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Introd Te Accesionesegunlasregiones
rroguceion Costa: ©2000 m

Sierra;: 2004000 m
Selva 5002000 m

Cordillera

Oca

Olluco
{ Mashu
rracacha

Yacon

o N : . ¢ i o
Ny T Eight regions according to Vidal (1987): Chala or Costa (0 — 500),
¢ Yunga (500 — 2300), Quechua (2.300 — 3,500), Suni or Jalca (3.500 —
P 4.000). Puna (4.000 — 4.800), Janca or cordillera (4.800 — 6,768). Rupa-
(g - Rupa or Selva alta (400 — 1,000) and Omagua or Selva baja (80 — 400)
masl.
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kg/ha

Rendimientode maiz- Peru MAD

o EJDS?
LaLibertad 8,643

L. Metropolitana 8,280
Arequipa : 7,878
10000 Lambayeque | 5,989
Ancash 5,139
Rend Promedio | 4,496

9000 Piura

Huénuco

3,592
3,216
3,073
2,828

Cajamarca

8000 Junin

Loreto | 2,430
7000 Amazonas | 2,328
Ucayali  e— 2,209
M. de Dios | m— 2,201
6000 San Martin pe——— 2 049
Cusco 1,734
Puno 1,731
5000 Pasco :El,.rl;lz
4000 0 1,000 2,000 3,000 4,000 5,000 6000 7,000 8000 9,000 10000
3000
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1000 /—\ — —_—
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Historia de mejoramiento de maiz

1950, lowa
The weterasi®fi wa sgigte

introduced by Shull (1914) College:
as shorthand for Conferencia
expressions agypdsti mul at "5

of heter ozy g o [diepsid

9000 ~1850 1900 1908 1930~1960  ~1960 1996 2000 2022
6000 190 . o _

_ variedade Hibridacion IniC|90 Hibridos Hibridos Versiones
Domestica S varietal Hibridos dobles, simples Transgenicas
cion .. - VA Hibridos
Prueba (poliniza Seleccion nVvigor triol Tecnicas de

’ cion masal hibridoo rples
error . Metodos campo son

L abiertd Seleccion Shull, 1908 L
Seleccion mazorcahilera East, 1908 estadisticos: muy
’ Fisher, 1925. sofisticados

Darwin (1877) experimented briefly with maize Statistical Usto ql.e 1

and concluded: "The first and most important Methods for  esterl Il'a

c onc | u sistiancrogsfertilization is Research mascuiina

Workers citoplasmati

generally beneficial and sekHfertilization _
injurious ." Fisher,1935Theco (CmsT)

Beal (18761882) produced and tested a series of ~ D€SIgn of

IsvJhviA A AldAa A A = v i mstiAAa~ TIhhA LA~ EXDerImentS



Average Corn Yields (kg/ha)
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Actual Breeding plus Cultural Practice Gain
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http://www.askforce.org/web/Bt/TroyeAdaptednessieterosis2006.pdf



http://www.ask-force.org/web/Bt/Troyer-Adaptedness-Heterosis-2006.pdf

Mejoramiento de Maiz Amarillo Duro (MAD) en Peru

Industriaavicola

Grupo Grupo |
heterotico: heterotico -
Raza costa Razaperla Hibridos
Flint & Cuban %eﬁgvt\)/a simples
vellow 980  _p00p 2015 2022
70006000 ~1900 1953 ~1958 1961 1960 1990 >
1970
Domesticaci Seleccion PCIM Hibrido 22 Sinteticos PM-204 PM-212
on?/diversifi masal: doble fadZ@8S  o\1c9p3 PM-213
cacion Variedades PM-211 formadocon Ex-5
nativas la o
recombinaci Hibridos
onde 21 Dobles
lineasPerla Triples
PMS264
con 22lineas
cubanas > 35 nuevas

variedades, hibridos



Rendimiento historico de Maiz- Peru

Kg/ha
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The seed spike, or ear, of teosinte (Z. mays ssp. parviglumis) consists of 2 interleaved rows of
61 12 kernels enclosed in a hard fruitcase (cupule).

Historiadel Maiz

Feng Tian et al. PNAS 2009;106:9979-9986

©2009 by National Academy of Sciences | | g ‘:s : ‘z



Multiproxy evidence highlights a complex evolutionary
legacy of maize in South America

® Logan Kistler'2*, ® S. Yoshi Maezumi®*, ® Jonas Gregorio de Souza’, @ Natalia A. S. Przelomska'®, ® Flaviane Mal...
+ See all authors and affiliations

Science 14 Dec 2018:
Vol. 362, Issue 6420, pp. 1309-1313
DOI: 10.1126/science.aav0207

Article Figures & Data Info & Metrics elLetters PDF

The complexity of maize domestication

Maize originated in what is now central Mexico about 9000 years ago and spread throughout
the Americas before European contact. Kistler et al. applied genomic analysis to ancient and
extant South American maize lineages to investigate the genetic changes that accompanied
domestication (see the Perspective by Zeder). The origin of modern maize cultivars likely
involved a “semidomesticated” lineage that moved out of Mexico. Later improvements then
occurred among multiple South American populations, including those in southwestern
Amazonia.

Science, this issue p. 1309; see also p. 1246

~ Science
b(‘l(‘]](‘(“ o Vol 362, Issue 6420

14 December 2018
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MY SAVED FOLDERS

SCIENTISTS REVIEW CORN DOMESTICATION
HISTORY WITH MULTIDISCIPLINARY ANALYSIS

B8 January 2,2019 & Drafting

Smithsonian scientists and collaborators are reviewing the history
of one of the world's most important crops. Based on genetic and
archaeological evidence, the researchers discovered that a
predecessor to today's corn plants that still have many
characteristics of their wild ancestor was likely brought to South
America from Mexico more than 6,500 years ago.
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Did maize dispersal precede domestication?

Unraveling the history of maize domesticates reveals a complex journey into South America

By Melinda A. Zeder

he domestication of plants and animals

and their dispersal across the globe

triggered a millennia-long process by

which human activity has become the

dominant influence on climate and the

environment (7). Domestication was a
watershed development that ushered in the
Anthropocene (2). How, when, where, and
why humans embarked on this path is cen-
tral to understanding how we might chart
our way in an uncertain fu-
ture. On page 1309 of this
issue, Kistler et al. (3) report
on the dispersal of maize into
and across northern South
America. The study contrib-
utes to the growing appre-
ciation of domestication as
a complex, coevolutionary
journey taken by humans
and receptive plant and ani-
mal species over hundreds,
if not thousands, of years.
The study also joins others in
showing how human popula-

further. Conventional wisdom had been that
maize dispersed into South America well af-
ter it was fully domesticated. In a major de-
parture, Kistler et al. demonstrate that the
maize lineage that made its way into South
America began its journey out of central
Mexico in a state of partial domestication
shortly after initial domestication. At the
same time, the authors show that other semi-
domesticated lineages followed independent
trajectories through Mexico and beyond, as
they diversified into various extant landraces

animals domesticated at different times in
different parts of the globe (4).

Traditional dispersal scenarios envisioned
a process in which domesticates moved out of
a restricted number of domestication centers
in a wave-like fashion through demic move-
ment or though trade. As this wave advanced,
indigenous hunter-gatherers were either dis-
placed by colonizing farming populations
or induced to adopt farming and herding as
more productive alternatives to traditional
foraging strategies (7). We now know the
process was much more com-
plex. Colonizing populations
did indeed move out of the
Near East into Europe with
their domesticates following
two paths—by sea around
the Mediterranean Basin and
over land through central
and into western Europe (8).
In each case, however, they
established pioneering farm-
ing communities in areas
that were largely devoid of
indigenous foragers. Complex
hunter-gatherers in Europe,
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Distribucion de las razas de maiz en el
continente Americano

~Historiade clasificaciordel
maiz
V Sturtevant (1899): reviewed the

variability ofZeamays

Catalogued in six main group: ~> 300 races

wrapped in individual leaf-like organs

+— Pod corns
Pop corns
Flint corns
Dent corns
Flour corns
Sweet corns

V Anderson & Cutler (1942): RaceZeaimays

Gwl OS -r&di$ defdmd as a number of varieties
with enough charactersn common to permit their
recognition as a group, eneticalterms it is a group
with asignificant numbe ofgenesh y 02 YY 2 YV §

Serratos, 2009



Pais Autor Ao
Meéxico Wellhauseret al. 1952
Colombia Robertset al. 1957
Cuba HathewayW.H. 1957
CentralAmérica(Guatemala Wellhauserat al. 1957
WestIndies BrownW.L 1960
Peru Grobmanet al. 1961
Ecuador Timothyet al. 1963
Venezuela Grantet al. 1963
Estudiomorfologicode cinco HernandeandAlanis 1970
nuevas razas de la Sierra

Madre Occidentalde México

Brazil Paternianiand Goodman 1978
Chile Paratoriet al. 1990
Argentina Solariand Gomez 1997
Bolivia Avilaet al. 1998
Paraguay SalhuanandMachado 1999

Total

N° Razas
32

23

7

20

52
29
19

20

23
14
40
10

301



Diversidadgenéticade maizperuano

V Colecciorde germoplasmaseinicioen 1952 (AlexandeGGrobman AlfonsoCerrate& AntonioManrique)
V Rockefeller Foundation & NSF
V Programade maizfue establecidoenla Universidad Nacion&lgrariaLa Molina: 1953

160_0 (P.CMangelsdorf
=escsICIEE Evolutiveand classification studies & Barbara
carried out (19541958) McClintock) +
Maize program
UNALM
‘
Razas o _ o
peruanas [l Races. of Maize in P.e.ru thelr Origins,
592 Evolution and Classificatio®\.(Grobman W.

Salhuana R.Sevilla1961)



Races of Maize in Peru their Origins, Evolution and Classification wefimed

V Caracteresnorfologicosde
mazorcapanojay planta
V Usos

V Localidadesle sucultivo
V Citogeneticgnumerode
cromosomay morfologig




Razagle maizen Peru

Costa Sierra Selva Costa Sierra Selva
Primitive races Lately derived races
confite morocho enano Huachano san geronimo chimlos
confite puntiagudo Chancayano san geronimo-huancavelicanmaranon
confite puneno perla Cuzco gigante
Kully rler_1d_a arequipeno
Anciently derived races .InC|p|ent races
Mochero Chullpi sabanero jora morado can.teno :
. coruca morocho cajabambino
Alazan huayleno piricinco : :
chancayano amarillcamarillo huancabamba
pagaladroga paro tumbesino allajara
rabo de zorro morocho | morochillo Huarmaca
chaparreno Huancavelicano blanco ayabaca
iqueno ancashino huanuqueno
shajatu Imperfectly defined races
piscorunto sarco perlilla
cuzco cristalino-amatrillo Introduced races
granada pardo aleman
uchuquilla arizona chuncho
colorado cuban yelov

Manrique (1997). 54 razas
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Fic. 26. Fars of a fasciated form cof Proto-Confite Puntiagudo

Fic. 30. Molded ears of Proto-Alazan on a pottery
Pagaladroga at the left, Proto-Alazan in the center and Proto- vessel of the Mochica Period. Note the straight rows of on a piece of pottery of the Mochica Culture. The ear to the
Mochero at the right (about % natural size). kernels (3%t natural size). left exhibits 2 very thick shank.

Grobmanet al., 1961

Fic. 28. Mochica pot with molded ears of three races, Proto-




Fic. 42. Archaeological ears of Confite Iqueiio from Los Cerrillos, Ica, showing
the large extension of the husks beyond the ear tip, providing good ear cover and Grobmanet al.. 1961
protection against insect attack. Three-fourths natural size. ’
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Fic. 39. Ceramic ear replica of Proto-Chullpi. At Archaeological Museum,
University of Cuzco, Peru. Natural size. (Photograph, courtesy Dr. Cesar Vargas)

Grobmanet al., 1961
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Fic. 32. Piricinco-like ears of Proto-Rabo de Zorro molded on a Mochica
ceramic vessel (%% natural size). Courtesy, Archaeological Collections of GrObmamt al-; 1961
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¢Porqué es tan diverso el maiz andino?

AE| maiz es un cultivo muy importante en el area andina ©
Sudamérica, donde se cultiva aproximadamente hace 7,
(Grobmantal, 201p

ADesdéhace 4,000 afios se diversificd en el Perl en difere
(Grobmari982).

AlLa diversidad ambiental y cultura




¢Es posible cuantificar la diversidad por el
numero de razas ?

U Lahipotesigueseusoeneltiempauesehizolaclasificacion
raciademaizenel Perdfuequelo que diferenciadbkasrazas
eralavariabilida@notipicarincipalmentdelamazorca.

U Esoenelareaandinanonecesariamente se debe a que ha

diversidad genética similar a la mitad del resto de Amer

U Poreso esecesario usar metodos genoyiamuosleculares
para diferenciar las razas con metodos que reflejen la v
diversidagenética.




Banco de Germoplasma de maPeru .
ituae

V Elbancode germoplasmale maizdel Peru [] 0- 2000
estaen la Universidad\NacionalAgrariaLa E 2000 - 2500
: 500 - 4500

V Conservaen condiciones controladas de
temperatura (+ 8C) yHR(40%),
aproximadamentel500 accesiones.

Accesione% altitud

e <2000
e >= 2000 < 1500
e >=31500

de agricultores que cultivan maiz en las tres
regiones naturales.

V Lacoleccion de esa semilla se hizo en diferentes
épocas del siglo pasado.

V La colecta principal fue en la décadal®s0
con el patrocinio delNationalResearclCouncil
de USA, que también patrocind la clasificacion
racial de toda laliversidad de maiz en el Peru
(Grobmanet al, 1961).



La diversidad del maiz se clasifica en raza

ALas razas se conservan in situ, en el espacio y en el tie
paramejorarlasvitandtaerosidonlebida laderiva
genéticy aestresedidticoy abioticos.

ADespuédeaproximadamente 60 afios de la clasificaciol
racial del maiz en todo América, es necesario una seqg!
aproximacion.



Nueva coleccidn y nuevas razas

AEN el 2016, el Ministerio del Ambiente (MINAlgtrocinG
unanuevacoleccionde la diversidaddel maizen todo el
pais.Elanalisisde esacolecciongenerovariosobjetivos
especificoselacionados la existenciade razaspreviamente
clasificadasy razas nuevas, que merecen incluirse en la
estrategia del banco de germoplasma de maiz para la
conservaciory usosostenible

ASe ha encontrad@6 razas nuevas de las qoueeve se
consideran diferentes de las conocidas.




Raza
Branconarinoso

Razas nuevas no detectadas en 1961 y posibles relaciones planteadas como hipot

Hipotesis

RaZade allplia G [TOUCION Uye 10S DIalnco

Blancosemr
dentado

INtroducidarecientementeen la selvanorie

blancobambamarca

ESblancoharinoso

blanCoOAyabaca

ESblancoharinoso

Amarilio
Huancabamba
ancheronorteno

esCancheronorteno

rRazade ampliadistrioucion, inciuyetodos IoS cancherosde la sierranorte

Huarmaca

Razantroducida del ecuador,probablemente es Huandango

Cambayeque

Enla pruebade nipotesisapareciomuy cercanaa Umutu y a Amarilio Huancabamba

IViorocho norteno

Razade amplia distribucion. Incluye a iviorocho Cajabampbino

umutu

Solocolectadaen CajamarcalNo convencerelacioncon Lambayequeni con Amarillo
HuancabambaVer figura 2

fusllia

Introduccionreciente a la selvanorte

Amarilio dentado

esintroducido en la decadalY4U(CubanyellowbDent)

Granadablanco

MOFTOInga de mazorcaindica adaptaména tierras altas

Cabanita

Podrianseruna solarazacon Granadablanco

IqUENo

lodaslas colectasrecientesde Igueno son Chaparreno

INroauclido del blc d |ld reglon de ucayall,pero no esreverl

(Briegeret al, 1958)



Nuevas razas registradascoleccion 2016

CAl -47
BLANCO HARINOSO

EEE B EEERERNEN.

BLANCO SEMIDENTADO TUSILLA

CABANITA
Figura 1. Razas nuevas (no descritas en la primera aproximacion: Grobman et al, 1961).



¢ Tres razas de la sierra norte pueden ser consideradas de la misma raza:
Canchero norteno?
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Variabilidad molecular en 5 razas

bancode germoplasma del CICGAJNSAAC, Cusco

Iniciadores SSR

NP
Raza :
accesione
Kulli 14
Chullpi 15
Cuzco cristalino 15
Cuzco amilaceo 15
Pisccorunto 15
Cusco Gigante 15

Iniciador Secuencia
ohi127 F ATATGCATTGCCTGGAACTGGAAGGA
R AATTCAAACACGCCTCCCGAGTGT
ohi079 F TGGTGCTCGTTGCCAAATCTACGA
R GCAGTGGTGGTTTCGAACAGACAA
0hi034 F TAGCGACAGGATGGCCTCTTCT
R GGGGAGCACGCCTTCGTTCT
phi054 F AGAAAAGAGAGTGTGCAATTGTGATAGAG
R AATGGGTGCCTCGCACCAAG
1003 F ACCCTTGCCTTTACTGAAACACAACAGG
R GCACACCGTGTGGCTGGTTC
ohi064 F CCGAATTGAAATAGCTGCGAGAACCT
R ACAATGAACGGTGGTTATCAACACGC
ohi119 F GGGCTCCAGTTTTCAGTCATTGG
R ATCTTTCGTGCGGAGGAATGGTCA
0hi026 F TAATTCCTCGCTCCCGGATTCAGC
R GTGCATGAGGGAGCAGCAGGTAGTG
phi001 F TGACGGACGTGGATCGCTTCAC
R AGCAGGCAGCAGGTCAGCAGCG




Diversidad genética de lasccesiones elas 5 razas de maiz amilaceo

Phi127 & 1.0924 0.0851 0.0875 -0.2242 -0.045 0.1464
phi079 i 1.255 0.2045 0.0658 0.6789 0.7192 0.1255
phi034 [ 1.0515 0.0493 0.0375 0.192 0.2268 0.0431
phi026 |3 5.3235 0.8175 0.8816 -0.1603 -0.0974 0.0542
phi001 [ 2.2169 0.5522 1 -0.8256 -0.8189 0.0037
phi119 [ 3.4717 0.7164 0.9625 -0.4153 -0.3576 0.0408
phi064 [3 3.7904 0.7406 0.3133 0.5492 0.5686 0.043
nc003 [ 4.8286 0.799 0.5231 0.2802 0.3452 0.0903

A= numero de alelos observados
Ae= numero de alelos eficaz

He =heterocigosidadsperada

Ho =heterocigosidadbservada
F. = coeficiente de consanguinidad
F, = indice de fijacion

Fuente de Suma de Componente de Porcentaje de
Variancia cuadradovarianza variacion
Entrerazas 15.667 0.0510: 2.5714¢
Dentro de las

razas 286.28] 1.9332¢ 97.4285:
Total 301.94¢ 1.9842¢

Fuente: Tesis F. Catalan (2019)



Avances en el analisis de la diversidad morfologica y molecular del maiz
peruano

Objetivos

V Construircolecciomucleode lavariabilidaddel maizperuano
V Estableceestrategiasde conservaciorexsitu e in-situ

V Promovemejoramientodel maizharinosoy dulce
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Materialesy Métodos



Germoplasma

U Numerode accesionesiable con >50%
capacidadle germinacion 1701

Accesioneg altitud

L 40% o

2 & & O

Costa 406

Selva 332

Sierra 063

Total 1701 - Fenotipado
1807

“~ Genotipado



Metodos

V Fenotipado - Descripcién morfoldgica
V Genotipado ... snp



Fenotipado

Satipq Junin
700msnm

V Localidades3

V 20plantagaccession

V hermanoscompletos
progenies

N

’,",

@ 3200msnm




Descriptoresnorfologicosdel maiz(IBPGR, 1991j)sados

1. Daysto tasselingmaleflowering)

2. Daysto silking(femaleflowering)

3. Plantheight(cm)

4. Earheight(cm) g}i . f ?—’1

5. Earlength[cm] :,ff‘;f” =
6. Eardiameter[cm], measurexabtthe cen’tralparthfthe uppermostear |
7. Numberof kernelrows afi . B = ; xl S
8. Numberof kernelsperrow “=: =S P

9. Kernelcolor e e sEmen e

Fig. 2 Kernel row arrangement

10. Kerneltype
11. Kernelrow arrangement
12.Cobcolor

13. Kernelweight[g], 1000grainsadjustedto 12 % moisturecontent

&

Ear diameter
&
&
Cob diameter

Rachis diameter
¥
L



Genotipado

Muestreode hojas

—
20-plantasl accesion | SecadenTC
(<100C, HR%= 55)
— — -

Extraccidorde DNA

Poolingplantagacc



