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Endosymbiosis theory (RAFH4EKRR)

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

a -proteobacteria (¢ -Z2E) living within their host cell.

~ 1.5 billion years ago

* The chloroplasts ( E4%f= ) of eukaryotes evolved from
endosymbiotic cyanobacteria ( EE4%E ) .

~ 1.2 billion years ago
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DNA in chloroplasts
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. Genes involved in chloroplast gene expression (BEBEERBRHFHAWERE)

- rRNAs, tRNAs
- ribosomal proteins
- RNA polymerase

Il. Genes involved in photosynthesis ([t &{EH. EFEHEEEHANER)

(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 (rbcl) 6



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

3 molecules
(|3H20—® co,
cC=0 Stage 1: carbon fixation
I
CHOH *
I HOH \ coo
RuBIsCO =
CH O—(:) \
3 2 lecul él:HOl_|
molecules
RUBP CH,0—®
6 molecules
3-PGA
6 ATP
3 ATP
Calvin Cycle 6 ADP

Stage 3: regeneration of RUBP

\ 5 molecules GA3P

Stage 2: reduction of 3-PGA
(IZHO C 6 NADPH
(S 6 NADP"+ H*

|
CH,O—P)

6 molecules
' 1 molecule GA3P | GA3P

' 1/2 molecule glucose (CgH;505) |




Human Mitochondrial Genome

ABESEAOEXREALE16.5 kb, R A 1318 XA E &
EFOHRNER (RETIRBEEAM)

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

A TRNARREERE - #IREMRENSHK - LB EXZIAIEA -

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

[. IELKEE. Bi#RfE: “Energy Producing Organelles” #IBAES.EREE (ATP) MEE
fass

[1. EE4&EE. RifREE: “Semi-autonomous Organelles” FHHCODKER, {BHZE{PIBHAE;
HE




~_Chloroplast Biology

Many important reactions occur
in the chloroplast

Photosynthesis p =K1
Amino acid metabolism SELER {5

Carbohydrate metabolism R £E 4¢84

Redox regulation...etc

- REFREFREAES], BOFRERHNEHER.
- REEWMEY, BRRERER.
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BASF &k (/&H)

Syngenta & EiE (3%5L)

Bayer #H (/&H)
(Monsanto % .Li#FR)

Corteva #liz# (£H)
(Dupont #:#1)

syngenta

B

A
{BAYER

E

R

S

CORTEVA
ag

IIIIIIIII
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GM Crops grown on 200 million hectares in 2022

100%
o
®
o
®
o
o
o
o
b

Corn Soybean Cotton Canola

EY 3 ®xa 22 R

0 W

BEGM B non-GM

Percent Global Area
(V] =9 (¥ a1 ~J

b

S 2322 FLELEE

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

« 99% A LWEBMEMARIBLER., REVEZES
o FHEABEMWOTE, BERIEZ 7, LCEMETAIRZELHEE T
s MHEABXMEMWHBAER: £8H, uF, FRE, X, FE, CFE, PH, .-
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. 16.5 %
« 181588 £

ek, kiEF, FF, AwE
2017-2022 LF E Rz FHEE

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.

DELIVERING A NEW

GM TRAIT

TO MARKET REQUIRES
AN AVERAGE INVESTMENT OF

1
N Q@ aﬂo%

16.5

YEARS

of research, development,
and regulatory approvals

13



“Roundup

“Roundup” #4] 7T
% &7k B EBR B A AR

FRAKRARAR: LARLR

I

Erythrose 4-phosphate

AT AR AL ?

Shikimate

v
v

“Roundup”

Shikimate 3-phosphate

Glyphosate

«%%%v

\ 4

EP

SP

A 4

Chorismate

N

Anthranilate

SIAAEE: ANURE 8 oK i

, LARRHTERT

v
v

PEP

EPSP synthase 5—%5 @é% «‘i\ 1—75 @3] @iﬁﬁ @§—3—5}§ @;\{3\)&‘ ﬁ%:

enolpyruvyl shikimate—3—phosphate
synthase (EPSPS)

Prephenate

h 4

Arogenate

N y

Tryptophan

Tyrosine

Phenylalanine




; Roundup Ready®
%A

1456 B8
X B

LIS
r
.

Roundup Ready@'g'ystem

FLIERRAEYES: “Roundup” [ FHF4& | ZEA

1350| ' ~155| L
’

pesHERE AN cen
uuuuuuuu

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



Roundup Ready® 4% &9 4% &

HE X BEFEAFH (Agrobacterium tumefaciens) Y, & iE 2|7 AH “Roundup”,
XA R H A AR E A (A tumefaciens CP4)

nhEAER E % EPSPS BA B4 R ATiE s (mutant EPSPS)
H§ 37 2 Roundup 3P4 &) EPSPS =4 7 X F 458 3|45 +

B & 4% Roundup Ready® 44ty i [ & B

s kB XA “E&E” RE MR, BEAEPSPSE HAT@im L —&
“transit peptide (TP)”, 3R EPSPS ™| LUIBA| 3 EX 2] “FE &7 N, 16



ey KX AEH (Bt crops)

« #& 7] H (Bacillus thuringiensis) 8 & 4% L7 #% # % R 69 4 a4 & ¥ (crystal proteins, Cry)
- Cry &R anipiEay (i) EA &N, EARKBEY (BHE) REEHK,

c MR ACry ARRADN T, BB “Btcrops” .
. Cry Z e oyt A H

"";:.}. Bt Gene is
/) insertad
» inta Crop

W

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

BRAOBY Cry TR ARG @R Loz B (receptor) &4, i"éﬁ‘iﬂ%ﬁfﬂﬂéﬁ-’%w



EZAEM Bt AR A e it RSP (Bt crops resistance) Z /g 4L

70 7 W Bt crops 7
M Resistant species
60 - - 6
3
50 - -5 , &
2 88
5 40 453
= £ S > ;
Bt crops &R E L5f MR BN
S g0 | 2™ 3
oy o
10 -1
0 - 0

1 T T T T I T
4\ PP PP L P SR
2 ° O N D
FFFFEF S F TS S S
VOLUME 31 NUMBER 6 JUNE 2013 NATURE BIOTECHNOLOGY

ERZE:(1)HEELZH Cry £ H
(2) FF 37 09 P BT



H—ROREBELEW (20225 LF)

SmartStaxX PRO

With RNAj 7 TECHNOLOGY

Jddu

”“UJIJ:))))) .

=~ ’ . e ——
A
BAYER
E
R

SMARTSTAX® PRO WITH RNAi TECHNOLOGY*

Available in 2022

c BEPLH Cry A1
o R BEBATZ A

#) Kl RNAi 69 R 32

ZERX I AREIE T —BE E & dvSnf7
2401 iw: 2L 214 BZRNAGY 2L A

Snf7 Z—HE “wL/AKR” | Hhrest
J2 & B Z €% A Ml . The DvSnf7 protein
is essential for transmembrane protein
sorting.

% 77 £ A Ak #% (Western Corn Rootworm,
Diabrotica virgifera virgifera) "2 7 3 &
ER, &5 5RNAT B, 94
Snf7 XR £, LE T,




2023% B 2% A H#5 KXHF, 09/07/2023 #% 7~ Bayer (Chesterfield, MO, USA)
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Global Area of Biotech Crops, 1996 to 2006:
By Trait (Million Hectares)
80

70
60

={= Herbicide tolerance

Insect resistance

Bk E A

Herbicide tolerance/
50 Insect resistance

40
30
20
10

>80% of transgenic crops were
glyphosate-resistant in 2006

IS T
REBH / Fd

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 ZOOV SCIENCE VOL 316 25MAY 2007
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GM Crops

A World View

In 2007, farmers grew more than 114 million hectares of

GM craps—maknly soy, matze, cotton, and canola. Here we
show who grows them, wha lmparts them, and who 2volds
them, and highlight the top eight countrles that together

produce mare than 99% of the world's biotech plants.

Comgilad by, Eles Yoangsiaelt sad Erik Stokitad
Daign: Kelly Krn e

Y,
bt

¥

e

I:l Grows GM crops commercially
I:‘ Prohibits commercial growth
L T

@. Allows import of GM crops for
! food andfor feed

AAEREWRE: £8. TRE, H, ek, FE, YR, e+, &Ik

10~  (@lobal Increasa in Biotech Crops

120 4

Tatal in lrrﬂ:llmsolhu:lxu.
5 industrial countries 3

1009 M Developing countries

T T T
oz 205 Hny

s Science
|§i\fEl|l|ﬂ'l the interactive online map » www.sciencemag.org/plantgenomes/map.htmi




FIREH., REOEBAEW A19965F L A Bp RET RS

I GM Planted Area (Ha m.)

e 27 countries in 2021

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

N R S P (208.9 million hectares)

Year

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

HEEAHMOAER: £8, OO, ML, ok, PR, CREE, TR, -

23



RBRAAS Rk, RRIFHEMOEREHTERAELT

(@ﬁ’
K& % m r 4 BRI

A-
e %R
e 54 R

S

A NGB E . KR BRI

“F R vE KA 8 BTAT A 24



T AR B R E XA RNA998FEE mE A LT

A FIDNAZ 48447, W& ZmnFH
(Ringspot virus) 8] & @& & (coat
protein) £ F , &7 ] KN,

N : GM Papaya Takea mr Rm ' spnt =,
; 1""" A - ,f .“‘ 4 r"-'":'*"_'ﬁ""‘“""
% _ 'ﬂhi‘us And Wins— o

§ R SR L T, -’4"'-'1““]:*:-- N ,-"',ﬁ,_ R

- AN,
TeGM friit: hamn'ﬁg Trac -‘-remrﬂ %md-pntentml?nr-ﬂwe!mnng'Enu AErIes, e,
Yrat lfls trll mnmng mtngyé"‘_tﬁﬁceprﬁﬁl ng -

472 Z5APRIL2008 VOL320 SCIENCE www.sciencemag.org



&4 K Golden Rice

IPP
Tocopherols
Vitamin E !
Gibberellins «=—— GGPP
Chlorophvli Phytoene synthase
o (psy)
Y
Phytoene
Phytoene desaturase
(cr)
s Lycopene
B / \Lycopene B-cyclase
" . .i'u iﬂ 2f Idr ,i* Tl E a-Carotene -Carotene
.J__,Hifl-’-l! : :-fj -LI-L g ' 1! stlfei I ab (e l l
i {l-lhk'ﬁ'k, ..ﬁ'

23APRILZ008 VOL3Z0 SCIENCE  www.sciencemag.ong
Published by AAAS

At femE T, RERABGFAMOIER psy, crtl, lcy ¥78 2| KAS



&4 X Golden Rice

«..but protesters beli

13
) such genetically mofihed
foods are had for us and’
our planet. Here'swhy.

zolden Rice 1 =olden Rice 2

http://www.goldenrice.org/ gE—K 4% F-_K 52K

Provitamin A (B-carotene): 1.6 pg/g 31 ugl/g
B-HAEHE



WAL B A Del Monte “ROSE” pink pineapples

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



http://www.foxnews.com/

BEFFAMOERREEY: FE&FREE IR

-Ma

H f&mg*']/ké]ﬁﬁﬁiiiﬁ «‘,%7.%»

* RALE RATE &% & % 5= (2008)

MNATURE BIOTECHNOLOGY WOLUME 26 MNUMBER 11 NOWVEMBER 2008

Enrichment of tomato fruit with health-promoting
anthocyanins by expression of select transcription factors

Eugenio Butelli!, Lucilla Titta?, Marco Giorgio?, Hans-Peter Mock®, Andrea Matros®, Silke Peterek?,
Elio G W M Schijlen®, Robert D Hall’, Arnaud G Bovy?, Jie Luo! & Cathie Martin!

SUNTORY blue rose “APPLAUSE”



* B R X 34202259 A #oR K &0 K KB
Genetically modified purple tomato approved by
US regulators

By Rich Haridy
September 11, 2022




20045F, A —FKAER NI EE ST AR G EZHES

NO2 inducible Gene that controls Termination
promoter anthocyanin biosynthesis signal

MTRRAERFRERWAR, BEFRX_ANAFTEINRY TIHA



T LAE B ¥ F @94 Land-mine-detecting plants

I
Ehe New Hork Times \ B
- : s = e Sl
December 9, 2004 Photomontage by Zachary Scott for The New York Ti ﬁﬁ{] H%ﬁ




5 B4E 2 (non-browning) #9 X % 38 %

£
f . ™ “;}&%” %%

Apple Variety | Apple Variety

- . Okanagan Specialty Fruits

PPO: polyphenol oxidase %& &L&
F A “EBE#%% (gene silencing)” ,

" oy PPO i o
/@’ — /@’ BF RNA interference (RNAI) #9847,
« : X K% PPO KRG ELR,

reduced state oxidised state
polyphenol ortho-quinone
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USDA Approves Modified Potato. Next Up: French Fry Fans.
By ANDREW POLLACK NOV.7,2014 The New York Times

Conventional

e R AL BT

A genetically modified Innate potato™ ( “X4” H4-F) left, made by J.R. Simplot, next to a bruised conventional potato.



BASF $2 Nuseed /N 3]%) DHA XA XL FOBE, o, BEFAMAE LT

“Just one to two hectares of Nuseed canola could provide about the same amount of DHA from
10,000 kg fish.”

Vi P Y AL Y | P S L T PR [ T S L R SN P S P 1 n Y Fale Yo B )



BASF 32 Nuseed # i & HhE2A 524 EPA 32 DHA

BASF-LBFLFK
omega-b omega-3 70
Al12-desaturase Al5-desaturase (FAD3)
18:1A° =) 18:2A%12 mmmmmp 18:3A91215
,l A6-desaturase 1
1R:3A6912 18:4A681215
1 A6-elongase l
20:3A811,14 04 AB 11417 o — BN_ - n = . e -l N _=
l AS5-desat l ¥ QN""“»“"‘%@?J&*@ "Nd’\?‘l?m & & &
esaturase
20-4A5811,14 20:-5A5.8.11,14,17 BWT [Kumily) BLBFLFK 3 Ievels
(c) NS-B50027-4
l, A5-elongase 1 70
22:4 A7T10.%3,16 29-5A7.10,13,16,19
50
l A4-desaturase 1 o
29-5A47,10,13,16 292-6A47,10,13,16,19 20

w3-desaturase A

Ci18+n6 wmmmm C18+ n-3 10 l ‘

_\__\’,\ xﬂa“q;@r\rﬁjﬂﬁﬁﬁ\ﬁ?é}yq&?np@?‘{ﬁdﬁ

WWT (AW lade) BNSBS50027-4

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

BASF-LBFLFK A iR 475 7121832 DHA &-mAh Mey A B (7HBE) , ste—ARZEHLE,



Percent Global Area

Y AEBKAEY:

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

GM Crops grown on 200 million hectares in 2022

Corn Soybean Cotton Canola

EY 3 ®xa 22 R

EB V. 68 EME, BAFE O,

BEGM B non-GM

Source: https://gm.agbioinvestor.com/
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2022 F 6B ED X B2755 (£ R1775%. C.HEIE )
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aF1
AE2
AE3
it4

: 20134 - 879AMF » AEIMEHE > FEERUME - BIERIERA
P 20174 » 4674208 > BiEARERRTE > BIE=I S8

$ 2019%F > 4,776°AM - BitHItGEIRGRNHE > HERTSEN 2022548 99.8% U Lty E S R ED £ 3
1 20224 5 54307 > FHEBRAEESE  BERS =B 39

20225 B & = 8. F £ = 45, 430"

6,000

5,000

4,000

3,000

2,000

1,000

0

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

= L IVAR/N U7

KR BEE

5430/2750000+5430 = 0.001970 (~ 0.2%)



2021 F 6B x I WNE KEH262% N7

EEE+EA (0.8%
B (12%)

'

SIEA (12%)

I8
(75.2%)

\

8*¥¥ﬂ R A D
o M ERBES
@ mam%ﬁ%%?&: BEOBHE ugwampppE(=aE -

ANERBRAEIEME 274! B ¢ T
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R BA W R B L7 BT IE Fr 09 i ] S8 4%,

. 16.5 %
« 181588 £

ek, kiEF, FF, AwE
2017-2022 LF E Rz FHEE

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.

DELIVERING A NEW

GM TRAIT

TO MARKET REQUIRES
AN AVERAGE INVESTMENT OF

1
N Q@ aﬂo%

16.5

YEARS

of research, development,
and regulatory approvals
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& 48 A & F 43 (CRISPR/Cas9) 44 L ¥ B &

o ERGHFEHARARERABKER
No human therapy based on CRISPR has yet been approved.

- AR%KEMS LT

== g %ﬁ"‘/ﬁ%*ﬂ %ﬁg% ﬁ'% GA:E:I;J;E-& ‘ H A % GABA % 7=
- BAAAE . G P\ > p 2742021594 H4ERE

|
: " N
2 } b4 % '\\ "
1 { A AN
< T

« ARKBEMENTSHRER, FARER “EABFH” 7

-- Bk B 3£ (European Commission) ©.7#2023F7H R#&kE#H 3
-2 %? (K& 68 A#HE0, B RAEMHM! ) 43



e Che New lork Eimes

F.D.A. Approves First Gene-
Editing Therapy in Humans,
for Sickle Cell

People with the genetic disease
have new opportunities to
eliminate their symptoms, but the
treatments come with obstacles
that limit their reach.

6 MIN READ

Vertex Pharmaceuticals



H X4 Sanatech /\5]75"2021#-9}51 Bl 45 3R & %GABA%;‘;E

" '; Y e
..‘\ I’ P
. J gdf 7%
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y T »
\ p
O 5 A Pr :
T
, 4
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- X
_‘ 4 - /
(B moisaasss | Qesanatechseed

SIGAD3

Original _ o o e e e o e “BFWmEER”

ine o HGAD3T &A% 8 % #9GABA
SIGAD3 CRESP$10359

SRHG —HEHEHEHEEHHEE | — #] FICRISPR/Cas9 &

EiB ¢« EJ%’}‘P%'J@&” ﬁ{rﬁi “.@%.ﬂ‘_ﬁ%” o

GAD3: GLUTAMATE DECARBOXYLASE3 (& GABAREH) 45



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
(£-49) (torafugu, & &)

Regional Fish Co., Ltd., together with the Kyoto University (7% #fx%) and Kindai University (GL & X 5)



HAMZRARAALABSERZAN, HRTSWFHIA LK myostatin & H

CRISPR £ #4
¥ T 16%.8. A

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



BAMRFRARNEBDKFERA, SR TREFRBVWEETTELR

“Leptin receptor”

CRISPR % i %
w5, KRIB!

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.



Bf

- CRISPR/Cas9 #4749 % 47 20205 1% 15+ B L 3¢

SE 3R A3 LB R BB B
R A MBI NF]

© Nobel Prize Outreach. Photo

reach
Bernhard Ludewig

Brittany Hosea-Small

Emmanuellé Jennifer A. Doudna
Charpentier

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”

49



¥ 153 B L2 # 49 CRISPR/Cas93% L2012 2 7 “#+27” 37

17 AUGUST 2012 VOL 337 SCIENCE www.sciencemag.org

A Programmable Dual-RNA-Guided
DNA Endonuclease in Adaptive
Bacterial Immunity “ 4 %k B

Martin ]inek,l'z* Krzysztof Chylinski,a'q* Ines Fonfara,” Michael Hauer,zT
Jennifer A. Doudna,>?>®+ Emmanuelle Charpentier®}

Clustered regularly interspaced short palindromic repeats (CRISPR)/CRISPR-associated (Cas) systems

provide bacteria and archaea with adaptive immunity against viruses and plasmids by using
CRISPR RNAs (crRNAs) to guide the silencing of invading nucleic acids. We show here that in a
subset of these systems, the mature crRNA that is base-paired to trans-activating crRNA (tracrRNA)
forms a two-RNA structure that directs the CRISPR-associated protein Cas9 to introduce
double-stranded (ds) breaks in target DNA. At sites complementary to the crRNA-guide sequence,
the Cas9 HNH nuclease domain cleaves the complementary strand, whereas the Cas9 RuvC-like
domain cleaves the noncomplementary strand. The dual-tracrRNA:crRNA, when engineered as a
single RNA chimera, also directs sequence-specific Cas9 dsDNA cleavage. Our study reveals a
family of endonucleases that use dual-RNAs for site-specific DNA cleavage and highlights the
potential to exploit the system for RNA-programmable genome editing.
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X F 44 (CRISPR) :A|454) %

UC Berkeley U. of Vienna

Jennifer Doudna Feng Zhang 3kI& Emmanuelle

Charpentier
Broad Institute of MIT and Harvard

“(RZAIHAZE (USPTO) #20224F2F #]=CRISPRE )4 &# Broad Institute”
B ATA M CRISPR RA|48) 3k FEALAFHRZIF
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SCIENCE VOL 339 15 FEBRUARY 2013

Multiplex Genome Engineering
Using CRISPR/Cas Systems

Le Cong,** F. Ann Ran,*** David Cox,™* Shuailiang Lin,»” Robert Barretto,® Naomi Habib,*
Patrick D. Hsu,™* Xuebing Wu,” Wenyan Jiang,® Luciano A. Marraffini,® Feng Zhang't

Functional elucidation of causal genetic variants and elements requires precise genome
editing technologies. The type Il prokaryotic CRISPR (clustered regularly interspaced short
palindromic repeats)/Cas adaptive immune system has been shown to facilitate RNA-guided
site-specific DNA cleavage. We engineered two different type Il CRISPR/Cas systems and
demonstrate that Cas9 nucleases can be directed by short RNAs to induce precise cleavage at
endogenous genomic loci in human and mouse cells. Cas9 can also be converted into a nicking A¥g, ZHH
enzyme to facilitate homology-directed repair with minimal mutagenic activity. Lastly, multiple
guide sequences can be encoded into a single CRISPR array to enable simultaneous editing of
several sites within the mammalian genome, demonstrating easy programmability and wide
applicability of the RNA-guided nuclease technology.




7% % CRISPR/Cas9 (¥ MO X ZTHAFINEEMBEEO Z4) ?

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

1987 F B AMERARBGAAVERNEAE AT HNOREFT], X— ) BEDNAE—BFH, &
BRABZMIALERGMIE, FFE 4% CRISPR. CRAELAAMEA TN —MHLR, ZHAR
P AACRAEFBZEANKREFNEARDA L. PREBZI AR R BRMARERLAR BF
B, BHLEADNA. B RARMAR ME TR F 50 SRS

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

Cas9 )%% *"f@ ﬁﬁ% ‘}2},@ }EH f]{] CRISPR ﬁﬁigﬁ- (https://zh.wikipedia.org/wiki/CRISPR)

 CRISPR/Cas9 R ARt £ & &0 —3 4 53



4477 ] | CRISPR/Cas9 # 47 & H 4% % ? Guide RNA + Cas9

o AR B AR B R
7] £ RNA (~20 bp)

e Cas9: CRISPR ¥
B

NHEJ HDR

Guide RNA £ B2 X B 5 7B 44, Cas9 X G H T A$2 A% DNA By
DNA Bi% 1%, mieerkd DNA 1445 7 &
DNA ##AAfRxs, EATY, BR7T HELARH
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xBA2016FREHEENARGHEFHE LA ZGMO

Gene-edited CRISPR mushroom
escapes US regulation

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

gm;—k’f%% (polyphenol oxidase, f'ﬁ *ﬁ-PPO)

OH . O
O om0

OH 0

B £ B & MM 2 K5 AT 69CRISPRF %%

BATEAH ETIRE.

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

21 APRIL 2016 | VOL 532 | NATURE | 293 95




i 4y 2 K e {7 £ FICRISPR/Cas9# 47 & F 43 8

%3 L. 371

- AR LA 49 A
Current Opinion in Biotechnology 2015, 32:76-84 _ﬁ_ﬁf h}?‘ DNAQ(J*E_;H;
» XAR&KENFHGE, AARE. EROMA
- X R&GBMe R A RIEFZE (offtarget), L ARZ A
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W FE R A EE%#E (CRISPR) fekttpr?

e RBAZHET (UKMERZTHHFRTED)

AR “HFHR” T %, HARXKBREEERZ DR,
—#% B CRISPREAT, HEFZAFHWETE K

—FF R B EAR, HERZAEN R

o7



HE R A E%E (genome editing) 24

B ?
Cas9
gRNA
L 7
[ ]

+ RABAEHRT: ARLERLKE  CRISPRICasd = won

4+ PAM

Cleavage
(https://en.wikipedia.org/wiki/CRISPR_gene_editing)

c EEMBRRA: AHESRE ST

BAT£H 90% A L& CRISPR R aF L E¥REHFT (SAENS
1)

&im: ERBRASALRKHEHAREEE AR
BRAF “A2NRDNA” WEHAAIEGMO
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#] /I CRISPR/Cas9 # #7850 K44 OsPALE1 3 &9 56k

)
OsSPALE1 (Os08g0566000) %iiﬁ$
%3 " \
xﬂ - - ’ |’\} !
sgRNA 250 bp TCGAGGGAGGCCGC CTTCGCCGC C
single guide RNA: ¥J%3|3% RNA SgRNA PAM

single nucleotide insertion CRISPRE & #& g% 1%

MN\MK&/\MMM@A

TGGAAGGGAGGCCGCCTTGGCGGCC

T-DNA unit

CRISPR/Cas9 #.52 i 1§

B—BHREA, AR T EEEA!

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

Wil TenA ] HAD —
b “RE24Hm— DNA F7%| (20mer), clone (7P Bl <«— Ospale1 CRISPRR #
2| CRISPR/Cas9 #%2, BETHATR. ” 59

(Hsieh et al., 2021)



t4m3EKA5: YA CRISPR mutant &8 K45 OsPALE1 X R & 3k

A EBIAE

b
o

TDP (nmol/g FW)

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

1 i!i i
<_WI__~“ Ospalel’ WT Ospalet

(Hsieh et al., 2021)

Plant Biotechnology Journal

The rice PALE1 homolog is involved in the biosynthesis of

vitamin B1

OsPALE1s24: 4 £B1694 s A M

AEEBYIERE, WTGETHESL CRISPR 5 2y



L8R AK: YA CRISPR £ #HKKE £ 4 a4 (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
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A ERIBA: AT E 8 G UK Y kK 875 R

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

Multiplex CRISPR editing of wood for sustainable EH&KE L 6 AR
fiber production AEEAH AWML

Daniel B. Sulis™23, Xiao Jiang®, Chenmin Yang'23, Barbara M. Marques®>, Megan L. Matthews>®,

Zachary Miller®, Kai Lan*, Carlos Cofre-Vega®?, Baoguang Liu"237, Runkun Sun®, “... 21 lignin biosynthesis genes,... genome editing strategies
Henry Sederoff?, Ryan G. Bing®, Xiaoyan Sun®, Cranos M. Williams*5, Hasan Jameel*, q h I 0 f »”
Richard Phillips“'. Hou-min Chang“. llona Peszlen®, Yung-Yun Huang‘"’. Wei Li¥, Robert M. Kellya. ta rgetlng t e concurrent a teratlon o up to 6 genes"'

Ronald R. Sederoff?™, Vincent L. Chiang?*1!, Rodolphe Barrangou'*1%*, Jack P. Wang!2311*

AEREE

D 60, BAE MK

O
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i

= 961 % 8

o i z
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< 54+

- o

9 52. @ CRISPR-edited lines

5y 5o @ Wildtype o

g 14 16 18 20 22 24
Lignin content (% wt) Paper from CRISPR-edited wood
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* B AR EABRA D

Regulatory Exemptions

E X ¥REE 18%

Previously
Reviewed
Modifications
18%

Modifications
achievable through
conventional breeding

USDA &EHFKIR: %l&%*ﬂ

As of 31 July 2023

BHBEE 82%

S epartment of Agricultur (¥Et=20234F7HA31H1L)
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% B 90% A L &g K B 45 FAF MR B )N 8] REFE A B A

Academic
Institutions Large
6%  Institutions
8%

th/h 3

Small and Medium Sized
Enterprises
86%

W

Pennycress
Soybean
Sorghum

Rice

Potato

Petunia

Coyote tobacco
Cotton

Corn

Citrus

Camelina sativa
Brassica juncea
Blackberry
Barley

Banana

Apple

Alfalfa

11
2

I 3

2

———

N 1

I 3

2

N 1

I}

———
. 10
1

N 1

———

- 1

As of 31 July 2023

(#FE+E20234£7H3181)

USDA  HKRIR : B R &R RBZBAL B &% EAN A o

= United States Department of Agriculture
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e B RIBGEFAE, RBAEWE X RKFED

How Crops Are Genetically Modified

Traditional Mutagenesis RNA Transgenics
Breeding 2 & Interference (—\
b ¢ l y l & N . J
e | E ; d Switching off Inserting selected
R to chemicals or selected genes Sl 1
AL o esting radialion with RNA recombinant DNA
offspring methods

11y

Almost All
Crops

oY O

‘c-enes Affected (&%%g& EI )
B 1-2 154

B HH4 FETE RNA T# LQE#%#E
(BHESLRANEBAR) @Gr3dE)  OhwiE)

E| 3 ¥, d JE R % A& A&

X B s Bt
AA&? EEAK?

202355 8.
EEZHER!

KA A ik
o R E &
@SR E B

JERA K
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R & B A F B IR
Genome Editing Policy Advancement: a 2023 Snapshot

EU _
Russia
L 4
+
ps
,-.J n
Istael g Japa
Taiwan
Guatemala Honduras 0
El Salvador Colombia Burkina Faso Ethiopia . ilippi
Costa Rica ' P : -q Philippines
Panama Ghana ' Singapore
Nigeria  ypanda Kenya
Malawi Indonesia
Paraguay }
‘ Australia
In place ;
mfavorable chile S. Africa ’
pu partially favorable v ‘.*
munfavorable New Zealand
In development
unclear or unfavorable

partially favorable
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A RAEXRGFRATIeBEZE RIESH CoverCress™
- THE WALL STREET JOURNAL

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



) F) & B 45 8 B ATIE Pennycress (Thlaspi arvense) % s AE 4

44432 (Pennycress) RIALEXFHP)MEFTLNHEE
AT AT AR 36% il (KRB 2 43)

B FAETHRTHRAE “LHRE”
R RN YR THRE ‘DA
BHFITARIL. EREREAEE (XF)

 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)
“HERA RGBT e sk s Z 8 R A E 7
© 2023 International Service for the Acquisition of Agri-biotech Applications (ISAAA) "
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