
GMO och genredigering –
risker och möjligheter

Odd-Gunnar Wikmark

odd-gunnar.wikmark@genok.no
GenØk, Tromsø

Jamenpercy/dollarphotoclub.com



• Forskningss)*else (1998) 

• 2007 - Na)onellt kompetenscenter för
biosäkerhet

Vision: Säker användning av bioteknik 

GenØk – Senter for biosikkerhet



• Säker användning av genredigering och GMO 
• Kartläggning av an6bio6karesistens i miljon

• Ansvarsfull och hållbar teknikutveckling 

• Rådgiving
• Undervisning
• Förmedling

Satsningsområden för forskning 



Vad är Biosäkerhet ?

• Biosäkerhet är a0 se 1ll a0 växterna vi odlar, 
djuren vi avlar fram och maten vi äter, är
säkra for oss och säkra för miljön. 

Norsk lag säger också a0 framställningen av GMO skall ske på e0 
samhällsmässigt och e+skt försvarbart sä0, i överensstämmelse
med principen om hållbar utveckling. 



Vad är en GMO 

‘Living modified organism’ means any living organism that 
possesses a novel combina8on of gene8c material obtained 
through the use of modern biotechnology

• Cartagena Protocol (internasjonal definisjon)

GMO is an organism in which the gene5c material has been 
altered in a way that does not occur naturally through fer5liza5on 
and/or natural recombina5on.

• European Food Safety Authority (EFSA)

• Genteknologiloven (Norge)
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Gamla vs. Nye GMO

• Se/er in gener 
• Nästen bare tolerante 

mot sprøytmedler
och insekter.
• Bare några få sorten 

vekster (soja, mais
och bomull) 
• Lita antal djur 

(Aquabounty lax)

Gamla GMO
• Så längt bare (?) ta 

bort gener
• De flesta har økt

motstånd mot 
sjukdom

• Många typer plantar 
och manga typer 
djur.

Nye GMO

Båda gamla och nye GMO er laget for å laga
nye eller förändrade egenskaper.



Genmodifiering (gamla sorten) 

Transgen

Normal celle

Transgen celle Genmodifisert soya

Transgen inneholder egenskaper man ønsker å tilføre planten. 
Denne delen kobles med en normal celle, og fører til at den genmodifiserte planten 
har andre egenskaper enn arten i utgangspunktet har.

Figur: Anne I. Myhr, direktør GenØk, Lise Nordgaard, seksjonssjef GenØk, Sissel Rogne, professor og direktør 
Bioteknologinemda, Ørjan Olsvik, professor Det helsevitenskapelige fakultet

Genmodifisering av plante

Figur fra H. Aschehoug & Co. 
h<ps://www.lokus.no/open/naturfag5/Bioteknologi-og-
genteknologi/Noekkelstoff/Genmodifiserte-organismer-GMO



Genredigering –CRISPR, Talen, sinkfinger osv.

• 2012
• Revolu=on av biotekniken
• Mycket mer precist och

snabbare än de gamla 
metoderna.

Enzym Cas9 klipper DNA-et 
Speciellt RNA-molekyl (sgRNA) 
bestämmer var klippet görs.

Cellen säQer igång
Repara=onssystem

Ta bort, byta ut, eller lägga =ll
DNA/gener i klippzonenFigur fra Bioteknologirådet



Genredigering - fram-dens möjligheter
• Djur och växter med specifika egenskaper

• Djur med ändrade egenskaper som -llväxt, sterilitet, 
sjukdomsresistens, utseende, styrka och snabbhet

• Majs, soja, raps, vete, pota-s med ändrat näringsinnehåll/ 
allergener, användningsområden, stresstolerans, 
svamp/sjukdomsresistens, ändrad fotosyntes

• An-bio-karesistenta bakterier och parasiter/virus
• Gendrivere vid spridning av sterilitet eller reducerad

flygförmåga



• Steril lax vid 
Havforskningsins3tu5et, 
Norge 

• Råte-res3stanta
jordgubbar vid NIBIO, 
Norge 

Godkänt i USA:
• Svamp som inte blir brun
• Majs som växer snabbt

• Grisar som är
resistenta mot 
virussjukdom i USA 

• Hornlösa kor, USA 
Godkänt i Argen3na: 
• Snabbväxande 3lapia



Typer av Osäkerhet 
(inte nödvändigtvis risk)

Det vi vet at vi inte vet.
• De8a kan det forskas på

Det vi engång inte vet, at vi inte vet
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Risk

Fördelar

Riskbedömning er inte risk- fördels analys

Risk = Sannolikhet x Konsekvens



Risk
• Inga genredigerade organismer har blivit riskbedömda per i dag i EU eller 

andra platser i världen. 
• Vi bedömmer produkter, inte process – men process bestemmer at vi skal 

överväga risk (hur @ng produceras, er vik@g)
• Risk är något som iden@fieras under en riskbedömning
• Sak-@ll-sak bedömning
• Steg för steg procedur Iden@fiering av fara (hazard)

Undersökning av effekt av fara Utvärdering av nivå av fara 

Karakterisering av risk 

Riskhantering



Utmämingar vid änvändning av 
genredigering
• Liten ändring – små effekter (låg risk)?

• Precision?
• Oförutsedda effekter (on- og off-target)
• Behov av goda analysmetoder

• Oönskade klipp, ändringar och insäEningar
• Mekanismer?

Method

Analysis of off-target effects of CRISPR/Cas-derived
RNA-guided endonucleases and nickases
Seung Woo Cho,1 Sojung Kim,1 Yongsub Kim,1 Jiyeon Kweon, Heon Seok Kim,
Sangsu Bae, and Jin-Soo Kim2

National Creative Research Initiatives Center for Genome Engineering and Department of Chemistry, Seoul National University,

Seoul 151-747, South Korea

RNA-guided endonucleases (RGENs), derived from the prokaryotic adaptive immune system known as CRISPR/Cas,
enable targeted genome engineering in cells and organisms. RGENs are ribonucleoproteins that consist of guide RNA and
Cas9, a protein component originated from Streptococcus pyogenes. These enzymes cleave chromosomal DNA, whose se-
quence is complementary, to guide RNA in a targeted manner, producing site-specific DNA double-strand breaks (DSBs),
the repair of which gives rise to targeted genome modifications. Despite broad interest in RGEN-mediated genome editing,
these nucleases are limited by off-target mutations and unwanted chromosomal translocations associated with off-target
DNA cleavages. Here, we show that off-target effects of RGENs can be reduced below the detection limits of deep se-
quencing by choosing unique target sequences in the genome and modifying both guide RNA and Cas9. We found that
both the composition and structure of guide RNA can affect RGEN activities in cells to reduce off-target effects. RGENs
efficiently discriminated on-target sites from off-target sites that differ by two bases. Furthermore, exome sequencing
analysis showed that no off-target mutations were induced by two RGENs in four clonal populations of mutant cells. In
addition, paired Cas9 nickases, composed of D10A Cas9 and guide RNA, which generate two single-strand breaks (SSBs) or
nicks on different DNA strands, were highly specific in human cells, avoiding off-target mutations without sacrificing
genome-editing efficiency. Interestingly, paired nickases induced chromosomal deletions in a targeted manner without
causing unwanted translocations. Our results highlight the importance of choosing unique target sequences and opti-
mizing guide RNA and Cas9 to avoid or reduce RGEN-induced off-target mutations.

[Supplemental material is available for this article.]

Programmable nucleases, which include zinc finger nucleases
(ZFNs) (Bibikova et al. 2003; Urnov et al. 2005; Kim et al. 2011),
transcription activator-like effector (TALE) nucleases (TALENs)
(Miller et al. 2011; Kim et al. 2013a), and RNA-guided endonu-
cleases (RGENs) (Cho et al. 2013a; Cong et al. 2013; Hwang et al.
2013; Jinek et al. 2013; Mali et al. 2013b), enable efficient genome
editing in cells and organisms. These nucleases cleave chromo-
somal DNA in a targeted manner, producing site-specific DNA
double-strand breaks (DSBs), the repair of which via homologous
recombination (HR) or nonhomologous end-joining (NHEJ) leads
to gene disruption (Santiago et al. 2008; Sung et al. 2013), addition
(Moehle et al. 2007), correction (Urnov et al. 2005), and targeted
chromosomal rearrangements (Brunet et al. 2009; Lee et al. 2010,
2012). Programmable nuclease-based genome editing is now widely
used for making gene knockout/knock-in animals and plants as well
as genome-modified cell lines.

RGENs are derived from the type II CRISPR (clusters of regu-
larly interspaced palindromic repeats)/Cas (CRISPR-associated)
system, an adaptive immune response in bacteria and archaea
(Wiedenheft et al. 2012). Cas9, the protein component derived
from Streptococcus pyogenes, forms an active nuclease when com-
plexed with transactivating CRISPR RNA (tracrRNA) and CRISPR
RNA (crRNA) (Jinek et al. 2012), which are transcribed from the

CRISPR sequence encoded in the bacterial genome. This ribonu-
cleoprotein protects host cells from invading phages or plasmids
by recognizing and cleaving the DNA sequence corresponding to
the crRNA sequence. Recently, we and others have exploited this
system to induce site-specific DSBs, thereby modifying genomes in
a targeted manner in cells and organisms (Chang et al. 2013; Cho
et al. 2013a,b; Cong et al. 2013; Ding et al. 2013; Gratz et al. 2013;
Hwang et al. 2013; Jiang et al. 2013; Jinek et al. 2013; Mali et al.
2013b; Shen et al. 2013; Wang et al. 2013).

The specificity of an RGEN is determined by the 20-base pair
(bp) sequence in crRNA and the NGG trinucleotide (known as the
protospacer-adjacent motif [PAM]) that is recognized by Cas9.
Thus, an RGEN recognizes and cleaves a 22-bp target sequence,
which can be shown as 59-X20NGG-39, where X20 corresponds to
the crRNA sequence, and N is any base. Essential portions of crRNA
and tracrRNA can be linked to make single-guide RNA (sgRNA).
Although the 22-bp specificities of RGENs might be sufficient to
ensure targeted mutagenesis without off-target effects in higher
eukaryotic cells, a few careful studies duly raised concerns that
RGENs might cause collateral damage in the genome. Thus, Cas9
complexed with a crRNA that contains a one-base mismatch with
the target sequence can cleave the target DNA, albeit less effi-
ciently, both in vitro (Jinek et al. 2012) and in mammalian (Cong
et al. 2013) and bacterial cells (Jiang et al. 2013). RGENs tolerate
mismatches especially in the 59 upstream region, but not in the

! 2014 Cho et al. This article, published in Genome Research, is available
under a Creative Commons License (Attribution-NonCommercial 3.0 Unported),
as described at http://creativecommons.org/licenses/by-nc/3.0/.
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Review

Strategies for controlling CRISPR/Cas9 off-target effects and biological
variations in mammalian genome editing experiments

Michelle L. Kimberlanda, Wangfang Houa, Adolfo Alfonso-Pecchioa, Stephen Wilsonb,
Yanhua Raoa, Shu Zhanga, Quinn Lua,⁎

a Target Sciences, GlaxoSmithKline R&D, 1250 South Collegeville Road, Collegeville, PA 19426, USA
b Platform Technology & Science, GlaxoSmithKline R&D, Gunnels Wood Road, Stevenage, SG1 2NY, UK

A R T I C L E I N F O

Keywords:
Cell engineering
Gene targeting
Target specificity
Genetic modifications
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Clonal variations

A B S T R A C T

The CRISPR/Cas9 system has enabled efficient modification of genes in a variety of cellular systems for studying
phenotypic effects of genetic perturbations. However, with this technology comes the inherent risk of generating
off-target effects (OTEs) in addition to the desired modifications. As such, it can be difficult to conclusively
determine that the observed phenotypic changes are in fact due to the intended modification of the target gene
and not from random mutations elsewhere in the genome. In addition, biological variations observed within
cultured cells or laboratory animals can also confound results and need to be addressed. In this article, we review
potential sources of experimental and biological variation as well as propose experimental options to minimize
and control OTEs and other variations in CRISPR genome editing experiments for exploratory research appli-
cations. Confirmation of on-target KO effect by orthogonal approaches is also discussed.

1. Introduction

Genetic manipulations in mammalian cells have been greatly en-
abled by the advent of the CRISPR/Cas9 genome editing technology,
which has become a routine procedure in molecular and cellular la-
boratories for functional analysis of genes and pathways, both in cel-
lular systems and in animal models, accelerating understanding of the
biological mechanisms underlying human diseases. However, despite
the remarkable specificity of the first and commonly used CRISPR/Cas9
system derived from Streptococcus pyogenes (SpCas9), varying levels of
off-target effects (OTEs) have been observed (Cho et al., 2014; Fu et al.,
2013; Hsu et al., 2013; Lin et al., 2014a; Pattanayak et al., 2013).
CRISPR/Cas9-derived OTEs are a collection of events or phenotypic
changes that are caused by DNA cleavage or binding by the Cas9/gRNA
complex at unintended genomic sites and subsequent editing or reg-
ulatory events. These OTEs may occur at sites with base mismatches to
the 20 base targeting sequences specified by guide RNAs (gRNAs) and/
or at sites with sequence bulges. It has been reported that the specificity
of CRISPR-associated nucleases depends on multiple factors including
genomic locus, host cell type, culturing conditions, as well as dose and
duration of presence of the nucleases (Cameron et al., 2017; Marx,

2014; Miyaoka et al., 2016; Xiang et al., 2017). These effects can be
exacerbated when combined with additional sources of experimental
variations including clonal variations in the cellular system and assays
employed. Carefully controlled experiments are thus key to ensure
proper interpretation of experimental results. While successful on-
target changes in genome-edited cells can be readily monitored by
targeted analysis of the genomic loci by a number of assays including
the T7 endonuclease-based Surveyor assay (Qiu et al., 2004) or the
sequencing-based procedures such as the TIDE assay (Brinkman et al.,
2014) or the OutKnocker Mi-seq genotyping assay (Schmid-Burgk et al.,
2014), comprehensive assessment of OTEs would require a genome-
wide approach (Zischewski et al., 2017). A number of such genome-
wide assays have been described, including GUIDE-seq (Tsai et al.,
2015), IDLV capture (Wang et al., 2015b), Digenome-seq (Kim et al.,
2015), HTGTS (Frock et al., 2015), BLESS (Crosetto et al., 2013), SITE-
Seq (Cameron et al., 2017), and CIRCLE-seq (Tsai et al., 2017). For cells
with a specific sequence inserted via homology directed repair (HDR),
PCR/sequencing primers specific to the inserted sequence can be em-
ployed for a genome-wide assessment, such as the Targeted Locus
Amplification (TLA) assay (de Vree et al., 2014), with the caveat that
additional OTEs resulting from NHEJ repair of double-stranded breaks

https://doi.org/10.1016/j.jbiotec.2018.08.007
Received 1 May 2018; Received in revised form 6 August 2018; Accepted 20 August 2018

Abbreviations: CRISPR, clustered regularly interspaced short palindromic repeats; gRNA, guide RNA; OTE, off-target effects; KO, knock out; NHEJ, non-homologous
end joining; KI, knock in; HDR, homology directed repair; GOI, gene of interest; LOI, locus of interest; iPSC, induced pluripotent stem cell; aCGH, array comparative
genomic hybridization; RNP, ribonucleoproteins; KD, knock down; HTRF, homogeneous time-resolved fluorescence; Indels, insertions and deletions
⁎ Corresponding author.
E-mail address: Quinn.2.Lu@GSK.com (Q. Lu).



Vilka blir de komplexa utmaningarna? 
• Större grödor genom a6 öka effek8viteten i 

fotosyntesen 
• Många gener som är inblandade i olika processer 

• Saknas kunskap om samspel mellan gener 
• Bör veta hur den gen som slås ut påverkar andra gener, 

hormoner osv. i växten
• Kommer ändringen bestå över 8d? 

• Nya växter i ekosystemet ger nya 
problemställningar
• Saknas kunskap om samspel mellan gener och miljö
• Kommer forstärkta egenskaper leda 8ll a6 andra egenskaper 

ändras? (sjukdom, skadedjur, jordmån, insatsmedel) 

Realizing Increased
Photosynthe8c Efficiency (RIPE)

https://ripe.illinois.edu/




Kontroll av genredigerte organismer

• Reglering ger oss kontroll över teknikanvändning och utveckling
• Vi kan styra utvecklingen i önskad riktning (:ll exempel mer miljövänliga 

bilar och flygplan)
• Många anser aC för mycket reglering hindrar forskning och utveckling 

och vill därför förenkla lagen.
• Förordningen måste anpassas :ll den typ av GMO som beaktas.
• Utan reglering kommer det inte finnas någon forskning om de nega:va 

effekterna av CRISPR-GMO och därmed vara okunnig om möjliga risker.



Vägen vidare

• Uppdatera procedurerna vid riskbedömningar

• Kan nya metoder ersä9a gamla metoder vid riskbedömningar?

• Forskning på oönskade effekter samt på strategier för a9 undgå dessa 

• Utveckla metoder för a9 upptäcka och övervaka
• Också vikCgt för a9 kunna märka produkterna

• Inkludera bedömningar av bidrag Cll hållbarhet och samhällsny9a
• Dessa aspekter är inte flaskhalsar och kommer främja en god 
teknikutveckling 



Takk for oppmerksomheten. 
odd-gunnar.wikmark@uit.no


