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Genetic variations are the driving force
for evolution, breeding and beyond




There are many many intesting mutants around
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Breeding of Brassica ( +F £ # ) to different varieties to meet market demands

Brassica oleracea
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Cabbage Brussels Kohlrabi Broccoli Cauliflower
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Broccoli Cauliflower
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http://www.sciencemag.org/content/316/5833/1862.abstract

Gene mutations are the driving force for diversity and evolution.
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Type of mutations: % % &) #& %5

1. Substiutions of nucleotide/amino acid B4,
2. Insertions and deletions 3\ &%, &4

3. Early stop/truncation/extension 43 33¥ &k
4. Duplications & &

Causes of mutations: ¥ 5, XT &R EH

1. Spontaneous B AR% 4

2. Induced by chemicals or radiation {52 KB 41 3 F
3. Genetic modifications (GMO) % & & i

4. Genetic editing % B 438



S ER

TRREEZREHRAY -
TR @FZR EGHA? Y |

FTRAXE%E > AE > ARG !
TRR ' AEE ' REKRFE ]

A woman without her man is nothing.

A woman : without her, man is nothing.

A woman, without her man, is nothing.
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Promoter
MUtation: |
Substitution
Mutation:
Early StOp |
Trucation
Mutation:

Insertion or deletion
Frame shift

ATG
Met

ATG
Met

ATG
Met
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Coding region

TAT GGG TGG
Tyr Gly Trp

TAT TGG TGG
Tyr Trp Trp

TAA GGG TGG
Stop

TAA_

Stop

TAA_

Stop

TAA_
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"I'he advancement in biotechnology facilitates molecular breeding
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Domestication by Introduce genetic 1994, Calgene first
selective breeding variation into the marketed Flavr Savr -
gene pool delayed-ripening tomato
Cross-breeding Monsanto, GM

between species  Genetic modification (GM) squash and

by copy/past of gene from soybean on market
one to another organisms
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‘Breeding by chemical or physical mutagenesis approaches

Chemical mutagens

£ &
45

Radiation

BRAEAE

(NS Tesuit may Not always be cesian'e. |
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(Genetic codes are universal)

s T LREGH
(%3 H ) o % A
Promoter Coding region
%% ATG TAT GGG TGG TAA "
Met Tyr Gly Trp Stop
Met Tyr Gly Trp Stop
2] ——— ATG TAT GGG TGG TAA S—

Met Tyr Gly Trp Stop
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Ingredients:
1. Leghemoglobin produced by engineered yeast
(RAAEBFRAEZ LY I H b F)

1. Potato/soybean proteins

2. Coconut oil/canola oil
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Bt corn (Insect-resistant corn): Ft&k E K
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Bt bacterla sold as an natural pestlc:lde for gardenlng

: “_ Earth Fy.iéndly ‘Gardening :
3 S/ R 2 N \ &
N s - - N\ S . S Ny

Bacillus Thuringiensis (BT) is a selective bacterium that wipes out over 200
destructive worms and caterpillars. It is safe, effective, and inexpensive.

Once BT is consumed, the pest immediately stops eating the foliage and dies
within three days

BT will control a wide range of destructive pests, including army worms, sod
webworms, tent caterpillars, bag worms, tomato horn worms, loppers, cabbage
worms, gypsy moths, and many more.

Mix Ocean Harvest or Sea Weed Emulsion with BT as an excellent supplement
for plant recovery.

1 pint concentrate: $12.95
1 gallon concentrate: $88.50

All products are fully guaranteed



Bt protein used extensively in organic farming
for the past thirty years

Applied as
¢ a foliar spray

Breaks down In
the environment
within a few days

Courtesy USDA
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Breeding by GE: to reduce the use of insecticides

* Farmer’s and consumer’s health

 Environmental protection Bt corn uptake and insecticide use in U.S. corn fields
* Production cost ® nsectcideuse bga) "0
* Parcent hectare Bt corn =
02§ w0 =
= H A& E K @k 3
S 02 Areas of Btcorn., . - =
= . 8
=015 7 =
g R g
005 P Insecticide use 2 2
B

202
203
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https:/lwww.geneticliteracyproject.org/2015/04/08/gmos-food-and-pesticides-101-no-chemical-flood-but-yields-are-soaring/
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Golden Rice
A 2

At least 1 million children,
weakened by vitamin-A deficiency,
die every year and an additional
350,000 go blind. ... but protesters
believe such GMO are bad for us
and our planet.
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Promoter of a storage
protein gene

Coding region of
bacterial or daffodil
phytoene synthase

e =

Signal
peptide
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gl‘een are green plastics?

Plant sugars(#%)

how

‘ Bacterial
‘ enzymes

Plastics( ¥ #})

PHA (polyhydroxyalkanoate)
PLA (polylactide)
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Animal proteins
(antibodies)
produced in
transgenic plants

Plant Coding region
promoter of antibody gene

-

& ANTIBODY PRODUCTION IN
TRANSGENIC PLANTS
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The GMO technology is the “addition” of new genes,
but how about taking out or reducing the function
of an existing gene?
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A H# Mk 0 Gene silencing by RNA interference approach
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Insert double strand (ds) RNA of target gene
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Arctic apple developed in B.C. approved for sale in U.S.
Genetically modified fruit inhibits enzyme that causes fruit to turn brown
CBCNews Posted: Feb 13,2015 10:43AMPT | Last Updsted: Feb 13, 2015 11:08 AM PT

Stay Connected with CBC News

A el ofa v | mEKE)— F 2 & Okanagan
Specialty Fruits #| A 2 B #2 2K ’%
¥ #l 5 R % & K4LES (Polyphenol
it g = oxidase)W S F > ATAEVMAA T
A company in B.C's Okanagan region is | IGEIM MR T HBHAR
celebrating today after its genetically (AI‘CtiC apple) R BAELER

modified, non-browning Arctic Apples was
approved for deregulation in the U.S. BT AXE AR X/t HE 22

The Arctic apple doesn't oxidize — or turn R K OIRE > TR2017F L7

brown — because its developers have B85y C Arctic Fuji | ° I Arctic
figured out how to adjust the growing

process to inhibit the browning enzyme Granny ; & " Arctic Golden ; # ©

/




GE potato that does brown when cut or fried, nor does it make acrylamide

‘%%*
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Acrylamide is formed when Asparagine is heated to high
temperatures (like when frying) in the presence of some
sugars. Less Asparagine and sugars means less Acrylamide.

B R HBRERBER > A ERETR—ME X —asparagineE B @ & &£ acrylamide »
WBERATHREBEBRGENE - Bt kol EERBRBR & Fasparaginet) 2% » £EHFMA
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LR FATHSImplotrd) "x4 B4 ¥ | (Innate potato) F{& asparagine 2 ## 4%



* Gene editing 1s much more versatile and
efficient than gene silencing
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A woman without her man is nothing.

A woman : without her, man is nothing.

A woman : without her, man can still survive .

A woman, without her man, is nothing.

A woman, without her man, is everything.



CRISPR/Cas9 gene editing system Disease sensitive
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b _ Editing
3 \ CRISPR/Cas9

Targe

Targetlgene €<—— CRIBPR/Cas9

crRNA-tracrRNA chimera Disease resistant

Segregation

/N

Edited t3rget gene + PIR/Cas9

Gene knockout is easy.

Multi-gene editing is possible.
DNA insertion is still uneasy.
Weak gene expression could be a problem.
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CRISPR stands

for Clustered Regularly Interspaced Short Palindromic Repeats. It is a
component of bacterial immune systems that can cut DNA, and has been
repurposed as a gene editing tool. It acts as a precise pair of molecular
scissors that can cut a target DNA sequence, directed by a customizable
guide.

The system is made up of two key parts: a CRISPR-associated (Cas)
nuclease, which binds and cuts DNA, and a guide RNA sequence (2RNA),
which directs the Cas nuclease to its target. It was discovered in bacterial
immune systems, where it cuts the DNA of invading viruses, called
bacteriophage, and disables them. Once the molecular mechanism for its
DNA-cleaving ability was discovered, it was quickly developed as a tool
for editing genomes.

CRISPR is important because it allows scientists to rewrite the genetic
code in almost any organism. It is simpler, cheaper, and more precise than
previous gene editing techniques. Moreover, it has a range of real-world
applications, including curing genetic disease and creating drought-
resistant crops.



Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR)

PAM
Matching sequence
genome
sequence

Guide RNA

Genomic

DNA l
Repair
NHEJ HR

Non-Homologous End Joining Homologous Recombination

0 G

InDel




CRISPR/Cas9 System Applications

A. Genome Engineering With Cas9 Nuclease

" / Cleavage — (S ONA

SN

Target” C1e8Vage oy
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Donor DNA
Insertion/ {
deletion
L —— )
New DNA New DNA
Non-homologous Homology directed
end joining (NHEJ) repair (HDR)

B. Genome Engineering By Double Nicking
With Paired Cas9 Nickases

C. Localization With Defective Cas9 Nuclease

— ,.°Acthrator

Without
donor DNA
Donor DNA
Large e
fragment NewDRA
deletion Homology directed
repair (HDR)
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CRISPR Design Tool — design CRISPR/Cas guide RNA sequence
select target sequence(s) from the output list — choose highly specific target

Sequence name: Marchantia FCA
PAM sequence: NGG

Specificity check: .1

Time: 2023-03-08 13:26:36

¢ Highlighted target positions (e.g., 45 - 67) indicate sequences that are highly specific and have fewer off-target hits.
s Target sequences with '0" in '20mer+PAM’ (in number of target sites column) are shown in gray.

Such sequences may possibly span over exon-exon junctions, so avoid using these.
e Target sequences with TTTTs are also shown in gray. Avoid TTTTs in gRNA vectors with pol III promoter.

() show highly specific target only

Show ’ 20 V‘ entries Search: |

position target sequence sequence information number of target sites ©)

Sart 4 4 20mers PR o 2me) | SSA2T4 el g THITing resiciony Zomery Ly s
10 - 32 - cctctgctgcagcaccctta [gRNA] 60.00 % 78.84 °C - g?g 1 [detail] 7 [detail] 795 [detail]
13-35 - [cotjetgctgcageacccttacge [JRNA] 65.00 % 80.23 °C - 2?3 1 [detail] 4 [detail] 815 [detail]
27 - 49 - [cec]ttacgetatgatgeaacage [gRNA] 45.00 % 70.20 °C - 1 [detail] 2 [detail] 81 [detail]
28 - 50 - tacgctatgatgcaacagca [gRNA] 45.00 % 71.20 °C - 1 [detail] 1 [detail] 74 [detail]
61 - 83 - cagcatctgtctcagcaaca [gRNA] 50.00 % 71.55°C - 1 [detail] 1 [detail] 387 [detail]
69 - 91 + tctgtctcagcaacagccgc [gRNA] 60.00 % 77.07 °C - 1 [detail] 2 [detail] 150 [detail]
70-92 + ctgtctcagcaacagccgca [gRNA] 60.00 % 77.11°C - 1 [detail] 1 [detail] 185 [detail]
85-107 - cagggtcaacaagctcccca [gRNA] 60.00 % 78.09 °C - Hincll 1 [detail] 1 [detail] 129 [detail]
103 - 125 - catcagcatcagcagcctca [gRNA] 55.00 % 74.73°C - 1 [detail] 10 [detail] 579 [detail]
104 - 126 - atcagcatcagcagcctcag [gRNA] 55.00 % 75.17 °C - 1 [detail] 5 [detail] 275 [detail]
105-127 - tcagcatcagcagcctcagc [gRNA] 60.00 % 77.71°C - 1 [detail] 15 [detail] 499 [detail]
121 - 143 - cagcagcagccccaagctcc [gRNA] 70.00 % 82.97 °C - 1 [detail] 9 [detail] 1344 [detail]
124 - 146 + cagcagcagccccaagctcc [gRNA] 70.00 % 82.97 °C - 1 [detail] 1 [detail] 372 [detail]
125 - 147 + agcagcagccccaagctcct [gRNA] 65.00 % 83.53 °C - 1 [detail] 2 [detail] 377 [detail]
133 - 155 - caagctcctgggatttatga [gRNA] 45.00 % 70.10 °C - 1 [detail] 2 [detail] 430 [detail]
134 - 156 - aagctcctgggatttatgat [gRNA] 40.00 % 69.35 °C - 1 [detail] 2 [detail] 341 [detail]
135- 157 - agctcctgggatttatgatc [gRNA] 45.00 % 70.44 °C - 1 [detail] 5 [detail] 432 [detail]
142 - 164 - |[cct|gggatttatgatcageagea [gRNA] 45.00 % 70.25 °C - Bcll 1 [detail] 3 [detail] 108 [detail]
147 - 169 + gatttatgatcagcagcagc [gRNA] 45.00 % 68.91 °C - Bcll 1 [detail] 28 [detail] 2349 [detail]
148 - 170 + atttatgatcagcagcagca [gRNA] 40.00 % 68.84 °C - Bcll 1 [detail] 20 [detail] 995 [detail]
Showing 1 to 20 of 308 entries First | | Previous | [1] |2 /|3 |4 |5 | Next| | Last



ICE CRISPR Analysis Tool — analyze CRISPR editing

results
upload Sanger sequencing data and specify a guide sequence(s) to assess the

; »SYNTHEGO

Contributions Indel Distribution Traces

Status @ Guide Target ®@ PAM Sequence ®@ Indel % @ Model Fit (R2) ®@ Knockout-Score @

ATGTAAGGCAATATCACCAT GGG 67 27

EDITED SAMPLE 294 TO 359 BP

TT G TT TT TG T G G T T 16 TG G G TTTT T TT TTT T
1
2000

A 1
1000 \ NN NN 4'.‘ ‘ A

o RVASAVAYAVNGRY: _ AVERTATR TAVAVRAVAVAVATAR'

295 300 305 310 315 320 325 330 335 340 345 350

CONTROL SAMPLE 294 TO 359 BP

TT G ATT TT TG T G G TAT ' T G666 CTTTT T TT TT T AT

2000 ;
N\ I A

1000 \ A n A N A i f

\ A AN A [ A A\ H Al A

IAWA! \ | YAVA N | \ A\ f\ h \ | WAWA

WA [\ /\ \ VAW IRYRYRYA /A [\ I\ /
0 IVATRVAVAVNAVATS NRVAVERVAUR VAVAVAVAURVAVAVARTN AV VEVAVAVERTETATA ARV AV ARAVRTAVRTAY

205 300 305 310 315 320 325 330 335 340 345 35( 355

This is the Sanger sequence view showing edited and wild-type (control) sequences in the region around the guide

sequence. This shows sequence base calls from both the control and the experimental sample .ab1 files, which will
contain mixed base calls. The horizontal black underlined region represents the guide sequence. The horizontal red
underline is the PAM site. The vertical black dotted line represents the actual cut site. Cutting and error-prone repair
usually results in mixed sequencing bases after the cut.
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ICE CRISPR Analysis Tool — analyze CRISPR editing

results
upload Sanger sequencing data and specify a guide sequence(s) to assess the
edits

Result in different indel mutation patterns
SYNTHEGO

Contributions Indel Distribution

Status @ Guide Target ® PAM Sequence ®@ Indel % @ Model Fit (R2) ®@ Knockout-Score @

ATGTAAGGCAATATCACCAT GGG 67 27

RELATIVE CONTRIBUTION OF EACH SEQUENCE (NORMALIZED)

INDEL CONTRIBUTION~Y SEQUENCE

ContrOI 0 29.1% TT TGT GG TAT i TGGGCTTTTCT TTCTTCTA|T TGAGT TAGG G GAT
-3 23.4% TT TGT GG TAT E TGGGCTTTTCT TTCTTCTA|T TGAGT TAGG G G
-1 12.8% TT TGT GG TAT i TGGGCTTTTCT TTCTTCTA|T TGAGT TAGG G GAT
+1 8.1% TT TGT GG TAT EN TGGGCTTTTCT TTCTTCTJAT TGAGT TAGG G G
-9 5.2% TT TGT GG i TGGGCTTTTCT TTCTTCTA|T TGAGT TAGG G GAT
-3 3.9% TT TGT GG TAT E TGGGCTTTTCT TTCTTCTAJT TGAGT TAGG G GAT
-8 2.2% TT TGT GG TAT i TTTCT TTCTTCTA|T TGAGT TAGG G GAT
-15 2.2% TT TGT i TGGGCTTTTCT TTCTTCTA|T TGAGT TAGG G GAT
-14 21% TT TGT GG TAT E TTCTTCTAT TGAGT TAGG G GAT
-6 1.6% TT TGT GG i TGGGCTTTTCT TTCTTCTA|T TGAGT TAGG G GAT
-18 13% TT TGT GG i TTCTTCTA]T TGAGT TAGG G GAT
+12 0.9% TT TGT GG TAT ENNNNNNNNNNNN TGGGCTTTTICT TTCTTCTAT TGAGT




Global Knowledge Center on Crop E!iméchnnln::F , International Service for the Acquisition of
Ag -glohd‘mpplim#uﬂa SEAsiaCenter (ISAAA).

www.isaaa org/kc/cropbiotechupdate/ www.isaag.org  I5AAA

C3BU

Articles in the April 20, 2016 Issue of

Crop Biotech Update USDA DECLARES GENE-EDITED MUSHROOMS AS
UNREGULATED

. ) The U.5. Department of Agriculture (USDA) will not regulate the genetically modified white
“E! x l %/EU iﬁ-—ﬁ //{"‘].S_‘;i EQ %}? : . i -Cas. According to USDA, th:la J'-'«I']i[T‘IE!| and Plant
- » ealth Inspection Service (APHIS) does not consider the CRISPR/Cas®-edited white button
mushrooms to be regulated because it does not contain foreign DNA from plant pests such as
viruses or bacteria.

The CRISPR/Casg-edited white button mushrooms can resist browning, thus improving the
—appearance and shelf life of mushroom, and allowing automated mechanical harvesting. The

anti-browning characteristic was expressed by deleting some genes that code for polyphenaol

i m g %K ﬁ 5& i ;’I {ii’%f oxidase (PPO), an enzyme that causes browning.
L)

Gene edited mushroom:

* Resist browning
2 ER2

* Improve the appearance and shelf life
BFIEHR

« Allow automated mechanical harvesting

ERRER .l G i

.Jnssr,.!l. Be;ma! Bacete/Getty Images
The commaon white button mushroom (Agaricus bisporus) has been modified to resist browning.

Get more details from APHIS and Nature.



USDA Will Not Regulate CRISPR-Edited Crops

Restrictions will remain on transgenic plants, which contain artificially inserted genes

fromothen species. Genome editing allows breeders
DIANA KWON ) to introduce new traits more

precisely, and at a faster rate.

Table 1 CRISPR-edited plants in the pipeline that USDA will not oversee

Date of USDA
response Inquiring institution (location) Plant trait engineered with CRISPR-Cas9
10/16/2017  USDA ARS, Plant Science Research _Soybean (Glycine max) with drought and salt tolerance;
Unit (5t. Paul, Minnesota) achieved by disrupting the Drb2a and Drb2b genes
(double-stranded RNA-binding protein2 genes)
ks 8/29/2017 Yield10 Bioscience (Woburn, Camelina with increased oil content; target genes not
PIXABAY, ANALOGICUS Massachusetts) disclosed
The US Department of Agriculture (USDA) will not regulate plants thatha 4/07/2017 Donald Danforth Plant Science Sefaria viridis, or green bristlegrass, with delayed
Center (5t. Louis) flowering time; achieved by deactivating the S. viridis

genome editing, according to statement released last week (March 28) by t

homolog of the Zea mays ID1 gene

4/18/2016 DuPont Pioneer (Johnston, lowa) Waxy corn with starch composed exclusively of amylo-
pectin; achieved by inactivating the endogenous waxy

gene Wxl that encodes a granule-bound start synthase
catalyzing production of amylose

4/13/2016 The Pennsylvania State University ~ White button mushroom (Agaricus bisporus) with anti-
(University Park, Pennsylvania) browning properties; achieved by knocking out a gene
coding for polyphenol oxidase (PPO)

Source: USDA



NEWS | 14 December 2021

GABA-enriched tomato is first
CRISPR-edited food to enter market

Sanatech Seed’s Sicilian Rouge CRISPR-edited ‘health-promoting’ tomatoes reach
consumers and may open the market to more genome-edited fruit, vegetables and even
fish.

GABA forming enzyme

A CRISPR-edited tomato containing higher GABA than its unedited counterparts takes off in
Japan. Credit: Aflo Co., Ltd. / Alamy Stock Photo



Japan Approves Genome-Edited Fishes and Tomato for Commercial Sale

In October and November 2021, two genome-edited fishes were approved for commercial sale in Japan.

Edited

The gene-edited red sea bream (left) compared to unedited versions (right) Photo Source: Dr. Masato Kinoshita, Kyoto University

and Dr. Keitaro Kato, Kindai University



FDA NEWS RELEASE

FDA Approves First Gene Therapies to
Treat Patients with Sickle Cell Disease

The hemoglobin gene sickle cell anemia (&K 4= i £ B fr)
has a single amino acid mutation

Sickle Normal
cell red blood cell

=

Abnormal Normal
hemoglobin hemoglobin

__ Sickle cells
— blocking blood flow



Approaches to CRISPR Sickle Cell Disease Gene Therapy

Sickle cell disease
patient

Reinfusion of edited cells
and engraffment
in bone marrow

Hematopoietic
Stem/Progenitor Cells {(HSPCs)
removed from patient

-

M ! f‘.o
4!3:1':

s

CRISPR-Cas? repairs
mutant B-globin gene
(Replacement of T with A)

Sickle cells Normal red blood cells
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Q&A, Q&A and more Q&A! | |



