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It is five minutes to midnight, Mrs. Rice! : 

thoughts on American Oryza
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sources: FAO 2019 and Landgeist 2022

Consumption of rice in South America in kg per person

• a daily cup of 100 g gives 36.5 kg/ year

• the Southern Cone keeps a diet based on

wheat for climatic and cultural reasons

• the Guyanas keep a diet based on

rice for climatic and cultural reasons

role of good varieties and the

private sector to keep prices

low throughout the year
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What does the case of IR36 tell us?

•the genes of interest come from modern varieties and from landraces

•the genes of interest come from various geographic areas, quite unpredictable

•the genes of interest come from the species being improved and others 

•the date of their coming into being does not matter 

•the genes of resistance to Grassy Stunt Virus come from Oryza nivara only
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in the 1980s it was estimated that over 10% of the

world’s rice land was sown with this one variety

fuente: Davidson 2006

additional information: Evenson & Gollin 2003, Hargrove et al. 1988



Trait germplasm

sources of CMS glumaepatula (AA), rufipogon (AA)

QTLs for yield increase rufipogon (AA)

resistance to Grassy Stunt Virus nivara (AA)

resistance to Tungro Virus latifolia (CCDD), rufipogon (AA)

resistance to bacteriosis longistaminata (AA)

resistance to blast longiglumis (HHJJ)

resistance to leafhopper officinalis (CC)

tolerance to acid soils brachyantha (FF)

tolerance to drought australiensis (EE)

tolerance to shade granulata (GG)

tolerance to low temperatures granulata (GG)

tolerance to salinity coarctata (HHKK)

sources: Atwell et al. 2014, Brar & Khush 1997, Ikeda et al. 1994, Jena 2010, Khush 1997, Khush et al. 1990

Khush & Ling 1974, McCouch et al. 2007
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Oryza: a genus with 26+ species

Diploid species (16)

Tetraploid species (10)

sources:  Jena 2010, Nishikawa et al. 2005, Vaughan & Sitch 1991, Vaughan & Morishima 2003, Vaughan et al. 2003

sativa (AA)

rufipogon (AA)

glumaepatula (AA) glaberrima (AA)

Australia (2)Africa (7)Tropical America (4?) Asia (13)

latifolia (CCDD)

alta (CCDD)

grandiglumis (CCDD)

brachyantha (FF)

barthii (AA)

rhizomatis (CC)

eichingeri (CC)

australiensis (EE)

longistaminata (AA)

longiglumis (HHJJ)

ridleyi (HHJJ)

granulata (GG)

meyeriana (GG)

minuta (BBCC)

officinalis (CC)

punctata (BB)

meridionalis (AA)

nivara (AA)

schlechteri (HHKK)punctata (BBCC)

malampuzhaensis (BBCC)

Parodi 1933:
Oryza subulata

coarctata (HHKK)



source: Hitchcock 1950

Oryza sativa L.
From: Species Plantarum

by Carl Linnaeus, 1753, page 333

Reported as annual

Cultivated in the swamps of India; possibly in Ethiopia

the unique species reported by Linnaeus, also in 1762

the name for the Asian rice crop, domesticated twice in E Asia from O. rufipogon
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but curiously there is no definition of the genus nor

the species!



From: Synopsis Plantarum Graminearum

by Ernst Gottlieb Steudel, 1855, page 3

no collection number, no precise location, but fide Portères 1955:

glumes awnless!, usually dark colored; reddish caryopses

the name for the African rice crop, independently domesticated in W Africa from O. barthii

Oryza glaberrima Steudel

additional information: Portères 1950, 1955, Van Andel et al. 2016, Wang et al. 2014

a collection made by Désiré Édélestan Jardin in 1845-48

collected in the Los Islands (off  Guinea Conakry)

could have “no. 9” as collecting number
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sources:  Cheng et al. 2003, Choi et al. 2017, Civán et al. 2015, Gross & Zhao 2014, Gutaker et al. 2020, Londo et al. 2006

Areas and dates of domestication (b.P.)

O. sativa

O. glaberrima

indica
japonica

3,500 years

9,000 years

7,000 years

range of distribution of the wild ancestor

8/34Molina et al. 2011, Vaughan & Morishima 2003, Vitte et al. 2004, Wang et al. 2014

?

O. barthii O. rufipogon



sources: Besançon & Second 1984, Carney 2001, Linares 2002, Patiño 1969, Sauer 1993

The migrations of O. sativa

- 200 a.C.

+ 900 d.C.

+ 1513 d.C.

+ 1577 d.C.

- 1,000 a.C.

‘arroz’ = word derived from the Arabic ‘eruz’

- 2,000 a.C.

+ 700 d.C.
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+ 700 d.C.

+ 700 d.C.

indica

japonica

+ 1490 d.C.



sources: Carney 2001, 2005, Linares 2002, Portères 1950, 1976, Van Andel 2010, Van Andel et al. 2016, 2019

The migrations of O. glaberrima

+ 1670 a.D.

- 1,500 b.C.

+ 1,660 a.D.
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+ 1,587 a.D.

- 800 b.C.

South 

Carolina

El Salvador

Panama

Bahia

Surinam

+ 1,530 a.D.



Introduction of slavery and irrigated rice system in the New World

sources: Carney 2001, Littlefield 1991, Mintz 1991, Portères 1955, 1960, van Andel 2010

Forced migration of people from western Africa estimated at 9.5 millions in 1505-1888

• arrival of first slaves into Hispaniola in 1505 and in South Carolina in 1670

add, Alabama, 1850

daily logbook of

Captain Samuel Gamble

coast of Guinea-Conakry

in 1793-1794

• documentation about Oryza glaberrima in South Carolina in 1696 and in Surinam in 1800

• documentation about Oryza glaberrima in French Guyana in 1938 and in El Salvador in 1959

Contrast between rice and sugarcane cropping systems for slavery conditions
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Anopheles/ malaria



The evidence brought by phytoliths

25 m
foto: Zhao

• minutos crystals of silicium present in the tissues of grasses

• if appropriately selected they can help identify genera and species

• the crystals found in the glumes separate Oryza sativa from the wild taxa

sources: Pearsall 1989, Thomasson 1987, Zhao et al. 1998

fuente: Hilbert et al. 2017

Archaeological findings in Monte Castelo:

✓ size of rice phytoliths increases since 4,000 years b.P.

✓ density of rice phytoliths increases during that period

Monte Castelo

Rondônia

BRASIL

✓ presence of maize phytoliths during the same period

✓ presence of carbon: straw burning after the harvest?

✓ tentative identification: O. glumaepatula, that thrieves nearby

✓ rice phytoliths analyzed: those of the glumes
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source: Stickney 1896

Harvest of wild rice, Zizania aquatica, in the Great Lakes of North America

Ojibwa women of Eastern Wisconsin in September

this harvest method does not promote

the increase in seed size
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source: Nicora & Rúgolo 1987

From: Agrostologia Brasiliensis

by Christian Gottfried Nees, 1829, pages 518-9

Oryza subulata Nees

specimen collected by Friedrich Sellow (s.n.) in E Paraguay

type lost in Berlin (“Vidi in Herb. Reg. Berol.”) in 1943?

also present in Rio Grande do Sul in Brazil

considered as Oryza by Chevalier (1932), Parodi (1933) and

Roschevicz (1931)



From: Mémoire sur les Graminées

by Nicaise Augustin Desvaux, 1813, page 77

Oryza latifolia Desvaux

according to Albert Spear Hitchcock (1927) this is an error;

therein he claimed it to be present in Brazil and Ecuador

specimen collected by Louis Ventenat in Puerto Rico
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possibly around Laguna de Piñones east of San Juan

(65º 56’W, 18º 24’N) in 1790-1800

according to Chevalier (1932) this specimen is not the type



Oryza grandiglumis (Döll) ProdoehlFrom: Oryzeae monographice describuntur

by Alice Prodoehl, 1922, page 233

Collected by Ludwig Riedel as 1261 in Matto Grosso, Brazil 

source: Kew Herbarium 2022

possibly collected on bank of river Guaporé in April 1828
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(15º 10’S, 59º 45’W), between Matto Grosso and Cuiabá

holotype in WIR Saint Petersburg, Russia; isotype in K Kew, England

originally described by Döll (1871) as a variety of O. sativa



Oryza alta Swallen
From: The grasses of British Honduras and the Petén . . .

by Jason Richard Swallen, 1936, page 156

source: US National Herbarium 2022

it is a wild species because of shattering

collected by JR Swallen as 5116 near Obidos (1º 56’S, 55º 29’W), state of Pará, Brazil in July 1934
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source: Second & Rouhan 2008

The CCDD genome in tropical America explained by G. Second and G. Rouhan (2008)

• Donor of the C genome: O. officinalis (CC) of tropical Asia (India to New Guinea)

• D genome not found so far in the whole genus, thus no DD species

sources: Katayama 1982, Second 1989, Second & Rouhan 2008, Vaughan & Morishima 2003

• D genome seems related to the E genome, found only in O. australiensis (the sole EE species so far) 

• C x E cross: F1 is completely sterile in pollen and seed; equal chromosomal pairing at meiosis only 38%

• all Oryza materials are post-Columbian introductions (only Rhynchoryza subulata is ancient) 

• all O. glumaepatula (A genome) would be weeds derived from O. glaberrima and/ or O. sativa

• the D genome never exists, the E changed as pollen contributor when allopolyploidization occurred

• O. latifolia came first and the other two CCDD differentiated over the last 350 years
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source: Bao & Ge 2004 source: Ge et al. 1999

Parsimonious tree on 2 cpDNA fragments Hypothesis based on 3 gene phylogenies

• the AA genome would be the one of most recent diversification

• the EE genome would be at the root of the CCDD genome

• O. latifolia would precede O. alta and O. grandiglumis (with 3 plastotypes: Dally & Second 1990)



From: Synopsis Plantarum Graminearum

by Ernst Gottlieb Steudel, 1855, page 3

Culta in Surinam, not crescens in Surinam: cultivated?!

reported as annual

Oryza glumaepatula Steudel

spikelets falling apart, thus wild!

not a glaberrima: long awn, glumes straw color

collected by F. W. Hostmann as 1195 in 1840 (?)



India

Thailandia

Taiwan

India

Indonesia

Taiwan

AustraliaBrasil

Guyana F

Surinam

Brasil

Cuba

Colombia

Venezuela

within glumaepatula

F1 spikelet fertility: 88%

between glumaepatula and NW diploids

F1 spikelet fertility: 0.3-87%

within New World diploids

F1 spikelet fertility: 0.2-4%

source: Naredo et al. 1998
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Multiple crosses between wild Oryza of AA genome



source: Ge et al. 1999

Most parsimonious tree from cpDNA matK gene

• cpDNA maternally inherited in rice

(Corriveau & Coleman 1988)

• O. subulata seems a true outgroup

• O. latifolia would be the root of CCDD

• O. alta and O. grandiglumis: sister species

• all AA species of recent divergence

• O. australiensis (EE) would be the root of AA, BB, CC

• P. coarctata should be back in Oryza

(Ge et al. 2002)



source: Stein et al. 2018

• O. meridionalis (Australia) 

would be the root of

the rest of AA

• O. glumaepatula of 1 mi 

years has affinities with

O. barthii

• O. nivara would separate

from O. rufipogon 0.5 mi 

years ago

• O. meridionalis would be 

separating from the rest

of AA 2.4 mi years ago
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Phylogeny of AA rice genomes



Bubulcus ibis

Garza del ganado

“Su lugar de origen es África, de donde llegó a Colombia a fines de la década de 1910,

tal vez arrastradas por una tormenta”,  C U Hurtado, 2002, p. 223.

“First reported in Colombia in 1917 . . . An invader from the Old World . . . ”, Hilty & Brown, 1986, p. 66.

American Oryza (AA and CCDD): would birds be involved?

“Se encuentra en terreno seco . . . siguiendo a los arados en busca de insectos y

otros pequeños animales. Oriunda de África, esta especie ha invadido todo el 

continente americano.”, H Alvarez-López, 1999, p. 30. 

Have birds brought the AA and/ or CC genome from Africa? 

low probability, because migratory birds are not seed eaters, they eat flying (insects)
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and migrate from temperate to the tropics or N-S (poor weather for their food)



sources: Dillehay et al. 2015, Gutaker et al. 2020, Hilbert et al. 2017, Sauer 1993, Wang et al. 2014, Wells 2003

• the first human migration into the Americas could not have introduced rice

• ages and inheritance of diversity markers do not fit within an evolution over 400 years

Out of  Africa, 1,000,000 años b.P.

Yangtze, 9,000 yeas b.P. Crossing Beringia, 20,000 years b.P.

Monte Verde, 12,500 years b.P.
delta Niger, 3,000 years b.P.
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Hispaniola, 1513 a.D.

American Oryza (AA and CCDD): re-thinking the scenario

Monte Castelo, 4,000 years b.P.



• O. glumaepatula is not a red rice escaped from cultivation; existing for 1 mi years,

from S Mexico to S Brazil O. glumaepatula displays significant molecular variation

• O. glumaepatula is not genetically compatible with other New Word diploids; in 

A few concluding remarks

• O. latifolia shows higher diversity between populations as compared to O. alta and

O. grandiglumis (expected because of its wide distribution) (Aggarwal et al. 1996)

• “the three CCDD Latin American tetraploid species are independent species”, also

we certainly need a better sampling of non cultivated Oryza in the Neotropics

we also need molecular clocks for the CCDD species

in many watersheds of LAC (including 4 in Colombia) it is five minutes to midnight!

crossability barriers and high F1 sterility (Aggarwal et al. 1996)
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the latter some might be red rices, others are different biological entities
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