REABRA: EHEREZ T

BA CRISPR E&Z R A FIEEHEMHF



£BA2016F BRI HEENEARLEEEZELREZGMO

Gene-edited CRISPR mushroom
escapes US regulation

A fungus engineered using CRISPR-Cas9 can be cultivated and sold without oversight.

OH . O
S e

OH 0

B £ B & MM = K2 Pr a4 69CRISPREF %5,
BAaTd 7 ELFRE.

The common white button mushroom (Agaricus bisporus) has been modified to resist browning.

21 APRIL 2016 | VOL 532 | NATURE | 293 49




e 48 A & [ 453 (CRISPR/Cas9) 447 L ¥ B &

o EH&KHE AR RAABRAELER
No human therapy based on CRISPR has yet been approved.

- AR%EEHIIE LT

- BRI S wiumle—l  FANEGABA &%
- AABE, EARN A @ \ | 2021497 M4 E

S\ AN
V2 .“ RE Y\

« ABRSKFFHTSINRER, FAHER “EEMEHR” ?

- BRE$ £ E (European Commission) Z.#A20235F7H REEHHH
- & A&7 (K tEdh: 68 EFED, EREMMA! ) 50



H A# Sanatech 2 5]7;’\2021#-9}% %ﬁ&“ﬁ)i E 55GABA & 7k

/ 7’ o =
4 l .

"m

/

(@) JHt=PIIY4IIA AR ‘
PIONEER.

Q@ sanatechseed

SIGAD3

o R “8 g H BR

# GAD3 T g 45k i % 69 GABA

Original
line

SIGAD3
SRHG  —{EHIEHI - | — #| FICRISPR/Cas9 /&
AD  “HRFHFER” MELE KR/

GAD3: GLUTAMATE DECARBOXYLASE3 (& BiGABARIER) o1




CRISPR ##& % & 7! CRISPR sashimiis coming

22nd century sea bream 22nd century blowfish

Pagrus major Takifugu rubripes
“Madai” Red Sea Bream “22-seiki fugu” Tiger Puffer
(A-A) (torafugu, & %)

Regional Fish Co., Ltd., together with the Kyoto University (F# X%?) and Kindai University (£ & k%)



HAHERXARERKGFGENAN, PIRT EHFIA LKL myostatin K F

CRISPR H.#4
¥ ha T 16%,& B

Scientists used CRISPR-Cas9 to “knock out” the fish’s myostatin gene, which restricts muscle growth.

The modified fish, top, has up to 16 percent more flesh than an equivalent unedited red seabream.

Photo courtesy of Masato Kinoshita/Kyoto University, and Kato/Kindai University



BAMSZRANERGBRA, SRTREFRRWAEATERE

“Leptin receptor”

CRISPR J& ]
w5, KREB!

The gene-edited fish (2-year-old) is 1.9 times heavier than the same species grown in the same farming period.

Regional Fish Institute Ltd.



B AR EBRILGEY

Regulatory Exemptions

EE¥REE 18%

Previously
Reviewed
Modifications

18%

Modifications
achievable through
conventional breeding

USDA &HXKIE: %l}ﬁ%‘ﬂ

As of 31 July 2023

HEHBEE 82%

= United States Department of Agricultur (ErZE20234F7A831H1L)

55



£ H90% A Loy X HpEAEHR B A S REFFEL

Academic
Institutions Large
6%  Institutions
8%

2N 3

Small and Medium Sized
Enterprises
86%

Pennycress
Soybean
Sorghum

Rice
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Genome Editing Policy Advancement: a 2023 Snapshot
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THE FUTURE OF EVERYTHING

What Was Once a Weed Could Fuel Jet Engines

Scientists are developing nonfood plants to take the place of corn and soybeans as sources for biofuels
Aug. 9, 2023 10:50 am ET° By Yusuf K

A crop called CoverCress, a source for biofuel that is aimed for cultivation on farms in harvest offseasons, was developed from a plant considered a weed. COVERCRESS
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« From Weed to Wonder Fuel (November 28, 2008)

« Biotech Firm Develops Pennycress as the Next Cash Crop (February 25, 2015)

* Arvegenix Attempt to Domesticate Pennycress for Biofuel Production (March 18, 2015)
« Scientists Use CRISPR to Turn Pennycress into an Oilseed Crop (October 20, 2022)
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How Crops Are Genetically Modified A R &% BEH

Traditional Mutagenesis RNA Transgenics
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