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Humans	have	intervened	in	the	reproducHon	and	geneHc	
makeup	of	plants	since	the	dawn	of	agriculture	



Unnatural Monster Created by Humans!



Unnatural Monster Created by Humans!





Maize:	a	product	of	ar0ficial	selec0on	

Modern	 maize	 was	 derived	 from	
teosinte.	 Teosinte	 kernels	 are	 Hny,	 and	
each	has	a	husk	that	must	be	removed	to	
get	 the	 kernel.	 The	 seeds	 are	 loose	 at	
maturity,	 allowing	 dispersal,	 which	
probably	 made	 harvesHng	 difficult	 for	
early	 farmers.	Neolithic	 farmers	selected	
for	 larger	 cob	 and	 kernel	 size	 as	well	 as	
permanent	 aOachment	 of	 seeds	 to	 the	
cob	and	the	encasing	of	the	enHre	cob	by	
a	tough	husk.	

Neolithic:	10,200	BC	–	2,000	BC	



Gregor Mendel 
1822 - 1884 



Mendelian	factors	or	traits	are	now	called	genes.	



Mendelian	factors	or	traits	are	now	called	genes.	
	
Alleles	are	different	versions	of	the	same	gene.	

	 	 	 	A	(dominant)		vs.	a	(recessive)	
	 	Each	trait	carries	two	copies	of	a	unit	of	inheritance,	one	 	 	
							inherited	from	the	mother	and	the	other	from	the	father		

	
An	individual	with	two	idenHcal	alleles	is	termed	homozygous.	

	 	 	 	AA	or	aa	
	
An	individual	with	two	different	alleles,	is	termed	heterozygous.	

	 	 	 	Aa	
	
Genotype	refers	to	the	specific	allelic	composiHon	of	an	individual.	

	 	 	 	AA	or	aa	or	Aa	
	
Phenotype	refers	to	the	outward	appearance	of	an	individual.	

	 	 	 	green	or	yellow 	 	round	or	wrinkled	



A	

a	



A	PunneO	square	is	a	grid	that	enables	one	to	predict	the	
outcome	of	simple	geneHc	crosses.	

Cross	homozygous	male	(AA)	with	heterozygous	female	(Aa)	
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Heirloom	or	Open-pollinated		

If	open-pollinated	varieHes	self-pollinate	or	are	cross-pollinated	
by	other	plants	of	the	same	variety,	they	set	seed	which	grows	
into	plants	that	are	sHll	very	similar	to	the	parent	plant,	bearing	
similar	 fruit	 and	 seYng	 seeds	 that	 will	 produce	 more	 similar	
plants.	Open-pollinated	varieHes	may	be	"heirlooms,"	varieHes	
that	have	been	passed	down	from	one	generaHon	of	gardeners	
to	the	next,	or	they	may	be	more	recent	selecHons.	



How	experts	define	heirlooms	can	vary,	but	typically	they	are	
at	least	50	years	old,	and	o]en	are	pre-WWII	varieHes.	In	
addiHon,	they	tend	to	remain	stable	in	their	characterisHcs	
from	one	year	to	the	next.	



OPEN	POLLINATED	&	HEIRLOOMS:	These	plants	are	generally	
the	same	from	generaHon	to	generaHon.	 	You	save	the	seed	
and	you’ll	get	the	same	plant.		But,	someHmes	there	is	geneHc	
dri]	 (the	 seed	 produces	 a	 different	 kind	 of	 offspring).	 The	
strange	 plant	 can	 be	 removed	 to	 save	 the	 integrity	 of	 the	
variety	OR	saved	if	it	has	a	desirable	trait	you	are	looking	for.	

True	Breeding	Parents	
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HYBRIDS:	 A	 hybrid	 plant	 is	 the	 result	 of	 a	 specific	 cross	 of	 two	
parent	plants	by	controlled	pollinaHon	–	usually	by	hand.	



Flower	Structure	

Male	 Female	
or	Pis0l	

(pollen	sac)	

(eggs)	
If	an	egg	is	ferHlized,	

the	ovule	develops	into	a	seed.	

(protects	
flower	bud)	

(pollinator	
aOrac0on)	

All	Sepals	=	Calyx	
All	Petals	=	Corolla	
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HYBRIDS:	 A	 hybrid	 plant	 is	 the	 result	 of	 a	 specific	 cross	 of	 two	
parent	plants	by	controlled	pollinaHon	–	usually	by	hand.	
This	process	has	been	done	for	centuries	by	gardeners.	The	extra	
vitality	 gained	 in	 hybrid	 plants	 is	 called	hybrid	 vigor.	 The	 seeds	
from	hybrid	plants	will	 not	 produce	 seeds	which	will	 grow	 into	
the	same	variety.	

Hybrid	or	F1	
(Hybrid	Vigor)	

A	and	a	are	alleles	
(A	dominant;	a	recessive)	









GENETICALLY	MODIFIED	ORGANISM	0R	GMO’s:	These	plants	
are	developed	by	taking	a	gene	from	one	plant	and	inserHng	this	
gene	into	another	plant	to	get	a	desirable	trait.		GMO	seeds	are	
not	available	for	home	gardens.		



Gene0c	Engineering:	the	
deliberate	modificaHon	of	
the	characterisHcs	of	an	
organism	by	manipulaHng	
its	geneHc	material.	

A	Gene0cally	Modified	Organism	(GMO)	is	the	result	of	
GeneHc	Engineering.	



DNA	Codes	for	Protein	



Cooking	Analogy	



GeneHc	Engineering	

TradiHonal	Breeding	



DNA	ExtracHon	
DNA	extracHon	is	the	first	step	in	the	geneHc	engineering	process.	
In	order	to	work	with	DNA,	scienHsts	must	extract	it	from	the	
desired	organism.	A	sample	of	an	organism	containing	the	gene	of	
interest	is	taken	through	a	series	of	steps	to	remove	the	DNA.	

Break down 
the cell wall 
and 
membranes 

Centrifuge 
to separate 
the solids 
from the 
dissolved 
DNA 

Precipitate 
the DNA 
using 
isopropanol 

Wash the DNA 
pellet with 
Ethanol and 
dry the pellet 

Dissolve 
DNA 

Centrifuge to 
separate the 
DNA from the 
dissolved salts 
and sugars 



Gene	Cloning	
During	DNA	extracHon,	all	of	the	DNA	from	the	organism	is	
extracted	at	once.	ScienHsts	use	gene	cloning	to	separate	the	
single	gene	of	interest	from	the	rest	of	the	genes	extracted	and	
make	thousands	of	copies	of	it	using	the	PCR	technique.	



Gene	Design	
Once	a	gene	has	been	cloned,	geneHc	engineers	begin	the	third	
step,	designing	the	gene	to	work	once	inside	a	different	organism.	
This	is	done	in	a	test	tube	by	cuYng	the	gene	apart	with	enzymes	
and	replacing	gene	regions	that	have	been	separated.	



TransformaHon	
The	new	gene	is	inserted	into	some	of	the	cells	using	various	
techniques.	Some	of	the	more	common	methods	include	the	gene	
gun	and	agrobacterium.	The	main	goal	of	each	of	these	methods	is	
to	transport	the	new	gene(s)	and	deliver	them	into	the	nucleus	of	
a	cell	without	killing	it.		

A	gene	gun	or	a	biolis0c	par0cle	delivery	system,	originally	
designed	for	plant	transformaHon,	is	a	device	for	delivering	
exogenous	DNA	(transgenes)	to	cells.	The	payload	is	an	elemental	
parHcle	of	a	heavy	metal	coated	with	DNA	(typically	plasmid	
DNA).	This	technique	is	o]en	simply	referred	to	as	biolis0cs.	



Backcross	Breeding	
The	fi]h	and	final	part	of	producing	a	geneHcally	engineered	
crop	is	backcross	breeding.	Transgenic	plants	are	crossed	with	
elite	breeding	lines	using	tradiHonal	plant	breeding	methods	to	
combine	the	desired	traits	of	elite	parents	and	the	transgene	
into	a	single	line.	The	offspring	are	repeatedly	crossed	back	to	
the	elite	line	to	obtain	a	high	yielding	transgenic	line.	The	result	
will	be	a	plant	with	a	yield	potenHal	close	to	current	hybrids	that	
expresses	the	trait	encoded	by	the	new	transgene.	

This	process	of	crossing	back	to	the	
elite	line	(backcrossing)	is	repeated	
unHl	the	offspring	has	99+%	elite	
genes	and	the	transgene.	





Controversies		
Bacterial	plasmids	used	in	gene	cloning	naturally	contain	genes	
that	encode	some	form	of	anHbioHc	resistance.	As	a	result	of	the	
gene	cloning	process,	the	cloned	genes	that	are	put	into	plant	
cells	to	make	a	transgenic	plant	may	also	have	an	anHbioHc	
resistance	gene.	The	anHbioHc	resistance	trait	is	o]en	used	to	
help	scienHsts	determine	which	bacteria	have	been	transformed.	
Those	that	have	anHbioHc	resistance	have	been	transformed	and	
are	kept.	Some	criHcs	of	geneHc	engineering	claim	that	the	
potenHal	risk	of	providing	an	opportunity	for	organisms	in	
nature	to	gain	anHbioHc	resistance	by	taking	up	the	plasmid	
outweighs	the	potenHal	benefits	of	this	technology.	



GMO	Examples	

Ht	Soybeans	

Ht	CoOon	

Ht	Corn	

Bt	CoOon	

Bt	Corn	

Bt	=	Insect-resistant	crops	containing	
the	gene	from	the	soil	bacterium	Bt	
(Bacillus	thuringiensis).	Bt	GM	crops	
are	protected	specifically	against	
European	corn	borer,	southwestern	
corn	borer,	coOon	bollworm,	etc.	

Ht	=	Herbicide-tolerant	(HT)	crops,	
developed	to	survive	applicaHon	of	
specific	herbicides	that	previously	
would	have	destroyed	the	crop	along	
with	the	targeted	weeds	(Roundup	
Resistant).	









Roundup	Resistance	

EPSP	Synthase	

Tryptophan	 Tyrosine	 Phenylalanine	

Glyphosate	



A	version	of	the	enzyme	that	both	was	resistant	to	glyphosate	and	
that	was	sHll	efficient	enough	to	drive	adequate	plant	growth	was	
idenHfied	by	Monsanto	scienHsts	a]er	much	trial	and	error	in	an	
Agrobacterium	strain	called	CP4,	which	was	found	surviving	in	a	
waste-fed	column	at	a	glyphosate	producHon	facility;	this	version	
of	enzyme,	CP4	EPSPS,	is	the	one	that	has	been	engineered	into	
several	geneHcally	modified	crops.	

EPSP	Synthase	

EPSP	Synthase	



GMO	Potato	
USDA	 Approves	 GeneHcally	 Modified	
Potatoes	 That	 Can	 Resist	 Late	 Blight	
JR	Simplot,	a	massive	Idaho-based	agricultural	company	
probably	best	known	as	the	biggest	supplier	of	McDonald’s	
french	fries.		

Aside:	McDonald’s	has	pledged	not	to	use	the	Innate	line	of	
potatoes,	nor	any	other	GMO	potato.	

Simplot’s	“Innate”	line	of	GMO	potatoes	is	a	group	of	potato	
varieHes	that	have	had	the	same	geneHc	alteraHons	applied	
using	the	same	process.	Five	different	potato	varieHes	have	been	
transformed,	creaHng	"innate"	versions	of	the	varieHes,	with	all	
of	the	original	traits,	plus	the	engineered	ones.	



To	make	the	Innate	potatoes	resistance	to	blight,	Simplot	inserted	
genes	taken	from	an	unnamed	ArgenHnian	potato	that’s	naturally	
resistant	to	blight	into	the	previous	Innate	potato.		

Innate	potatoes	-	modified	to	reduce	bruising/browning	and	to	
reduce	asparagine,	a	chemical	in	potatoes	that,	when	exposed	
to	heat	and	oil	(as	in	the	frying	process),	can	create	a	probable	
carcinogenic	compound.		



Innate®	Gen	2	Varie0es	Approved	by	EPA,	FDA	
March	1,	2017	
Three	Innate®	“Gen	2”	varieHes	can	now	be	grown	and	sold	in	the	United	States.	Innate	
AtlanHc	(Hibernate),	Innate	Burbank	(Glaciate)	and	Innate	Ranger	(Acclimate)	varieHes	
provide	foliar	late	blight	protecHon,	providing	growers	with	the	ability	to	spray	up	to	half	
the	amount	of	late	blight	fungicide.	AddiHonally,	these	varieHes	will	produce	90%	less	
acrylamide,	reduced	bruising	and	have	the	ability	to	store	cold	without	accumulaHng	high	
sugar	content.			
		
Erik	Gonring,	Industry	Affairs	&	Sustainability	Manager	at	Simplot	Plant	Sciences	stated,	
“We	are	conHnuing	to	pursue	approvals	in	internaHonal	markets,	and	recently	learned	that	
Australia	/	New	Zealand	have	granted	approval	for	Gen	1	Innate	Russet	Burbank	(Cul7vate)	
and	that	Japan	is	also	on	track	for	Russet	Burbank	approval	later	this	summer.”	
		
The	approval	by	the	U.S.	Environmental	ProtecHon	Agency	and	the	U.S.	Food	and	Drug	
AdministraHon	late	last	week	gives	Idaho-based	J.R.	Simplot	Company	permission	to	plant	
the	potatoes	this	spring	and	sell	them	in	the	fall.	


