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ZFN: Zinc Finger LE' I ’ I 'I l:R
nucleases
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Ferramentas de engenharia epigenética

10X GCN4

dCas9-SunTag

Fig. 1. DeadCas9-SunTaz system: 10x GCNA4 peptides appended In aray to
dCas9 carboxv.-terminus. 10« GONJ peptides fused to singlechals variable
fragment (scFv) antibodles. scFv has an affinity for mudtiple GFP and VPG4, The

.

i
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Fig. 2. DNMT or TET] effeciors tethered to
09 mediated epigeawtic eoditing, DNA
methylation ooccurs due to the collective
oflont of varionn components, Le, gRNAS
dCasS effector complex. Here the effector
Inclades DNMT, either attached 10 the dCax®
procein via a Mnker or repetitive peptide
eplsopes binding peolelio, .3, dMaglechain
variable foagment (ScFy) amibody. gRNA
1o recrult the d0w9 suckeme 10 2 targeted
location oo the genome. Hese the effectors
Inclade DNMT, & which DNMTs add the
methyl group 10 cysoslae in DNA, resulting
in & sileacing effect

dCas9 fused with DNA methyltransferase

(DNMT) or demethylase (TET)
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Ferramentas de engenharia epigenética

DeadCas9-p300

Fig. 3. dCas9-p300 chimeric peotein enhances acetylation of HIK27 (histane H3 lysine 27) in the promoter regic

DeadCas9-LSD1

Fig. 4. dCaz9.15D] removes methyl groups from the target site leads to the repression of the targeted gene.
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Aplicacoes das modificacoes epigeneticas usando CRISPR-Cas

N em plantas
Regulagio transcncional : CRISPR-dCas%a
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Aplicacoes das modificacoes epigenéeticas usando CRISPR-Cas

N _ em plantas
Regulacio transcricional: CRISPR-dCas9
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Aplicacgdes das modificacoes epigenéticas usando CRISPR-Cas

Metilacdo e desmetilacio de
DNA em plantas
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Aplicagoes das modificacoes epigenéticas usando CRISPR-Cas

em plantas
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PLANT & CRLL PUYSIOLDGY

From Evolution to Revolution: Accelerating Crop
Domestication through Genome Editing

Kishor Kumar®'~, Swarupa Nanda Mandal*?, Bhubaneswar Pradhan’, Pavneet Kaur®,
Karminderbir Kaur® and Kumari Neelam**
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Crop domestication has a tremendous impact on socioeco-

. . . : Introduction —
nomic conditions and human civilization. Modern cultivars

were domesticated from their wild progenitors thousands of  Agriculture plays an immense role in human avilization. Mod-

years ago by the selection of natural variation by humans.  ern cultivated and horticultural crops are domesticated from
New cultivarc are beine develoned bv croccine twa ar mare thair wild nracenitare hu the calasrinn Af nariral vanarianc

Da Revolucao a Evolucao - Acelerando a Domesticacao
de Cultura por meio de edicao do Genoma
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e A importancia da Agricultura na civilizagcao humana.

e Domesticacao de plantas cultivadas a partir de seus
progenitores selvagens.

e Os Parentes Selvagens de Culturas sao valiosos recursos para
caracteristicas agronomicas utels.

e Limitacoes da reproducao convencional e a necessidade de
ferramentas de edicao do genoma, como a tecnologia

CRISPR/Cas.
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e Conceito de domesticacao de
culturas e seu papel na
agricultura.

e Cene SH4 influencia na
desarticulacao dos graos de
arroz.

e O gene TUNT1 afeta a
removibilidade da casca dos

graos de milho.

Q. nivara

ace, IRGC 103824
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Establishment of regeneration and delivery protocol
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Panicle architecture (Q, Br, Tg1)
Plant architecture (Rht)

Flowering (Vm1)
L e——— >

Erect growth (PROG, RPAD)
Shattering (Sh4/SHA1, gSH1)
Plant architecture (Sd1,IPA1)
Awn, hull codlor (Ant, Rc)

Grain filling, number (GIF1,Gn1)
Seed size, shape (GS2.GS8/GS7) N

Wild species Neodomesticated plant

Fig. 5 De novo domestication in wheat and rice. Key domestication
traits found in wild species. The precise mutagenesis in these traits
using CRISPR/Cas9-mediated multiplex genome editing could acceler-
ate the transition of wild species to domesticated crops.
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e GENE Q: Esta associado a arquitetura da planta e o nimero de
graos em espigas. Em plantas de arroz, o gene Q regula o
desenvolvimento de ramos secundarios da influorescéncia e
influencia o nimero de graos produzidos.

e Gene BR, também conhecido como gene de enanismo
semigloba, controla a altura da planta. Resultam em um
fenotipo de plantas anas.

e O gene TG1 esta envolvido na determinacao da presenca ou
auséncia de glumas.
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Esses genes, juntamente com outros genes relacionados a
domesticacao e ao melhoramento de plantas, sao alvos
importantes para estudos de genética e biotecnologia
visando o desenvolvimento de variedades de culturas com
caracteristicas desejaveis, como maior produtividade,
resisténcia a doencas, adaptacao a condicoes ambientais
adversas e qualidade dos graos. A manipulacao desses
genes por meio de técnicas de edicao gendmica, como
R/Cas, pode acelerar o processo de melhoramento de
contribuir para a seguranca alimentar global.
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SCIENCE ADVANCES | RESEARCH ARTICLE

ENVIRONMENTAL STUDIES

The direct drivers of recent global anthropogenic

biodiversity loss Apesar de alguns esforcos, nao seremos capazes de
Pedro J iberry'+, Nicolas Titeux>>*t, Martin Wi 25 Diana E. Bowler*®’, . . .
Lsc:::oas:ir:g::',ir;fgail Sl.cgt::le;:ﬂ:.{Carlos;l?::errlaeﬂﬁrﬁlte JaI:::u’”.?fv;siro Takahashi'?, rEta rdar as taan de perda de blOdlverS|dade.

Josef Settele?*'°, Sandra Diaz', Zsolt Molnar'®, Andy Purvis'’-18*
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Antoinette J. Piaggio,’'”* Gernot Segelbacher,
Philip J. Seddon,®>"” Luke Alphey,*® Elizabeth L. Bennett,®
Robert H. Carlson,” Robert M. Friedman,® Dona Kanavy,®

Ryan Phelan,'® Kent H. Redford,"'"'? Marina Rosales,'®
Lydia Slobodian,'* and Keith Wheeler'*®

Pollution Climate
change
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Homing endonuclease genes (HEGs) -
Um exemplo de gene driver.

Full text provided by www.sciencedirect.com

SCIENCE @ DIRECT*

Homing endonuclease genes: the rise and fall and
rise again of a selfish element
Austin Burt and Vassiliki Koufopanou

How homing endonuclease genes (HEGs) home. HEGs encode a
protein (top) that in heterozygous cells recognises a sequence on
the homologous chromosome and cleaves it (middle). The HEG is
inserted into the middie of the recognition sequence (RS), and the
chromosome carrying the HEG is protected from being cut. After
cleavage, the recombinational repair system of the cell is stimulated,
and the HEG-containing chromosome is used as a template for
repair. As a consequence, the heterozygote is converted to a

homozygote with two copies of the HEG (bottom).

Transcription and translation

(

S

Digestion
4 D
HEG
Repair
HEG
| HEG

—

Current Opinion in Genetics & Development
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REVIEWS ,

M) Check for updates
Gene d rives gai ni ng Speed ... TGTCGEETTTTGGACACTGGARCCGTSGGCATC Intact homaolgous chromsome B

b _%/ gRMNA
Chromsome A with

double-stranded break LJ

Cleavage site

GUUUUGGACACUGGAACCG Double-stranded break repair
Ethan Bier®y e e e s e e e e a s s s s )
. . ACACCCARRAACCTGTGACCTTGGCACCCGTAGS. . . Homology-directed Non-homologous
Abstract | Gene drives are selfish genetic elements that are transmitted to progeny at super- repair end-joining
Mendelian (>50%) frequencies. Recently developed CRISPR-Cas9-based gene-drive systems Genome ta FEIE'E:. - Precise Error prone

are highly efficient in laboratory settings, offering the potential to reduce the prevalence of

9 4

Nuclease:- Copy from intact chromosome B

vector-borne diseases, crop pests and non-native invasive species. However, concerns have been

raised regarding the potential unintended impacts of gene-drive systems. This Review summarizes

the phenomenal progress in this field, focusing on optimal design features for full-drive elements

(drives with linked Cas9 and guide RNA components) that either suppress target mosquito

populations or modify them to prevent pathogen transmission, allelic drives for updating [
genetic elements, mitigating strategies including trans-complementing split-drives and genetic

d Cas9 gRNA

neutralizing elements, and the adaptation of drive technology to other organisms. These scientific t
advances, combined with ethical and social considerations, will facilitate the transparent and
responsible advancement of these technologies towards field implementation. -
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ARTICLES
nature
biotechnology

OPEN

A CRISPR-Cas9 gene drive targeting doublesex
causes complete population suppression in caged
Anopheles gambiae mosquitoes

Kyros Ky‘muu@, Andrew M Hammond!2®, Roberto Galizi!®, Nace Kranjclﬁ', Austin Burt!,
Andrea K Beaghton', Tony Nolan! ® & Andrea Crisanti!

Figure 1 Targeting the female-specific isoform of doublesex. (a) Schematic
representation of the male- and female-specific dsx transcripts and the
gRNA sequence used to target the gene (shaded in gray). The gRNA spans
the intron 4-exon 5 boundary. The protospacer-adjacent motif (PAM) of the
gRNA is highlighted in blue. Scale bar, 200 bp. Coding regions of exons
(CDS) are shaded in black, noncoding regions in white. Introns are not drawn
to scale. UTR, untranslated region. (b) Sequence alignment of the dsx intron
4-exon 5 boundary in six of the species from the A. gambiae complex. The
sequence Is highly conserved within the complex suggesting tight functional
constraint at this region of the dsx gene. The gk NA used to target the gene
Is underlined and the protospacer-adjacent motif is highlighted in blue.

() Schematic representation of the HDR knockout construct specifically
recognizing exon 5 and the corresponding target locus. DSB, double-

strand break. (d) Diagnostic PCR using a primer set (blue arrows in ¢) to
discriminate between the wild-type and dsxF allele in homozygous (dsxF~"),
heterozygous (dsxF*~) and wild-type (dsxF**) individuals.
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ARTICLES

nature
biotechnology

OPEN

A CRISPR-Cas9 gene drive targeting doublesex
causes complete population suppression in caged
Anopheles gambiae mosquitoes

Kyros Ky‘rouu@, Andrew M Hammond 2@, Roberto Galizi! @, Nace Kranjclﬁ, Austin Burt!,
Andrea K Beaghton!, Tony Nolan'® & Andrea Crisanti!

A sequéncia do gene dsx tem potencial para atuar como um gene

Figure 2 Morphological analysis of homozygous dsxF~/~ mutants.

(a) Morphological appearance of genetic males and females heterozygous
(dsxF*"~) or homozygous (dsxF~~) for the exon 5 null allele. This assay
was performed in a strain containing a dominant RFP marker linked to the
Y chromosome, whose presence permits unambiguous determination of
male or female genotype. Anomalies in sexual morphology were observed
only in dsxF~/~ genetic female mosquitoes. This group of XX individuals
showed male-specific traits, including a plumose antenna (red arrowhead)
and claspers (blue arrowheads). This group also showed anomalies in

the proboscis and accordingly they could not bite and feed on blood.
Representative samples of each genotype are shown. (b) Magnification

of the external genitalia. All dsxF~/- females carried claspers, a male-
specific characteristic. The claspers were dorsally rotated rather than in
the normal ventral position.

XY XX

driver.

wi ¢ ™ . o : : -'I- ’I\. * B — 129.5
* * s l'l-l. i = +6.3
G e 2ot wd fa{frene. || 3
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J J | [ 1
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Figure 3 Reproductive phenotype of dsxF mutants. Male and female
dsxF~~ and dsxF*~ individuals were mated with the corresponding wild-
type sexes. Females were given access to a blood meal and subsequently
allowed to lay individually. Fecundity was investigated by counting the
number of larval progeny per lay (n > 43). Using wild type (wt) as a
comparator, we saw no significant differences (‘ns’) in any genotype other
than dsxF-/- females, which were unable to feed on blood and therefore
failed to produce a single egg (****P < 0.0001; Kruskal-Wallis test).
Vertical bars indicate the mean and the s.e.m. Blue and red indicate

the crosses of male or female dsxF mutants, respectively, to wild type,
whereas the gray dots represent wild-type-only crosses.
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ARTICLES
nature

OPEN

A CRISPR—-Cas9 gene drive targeting doublesex d 4o-
causes complete population suppression in caged
A nOphe/eS gambfae mosqu itoes Figure 4 Transmission rate of the dsxFCR/SPRN driving allele and fecundity =
analysis of heterozygous male and female mosquitoes. (a-c) Male and '8 0.8
Kyros Kyrou!2®, Andrew M Hammond!2®, Roberto Galizi! @, Nace Kranjc! @, Austin Burt!, female mosquitoes heterozygous for the dsxFER/SPRM allele (a) were analyzed 5
Andrea K Beaghton', Tony Nolan!® & Andrea Crisanti' in crosses with wild-type mosquitoes to assess the inheritance bias of i
the dsxFCRISPRh drive construct (b) and for the effect of the construct on i§ 9 0.6 -
their reproductive phenotype (c). (b) Scatter plot of the transgenic rate R <
observed in the progeny of dsxFCRISPRh/ female or male mosquitoes S
L. I that gave progeny when crossed to wild-type individuals (n 2 33). Each '8
dot represents the progeny derived from a single female. Both male and 0.4 4
b female dsxFCRISPRh/; showed a high transmission rate of up to 100% of the g
. dsxFCRISPRN allele to the progeny. The transmission rate was determined by
. visually scoring offspring for the RFP marker that is linked to the dsxFCRISPRA e
dsxForsPRh L 8 i r: o 5 W :ﬁ?‘ allele. Thg dotted line indica'tes the expected Mendelian inheritance. Mean w 02 1
" ‘ transmission rate (+ s.e.m.) is shown. (c) Scatter plot showing the number
. of larvae produced by single females (n = 35) from crosses of dsxfFCRISPRA/,
. mosquitoes with wild-type individuals after one blood meal. Mean progeny
- %_4 * 11 > o :
ancRﬁthg. _ . ® l oy count (+ s.e.m.) is shown ( P < 0.0001; Kruskal-Wallis test).
.
L]
| 1
] 50 100
Progeny inheriting CRISPRh allele (%) b
C

. Figure 5 Dynamics of the spread of the dsxFCR/SPRN a|lele and effect
wi 4+ - : . > . :.‘r: __ 1235 on population reproductive capacity. Two cages were set up with a

¢ LA £6.3 starting population of 300 wild-type females, 150 wild-type males and
150 dsxFCRISPRh/: males, seeding each cage with a dsxFCRISPRN g]lele
frequency of 12.5%. (a) The frequency of dsxFER'SPRh mosquitoes was
scored for each generation. The drive allele reached 100% prevalence in
both cage 2 (blue) and cage 1 (red) at generation 7 and 11, respectively,
in agreement with a deterministic model (black line) that takes into

130.7

dﬂchmH-d-lr +39

Nl
P
!- i:
s

Relative egg output

. 8, account the parameter values retrieved from the fecundity assays.
* . [ [ B4.5
dsxFERSPRn, @ {: e . 'H‘} l"l': : =' .o — 480 Twenty stochastic simulations were run (gray lines) assuming a maximum
. population size of 650 individuals. (b) Total egg output deriving from each

generation of the cage was measured and normalized relative to the output
from the starting generation. Suppression of the reproductive output of
each cage led the population to collapse completely (black arrows) by
Larval progeny generation 8 (cage 2) or generation 12 (cage 1). Parameter estimates
included in the model are provided in Supplementary Table 5.
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Limitacoes:
. requer reproducao sexual.

ii. a velocidade pode ser lenta.

iii. populagdes nao se encontram isoladas.

Examples of the anticipated costs and benefits
of conservation applications of synthetic biology

Negative

-

Ecological effects

© Could become invasive

@

Application issues

© Cooption for private

gain or military use

O

Human effects

© Impacts on rural
livelihoods

AT
/

I/

k.

Ethical issues

© Moral hazard of not
preventing extinction

Positive

e

Ecological effects

© Prevent extinctions

®

Application issues

© Address intractable
conservation issues

O

Human effects

© New collaborations,
new jobs

Ethical issues

© Reversal of sense
of conservation loss

e o -

Figure 1. Examples of the anticipated costs and benefits of conservation applications of synthetic biclogy (adapted with permission from K.H.
Redford et al., 2019)
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Fig. 1 Principles and methods of CRISPR systems in crops improvement. a Crop domestication. b Heterosis. ¢ Haploid induction. d Synthetic
biology
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of salinity stress tolerance responses in rice (Oryza sativa L.)
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O aumento da populacao e demanda por producao.
Eventos extremos atetam o desenvolvimento,

crescimento e a produtividade de diversas culturas.

A salinidade — estresse osmético e a toxicidade do acimulo
de ions.

Solucao?

Plantas resistentes minimizam o estresse osmotico e os
danos celulares.
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Fig. 1 Adaptive responses of
plants to salt stress. Salinitny
stress induced osmotic and ionic
stress in plants. Plants species
with salt and droght stress
resistance adjust to saline stress
by regulating the inclusion and
exclusion of varoius ions and
organic solutes (black colored

e =7 o SR Salt entering plant
route) whl.le 1n.sanhty §ensmve vid tools & generale
plant species high salt in growth saline stress
medium hamper phtosynthesis
and generate reactive oxygen
(ROS) in abudnace which
eventually cause cell death and l 1
hence yield loss (red colpred Bt S Sl ias
route). (Color figure online) /
Dehydration
Inhibition of: Inhibitions of:
water uptake photosynthesis
cell elongation protein synthesis
leaf development en.zymel activity
Osmolic adlunlmom Signal Transduction lon homeostasis
Accumulation of N RO
i olut i compartmen
ions/solutes/organic compounds e =

Hamper photosynthesis
Generate excess ROS and upset antioxidant defense system

Cell death, growth reduction

4

Yield loss

Recovery/Adaptation |
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Como chegar aos genes? Mapeamento, marcadores, QTLs.
CRISPR/Cas — edicao sitio-especifica de genomas.
Dessa forma, novas variedades de arroz com qualidades melhoradas podem ser

ge 'a d as. Vector construction with T, transgenic plants Transgene free T, mutant
targeted sgRNA

Transformation Mutant screening

> >

Molecular
Regeneration characterization
Segregation
T, and later generations of homozygous T, homozygous plants
plants
Molecular
ooy characterization
< -
Production and Performance
extension analysis

Fig. 2 Molecular characterization of genome-edited crops along the process from the lab to the field
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1. Selection of target genomic site S7C ANNNNNNNNNNNNNNNNNNN 000 37 8% 1110 NNNNNNNNNNNNNNNNNNNNA G 3
e 20 bp sequence just upstream of the PAM & Rk Sy
(NGG) (CRISPR-Cas9) g Tt s
e 20-24 bp sequence just downstream of the l
PAM (TTTV) in CRISPR-Cas12a /Cpfl sl e . CSPR ey G G .
e Use online tools to minimize off-targeting . '.ﬁ--“. LR & o ' ¢ > -
2. Designing of sgRNA (Cas9 system) < I I I
® sgRNA is expressed using a small RNA promoter -1/ *?— —— e————
such as U6p or U3p #aaze 1 cont et
® First nucleotide in the guide sequence is a "G” if l — —— —

U6p is used or an "A” if U3p is used
® Guide sequence should match the target except
for the first nucleotide (5° G or A)

3. Construction of expression vector

® Assemble DNA sequences producing sgRNA and
Cas9 nuclease (Cas9 vector)

® Assemble DNA sequences producing crRNA and
Casl2a nuclease (Casl12a vector)

4. Stable transformation of plants
Agrobacterium transformation
Callus bombardment
Protoplast transformation

5. Screening of putative transformed plants

e Selection of transformed plants via selectable
markers

e Analyzing gel bands to confirm inserted
sequence

6. Genotyping (genome editing events) of T lines

e Different screening methods such as PCR/RE,
SSCP, T7E1 and ACT-PCR etc. have been used
to detect CRISPR-Cas induced mutants

7. Analysis of gene function in T, generation

e To observe and analyze the phenotypic
consequences induced by CRISPR-Cas genome
editing

e To study molecular functions of the edited
genes in plants

Fig.2 Basic strategy of plant genome editing with Cas9 or Cas12/sgRNA system. Modified after Swiat et al. [94]
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Table 1 Genes identified in rice cultivars which lead to salinity stress tolerance

5 No Gene name Specific function References
1 Oshkef 1 and Oshke2:4 Play an important role in reducing Na<4 accumulation in shoots to cope with salt stress [36]
2 OsSHMT3 Play a vital mle to confer tolerance toward salt stress [46]
3 SIDP361 Encodes a DUFI644 family protein to induce salt tolerance [47]
4 OrbHLHO0 Owemrxpression of OrbHLH 0] gene enhances wolerance to salt stress in shoots and roots of  [48]
rice
5 OsPSCST Its expression is inducing under endogenous supply of ABA and salt stress [49]
6 OsSAPK2 SAPKZ2 mpidly activated in response to salt stress in rice plants [50] Table 1 (continued)
7 OsPSCR Higher level of OsFP5CR tmnscripts accumulation wene observed in rice cultivars during salt — [49]
dress 5. No Gene name Specific function References
] OsCIPKTS Owemrxpression of OsCIPK!S shows enhances salt tolerance in rice [51] ] . ]
OAFRIR2 Rice plants expressing OsMYB3R.2 sh ) e aslk holeonmes 52 35 Em TEa‘tﬁrrc:u:cEthsm.umd levels of NaCl and ABA results in a double level of Em tmnscnipts [T8]
10 OsHAKS Owemrexpression of this gene confer salt tolerance in rice shoots [53] " Mioland rTiol These two h le i . dthei L o [79]
, , , , ipdand rTi e enes have mole n cell ransportation and their expression 1s increases in rice
11 ZFPIT9 D\'mxl:rcssmn of ZFPI7% gene increased salt tolerance and is useful to develop transgenic  [54] 4 4 " gﬁsu fer high salt and drought s
crops with enhanced salt tolemnce
2 SAPK4 Induced expression of S4PK4 result in improved germination, growth and development under [55] n sodAS | sod Codand sodCe2 The expression u!'lmd.ﬂ und:m‘l‘.lf'czlzsﬁu'mgl}' mcrc.us?s:arlﬂntmutrrl::!tufh.lghsult and [80]
salt stress both in seedlings and mature plants ABA concentmtion. and transcription of sedCef gene 15 increases during salt stress
13 AKTI Over expression of AKT ] enhances K *and Na® uptake by mot tissues [56] 38 NAC Expression of NAC (NAM, ATAF and CUC) gene family can be induced significantly mn guard  [81]
4 OsHAK2] The potassium transporter OsHAK2] functions in the maintenance of ion homeostasis and 7] cells of rice under salt stress
tolerance Lo sall siress X NADP-ME NADP-mabe enzyme plays an important role in plant defense and its expression is induced [82]
15 OsPPla Owerexpression of OsPPfa enhancing tolemnee to high salt trestment in rice [58] by saltstress
16 OsNHXI OsNHX1 encoding a Na+ /H+ exchanger and involve to increase salt resistance in rice by [59] 40 ZFp2352 ZFP252 plays an important role in rice response to salt and drought stresses and is useful in- [83]
decreasing osmotic potential under NaCl stress engineering crop plants with enhanced tolerance to salt and drought stresses
survival under salinity stress ) ) o ) )
I8 OsSUV3 In transgenic rice OsSUV3 helicase imgroves ph nthesis to salinity [61] 42 OsGAPC? This gene can alleviate salt toxicity in transgenic plants through the regulation of Ho0, level  [B5]
19 OsRMC OsRMC encodes a meeptor like kinase which negatively regulate salt stress msponse in rice  [62] 43 NRRISNDS Studiics imply that expresion of NERTSNIT (SN17) grae: confirs skt tokesper: i sice by [56]
N OsCPE4 Under salt stress condition OsCPK4 gene expression rate is enhancing to increase water hold-  [63] mcdulinting diffescatinl tranacription is 2 st of differcat 14 gracs
ing capacity of plant cells, prevent lipid peroxidation and contml electrolytes leakage from +H ONACHM Trmscripts of ONAC 06 delays leaf vellowing and enhance salt stress in rice plants [87]
the membranes 45 OsBIERF3 Studies suggest that tmmscripts of Qs BERFFgene plays an important role in disease mesist- [EE]
21 P5CS A strong correlation between PSCS expression and the accumul ation of proline has been [6:4] ance nesponse and salt wlerance
shownin rice , , o 46  Rabl6A Overexpression of Rab/64 gene in transgenic plants reduced chlorophyll damages, decease  [89]
» codA Promotes synthesis of ghveine betaine to protect damage of membrane, enzymatic activity, [65] - .
. . ’ Na™ accumulation and genemte salt wolerance
photosynthesis and helps to regulate ROS detoxification ) .
7 OsTPSI Ovenxpression of OsTPST imgrove the talerance of rice seoffing to high sanity by § - [66] 47 CYPod El-l.?\'u'u:d level of CY PO genes (CYPCT and CYPO4C2E) transcripts confer salt wolerance in - [940]
ing the amount of trehalose and proline rice cells
a9 PINOT Ovemxpression of this gene allows growth of the transgenic plants in salty environment by [67] 48 OsCPE2] The tmnscript of GsCPE2T is a calcium-dependent protein kinase that confers salt wlemmee  [91]
increasing inositol production in rice
25 OsTIPI: T Expression of sTIPI 1 increases during high salt stress [68] 4 OsC¥P2 Trmnsgenic rice seedlings with high level of GsCYP2 showed better tolerance to salt than [92]
% HwPIP2] Under salt stress trnscription of HvPIP2;:1 is increases [69] wild-type seedlings
7 OsDREBIA Trnscript levels of OsDREBIA increases mpidly when rice plants are exposed to salt toler- — [70] 50 OSRIPIS Owversxpression of QsRIPIE gene in trans genic rice induced tolerance against drought and [93]
ance sall stresses
28 OsDREB2A and OsDREBID  Expression of OsDREB2A and Os DRERT D tmnscription factors confer enhancing dehydm-  [71] %1 OsCami-1 Overexpression of OsCaml-J gene plays an important role in ABA biosynthesis which lead  [95]
tion and salt stress tolerance in rice o sl holeraiee b fes
] OsDRERTF Trunsgenic plants harboring OsORERF gene led to enhanced tolerance to salt [72]
30 OsCDPKT s COPKT encoding a Ca? + dependent protein kinases and its overex pression enhance salt [73]
stress tolerance in trans genic rice
31 Givili Studies indicated that glyll enzyme may have an important and independent role in confer- [74]
ring salt stress tolerance
2 G452 Expression of (52 confer resistant to salt in rice plants by enhancement photorespiration [75]
i3 OsKATI s KATTwith cooperation of K1 channels maintain eytosolic cation homeostasis during salt — [76]
stress and thus protect leakage of Na® from cells
M aMAPKS s MAPKS encode different spliced transcripts which eventually positively regulate salt [77]

resistance m plants
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Article

CRISPR/Cas9 Mediated Knockout of the OsbHLH(024
Transcription Factor Improves Salt Stress Resistance in Rice
(Oryza sativa L.)

Mohammad Shah Alam !, Jiarui Kong !, Ruofu Tao !, Temoor Ahmed 2/, Md. Alamin 1), Saqer S. Alotaibi 3",
Nader R. Abdelsalam *'* and Jian-Hong Xu 1-°-*

ad Gene knockout

ROS decorrentes do estresse salino — danos oxidativos,
peroxidacao de lipideos, danos na membrana e morte celular.

» =m— iy A— """_’- Limpeza dos ROS (antioxidantes) e a homeostase i6nica —
Indels Gene deletion Multiplex gene aumentar d t0|eranC|a do arroz.

knockout . _ ) _ .
Varios genes estao envolvidos na regulacao do estresse salino.

Os genes bHLH subfamilia U ainda nao foram explorados. O gene
OsbHLHO24 foi selecionado para o estudo.

Foram investigados a funcao do gene e a perda da funcao no
mutante.
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ks 813 gs’ﬁ 1
W _alG : h 'TL"" 1365
| I\ CDS

(b) Target-1 Target-2
WT GATGTCGGAGAGGAAGAGGA ATTCCACTCACTCAACCGAA
A91 GATGTCGGAGAGGAAG-GGA ATTCCACTCACTCAACCGAA -1, WT

271 312
© wr bHLH 454 AA

Figure 2. CRISPR/Cas9-induced mutation in the OsbHLH024 (LOC_0Os01¢39330) gene. (a) Schematic
diagram of gene structure and two CRISPR/Cas9 target locations, with UTRs, exons, and introns

and bHLH domain shown by blank rectangles, black rectangles, black lines, and dotted rectangles,
respectively. The 20-nt target sequences are shown at the bottom of the gene structure; (b) DNA
sequencing and alignments with WT identify the editing genotypes; the deletion is indicated by the
red dash; (c) the expected protein structure of WT and A91. The dotted and grey showed the bHLH
domain in WT and frameshift or premature stop in A91.

OsbHLHO24 editado (A91).
Dois locais foram usados como alvo.
Introducao por Agrobacterium em cultura de tecidos da cultivar WT.

O mutante homozigoto A91 com uma adenina deletada no alvo 1 (stop codon
prematuro).
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Figure 4. The growth characteristics of the A91 and WT exposed to salt stress treatments (0 and

10 mm

10 mm

WT A9l ‘ ) ‘ ‘ 150 mM NaCl). (a) The growth of 21-day-old seedlings before salt stress; (b) the growth of 21-day-old
Figure 3. Thf phenotypic comparison of the A91 and WT. (a) The height of seedlings at one-week-old seedlings after 12 h stress; (c) the growth of 21-day-old seedlings after 4 days of stress; (d) 7 days
growing in 2 MS media; (b) the comparison of the root number, the root length and the shoot length recovery after 7 days of salt stress; (e) the survival rate after 7 days of recovery; (f) the fresh shoot

in WT and A91 (n = 9 biological replicates); (c) the morphology of plants at the reproductive stage; weight after 7 days of stress; (g) total chlorophyll content; (h) SPAD value; (i) fluorescence; n = 3 bio-
(d) the measurement of plant height (n = 30 biological replicates); (e) the phenotype of tiller; (f) the logical replicates (e, f, each replicate represented 20 seedlings); 3 biological replicates (g), 9 biological

measurement of internode length (n =230 l::-inlngical replicahes); (g) the structure of parﬂcle; (h) 10 seeds replicates (h,i); data represented as means =+ SE; ** indicates significant f-test results at p < 0.01; scale

length; (i) 10 seeds width, values are expressed as means =+ SE; * and ** denote significant t-test results bar 10 cm.

at p < 0.05 and p < 0.01, respectively.
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Figure 5. The oxidative stress in the shoot and root of WT and A91 seedlings under salt stress.

(a—d) activities of SOD, POD, H;0; and MDA in shoot; (e-h) activities of SOD, POD, H,0, and
MDA in the root; (i) NBT staining (indicates O;*~); (j) DAB staining (indicates H,O5); n = 3 biological
replicates, data represent means + SE; * and ** indicate significant f-test results at p < 0.05 and
p < 0.01, respectively.
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Figure 6. Measurement of nutrient elements in the shoots and roots of WT and A91 seedlings exposed
to salt stress for 7 days. (a—f) Na*, K*, Na*/K*, Calt, Mgz"', and Zn?* in shoots: (g-1) Na*, K*,
Na*/K*, Cat, Mgz"', and Zn** inroots; n =3 biological replicates; data represent means + SE; * and
** indicate significant f-test results atp < 0.05 and p < 0.01, respectively.
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Esses resultados sugerem que esse gene confere
resisténcia ao estresse salino por melhorar as condicoes
fisiolégicas das folhas, retardando o aparecimento dos
sintomas do estresse e promovendo uma melhor
sobrevivéncia.

O mutante para esse gene exibiu uma maior tolerancia
ao estresse salino, menor acumulo de ROS, Na*,
oxidacao de lipideos e mais K* com um nivel nutricional
balanceado.
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Generation of semi-dwarf rice (Oryza sativa L.) lines by CRISPR/
Cas9-directed mutagenesis of 0sGA200x2 and proteomic analysis
of unveiled changes caused by mutations

Yue Han' - Kaichong Teng' - Gul Nawaz' - Xuan Feng' - Babar Usman'- XinWang' - Liang Luo’ - Neng Zhao' -
Yaoguang Liu‘ - Rongbai Li’

Fig.3 Detection of positive
mutant lines and analysis of
mutations. a T, positive mutant
lines; M DNA marker, WT wild
type, 1-19 T, transgenic lines: b
nucleotide sequence alignment
and mutation frequency for both
target regions. Deletions and
insertions are indicated by red
dashes and letters, respectively.
while yellow highlighted is

PAM (protospacer adjacent B
motif). The numbers on the .
right side show the sizes of Line Targetl sequence Target2 sequence In/del
13 1 the indels, with *—"" and “+” l
AlG_y Y 10A indicating deletion and insertion ‘L
of the nuclectides WT GGCGG TG TGOGACCTGAGGATGE. GCTTCGCCTCCAAGCTCCCATCG
| ) P / G7-1 GGCGGTGTGOGACCTGA---CTATATGG.  GCTTOGCCTCCA-TGCTCCCATOG -345/-141
\ _"“----,___ __-_---""'_ GCTTOGCCTCCAAGCTC - CATCG -1
2 - G7-3 GGCGGTGTGCGACCTG-GGGATSE GCTTOGCCTCCAAGCTC ACCA GG ~1+1/41
G0 GEEBG e ¢ e -137/-16
G7-12 GGCGGTGTGOGACCTGA- ~CCATOG GCTTCGCCTCCCATGCTAAGCTCCCATL ~2+2/46
Fig. 1 Schematic diagram of sgRNA target sites in OsGA20ox2. Exons are indicated as black boxes. T1 and T2 represent Target 1 and Target 2,
respectively
Table 1' Mutation r-alcs of both Mutation type
targets in T, genration
Targets Bi-allelic Homozygous Heterozygous Chimeric WT Total
SDITI
NOP 0 17 3 0 4 24
MR 0 70 12 0 83
SDIT2
NOP 7 6 5 0 6 24
MR 29 25 20 0 74

Mean MR 73.5

NOP number of plants, MR mutation rate (%), WT wild type
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Table 3 Plant height and endogenous GA levels in wild-type and

T-DNA-free T| mutant plants

Genotypes PH (cm) GA (pe/kg Fw)
wT 145.42 +3.93 1.82+0.2
G7-1-3 120.32 2. 55%+ 1.22 4+0.13**
G7-1-5 122.65+4.11** 1.25 +0.12%#
G7-1-8 119.63 42 52** 1.24 4. 42%*
G7-3-1 116.74 43 18** 1.22 +0.31**
G7-3-6 119.62 4+ 1.92%# 1.23 (). 12%#
G7-39 118.25 42 63+ 1.21 +0.24*#
G7-6-3 115.35 4 3.25%+ 1.19 +0.13**
G7-6-4 113.15 4+ 3.79%* 1.15 +0.13*+*
G7-6-7 114.26 42 95+ 1.18 +0.08+*
G7-12-2 118.63 43 42%* 1.20 +0.16**
G7-12-7 119.53 44 14** 1.21 +0.11**
G7-12-9 121.21 2. 43%# 1.22 +0.09+*
Mean 111.04 1.26

R=0.97, p value =0.00001

Data are the mean of three replicates

WT wild type. PH plant height, GA gibberellins, R Pearson correla-
non co-efficient

**Significant difference (p<0.01)

Table 4 Agronomic traits of the high stalk and semi-dwarf mutants and their wild type

Genotypes PN PL (cm) FLL {cm) FLW (cm) GNPP SSR (%) GW (g) YPP (g) GL (mm) GWD (mm)
WT 59408 286+25 470446 16401 135412 884+89 249453 157426 292401 243+02

G7-1-3 6.0+04™ 254+ 11" 39.6+2.1" 1.7+04™ 138+10™ B89.1+7.2™ 25.0+3.8™ 163+23* 296+0.1™ 2.40+0.6™
G7-1-5 5.840.2™ 242427 344+32° 16+02™ 136+11™ 88.8+8.3" 25.7+6.1™ 162+22% 2.95+0.4™ 2.41+04™
G7-1-8 5640.1™ 260+35™ 36.1+29° 16+0.1™ 132+9™ 88.0+5.6™ 252+42™ 159+ 14™ 2.91+0.4™ 2.45+0.4™
G7-3-1 6.0404™ 235426 35.7+24° 1.7+03% 130+13® §7.5+4.5" 258+3.5™ 161+ 11" 2.92+0.2™ 245+0.7™
G7-36 6.3+0.7" 253+27 344+32° 1.7+02% 126+14™ 882442 264+4.9% 159+24™ 293+0.2% 2.45+0.6™
G7-39 6.440.3% 250429 355+3.6° 1.8+05" 120+13™ 88.143.6" 249+2.7™ 162+32™ 296+0.3" 242+03™
G7-6-3 6.64+0.5% 238+3.1"™ 373+1.8° 1.6+04™ 131+16"™ 87.9+42™ 26.1+5.1" 167+27% 2.91+0.3" 2.44+0.2™
G7-6-4 6.5+0.6™ 244425™ 37.9+39° 16+0.3™ 134+13™ B8.8+3.5™ 263+1.6™ 166+23% 2934+0.1™ 2.43+04™
G7-6-7 6.640.1™ 258+12™ 355+4.1° 1.7+0.6™ 130+12™ §7.3+59™ 269+3.2™ 167+25" 2.94+0.5" 243+0.1™
G7-12-2 6.4+04™ 266+13" 3824217 1.8+04™ 129+ 14™ B7.6+3.4™ 255+22™ 164+15% 2.93+0.1™ 2.44+0.6™
G7-12-7 5.840.2™ 250+16™ 389+3.1° 1.7+03" 126416 88.7+2.5" 252429™ 165+24™ 2.91+04™ 247+04™
G7-129 6.040.3™ 245+ 17" 37.6+29° 19+0.2™ 127+15™ 87.6+3.1™ 259+27% 163+03™ 2.72+0.6™ 2.46+0.3™

Data are the mean of five replicates
WT wild type, PN panicle numbers, PL panicle length, FLL flag leaf length, FLW flag leaf width, GNPP grain number per panicle, SSR seed set-

ung rate, GW 1000-grain weight, YPP yield per plant, GL grain length, GWD grain width

*Significant difference and ™represents no significant difference (p<0.01)
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Fig.5 SDI expression level of wild type (JGR) and T, mutant plants
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Fig. 6 Expression analysis of GA biosynthesis genes (OsGA2o0x3 and
GA3o0x2) and signaling genes (Df, GIDI and SLRT) in panicle tissues
of wild type and mutant lines. The data are the mean + SD of three
independent values
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Fig. 7 Seedling phenotype of wild JGR and mutant plants under controlled conditions and GA; treatment a plants under controlled conditions, b
plants treated with 10 pM GA,, ¢ plant height of control and GA;-treated seedling
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A mutacao realizada com a ferramenta CRISPR no
alelo SD1 desenvolveu com sucesso mutantes semi-
anas e com aumento ligeiro no rendimento de graos.

A perda de funcao nesse alelo sugere que a
producao de CA ativo para elongacao foi afetada.

Os dados produzidos promovem um exemplo de
genes editados com potencial para comercializagao.

N
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~lant Biotechnology Journal

Open Access

Research Article (& Open Access @ @

ARGOSS8 variants generated by CRISPR-Cas9 improve maize grain
yield under field drought stress conditions

Jinrui Shi g Huirong Gao, Hongyu Wang, H. Renee Lafitte, Rayeann L. Archibald, Meizhu Yang,
Salim M. Hakimi, Hua Mo, Jeffrey E. Habben

Objetivo: Novas variantes do Em duas linhagens :
ARGOSS, através da substituicao B73 (publica) e PH184C (linhagem
do promotor. comercial da DuPont).
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GOS2 promoter insertion GOS2 promoter swap

cTs1 CTS3 CTS2
| ArGossPro | J5-UTR | Arcosspro |

Template DNA Template DNA

~———| ARGOS8 PRO

GCTAAAAATA AAGARIINIICIOGONOREE T GGATT TCAGG----- -- 510-bp-- ----- dceiNedy] - [dddda

GCGGGTCCGG CGGGGCGGTC TGTGAGGGCA AATTTATATA GGTCTAGTGG GTACCCHEGINUCENINGMIIGMIGE GC ACTGCACATT GGCTATATCT
PAM CTS2

GAGGCTCCTG CGCGCGCCTT GGCCAGGTGT CTGTCATGCG GGCGATGCCG CAGGAAGAGG AAGCCGCGGT GGCGACGACG ACCATGGCCG GGGGC-----
M R AMP QE EE A AV ATT TMAG G

O o i . - GOS2 Pro = promotor
o homologo ao GOS2 do
arroz

(b) CTS3 PAM CTS1 PAM
G

Promoter deletion B Swap (CTS3 + CTS2)
— v N QTR v ~ N Y oy 4 AV N
| cos | 3 33 § § 5 38 3 3 3 S
s ~/ N/ ’\Il '\I/ ,,,/ ,.,,/ V'/ V‘/ "7/ "7/ ! o/

P> T BTV < P4
673 bp
(e) 10 11 12 13 14 610 bp
1.7 kb
1.1kb

M 1 2 3 4 5 6 7 8 9
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Table 1. Grain yield of ARGOS8 genome-edited variants and wild type under
flowering stress, grain-filling stress and optimal (well-watered) conditions

Flowering Grain-filling Optimal

Stress Stress

ton ha™! (bushel acre™)

ARGOS8-v1 8.67 (138.0) > 7.47 (119.0) 13.13 (209.0)
ARGOS8-v2 8.67 (138.0) p 7.54 (120.0) 13.19(210.0)
WT 8.34 (132.8) 1.72{122.9) 13.01 (207.1)

O gene ARGOSS8 é um regulador da resposta a etileno.

Superexpressao = menor sensibilidade ao etileno, maior
crescimento das plantas.

Y .
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Perspectivas futuras

Ser amplamente utilizado para caracteres poligénicos com a
possibilidade de moditicar mais de um gene ou varias partes de

um gene de uma mesma vez, por exemplo através da
multiplexagem de gRNAs (Ali et al., 2022).

Exploracao do potencial comercial dos estudos feitos
atualmente (Wang et al, 2022).
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Perspectivas futuras

Precisamos nos concentrar em mecanismos
epigeneticos estaveis e hereditarios ao longo das
geracoes.

Manipulacao mais precisa e eficiente do
genoma de plantas.

Entender como as populacoes modificadas
Irao operar na natureza.

Habilidade de multiplos alvos/locos e
minimizar os off-target.
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