
Selective breedingSelective breeding

Human choiceHuman choice
Select inherited traits from existing variationSelect inherited traits from existing variation

GenerationsGenerations
Choose parents → breed → select offspring → repeatChoose parents → breed → select offspring → repeat

GoalsGoals
Yield, resistance, flavour, growth or milkYield, resistance, flavour, growth or milk

productionproduction
InbreedingInbreeding

Lower diversity; harmful recessive alleles mayLower diversity; harmful recessive alleles may
pairpair

VulnerabilityVulnerability
Similar susceptibility can increase pathogenSimilar susceptibility can increase pathogen

impactimpact
WelfareWelfare

Extreme selected traits can harm health andExtreme selected traits can harm health and
movementmovement

Gene engineeringGene engineering

ModificationModification
Introduce a useful gene; transfer can crossIntroduce a useful gene; transfer can cross

speciesspecies
CutCut

Restriction enzyme cuts gene-containing DNA andRestriction enzyme cuts gene-containing DNA and
plasmidplasmid
VectorVector

Plasmid carries the gene into the recipientPlasmid carries the gene into the recipient

JoinJoin
Complementary sticky ends pair; ligase joinsComplementary sticky ends pair; ligase joins

backbonesbackbones
TransferTransfer

Identify recipients; grow them; collect expressedIdentify recipients; grow them; collect expressed
proteinprotein

Distinct rolesDistinct roles
Restriction cuts; ligase joins; gene gives proteinRestriction cuts; ligase joins; gene gives protein

instructionsinstructions

ApplicationsApplications

InsulinInsulin
Engineered bacteria produce human insulin forEngineered bacteria produce human insulin for
purificationpurification
Golden RiceGolden Rice
Beta-carotene production → vitamin A in theBeta-carotene production → vitamin A in the
bodybody
Silk researchSilk research
Engineered goats produce spider-silk proteinsEngineered goats produce spider-silk proteins
in milkin milk
Crop benefitsCrop benefits
Nutrition, pest resistance and yield depend onNutrition, pest resistance and yield depend on
trait / contexttrait / context
EcologyEcology
Gene spread to compatible relatives; testGene spread to compatible relatives; test
non-target effectsnon-target effects
EvaluationEvaluation
Evidence: safety, biodiversity, welfare, costEvidence: safety, biodiversity, welfare, cost
and accessand access
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1. Selective breeding → Gene engineering: Selection uses existing variation; engineering transfers genes.1. Selective breeding → Gene engineering: Selection uses existing variation; engineering transfers genes.
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2. Gene engineering → Applications: Transferred genes provide useful protein instructions.2. Gene engineering → Applications: Transferred genes provide useful protein instructions.
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