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Where	are	we?	

Florianópolis,	Santa	Catarina	Island,	
Santa	Catarina	State,	South	Brazil	



Megadiversity	countries	
•  America:	Brazil,	Colombia,	

Ecuador,	Peru,	Venezuela,	USA,	
México	

•  Ásia:	China,	Filipinas,				Índia,	
Indonésia,	Malásia	

•  África:	Madagascar,	Congo,	
África	do	Sul	

•  Oceania:	Austrália,	Papua-Nova	
Guiné	

15	million	species	
	Brazil:	≅20	%		planet	species	

15	%	mammals	and	amphibians						 	17	%		birds	
5	a	10	million	insects 	 	 	25	%	plants	



30	

120	

7000	 Collected	and	culUvated	

Important	at		naUonal	scale	

90%	of	the	calories	consumpUon	

FAO,	2010	

Number	of	edible	plant	species	
Of	the	250,000-350,000	species	of	plants	known	to	exist	on	the	planet	

at	least	30,000	are	edible		

3000	 Regularly	exploited	
(domesUcated	and	wild)		



Origin	of	calories	

sugar-beet,	sugarcane	

rice,	potato,	
corn,	wheat	

banana,	sweet	potato		

rye,	barley	 yam,	
cassava	

bean,	soybean	

tomato	
80% 

60%	

103	sp	contribute	90%	of	the	world's	plant	food	supply	

FAO,	2010	



Humans	X	Biodiversity	(Soulé,	1991)	

Some	esImates	for	current	rate:	
§ 1	species	per	hour	
§ 1	million	species	total,	so	far	
§ 10%	of	all	species	so	far	
§ 8.8%	of	all	species	
§ 27,000	species	per	year	
§ 20%	of	neotropical	plant	species	
§ 100	to	10,000	Umes	the	background	rate	

Causes	of	species	declines	
•  Habitat	destrucUon	and	

fragmentaUon	
•  Introduced	species	
•  ExploitaUon	and	

overharvesUng	
•  PolluUon	
•  Climate	change	



Global	ClimaIc	Changes			
November	2012	-	A	Report	for	the	World	Bank	by	
the	Potsdam	InsUtute	for	Climate	Impact	Research	
and	Climate	AnalyUcs	

The	mains	threats	



Original	vegetaIon		in	the	Brazilian	biomes	

Small	graphs	show	the	proporUon	of	converted	(red)	and	
protected	(blue)	areas	in	2009.	PA	include	IUCN	categories	I–VI	
and	Indigenous	Reserves.	The	ConservaUon	Risk	Index	(CRI)	
given	for	each	biome	is	the	raUo	of	converted	to	protected	
percentages.	Overbeck	et	al.	Diversity	and	Distribu1ons	21,	
1455–1460,	2015.		
	

•  Brazilian	biodiversity	≅	
20	%	world;	46.403	sp;	

•  Three	of	the	richest	
world	biomes	in	plant	
species:	
•  Amazon,		AtlanIc	
forest,	Cerrado	

h"p://floradobrasil.jbrj.gov.br	
AtlanIc	Forest	20,000	plant	
species,	40	%	of	which	are	endemic	



Nutritional potential of Brazilian native species 



Nutritional potential of Brazilian native species 
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Papaya Passion 
fruit 

Carrot Pitanga Tucumã Buriti 

Vitamin A 
mcg RAE/100 g  

Papaya   Passion-Fruit    Carrot 
 

38 53 112 126 
420 

1888 

Lime Orange Tangerine Cagaita  Mangaba  Camu 
camu 

Vitamin C 
mg/100 g  

Lemon      Orange    Mandarine    Cagaita     Mangaba  Camu camu 
 



What	plant	domesIcaIon	is?		
The	process	by	which	humans	
acUvely	interfere	with	and	direct	
crop	evoluUon		
•  It	involves	a	geneUc	bo"leneck			

Oien	only	few	genes	are	selected	and	
account	for	large	shiis	in	phenotype	
•  Crops	exhibit	various	levels	of	
domesUcaUon				

Current Biology

Magazine

Current Biology 27, R853–R909, September 11, 2017 R899

adaptation from standing genetic 
variation, this implies that breeding, 
rather than modifi cation of a handful 
of genes, may prove a more effi cient 
means for future domestication efforts.

The experimental reproduction of 
domestication of wild species is likely a 
challenging endeavor and has yet to be 
accomplished. The fact the many crops 
have been independently domesticated 
multiple times suggests the idea is 
plausible, though in most cases multiple 
domestications were facilitated by gene 
fl ow among cultivated populations. 
De novo domestication of a new wild 
species may in fact be considerably 
more diffi cult, due in part to the 
complex genetic basis of domestication 
traits, limitations of life history, and the 
lengthy time required. Nevertheless, 
some recently adopted crops like sugar 
beet have shown dramatic adaptation 
in only the last few hundred years, and 
we argue that the early stages of such 
efforts may be reached rather quickly 
with careful selection of candidate 
species and modern breeding methods 
such as genomic selection and high 
throughput phenotyping.

Finally, we believe that better 
integrating the considerations 
discussed above into studies of 
crop domestication will facilitate our 

nonetheless be an important source 
of large effect alleles that would 
otherwise be rare in the wild. Related 
wild taxa, which may have novel traits 
or have adapted to novel environments, 
provide yet another source for 
potentially adaptive variation. Adaptive 
introgression from wild relatives 
appears to have been important for 
a number of crops, facilitating local 
adaptation and even agronomic 
improvement in a number of species 
including apple, maize, tomato, and 
sunfl ower.

How long did it take?
The timing of crop domestication is 
tightly linked to human history, though 
how and why foragers became farmers 
is still a matter of some controversy. 
Domestication plausibly began 
when hunters and gatherers living in 
semi-permanent settlements planted 
desirable plants, eventually creating 
ecologically novel garden and fi eld 
niches for those plants that fostered 
the planting–harvesting–replanting 
cycle required for domestication. And 
while Darwin described domestication 
as an example of accelerated 
evolution [3], determining the duration 
of a continuous process such as 
domestication is diffi cult and attempts 
to do so remain controversial, with 
studies from multiple angles coming 
to different conclusions. Population 
genetic analyses, for example, fi nd 
that individual large-effect alleles 
could fi x very rapidly, and early 
experimental studies in the fi eld 
suggest that single domestication 
traits could change dramatically in as 
little as 30 years. In stark contrast to 
these results, however, archaeological 
remains indicate that important traits 
such as seed and infructescence 
size or seed shattering remained 
variable over millennia, changing only 
incrementally over time. Although 
these results appear contradictory, 
we argue that they are in fact 
consistent with a model of selection 
on a polygenic trait. Loci with the 
largest effects should experience 
rapid changes in allele frequency, 
perhaps moving the population mean 
considerably over shorter periods of 
time. But because large effect loci 
explain a minority of the phenotypic 
difference between wild and 
domesticated taxa, phenotypic change 

would continue to be observed for 
long periods of time.

Archaeological remains provide 
valuable insights into phenotypic 
change, even though most early crop 
remains are small and allow inference 
of only a few phenotypes of interest. 
The addition of DNA extracted from 
archaeological samples, however, offers 
the opportunity to better understand the 
timing of selection during domestication. 
Comparison of known domestication 
genes in maize and barley, for 
example, have shown the intermediate 
domestication state of 5,000 to 
6,000-year-old samples. The current 
outlook is that the above studies, 
while powerful, may only be scratching 
the surface of the overall potential 
of the role of ancient DNA in crop 
domestication. Recent methodological 
developments allow study of polygenic 
traits in ancient samples by looking for 
coordinated shifts in allele frequency 
across loci associated with phenotypic 
variation in extant samples. We predict 
that effective interrogation of ancient 
samples, using these and other 
approaches, will rapidly allow a much 
more detailed analysis of the duration 
and process of selection for many 
important crops.

Where to go next?
We have proposed that domestication is 
best thought of as an adaptive process 
instead of a binary trait, often resulting 
in gradual change without clear-cut 
phases. This process is complex, 
and we have argued that successful 
domestication depends on a number of 
intrinsic and extrinsic factors, including 
life history, utility, polyploidy, and large 
effective population sizes. Nonetheless, 
more careful consideration of the 
relative importance of these factors and 
how they act in concert could provide 
a useful basis for considering which 
plants might make good candidates for 
domestication and better understanding 
why domestication of some plants 
appears to have failed. While it may be 
ultimately diffi cult to identify the origin 
of every functional allele and most work 
to date has focused on alleles of large 
effect, we argue that most traits are 
polygenic and that much of the variation 
important for domestication existed as 
standing variation already segregating 
in wild populations. If domestication 
indeed proceeded via polygenic 
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Figure 2. Evolution of domestication traits.
Schematic process of the evolution of domes-
tication traits, such as fruit abscission in apples 
or seed size in rice. Most traits are quantitative, 
showing variation in both wild and domesticat-
ed taxa. Adaptation from this standing genetic 
variation often results in gradual change over 
time, refl ected in steadily decreasing variation 
for the trait.

EvoluUon	of	domesUcaUon	traits,	such	as	
fruit	abscission	in	apples	or	seed	size	in	
rice.	Most	traits	are	quanUtaUve,	showing	
variaUon	in	both	wild	and	domesUcated	
taxa.	AdaptaUon	from	this	standing	
geneUc	variaUon	oien	results	in	gradual	
change	over	Ume,	reflected	in	steadily	
decreasing	variaUon	for	the	trait.	

EvoluIon	of	domesIcaIon	traits	



Acca	sellowiana:	Myrtaceae	

• 	NaIve	of	southern	Brazil	and	northern	Uruguay.	

Natural	populaIon	–	Urubici/SC	 Comercial	culIvar	Epagri/
USFC	-	03/04/07	





Wild	to	the	bench	



Wild	to	the	bench	 1890	

Brazil	à	France	



Wild	to	the	bench	 1899	

Brazil	à	France	à	USA	



Wild	to	the	bench	 1910	

Brazil	à	France	à	USA	

var.	Collidge	



Wild	to	the	bench	 1910	

Brazil	à	France	à	Israel	
																													à	New	Zealand	



Wild	to	the	bench	 1910	

Brazil	à	France	à	Israel	à	Georgia,	Ukraine		
																														



Wild	to	the	bench	 1910	

Brazil	à	France	à	Israel	
																													à	New	Zealand	



Wild	to	the	bench	

			

																													à	New	Zealand	

var.	Mamoth,	Apollo,	Triumph,	Unique	and	Gemini	



Wild	to	the	bench	 2007	

Mass	selecUon	

Helena	culUvar	from	crossing	between	101	access	
[collected	in	Urubici	(SC)]	x	Unique	

Colombia	



Products		



BAG	Acca	sellowiana	–	Epagri/S.	Joaquim.	
Photo:	JPHJ	Ducroquet	

345	accessions	in	the	BAG	

1.	Germoplasm	collecUon	in	
EPAGRI,	São	Joaquim	(SC)	

1995	-	Present		

80	pre-selected	clones	
from	segregaUng	

populaUons	

	
	



BAG	Acca	sellowiana	–	Epagri/S.	
Joaquim.	Photo:	JPHJ	Ducroquet	

210	plants		

BAG	

1.  Mass	selecUon	
1995	

80	pre-selected	clones	
from	segregaUng	

populaUons	



Approach	1.	Mass	selecIon:	290	plants,	dialelic	breeding	

21	families	
Open	pollinaIon		



Approach	1.	Mass	selecIon	-	840	segregaIng	plants	

91	clones	





The	new	varieIes		



•  Canopy	architecture		
•  Stem	and	canopy	shape	
•  Beginning	of	sprouUng	
•  Beginning/end	of	flowering	
•  Beginning/end	of	ripening	
•  Fruit	color,	shape	and	size	
•  RaUo	pulp/peel			
•  RaUo	acidity/Brix	
•  Yield	alternaUon	
•  Diseases	suscepUbility		

•  Anthracnose		
•  Flower	rot	

SelecIon	criteria	–	evaluated	traits	
•  Establishment	of	36	

descriptors	which	were	
published	by	the	Service	of	
CulUvars	ProtecUon	of	the	
Brazilian	Ministry	of	
Agriculture		(November	12,		
2008).	

•  Emphasis	on	floral	pieces	as	
descriptors.			



Approach	2.	ParIcipatory	breeding	(2009)	

?	

Plant	breeder	Small	farmers	



Assessment	of	
tradiUonal	
knowledge	

IdenUficaUon	of	
use	and	

management	
strategies	

IdenUficaUon	of	
potenUaliUes		and	

limitaUons	

DOMESTICATION OF FEIJOA 

Development	of	
microsatellites	

markers	

CharacterizaUon	of	
phenotypic	and	

genotypic	diversity	

IdenUficaUon	of	in	situ,	
on-farm,	and		ex	situ	
diversity	amplitude		

Strategies	of	
conservaUon	and	

breeding	

APPROACHES	



!	

Plant	breeder	Small	farmers	

Approach2.	ParIcipatory	breeding	(2009)	



How the ideal plant would be? !	
Approach	2.	ParIcipatory	breeding	(2009)	



•	Early	and	late	varieUes	
•DisUnct	periods	of		
•maturaUon	 Flavor	

Period	of	
maturaIon	

Yield	

Fruit	

Plant	
architecture	

RusIcity	

Post	
harvest	

•	Lower	acidity	
•	Higher	Brix	
•	Tasty	

•	Elevated	fruit	
producUon	

•	Edible	peel	
•	Size	
•	Pleasant	estheUc	
•	Thin	and	smooth	peel	
•	Quality	
•	Bright	color	
•	Elongated	shape	

•	Soi	
•	Good	yield	

•	ConservaUon	
•	Industrial		
•	processing	

•	Sanity	
•	Gross	peel	against		
•	fruit	flies	
•	Resistance	against		
•	pathogens	and	plagues	
•	MaturaUon	out	of	the		
•	usual	period	

•	Medium	size	

Fruit	
pulp	

Adapted	from	Donazzolo,	2012.	





Table 1. Summary of the shifts of morphological and physiological traits from natural 712"
populations to human-managed or selected feijoa populations 713"

Location Trait Naturally occurring 
types Domesticates 

  n Mean Sd n Mean Sd 
São Joaquim, 
Urubici, and 
Urupema (Fig. 
1, Brown), state 
of Santa 
Catarina. 

Fruit diameter (cm) 68 4.0 0.65 97 4.5 0.62 
Fruit length (cm) 68 4.7 0.82 97 5.3 0.99 
Fruit weight (g) 68 47,4 21,5 97 67.6 28.2 
Pulp yield (g) 27 28.6 4.49 68 25.6 5.58 
Solid Soluble content 
(oBrix) 68 11.1 1.05 97 11.2 1.49 

        
Ipê, Antonio 
Prado and 
Monte Alegre 
dos Campos 
(Fig. 1, Gold), 
state of Rio 
Grande do Sul  

Fruit diameter (cm) 41 3.5 0.42 202 4.2 0.61 
Fruit length (cm) 41 4.1 0.67 202 5.2 0.81 
Fruit weight (g) 41 30.7 11.31 202 55.2 23.5 
Pulp yield (g) 41 35.2 4.70 202 34.4 6.91 
Solid Soluble content 
(oBrix) 41 12.0 1.04 202 11.6 1.27 

Peel thickness (cm) 41 0.4 0.11 202 0.5 0.2 
    
All studied 
locations 
indicated in 
Fig. 1 

Peel roughness Smooth, rough and 
intermediate 

High frequency of 
smooth 

Auto-incompatibility Near 50% Highly frequent 

 714"

 715"

Table 2. Average number of SSR per locus (A) and Wright’s fixation index (f) of 716"
naturally occurring and managed or selected feijoa populations in southern Brazil. 717"

Location  Population type n Number 
of loci A f 

São Joaquim, Urubici, and 
Urupema (Fig. 1, Brown), 
state of Santa Catarina. 

Naturally occurring  66 12 9.7 0.066 

Domesticates  98 12 11.2 0.055* 
Ipê, Antonio Prado and 
Monte Alegre dos Campos 
(Fig. 1, Gold), state of Rio 
Grande do Sul 

Naturally occurring  101 9 16.4 0.032 

Domesticates 85 9 15.0 0.147* 
Five locations, Figure 1, 
Green 

Naturally occurring in 
Conservation Units 57  7 13.6 0.170* 

Five Indigenous People 
lands (Fig. 1, Red), and 
five Quilombolas 
Communities (Fig. 1, 
Aquanarine) 

Managed or selected 
population by 

Traditional People 
56  7 12.0 0.241* 

Source: Unpublished data from Donazzolo (2012); Borsuk (2015); Santos (2009).  718"
n= sample size per population, * - Statistically different of zero. 719"

Summary	of	the	shi`s	of	morphophysiological	traits	from	natural	713	
populaIons	to	human-managed	or	selected	feijoa	populaIons	



Approach	2.	ParIcipatory	breeding	(2009)	–	Step	2	

Seedlings	to	the	community	



Approach	3.	Home	gardens	–	Vacaria	County,	RS		



! !
Phenotypic	variability	in	feijoa	fruits	on	indigenous	lands,	quilombolas	communiUes	
and	UCs	in	the	South	Brazil	(Right).	Lei:		map	of	the	States	of	South	Brazil	with	those	
communiUes	and	UC	showing	the	distribuUon	of	feijoa	(Borsuk,	2015).		

Approach	4.	UCs,	quilombolas	and	indigenous	communiIes	



A.	sellowiana	in	the	Quilombola	CommuniUes	Invernada	dos	Negros.	Borsuk,	2015.		

A.	sellowiana	associated	with	Araucaria	angus1folia	in	indigenous	lands	of	Cacique	
Double,	and	Palmas.	Borsuk,	2015.		

	



4.	Wildlife	Resources	
					Forest	borders	 Grassland	 Home	gardens	 “Potreiros”	



Table 1. Summary of the shifts of morphological and physiological traits from natural 712"
populations to human-managed or selected feijoa populations 713"

Location Trait Naturally occurring 
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  n Mean Sd n Mean Sd 
São Joaquim, 
Urubici, and 
Urupema (Fig. 
1, Brown), state 
of Santa 
Catarina. 

Fruit diameter (cm) 68 4.0 0.65 97 4.5 0.62 
Fruit length (cm) 68 4.7 0.82 97 5.3 0.99 
Fruit weight (g) 68 47,4 21,5 97 67.6 28.2 
Pulp yield (g) 27 28.6 4.49 68 25.6 5.58 
Solid Soluble content 
(oBrix) 68 11.1 1.05 97 11.2 1.49 
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Prado and 
Monte Alegre 
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(Fig. 1, Gold), 
state of Rio 
Grande do Sul  

Fruit diameter (cm) 41 3.5 0.42 202 4.2 0.61 
Fruit length (cm) 41 4.1 0.67 202 5.2 0.81 
Fruit weight (g) 41 30.7 11.31 202 55.2 23.5 
Pulp yield (g) 41 35.2 4.70 202 34.4 6.91 
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(oBrix) 41 12.0 1.04 202 11.6 1.27 

Peel thickness (cm) 41 0.4 0.11 202 0.5 0.2 
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indicated in 
Fig. 1 

Peel roughness Smooth, rough and 
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High frequency of 
smooth 

Auto-incompatibility Near 50% Highly frequent 

 714"

 715"

Table 2. Average number of SSR per locus (A) and Wright’s fixation index (f) of 716"
naturally occurring and managed or selected feijoa populations in southern Brazil. 717"

Location  Population type n Number 
of loci A f 

São Joaquim, Urubici, and 
Urupema (Fig. 1, Brown), 
state of Santa Catarina. 

Naturally occurring  66 12 9.7 0.066 

Domesticates  98 12 11.2 0.055* 
Ipê, Antonio Prado and 
Monte Alegre dos Campos 
(Fig. 1, Gold), state of Rio 
Grande do Sul 

Naturally occurring  101 9 16.4 0.032 

Domesticates 85 9 15.0 0.147* 
Five locations, Figure 1, 
Green 

Naturally occurring in 
Conservation Units 57  7 13.6 0.170* 

Five Indigenous People 
lands (Fig. 1, Red), and 
five Quilombolas 
Communities (Fig. 1, 
Aquanarine) 

Managed or selected 
population by 

Traditional People 
56  7 12.0 0.241* 

Source: Unpublished data from Donazzolo (2012); Borsuk (2015); Santos (2009).  718"
n= sample size per population, * - Statistically different of zero. 719"

Average	number	of	SSR	per	locus	(A)	and	Wright’s	fixaIon	index	(f)	of	
naturally	occurring	and	managed	or	selected	feijoa	populaIons	in	southern	

Brazil	



FuncUonal	fruit			
High	content	Vitamin	C	



•  anUbacterial,	analgesic,	anU-
inflammatory,	anUoxidant	and	
anUcancer;	

•  protecUon	of	the	gastrointesUnal	
mucosa		

•  NutraceuUc	fruit.			



•  AnUmicrobial		
•  AnUcancer	
•  anU-inflammatory	
•  SUmulatory	immune	system	

•  AnUoxidant	acUvity	
•  EssenUal	oils	
•  Source	of	lipids	and	micronutrients	
•  ModulaUon	of	enzymes	responsible	
for	sugars	hydrolysis	



Patent	

•  Extract	used	for	elaboraUon	of	food	supplement	
to	relieve	pain	and	inflammaUon;	

•  AnU-oxidant;	
•  Reduces	cholesterol	absorpUon;	
•  PrevenUon	and	treatment	diabetes	type	2;		
•  PrevenUon	and	treatment	of	rheumatoid	arthriUs;	
•  268	references	of	Feijoa	in	patented	products	

Weston,	2010	



Concluding	remarks		
•  Relying	on	a	limited	number	of	plant	food	species	threatens	global	
food	security;	

•  Biodiversity	hotspots	should	be	a	priority	target	for	germplasm	
prospecUon	and	conservaUon	to	increase	global	food	security;		

•  Is	urgent	to	compile	and	unify	regional,	country	and	conUnent-
based		catalogs	and	data	base	on	geneUc	resources	to	expand	food	
and	agriculture	at	a	global	level;		

•  Introducing	new	plant	species	of	into	the	global	food	chain	is	one	
of	the	most	important	and	urgent	acUons	to	counteract	the	
negaUve	effects	of	GCC;	

•  At	the	global	level	it	is	necessary	to	redesign	a	new	sustainable	
agriculture	on	a	more	environmentally	friendly	basis.	

…and	last	but	not	least	
•  Based	on	my	experience,	my	best	hunch:	in	the	tropics	and	
subtropics,	more	perennials	plants;	

•  They	are	more	stable,	producUve	and	resilient.	



Muchas	Gracias	





causing the biggest drop in genetic diversity (e.g. [36!,37])
compared to later steps, including modern plant breeding
efforts [32,35,37] (Fig. 2).

Recent genomic studies have improved our knowledge of
the fate of genetic diversity in two ways. First, they have

expanded our horizons to other crops than the major
cereal crops and grain legumes and provided contrasting
views of changes in genetic diversity. Next-generation
sequencing, various forms of reduced representation
libraries, and synteny combined with considerable bioin-
formatic analyses make it now easier to directly sequence

52 Genome studies and molecular genetics

Figure 1

Eastern North
America

Mesoamerica

Andean South
America

Lowland South
America

Sahel & Ethiopian
highlands

Northern India

Central Asia
Fertile

Crescent Northern China

Southern China

New Guinea

Current Opinion in Plant Biology

Centers of crop origin and domestication. Shaded regions indicate approximate location of centers of origin and domestication of selected crops.
Regions are approximate due to uncertainties in the distribution of the wild progenitors, limited numbers of sites with archaeobotanical remains, and
the area of actual domestication. Examples of crops domesticated in their respective centers are: Lowland South America: cassava, sweet potato
pineapple, groundnut, cashew, guaraná, peach palm, Capsicum peppers; Andean South America: potato, other Andean root crops (e.g. oca,
arracacha), common & lima bean, lupin, Capsicum peppers, Pima cotton, coca, quinoa, squash; Mesoamerica: Maize, common & lima bean,
Capsicum annuum pepper, Upland cotton, sisal, papaya, avocado, prickly pear, squash, tomato, vanilla, cacao, amaranth; Eastern North America:
sunflower, sumpweed, goosefoot; Sahel & Ethiopian Highlands: African rice, pearl millet, sorghum, cowpea, Bambara groundnut, hyacinth bean, tef,
fonio, yam, watermelon, melon, okra, kenaf, coffee, ensete, noog; Fertile Crescent: wheat, barley, oat, pea, chickpea (garbanzo), lentil, faba bean, flax,
olive, date palm, grape, onion, lettuce, saffron, poppy; Central Asia: apple, carrot; Northern India: Asian rice (indica), mung bean, pigeon pea; Northern
China: broomcorn millet, foxtail millet, Chinese cabbage, soybean; Southern China: Asian rice (japonica), quince, persimmon, litchi, peach, tea; New
Guinea: banana, sugar cane.
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Successive stages in the transition from wild-gathered to domesticated plants. The actual duration of the transition may depend on the crop plant and
center of domestication, but is thought to have lasted from several 100 to several 1000 years.

Current Opinion in Plant Biology 2014, 18:51–59 www.sciencedirect.com

Successive	stages	in	the	transiUon	from	wild-gathered	to	domesUcated	plants.	
The	actual	duraUon	of	the	transiUon	may	depend	on	the	crop	plant	and	center	
of	domesUcaUon,	but	is	thought	to	have	lasted	from	several	100	to	several	
1000	years.	
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Brazil - Passiflora 

•  Brazil	-	Paraguay	center		
•  In	Brazil:	more	than	150	species	

•  Food,	medicinal	and	ornamental	value		

h"p://www.cpac.embrapa.br/passitec/estudarpassifloras/	
	



UnconvenIonal	food	plants	in	Brazil	
This	book	describes		more	than	300	
species	naIve	and	exoIcs,	each	with	3	
recipe	suggesUons,	with	photos,	
scienUfic	names	and	popular	names.		



fulfilled by the preferential occurrence of cis-regulatory
mutations [13,14,93] but also by the preferential usage
of mutational target genes of limited functionality [94]. The
flavonoid biosynthetic pathway produces anthocyanins,
thereby giving rise to blue, purple, and red coloration of
plant organs among angiosperms [94,95]. Three types of
TFs coordinate the activity of this pathway and it has been
argued that owing to their high copy number and often

tissue-specific function, evolutionary changes in members
of the R2R3-MYB (MYB) TF family are likely to have fewer
pleiotropic effects compared with basic helix–loop–helix
(bHLH) or WD40 repeat family members, which function
more broadly (Figure 3) [94,95]. Indeed, a preference for
mutations in MYB-TF genes has been observed in studies
dealing with the natural adaptation of floral pigment
intensity [94]. During plant domestication, changes in

Table 1 (Continued )

Crop species Phylogenetic
distributionc

Orthologous gene(s) Class of gene
product

Phenotypic ef-
fect

Causative
changesd

Refs

Riceb Species GW8 (QTL for grain weight on
chromosome 8)/OsSPL16
(squamosa promoter-binding
protein-like 16)

SBP-TF Grain size and
shape

Non-coding [12]e

Wheat, rye (Secale
cereale)

Family TaALMT1 (Al-activated malate
transporter 1), ScALMT1

Transporter
protein

Metal tolerance Mixed [12]e

Sorghum, corn Family SbMATE1 (multidrug and toxic
compound extrusion 1),
ZmMATE1

Transporter
protein

Metal tolerance Mixed [12]e, [121]

aThis list is not intended to be exhaustive.
bMultiple independent alleles present in this species.
cSpecies: molecular convergence within the same species, Family: molecular convergence between plants of one plant family, Above family: molecular convergence
between species of different plant families.
dDiscrimination between mutations detected exclusively in coding regions (coding), non-coding regions (non-coding) or both (mixed).
eReview containing original references.
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Floral iden!ty genes and
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TRENDS in Plant Science 

Figure 3. Factors promoting convergent molecular domestication. Convergent phenotypic changes in the course of plant domestication are often caused by mutations
within orthologous genes. There are several factors explaining why mutations in such hotspot genes are more likely to become fixed in a population than mutations in other
genes. (A) Genes occupying nodal positions within a given regulatory pathway incorporate inputs of several upstream regulators and in turn regulate several downstream
genes, thereby often controlling self-contained developmental units. Mutations within such an input–output gene might alter a parameter value in a way that could
otherwise only be achieved by concerted mutations within several upstream or downstream genes simultaneously. Mutations involving the nodal gene AGAMOUS (AG)
were found at the basis of all molecularly characterized cases of domesticated plants with double flowers. (B) Simple metabolic pathways might also favor convergent
molecular changes because only a minimal set of genes serves as a potential mutational target to change a given trait. Low amylose content because of mutations within
Waxy gene orthologs is responsible for the domestication of glutinous seeds in many cereal variants. (C) Changes in fruit or seed color are often caused by mutations within
MYB transcription factors because within the anthocyanin pathway they mostly have tissue-specific functions, thereby minimizing pleiotropic effects. (D) Finally, if
domestication-related alleles are already present at low frequency within a wild population, as is the case for the non-shattering allele sh4 in rice, independent selection on
this standing genetic variation is likely to drive the same allele towards fixation repeatedly. Abbreviations: bHLH, basic helix–loop–helix; DBE, starch debranching enzyme;
Glc, glucose; SBE, starch branching enzyme; SS, starch synthase; TF, transcription factor; WDR, WD40 repeat.
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Factors	promoIng	convergent	molecular	domesIcaIon	





DOI:	h"p://dx.doi.org/10.1016/j.tplants.2013.08.007	

Molecular	mechanisms	involved	in	convergent	crop	domesIcaIon	
(Lenser	&Theiben,2013)		



Through	compeUUon	in	rural	
residents	in	the	São	Joaquim	
region	(SC),	it	was	possible	to	
collect		148	accessions,	of	which	
the	49	best	were	introduced	in	
the	EEV	collecUon.	

Colletotrichum	gloeosporioides		
	

1.	Germoplasm	collecUon	
in	EPAGRI,	Videira	(SC)	

1986	-	1995	

Other	100	accessions	were	
introduced	from	“maintainers,”	
“managers,”		“culUvators",	or	
collecUons	from	other	countries.	



although the sample size was small [N=14].) We
ground seeds with mortar and pestle and
extracted 0.1 g of seed material with MeOH.
We quantified levels of total phenolics as above.
Because seeds contained lower levels of phenolics,
for the Folin-Ciocalteu assay we used 30 µL of
extract for the dried seeds and extrapolated the
values for phenolic levels for 10 µL of fresh seed
extract.

On May 31, 2006, we collected leaves from
shaded branches of 18 cultivated trees and from
the lowest branches (often 20 to 25 m high) of 11
wild trees. From each tree, we collected two
mature leaves and a sample of new leaves that
were <60% fully expanded for comparison
(excluding the petiole in both cases). We stored
leaves at -15°C for approximately 12 h until

extraction. Levels of phenolics in mature leaves
and in developing leaves were determined as
above.

STATISTICAL ANALYSIS

To compare wild and cultivated classes, we
used nested ANOVA with trees nested within
class (wild, cultivated), and samples (fruits, fruit
pulp subsamples, replicate measures) nested
within tree. Nested ANOVA also allowed us to
test for significant variation among parent trees
within the classes. We used Levene’s test (Levene
1960) to test for a difference between cultivated
and wild trees in the variance (across tree means)
of each trait. For any trait that showed hetero-
geneity of variance, P-values from the ANOVA
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Fig. 1. Locations of sampled wild and cultivated trees of Chrysophyllum cainito in central Panama. Rural
communities and urban plantings are interspersed with protected forests harboring populations of wild C. cainito.
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access date 19 April 2010. The mean value for °Brix
increased 22% from wild to cultivated fruits, from
13.6 to 16.6. It is interesting to note that even the
wild fruits are very sweet, which may have
predisposed this species to early selection as a
cultivar.

The reduction we saw in levels of phenolics in
the pulp is consistent with a human preference
for fruits with less bitterness (Baker 1972; Johns
1990). However, while a reduction in phenolics
may indicate direct selection for palatability, it
may also reflect an indirect effect of selection on
the production of larger, sweeter fruits. Rosenthal
and Dirzo (1997) suggest that selection for yield
may result indirectly in the reallocation of energy
away from defense, because of physiological
constraints and tradeoffs.

While all these differences were significant, the
Discriminant Analysis showed that the great
majority of the variance distinguishing wild from

cultivated classes was driven by fruit size, with
sugar concentration also contributing. This sug-
gests that humans may have selected primarily for
increased fruit size in this species, a hypothesis
that could be tested with ethnobotanical studies.

ENVIRONMENTAL VS. GENETIC CONTRIBUTIONS

Many of the traits we measured, such as fruit
size or sugar content, could be influenced by
environmental conditions. Cultivated trees are
likely to experience less competition for light,
water, and nutrients than do wild trees. However,
several lines of evidence suggest that there is a
large genetic component to the traits that
distinguish wild from cultivated trees. First, both
classes of trees, but especially the wild individuals,
came from a wide range of environmental
conditions. Some of the wild trees are now in
open areas because the forest was cut around
them, or are on the edges of forest fragments and
therefore have access to more light and possibly
nutrients than wild trees in the center of the
forest. When we categorize the wild trees for their
location, we see no trend toward differences in
°Brix between trees on edges or in the open vs.
trees in closed-canopy forests (data not shown).
We do see evidence suggesting that edge fruits are

TABLE 4. CORRELATIONS BETWEEN TRAIT VALUES IN
2007 AND 2008, FOR THE SUBSET OF TREES (N=28) FOR
WHICH FRUITS WERE COLLECTED IN BOTH YEARS.

Trait r P

Fruit mass 0.8853 <0.0001
Fruit length 0.8701 <0.0001
Fruit diameter 0.8995 <0.0001
Diameter/Length 0.7682 <0.0001
Penetrometer 0.5104 0.0055
Proportion Exocarp 0.4191 0.0211
Sugar concentration (oBrix) 0.3980 0.0398
Seed number 0.6652 0.0001
Seed mass 0.5305 0.0037

TABLE 3. PAIRWISE CORRELATIONS AMONG CHEMICAL CHARACTERS, BASED ON TREE MEANS (TWO SAMPLES PER
TREE) SAMPLED IN 2006. CORRELATION COEFFICIENTS; CORRESPONDING P-VALUES (WITH SAMPLE SIZE) ON THE

SUB-DIAGONAL.

Phenolics in pulp (mg/100 g GAE) Phenolics in seeds (mg/100 g GAE) pH of pulp Sugars (oBrix)

Phenolics in pulp (mg/100 g GAE) 1 −0.16 −0.29 −0.11
Phenolics in seeds (mg/100 g GAE) 0.65 (11) 1 −0.01 −0.34
pH of pulp 0.25 (18) 0.97 (17) 1 −0.09
Sugars (oBrix) 0.68 (17) 0.30 (11) 0.74 (17) 1

Fig. 4. Sugar concentration (oBrix) by fresh fruit
mass (g) for means (over three fruits each) of individual
Chrysophyllum cainito trees in central Panama. Filled
circles are cultivated trees, open squares are wild trees.
A Discriminant Function selected these two variables as
most important in distinguishing cultivated from wild
trees.
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Parker	et	al.,	2010.	DomesIcaIon	Syndrome	in	Caimito	(Chrysophyllum	cainito	L.,	
Sapotaceae):	Fruit	and	Seed	CharacterisUcs.	Economic	Botany,	64(2).			

•  Compared	to	their	wild	relaUves,	edible	fruits	of	domesUcated	taxa	tend	to	be	
larger	and	sweeter	or	higher	in	oil	content.		

•  The	raUo	of	edible	product	to	waste,	or	“economic	raUo”	(Clement	1989),	goes	up.	
•  	We	also	expect		a	reducUon	in	toxic	compounds	that	confer	defense	against	natural	

enemies	at	the	cost	of	palatability.	

•  CulUvated	throughout	the	Caribbean,	Central,	South	America,	and	Southeast	Asia	



1. Ng et al. 2014  2. FAO State of Food and agriculture, 2014 3. 
Global hunger index 2014  

Food security & nutrition 

Dietary energy supply can be satisfied 
without diversity 
Micronutrient supply cannot be satisfied 
without diversity 



Farming/Raising	
edible	insects	

	
Future	foods:	What	
will	we	be	eaUng	in	
20	years'	Ume?	

VolaUle	food	prices	
and	a	growing	
populaUon	mean	we	
have	to	rethink	what	
we	eat,	say	food	
futurologists.	So	
what	might	we	be	
serving	up	in	20	
years'	Ume?		

h"p://www.bbc.co.uk/news/magazine-18813075	
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Biodiversity & health linkages: 
Agricultural biodiversity 

Agrobiodiversity underpins resilience yet… 



Ducroquet, 2009 



Tumbes-Chocó-Magdalena	
Endemic	plant	species	2.750	

Tropical	Andes	
Endemic	plant	species	-	15.000	
 

AtlanUc	Forest	
Endemic	Plant	Species	-	8000	

Cerrado	
Endemic	Plant	Species	-	4400	

RevisiUng	Vavilov	by	N.	Myers:		The	Hotspots	of	Biodiversity		

h"p://www.biodiversityhotspots.org/xp/Hotspots/resources/maps.xml	



FOOD SECURITY   
 

•  Refers to the availability of food and one's access to it. A 
household is considered food-secure when its occupants do 
not live in hunger. 

 
•  Worldwide around 852 million people are chronically hungry 

due to extreme poverty, while up to 2 billion people lack food 
security intermittently due to varying degrees of poverty (FAO, 
2003). Six million children die of hunger every year - 17,000 
every day. 

 
•  Food security exists when all people, at all times, have 

physical, social and economic access to sufficient, safe and 
nutritious food to meet their dietary needs and food 
preferences for an active and healthy life. 

 
  
	
	
	
	
	
	
	
	
	
	
		

•  Food security for a household means access by all 
members at all times to enough food for an active, 
healthy life. Food security includes at a minimum (1) the 
ready availability of nutritionally adequate and safe 
foods, and (2) an assured ability to acquire acceptable 
foods in socially acceptable ways (USDA). 



Brazilian biodiversity ≅ 20 % world 
  

•  The most diverse flora (Heywood, 1995): 45,000 – 55,000 

•  Brazilian flora (2017): 46.403 sp 
•  Angiosperms - 33.022 sp 
•  Algae - 4.751 sp 
•  Bryophytes - 1.552 sp 
•  Ferns and Bryophytes - 1.322 sp 
•  Gymnosperms – 30 sp  
•  Fungi -  5.726 sp  

•  Three of the richest world biomes in plant species: 
•  Amazon  
•  Atlantic forest 
•  Cerrado 

	
	
	

h"p://floradobrasil.jbrj.gov.br	
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that domestication followed similar 
patterns independently in distinct 
regions by various cultures and that a 
major determinant of the success of 
domesticates was the utility a plant 
offered to early societies. And while 
geography undoubtedly infl uenced 
the early spread of domesticates, 
successful domesticates nonetheless 
hail from diverse geographical and 
cultural origins.

In addition to its geographic origin, 
a plant’s life history may also infl uence 
the process of domestication. Annual 
plants have been very successful as 
domesticates, likely both because many 
annuals were ruderal species already 

adapted to disturbed environments 
and because the shortened generation 
time speeds up response to selection. 
Several crops show increased rates of 
self-fertilization compared to their wild 
ancestors, and self-fertilization also 
facilitates the maintenance of desired 
genotype combinations and lessens 
inbreeding depression. Nonetheless, 
the complexity of adaptation during 
domestication and the polygenic 
nature of many domestication traits 
suggests that at least some outcrossing 
likely played an important role even 
in primarily self-fertilizing species, 
providing an infl ux of new variation and 
the opportunity to combine favorable 

alleles on different genetic backgrounds. 
Asexual reproduction plays an 
important role in many perennial crops 
such as sweet potato, cassava and 
banana, and may allow a sort of ‘instant 
domestication’ by immediately fi xing 
particular combinations of traits while 
maintaining heterozygosity and avoiding 
inbreeding depression. But clonal 
propagation dramatically increases the 
effective generation time, and many 
modern crops that are propagated 
clonally probably reproduced sexually 
during much of their domestication 
history.

Factors such as polyploidy have also 
likely contributed to the success of 

A B

C

D

Figure 1. The domestication syndrome.
(A) Conversion of teosinte to maize ear involved a change from a few small, loosely connected seeds with thick fruitcases to a large maize cob 
with many naked seeds (photo by Hugh Iltis). (B) Loss of seed shattering during rice domestication. (C) Fruit size increase in tomato. (D) Loss of 
branching in sunfl ower leading to a single, large fl ower head per plant. Photos B, C and D from Doebley et al. (2006). The molecular genetics of crop 
domestication. Cell 127, 1309–1321.

(A)	Conversion	of	teosinte	to	maize	ear	
involved	a	change	from	a	few	small,	
loosely	connected	to	a	large	maize	cob	
with	many	naked	seeds.	(B)	Loss	of	seed	
sha"ering	during	rice	domesUcaUon.	(C)	
Fruit	size	increase	in	tomato.	(D)	Loss	of	
branching	in	sunflower	leading	to	a	
single,	large	flower	head	per	plant.	Cell	
127,	1309–1321.	

The	domesIcaIon	syndrome	

causing the biggest drop in genetic diversity (e.g. [36!,37])
compared to later steps, including modern plant breeding
efforts [32,35,37] (Fig. 2).

Recent genomic studies have improved our knowledge of
the fate of genetic diversity in two ways. First, they have

expanded our horizons to other crops than the major
cereal crops and grain legumes and provided contrasting
views of changes in genetic diversity. Next-generation
sequencing, various forms of reduced representation
libraries, and synteny combined with considerable bioin-
formatic analyses make it now easier to directly sequence

52 Genome studies and molecular genetics
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Centers of crop origin and domestication. Shaded regions indicate approximate location of centers of origin and domestication of selected crops.
Regions are approximate due to uncertainties in the distribution of the wild progenitors, limited numbers of sites with archaeobotanical remains, and
the area of actual domestication. Examples of crops domesticated in their respective centers are: Lowland South America: cassava, sweet potato
pineapple, groundnut, cashew, guaraná, peach palm, Capsicum peppers; Andean South America: potato, other Andean root crops (e.g. oca,
arracacha), common & lima bean, lupin, Capsicum peppers, Pima cotton, coca, quinoa, squash; Mesoamerica: Maize, common & lima bean,
Capsicum annuum pepper, Upland cotton, sisal, papaya, avocado, prickly pear, squash, tomato, vanilla, cacao, amaranth; Eastern North America:
sunflower, sumpweed, goosefoot; Sahel & Ethiopian Highlands: African rice, pearl millet, sorghum, cowpea, Bambara groundnut, hyacinth bean, tef,
fonio, yam, watermelon, melon, okra, kenaf, coffee, ensete, noog; Fertile Crescent: wheat, barley, oat, pea, chickpea (garbanzo), lentil, faba bean, flax,
olive, date palm, grape, onion, lettuce, saffron, poppy; Central Asia: apple, carrot; Northern India: Asian rice (indica), mung bean, pigeon pea; Northern
China: broomcorn millet, foxtail millet, Chinese cabbage, soybean; Southern China: Asian rice (japonica), quince, persimmon, litchi, peach, tea; New
Guinea: banana, sugar cane.
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Successive stages in the transition from wild-gathered to domesticated plants. The actual duration of the transition may depend on the crop plant and
center of domestication, but is thought to have lasted from several 100 to several 1000 years.

Current Opinion in Plant Biology 2014, 18:51–59 www.sciencedirect.com

Stages	in	the	transiUon	from	wild-gathered	to	domesUcated	plants.	The	duraUon	of	the	
transiUon	depend	on	the	crop	plant	and	center	of	domesUcaUon,	but	is	thought	to	have	lasted	
from	several	100	to	several	1000	years.	Gepts,	P.	2014.	Current	Opinion	in	Plant	Biology.	
	



Plant	DomesIcaIon	(Clement,	1999)	
	
For	plant	domesUcaUon	to	take	place,	there	must	be	selecUon	and	
management	to	cause	differenUal	reproducUon	and	survival.	
		
The	degree	of	change	in	the	targeted	populaUon	can	vary:	
•  Wild	-	A	naturally	evolved	populaUon	whose	genotypes	and	phenotypes	

have	not	been	modified	by	human	intervenUon.		
•  Incipiently	DomesIcated	-	A	populaUon	modified	by	human	selecUon	and	

intervenUon	but	whose	average	phenotype	is	sUll	within	the	range	of	
variaUon	found	in	the	wild	populaUon	for	the	trait(s)	subject	to	selecUon.		

•  Semi-DomesIcated	–	PopulaUon	significantly	modified	by	human	selecUon	
and	intervenUon	so	that	the	average	phenotype	may	diverge	from	the	
variaUon	range	of	the	wild	populaUon	for	the	trait(s)	subject	to	selecUon.		

•  DomesIcated	-	A	plant	populaUon	similar	to	(3)	but	whose	ecological	
adaptability	has	been	reduced	to	the	point	that	it	can	only	survive	in	
human-created	environments.	
•  Landrace	
•  Modern	culUvar	



BAG	São	Joaquim,	SC	



•  AnUoxidant	properUes	
•  ModulaUon	of	enzymes	responsible	for	sugars	

hydrolysis	



EPAGRI	in	collaboraIon	with	CCA/UFSC	research	

Dialelic	breeding	

1st	breeding	
1995	

	
21	families		(960	

segregaUng	plants).	
91	plants	(clones)	

selected	
	

SC:	Boava,	
Fraiburgo,		Agua	Doce	

	
	

Brazilian	type	
(accession		50,	85,	101	
and	231);	Uruguayan	
type	(Unique	(458)	

a451)	
	

2nd	breeding	
2007	

More	segregaUng	
plants	

RS:	Antônio	Prado,	
Sananduva,	São	
Domingos,		Paraí		

	
Brazilian	type	
(accession		85,	101,	223	
and	509);	);	Uruguayan	
type	(Unique	-	458)	

	

3rd	breeding	
2008	 28	segregaUng	

families,	
besides	some	

reciprocals	crossing	

RS:		Vacaria	and	Ipê	
SC:	Campo	Belo	do	Sul,	
	Caçador,	Rio	do	Sul	e	

Urubici	

	
Brazilian	type	
(Accession	127,	373,	
401,	522,	526,		and	
Alcântara	Cv)	

	

4th	breeding	
2009/2010	 15	segregaUng	

families,	
besides	some	

reciprocals	crossing	

RS:		Vacaria,	Ipê,	Monte	Alegre		
SC:	Campo	Belo	do	Sul,	Caçador,	
São	Joaquim,	Rio	do	Sul,	Urubici	
PR:	Pato	Branco	e	Dois	Vizinhos		

	
	CVs:	Helena,	
Alcântara,	Nonante	
and		Ma"os		

	


