
You may or may not have heard about CRISPR Cas-9. Itõs the latest technology in gene editing and was thrust into the limelight in March 2015. Since then it has gained much attention in the news and media. It has enabled the possibility of editing human genomes, bacteria, viruses, plants and other 

animals triggering many an ethical debate. For decades we have been engineering food and animals to suit our needs e.g. vegetables with longer shelf life and more aesthetic appeal. However, with CRISPR, the costs has been cut by 99% and the time taken is down to a few weeks rather than a year. 

CRISPR technology really is a revolutionary technology and has the potential to change humanity forever. 

CRISPRevolvedasa defencemechanismin bacteriaagainstvirusesknownas

bacteriophages. ThesystemusesCRISPR(Clusteredregularlyinterspacedshort

palindromicrepeats)RNAasaguidetofindthetargetDNA.TheCRISPRRNA(crRNA)

ismadeasacopyofthevirusDNA.CrRNAisthenusedbytheCasproteinstomake

cutsintheDNAmatchingthecrRNA.ThiscutsoutviralDNAanddeactivatesthevirus.

TheCas-9proteinisextremelyaccurateandpreciseðit actsasaDNAsurgeon.The

CRISPRsystemcanalsobeprogrammed. Thisiswhatmakesthistechnologystand

outabovealltheothers.AllthatyouhavetodoisgivethesystemacopyoftheDNA

youwanttomodifyandputit inalivingcell.ThiscopyisgivenasasingleguideRNA

(sgRNA) whichattachesto thetargetDNA. ThetargetDNAis nextto a PAM

(protospaceradjacentmotif)sequencewhichisboundbytheproteininordertostart

cuttingtheDNA.

OncetheDNAiscut,hostDNArepairmechanismswillattempttorepairthebroken

DNA.Therearetwomainrepairmechanisms;non-homologousendjoining(NHEJ)and

homologydirectedrepair(HDR).TheNHEJrepairmechanismisveryerrorproneand

frequentlygeneratesindelmutations,andultimatelyprematurestopcodons. This

methodisusedmostlywhenstoppingagenefromworkingispreferred.Ontheother

hand,if geneeditingispreferred,HDRisused. InthepresenceoftemplateDNAthe

sequencethatisdesiredcanbeincorporatedintothenewlyrepairedDNA,allowing

accurategeneediting.

The Cas-9 protein has two sub-units known as nuclease domains. They act as DNA scissors to cut it specifically 

at the point specified by the sgRNAand PAM. They are known as the HNH like and the RuvClike domains. The 

HNH like domain cuts the strand that attaches to the sgRNAand the Ruv-C like domain cuts the other strand. A 

mutation of either or both of these nuclease domains can alter Cas9 activity and be advantageous in different 

situations. 

Genome Editing Glossary

�‡ DNAðThechemicalmadeupofnucleotidesthatcarriesgeneticinformation

�‡ RNAðAsinglestrandedchemicalwithaslightlydifferentmakeuptoDNA. It also

carriesgeneticmaterial

�‡ NucleotideðthebuildingblocksofnucleicacidssuchasDNA

�‡ CasðCRISPRassociatedgenes

�‡ Cas-9ðACasproteinthathastwonucleasedomains

�‡ sgRNAðTheRNAthatguidestheCas-9proteintothetargethostsequence

�‡ crRNAðCRISPRRNA

�‡ Nuclease- Anenzymethatcleavesthechainsofnucleotides

�‡ IndelðAninsertionordeletionofasequenceintheDNA

�‡ CodonðAgroupof3nucleotidesthatcodeforaspecificprotein

�‡ StopCodonðAcodonthatsignalstocellmachinerytostopproteinsynthesis

�‡ PAMðProtospaceradjacentmotif

�‡ GeneKnock-outðWhenamutation/geneticengineeringmethodwhichresultsina

genebeinginactivatedoròknockedoutó

�‡ GeneKnock-inðWhenamutation/geneticengineeringmethodthatresultsina

genesubstitutionorinsertionanditõsactivation

�‡ Slipperyslopeðanargumentinarelativelysmallfirststepleadstoachainof

relatedeventsresultinginamuchlarger,significant(usuallynegative)effect

Uses of CRISPR Cas-9 Technology

OneofthemanyadvantagesofCRISPRisthatit iseasilyaccessibletoanyonewith

a labdueto itssimplicity. Thetechnologycanbemodifiedtoachievedifferent

results. ForexamplewecanmodifytheCas-9 proteinsothatonlyoneof the

scissor-likenucleasedomainsisactive.ThismeansthattheproteinonlycutsDNA

atonepoint. If wehavetwosgRNAõswecanremovemuchlargersequencesand

genes. Wecanalsoinactivatebothnucleasedomains,meaningthattheprotein

bindstoDNAbutdoesnõtcutit. ThisoccupiestheDNAeffectivelyinactivatingitð

thisis knownasa repressor. Thesemodificationsareveryimportantwhenit

comestostudyingDNAsequencesandgenes.

Muchof themediaattentionhasbeenontheDNAeditingcapacityof CRISPR

however. Manystudieshavebeenconductedonavarietyofspecies; fromwheat

croptohumans.Afewexamplesarelistedbelow:

�‡ Modifyingwheatplantsso thattheyareresistantto powderymildew,a

commonfungusthatreducesyieldby20%

�‡ Removingover50%ofHIVvirusfromliverats

�‡ Removinglymphoblasticleukaemiaandothercancersfromhumans

�‡ Removinggeneticallyinheriteddiseasesfromhumanembryos

�‡ Makeglowinthedarkclownfish

However,thesestudiesareonlythebeginning,andthetechnologyisonlyinits

earlystages.CRIPSRtechnologywillgetbetterandbecomemorerefined.

Ethics regarding CRISPR

TheapplicationandpotentialapplicationsofCRISPRhavebroughtupsomeethicalandsocietalworriesmuchlikeany

geneeditingtechnique.ManyarticlesandothermediaoutletshavestatedtheconcernstheyhavewithCRISPR.Theyfeel

thatoncewestarteditinghumanembryosthiscouldleadtoòdesignerbabiesówheretraitssuchaseyecolourand

heightareallpre-determinedðtheslipperyslopeargument.However,lawscanbeputinplacetostopthishappening

andguidancecouncilsalreadyhavetheirownregulationsthathaveto beadheredto e.g. reproductivecloningis

forbiddenaswellasmodificationofinheritablegenes. Thereisalsoanargumentforhavingthebestinterestsofthe

peopleinvolvedandhowtheirqualityoflifewillbeaffected.Afewquestiontothinkaboutare:

�‡ Isit acceptablethatwecanintervenewithwhatisnaturalandifsoatwhatpointdowestop?

�‡ Whenit comestogeneticallyengineeringinthosewithadisabilityoffuturedisability,doesinterveningmeanthat

thoseindividualsarelesshumanthanthosewhoarenotdisabled?


