Chapter 8

Genetic Erosion and In Situ Conservation
of Lima Bean (Phaseolus Lunatus 1..)
Landraces in Mesoamerican

Diversity Center

Jaime Martinez-Castillo, Filogonio May-Pat, Luciana Camacho-Pérez,
Rubén H. Andueza-Noh and Félix Dzul-Tejero

Abstract To understand the role of a geographical region in the in situ conserva-
tion of the genetic diversity of any crop, it is necessary to analyze the current con-
servation status of the crop and any genetic changes that have occurred within the
last few decades in the region. Lima bean (Phaseolus lunatus L.) is an important
crop in the Mayan agriculture of the Yucatan Peninsula, Mexico, its Mesoamerican
center of diversity. In this region, 3 of the 21 landraces dominate 71.24 % of the
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cultivated area, and 12 are rare landraces grown in only 6.29 % of the area. This
chapter analyzes the risk of the genetic erosion in Lima bean landraces from the
Yucatan Peninsula using molecular markers, with the objective of generating data
to develop comprehensive in situ conservation programs for the crop. Molecular
analyses showed that the many landraces that are planted by only a few peas-
ants contained higher levels of genetic diversity compared with the three most
abundant landraces. Also, they showed that the landraces planted in 1979 have
higher levels of genetic diversity than those planted in 2007 and that, over the last
30 years, the genetic make-up of this crop has shifted. If current trends in the culti-
vation of the Lima bean landraces continue, many will no longer be planted within
two to three generations, contributing to further genetic erosion. The establishment
of evidence-based programs for the in situ conservation of Lima bean landraces is
urgently needed in this center of genetic diversity.

Keywords ISSR markers + Landraces « Loss of genetic diversity + SSR
markers - Traditional mayan agriculture - Yucatan peninsula

8.1 Introduction

Mexico forms part of the Mesoamerican center of domestication (Vavilov 1926).
The ecological, productive, and cultural conditions of the traditional agroecosys-
tems in Mexico have helped to conserve a large number of domesticated species.
These conditions have also maintained these species as part of a dynamic scenario
for the development of new crops and the evolution of species, processes that
favor high levels of variation and genetic contact with wild relatives (Hernandez-
Xolocotzi 1973). Genetic erosion, the loss, or reduction of genetic diversity
between and within populations of the same species over time (Jarvis et al. 2000),
is a significant issue affecting diversity in crop domestication areas as Mexico: (1)
concentrate the highest genetic diversity; (2) traditional growers conserve ancestral
landraces (i.e., the local populations of cultivated species generated by traditional
farmers), along with the knowledge and cultural practices that created this diver-
sity; and (3) the presence of wild—crop introgression (Bellon and Taylor 1993;
Brush 1991). Most often resulting from agricultural, economic, and social changes
(FAO 1996), genetic erosion in domesticated species has been evaluated at the
level of landrace (Hammer and Laghetti 2005; Tsegaye and Berg 2006) because
it constitutes the primary available genetic pool for hybridization and genetic
improvement programs (Harlan and De Wet 1971). Several decades ago, Frankel
and Bennett (1970) noted the importance of genetic erosion within traditional agri-
cultural systems on the word. They stated that many genetic reservoirs for crop
plants were rapidly disappearing, and the detailed five principles: (1) diversity in
crops exists because of adaptation by localized populations; (2) traditional agricul-
ture that continues in centers of diversity maintains high, stable diversity; (3) mod-
ern agricultural technology, including modern varieties, is a recent phenomenon
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and leads to instability; (4) competition between local and introduced varieties
results in displacement of local varieties; and (5) displacement of local varieties
reduces the genetic variability of the entire crop gene pool.

In Mexico, the milpa is the most important traditional agricultural system. It
is an ancestral Mesoamerican dry land farming system based on human energy
by which vegetation is cyclically slashed and burned to plant a group of basic
crops. In the milpa, after 2—4 years of cultivation (depending on soil fertility), the
land is allowed to rest for 5-15 years before a new cycle is begun (Hernandez-
Xolocotzi 1992; Pérez-Toro 1945). The conservation of patches of vegetation that
are cyclically cultivated is, in turn, the mainstay of the milpa’s productivity, as it
assures the recovery of soil fertility and maintains the habitat for a large part of
the plant genetic resources integrated into the milpa agroforestry production sys-
tem (Colunga-GarciaMarin and May-Pat 1993; Herndndez-Xolocotzi 1992). The
three principal crops of the milpa are corn (Zea mays L.), beans (P. vulgaris L., P.
coccineus L., P. polyanthus Greenman, P. lunatus L.), and squash [Cucurbita mos-
chata (Duch) Duch ex Poir; C. argyrosperma Huber]. Alongside these basic crops,
many other secondary species are cultivated, such as chilli peppers (Capsicum
spp.), batata (Ipomoea batatas L.; sweet potato), tomato (Solanum esculentum L.),
and cassava (Manihot sculenta Crantz). Within any of these crops, a great intraspe-
cific diversity is reflected in the existence of a large number of landraces. It is the
case of the Lima bean (P. lunatus).

8.2 Lima Bean (Phaseolus Lunatus L., Fabaceae)

Lima bean (Phaseolus lunatus L.) is one of five domesticated species of the genus
Phaseolus that has evolved in the neotropics for at least 6000 years (Kaplan and
Lynch 1999). It is, after common bean (P. vulgaris), the second most important
commercial species of Phaseolus beans around the world (Baudoin et al. 2004).
Its primary genetic pool has wild (P. lunatus var. silvester) and domesticated (P.
lunatus var. lunatus) forms (Baudet 1977). Recent studies using cpDNA and ITS
polymorphisms (Motta-Aldana et al. 2010; Serrano-Serrano et al. 2010, 2012;
Andueza-Noh et al. 2013) have indicated that the organization of the genetic diver-
sity of P. lunatus comprised three major gene pools: Andean (A), Mesoamerican
I (MI), and Mesoamerican II (MII), all containing both wild and domesticated
populations. Three cultigroups (cv-gr) are recognized in the domesticated forms
(Baudet 1977): (1) Potato, with small, round seeds; (2) Sieva, with medium-
sized, kidney-shaped seeds; and (3) Big Lima, with large, flat seeds. The Potato
and Sieva cultigroups represent the MI and MII groups, and the Big Lima rep-
resents the Andean. The domestication area of the Andean gene pool has been
located between Ecuador and northern Peru (Motta-Aldana et al. 2010; Serrano-
Serrano et al. 2012). Evidence generated recently indicates a domestication event
for MI in western Mexico (Motta-Aldana et al. 2010; Serrano-Serrano et al. 2012;
Andueza-Noh et al. 2013). Although domestication of MII has yet to be defined,
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recent evidence suggests that, if present, it will be located in the region between
Guatemala and Costa Rica (Andueza-Noh et al. 2013).

8.2.1 Lima Bean in the Yucatan Peninsula, Mexico

The Lima bean landraces, called Ibes in Mayan, represent the fourth main crop
for the Maya of the Yucatan Peninsula, the region with the highest morphological
variation of landraces in all Mexico (Ballesteros 1999). This crop is planted into
the milpa (Fig. 8.1a), principally and, less frequently, in home gardens (Fig. 8.1b).
At present, there are four geographic areas in the Yucatan Peninsula where the
milpa continues to be the most important economic activity (Fig. 8.2). These areas
correspond to four of the 13 cultural-geographic zones established by Adams and
Culbert (1977) for the origin of the Maya lowland civilization: (1) northeastern
Campeche (NECAMP), in “Los Chenes” zone, (2) southern Yucatan (SYUC), in
the “Puuc” zone, (3) southeastern Yucatan (SEYUC), located within the “Northern
Plains” zone, and (4) central eastern Quintana Roo (CEQROQO), within the “Rio
Bec” zone (Fig. 8.2).

Fig. 8.1 Lima bean
cultivated in two different
agricultural systems in

the Peninsula of Yucatan,
Mexico. a Lima bean planted
over maize plant in the
traditional Mayan milpa. b
Lima bean planted over a
traditional Mayan backyard
(albarrada) of a home garden




8 Genetic Erosion and In Situ Conservation of Lima Bean ... 289

N
- ¢ = = 21°00
s Yucatan state .
Gulf of Mexico oo
NECAMP Qu'n;atg?eRoo = 19°00
Campeche state 0
™ / Caribbean
e Tl -//4 sea
I I
e-—.I Guatemala { Belize { ﬂ‘
60 0 60  "j20 |
—" ".J!‘(‘:n ] L 17°00
I I |
91°00 89°00 87°00

Fig. 8.2 Four agricultural regions where the Mayan milpa is an important traditional agricul-
tural system. SYUC southern Yucatan, NECAMP northeastern Campeche, SEYUC southeastern
Yucatan, CEQROO central eastern Quintana Roo. Also, this Figure shows the three wild-weedy-
domesticated complexes (X-Bilincok, Xocen and X-Hazil) of Lima bean studied by Dzul-Tejero
(2011)

Using morphophenological and ethnobotanical data, Martinez-Castillo et al.
(2004) found 25 landraces of Lima bean with Potato, Sieva and intermediate
forms of both cultigroups and characterized their relative abundance based on
the percentage of cultivated area and the number of farmers that plant each lan-
drace. Using a sample of 160 traditional Mayan farmers from the four agricultural
zones before mentioned, these authors found that, of 25 landraces planted, three
accounted for 71.24 % of the cultivated area. Most of the remaining 22 landraces
were rare, meaning each accounted for less than 2 % of the cultivated area; in
many cases, they were grown by a single farmer. This situation indicates that the
crop is at serious risk for genetic erosion, which is increased by three factors: (1)
environmental factors such as drought and hurricanes, which have led to loss of
seed; (2) intensification of the traditional Mayan agriculture, which displaces cul-
tivation of these landraces; and (3) increasing rural population and socioeconomic
changes have led to migration of Mayan growers to tourist centers, with conse-
quent abandonment of agricultural activity and changes in the traditional Mayan
diet (Cuanalo and Arias 1997; Ku-Naal 1995; Reyes and Aguilar 1992).
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Fig. 8.3 Groups of Lima bean landraces analyzed. Line A (abundant landraces): Mulicion, Sac,
Putsica-sutsuy; line B (common landraces): Bacalar, Nuk, Chak-saac, Mejen, Chak-petch, Bal-
che; line C (rare landraces): Box-petch, Balam-pach, Tsisibal, Kan, Chak-mejen, Madzakitam;
line D (rare landraces): Pool-santo, Tabaco, Box-uolis, Chak-uolis, Chak-chi, Chocolate. Lan-
draces are named from left to right. Culti-groups: P (cv-gr Potato), S (cv-gr Sieva), I (intermedi-
ate forms between Potato and Sieva) (Reproduced from Martinez-Castillo et al. 2008)

8.3 Genetic Erosion in Lima Bean from the Yucatan
Peninsula: Evidence from ISSR Molecular Markers

Since Zietkiewicz et al. (1994) invented the Inter-Simple Sequence Repeats (ISSR)
technique, it has proven to be a rapid, simple and inexpensive way to assess
genetic structure and diversity (Culley et al. 2007; Gonzélez et al. 2005), to ana-
lyze genetic relationships among cultivars (Prevost and Wilkinson 1999; Martins
et al. 2003), and to study evolutionary processes (Galvan et al. 2003). The ISSR
technique allows the detection of polymorphism without previous knowledge of
DNA sequences. It amplifies DNA using the polymerase chain reaction (PCR) and
a single primer composed of a microsatellite (SSR) sequence, anchored at the 3’
or 5’ end by two to four arbitrary, often degenerate, nucleotides (Zietkiewicz et al.
1994). The ISSR is a dominant marker so that the heterozygote cannot be directly
distinguished from the dominant homozygote phenotype (band) at individual loci
and consequently, the estimation of allele frequencies using /SSR markers presents
some statistical difficulties (Lynch and Milligan 1994). These difficulties have
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been resolved using appropriate estimators for the analysis of dominant markers
such as the Shannon diversity index (/) (Shannon and Weaver 1949), percentage
of polymorphic loci (%P), Nei’s genetic diversity index (/) considering the Taylor
expansion (Lynch and Milligan 1994) and with new methods as average heterozy-
gosity (H) using the Bayesian approach proposed by Zhivotovsky (1999).

On the basis of the plant material and data collected by Martinez-Castillo
et al. (2004, 2008) used 90 ISSR loci (Table 8.1) to analyze the genetic diver-
sity of 21 Lima bean landraces of differing relative abundances: (a) three abun-
dant landraces, each grown on more than 16 % of the total cultivated area and
planted by 10-33 producers in four agricultural zones; (b) six common landraces,
each grown on 3-5 % of the cultivated area and by 5-14 producers; and (c) 12
rare landraces, each planted on less than 2 % of the total area and grown by 1-4
farmers (Fig. 8.3, Table 8.2). These authors found that the Yucatan Peninsula has
high levels of hgenetic diversity (4 = 0.28) in comparison with others studies.
Using alloenzymes, Maquet et al. (1997) reported an = 0.26 for the P. lunatus
base collection of the Germplasm Bank of the International Center for Tropical
Agriculture (CIAT-Colombia) and they stated that this is a significant level and
higher than reported for other plants that, like P. [unatus, are mixed-mating
or short-lived perennial species (4 = 0.12) (Hamrick et al. 1991). Using RAPD
markers, Nienhuis et al. (1995) found a lower genetic diversity for domesti-
cated Mesoamerican forms (h = 0.11). Also, using AFLP molecular markers,
Castifieiras et al. (2007) found a lower genetic diversity in landraces planted in
Cuban home gardens (h = 0.119). Compared with all these studies, results from
Martinez-Castillo et al. (2008) could be reflecting the high genetic diversity
maintained by Mayan farmers in the milpa of the Yucatan Peninsula, México
(Table 8.3).

Within the domesticated gene pool from the Yucatan Peninsula, Martinez-
Castillo et al. (2008) found that the common group of landraces had the high-
est genetic diversity (except for %P), although the differences between the three
groups (abundant, common, and rare landraces groups) considered were not sta-
tistically significant (Table 8.3). The rare landraces group had genetic diver-
sity values (h and I) slightly lower than the common landraces group, but higher
for %P (Table 8.3), probably because nine of the 12 rare landraces were repre-
sented by only one accession (Table 8.2), whereas all the common landraces were

Table 8.1 Characteristics of four ISSR primers to estimate the diversity and genetic relation-
ships of P. lunatus landraces from the Yucatan peninsula, Mexico (Martinez-Castillo et al. 2008)

Primer | Primer Annealing Number of Polymorphic | Monomorphic
code sequence temperature (°C) | loci analyzed | bands bands

15 (GACA)3 RG |42 21 15 6

16 YR (GACA); |42 16 13 3

30 (GACAC); AG |54 20 15 5

32 (GACAC); RG |54 33 28 5

*R=AorG



292

J. Martinez-Castillo et al.

Table 8.2 Local name, culti-group, number of accessions, relative abundance, percentage of
cultivated area, and agricultural regions of 21 landraces of Lima bean (P. [unatus) of the Yucatan

peninsula, Mexico (Martinez-Castillo et al. 2008)

Local name | Culti-group | Number of Relative % of cultivated | Agricultural
accesions used| abundance | area regions

Mulicion Potato 5 Abundant |29.61 All regions

Sac Intermediate | 5 Abundant | 25.13 All regions

Putsica-sutsuy | Intermediate | 5 Abundant | 16.5 All regions

Bacalar Sieva 5 Common 5.82 CEQROO

Nuk Sieva 5 Common 4.12 SYUC

Chak- saac Sieva 5 Common 4.1 CEQROO, SEYUC

Mejen Sieva 5 Common 3.00 SYUC

Chak- petch | Sieva 5 Common 1.79 CEQROO, SEYUC

Balche Sieva 5 Common 0.92 CEQROO

Box-petch Intermediate | 1 Rare 1.85 CEQROO,

NECAMP

Balam-pach | Potato 1 Rare 1.1 SEYUC

Tsisibal Potato 2 Rare 1.1 SEYUC

Kan Potato 1 Rare 1.01 SEYUC

Chak-mejen | Sieva 2 Rare 0.32 NECAMP

Madza-kitam | Sieva 1 Rare 0.31 SEYUC

Pool-santo Intermediate | 1 Rare 0.26 CEQROO, SEYUC

Tabaco Sieva 1 Rare 0.16 CEQROO

Box-uolis Potato 1 Rare 0.08 CEQROO

Chak-uolis Potato 4 Rare 0.06 CEQROO, SEYUC

Chak-chi Sieva 1 Rare 0.02 SEYUC

Chocolate Sieva 1 Rare 0.02 CEQROO

Agricultural regions: SEYUC southeastern Yucatan, CEQROO central eastern Quintana Roo,
SYUC, southern Yucatan, NECAMP northeastern Campeche

Table 8.3 Estimators of genetic diversity of Lima bean landraces groups from the Yucatan pen-

insula, Mexico, using 90 ISSR loci (Martinez-Castillo et al. 2008)

Percentage of | Shannon’s | Nei’s gene | Bayesian average
polymorphic diversity diversity (h) | heterozygosity
loci (% P) index (1) (H)

Total domesticated gene pool | 78.9 0.33 0.29 0.31

Groups of landraces

Dominant landraces 26.7 0.17 a 0.13a 0.27 a

Common landraces 589 033 a 0.26 a 0.37a

Rare landraces 66.7 0.27 a 024 a 0.28 a

Groups with the same letter are not different significantly (a = 0.05)
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represented by at least five accessions. The minimal abundance of the rare lan-
draces is the main factor that most increases their risk for genetic erosion since
it can lead to their local extinction. During a travel made in 2007 to collect germ-
plasm of Lima bean landraces, a farmer from southeastern of the Yucatan reported
that he had lost his seed of Pool-santo and Chak-chi landraces in the 2006 agri-
cultural cycle due to a lack of rain. In another case, a farmer from Central-east
of Quintana Roo stopped planting the Chocolate and Tabaco landraces in 2005
because he became sick that year and did not cultivate his milpa. This farmer was
the only one who had these two rare landraces and these have not been collected
again until now. Two factors that could reduce the risk of genetic erosion in some
of the rare landraces are dark seed color and their mixed management by Mayan
farmers. Both aspects favor the entrance of wild alleles through formation of wild—
weedy—domesticated complexes and the generation of weedy forms (Martinez-
Castillo et al. 2004). A special case in the use of seed mixtures is the Bacalar
landrace, which has become a kind of “genetic dump” as it contain seeds similar
to many different landraces, such as Mejen, Nuk, and Pool-santo, including weedy
forms (Fig. 8.4).

‘ Seed simllar o !

Mejen or Nuk

Fig. 8.4 Weedy forms found into a Bacalar seed lot from central-east Quintana Roo (Repro-
duced from Martinez-Castillo et al. 2008)
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Martinez-Castillo et al. (2008) showed that the abundant landraces group had
the lowest values of genetic diversity among the three groups for all estimators,
except for H that equaled the value for the rare landrace group (Table 8.3). These
low values could reflect a germplasm selection influenced by external market
demands. Martinez-Castillo et al. (2004) reported that one of the main selection
criteria for the three most abundant landraces (Mulicion, Sac, and Putsica-sutsuy)
is production of seed for sale; thus, Mayan farmers currently tend to plant white-
seeded landraces (Mulicion, Sac, Mejen, Nuk). This tendency leads to selection
against weedy forms that are produced from crosses between landraces and the
wild populations surrounding the milpas, consequently limiting introgression of
wild alleles and increasing the risk of genetic erosion. In relation to the dominant
Lima bean landraces, Debouck (1979) collected at least 10 different landraces
in northeastern Campeche in 1979, but currently only three have been observed,
and these are dominated by Mulicion and Sac. Informal interviews with Mayan
growers suggest that this loss of landraces is associated with the introduction of
mechanized agriculture and monoculture of improved varieties of corn. Recent
field observations indicate that even the planting of abundant Lima bean landraces
such as Mulicion and Sac is decreasing in response to low prices. A similar case
is happening in southern Yucatan, where the Mejen landrace has been replacing
the other landraces with seeds that are not white (Martinez-Castillo et al. 2004).
Recently, the area sown with Mejen has decreased because of low market demand.
Even though in the 2004 study, Mejen was considered as a landrace, evidence sug-
gests that it could be an improved variety introduced approximately 25 years ago:
(1) it was not found by Debouck in 1979, (2) it is a variety planted as a monocrop
(a rarity in traditional Mayan agriculture) and is not associated with maize as are
all the other landraces, and (3) it is a variety with a very short production cycle
that depends on a lot of water, a limited resource in the Yucatan Peninsula. This
decrease in the number and density of planted populations may mean that a new
genetic bottleneck is soon to come for the abundant landraces.

8.4 Genetic Erosion in Lima Bean from the Yucatan
Peninsula: Temporal Analysis Using SSR
Molecular Markers

The microsatellite (SSR-Simple Sequence Repeat) marker, a codominant marker
that is highly polymorphic and discriminating and distributed throughout the
genome (Tautz and Renz 1984), have proven useful in studies of genetic struc-
ture and diversity in cultivated plants (Martinez-Castillo et al. 2006, 2007; Zhou
et al. 2006). Using nine SSR polymorphic loci (Table 8.4), Martinez-Castillo et al.
(2011) temporally analyzed genetic erosion in Lima bean landraces from north-
eastern Campeche (NECAMP) (Fig. 8.2). These authors analyzed material col-
lected during two different years: (1) seeds of 23 accessions that were collected in
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Table 8.4 Characteristics of nine SSR loci used to estimate the genetic erosion of the Lima bean
accessions collected in 1979 and 2007 in northeast Campeche, Mexico (Martinez-Castillo et al.
2011)

Primer | SSR sequence 53" | Primer sequence Annealing | Base
code temperature| pairs
°C)

GATS91 | (GA)17 Left | GAGTGCGGAAGCGAGTAGAG |53 229
Right | TCCGTGTTCCTCTGTCTGTG

AG1 “(GA)sGGTA(GA)s | Left | CATGCAGAGGAAGCAGAGTG |52 132
Right | GAGCGTCGTCGTTTCGAT

BM140 | (GA)3g Left | TGCACAACACACATTTAGTGAC |55 190
Right | CCTACCAAGATTGATTTATGGG

BMI156 | (CT)a Left | CTTGTTCCACCTCCCATCATAGC |52 267
Right | TGCTTGCATCTCAGCCAGAATC

BM211 |(CT)ie Left | ATACCCACATGCACAAGTTTGG |52 186
Right | CCACCATGTGCTCATGAAGAT

BM202 | (GA)yGT(GA)4 Left | ATGCGAAAGAGGAACAATCG 50 156
Right | CCTTTACCCACACGCCTTC

BM170 |(CT)sCCTT(CT);2 Left | AGCCAGGTGCAAGACCTTAG 50 179
Right | AGATAGGGAGCTGGTGGTAGC

BM183 |(TC)14 Left | CTCAAATCTATTCACTGGTCAGC| 52 149
Right | TCTTACAGCCTTGCAGACACT

BM197 |(GT)s Left | TGGACTGGTCGATACGAAGC 54 201
Right | CCCAGAAGATTGAGAACACCAC

1979 by Dr. Debouck in Nohalal town (in northeastern Campeche) were obtained
from the Germplasm Bank of the Centro Internacional de Agricultura Tropical
(CIAT-Colombia) (Fig. 8.5a), and (2) seeds of 21 accessions were collected
directly in 2007 by Dr. Martinez-Castillo in Nohalal and three adjacent Mayan
towns: Chunyaxnic, X-Bilincock, and Yaax-haltun (Fig. 8.5b).

First, Martinez-Castillo et al. (2011) analyzed genetic erosion in the same
Mayan town (Nohalal) for the two collected years (1979 vs 2007). The authors
found that all the genetic diversity estimators gave higher values for 1979
(Table 8.5). These results can be a consequence of the number and kind of lan-
draces collected during each year. In 1979, Dr. Debouck collected 10 landraces
at least, whereas in 2007 only three landraces were collected, and many of the
accessions were seeds with white testa (Fig. 8.5b). At present, white seed lan-
draces (Sac, Mulicion and Mejen) dominate Lima bean production in the Yucatan
Peninsula (Martinez-Castillo et al. 2004). Secondly, the authors analyzed the
genetic erosion between the accessions collected in 1979 in Nohalal compared
with all accessions collected in 2007 in Nohalal and the three neighboring towns.
Values of %P and the number of alleles per locus (N,) between the two collected
years did not differ, meaning that the allelic richness is similar in both years.
However, the number of effective alleles (Ne) and i, whose values were higher in
the accessions collected in 1979 (Table 8.5), did differ for the two groups, indi-
cating that the genetic diversity was greater in 1979. Importantly, including
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Fig. 8.5 a Accessions of Lima bean analyzed from Nohalal-1979. b Accessions of Lima bean
analyzed from 2007. In Fig. 8.5b, letter after the accession represent the town where that acces-
sion was collected: a Yaax-haltun, b Chunyaxnic, ¢ X-Bilincok, d Nohalal (Reproduced from
Martinez-Castillo et al. 2011)
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Table 8.5 Estimators of genetic diversity of the Lima bean accessions collected in northeastern
Campeche analyzed by collected year (1979, 2007) (Martinez-Castillo et al. 2011)

Collected Percentage of Observed number | Effective number | Nei’s genetic

year polymorphic loci | of alleles (na) of alleles (ne) diversity index (H)
(% P) (SD) (SD) (SD)

1979 44.44 1.55 (0.73) 1.34 (0.50) 0.18 (0.24)

2007-Nohalal | 5.00 1.04 (0.01) 1.00 (0.02) 0.01 (0.01)

All-2007 44.44 1.56 (0.73) 1.05 (0.08) 0.05 (0.07)

SD standard deviation

accessions collected in the three other Mayan towns generated a decrease in the
differences observed between the genetic diversity estimators, in relation to the
previous analysis (Nohalal-1979 vs Nohalal-2007) (Table 8.5). This decrease
could be due to the fact that the germplasm collected in 2007 in the three towns
contained accessions of other landraces that were not found in Nohalal in 2007.
These landraces may have high levels of genetic diversity that could compensate
for the lower levels of genetic diversity present in the landraces collected in 2007
in Nohalal. These landraces are no longer planted in Nohalal, even though the
four Mayan towns are neighbors. The main reason for this could be the agricul-
tural intensification present in Nohalal over the last 30 years. The Nohalal Mayan
farmers have better soils that could be used to plant improved varieties of maize
and other species with high commercial value. In the case of the Lima bean lan-
draces, only those with commercial value (e.g., Sac and Mulicion) are considered
for planting in these areas.

To understand better the genetic erosion process in the landraces from north-
eastern Campeche between 1979 and 2007, Martinez-Castillo et al. (2011) also
analyzed the genetic differentiation among the landraces between these two col-
lected years. An analysis of molecular variance (AMOVA) (Excoffier et al. 1992)
revealed that a great proportion (82.2 %) of the total variation can be explained by
differentiation among the two temporal groups of accessions (1979 vs all-2007),
with only 12.9 % of the total among accessions within years. To confirm these
results, the authors analyzed the genetic relationships among the all accessions.
An Unweighted Pair Group Method with Arithmetic mean (UPGMA) analysis
(Fig. 8.6) indicated a grouping of the accessions in accordance with the years of
collection, with high bootstrap values supporting each group. This result indicated
that the genetic erosion is not only quantitative as discussed earlier, but also quali-
tative. Thus, over the last 30 years, there has been a shift in the genetic make-up
of this crop in NECAMP. This result is also similar to other studies that have indi-
cated that plant breeding can generate a qualitative change in the genetic diversity
of crops (Khlestkina et al. 2004; Le Clerc et al. 2005; Mantegazza et al. 2008;
Xiu-Quiang et al. 2007).

Finaly, Martinez-Castillo et al. (2011) used the Bottleneck program (Luikart
and Cornuet 1997) to look for a possible bottleneck event between 1979 and 2007,
first for each year of collection (accessions from 1979 in Nohalal, accessions
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Fig. 8.6 Dendrogram (UPGMA) based on Nei’s genetic distance (1978) of 44 accessions ana-
lyzed using 9 SSR loci. The numbers at the nodes are the proportion of similar replicates sup-
porting each node (Reproduced from Martinez-Castillo et al. 2011)

collected in 2007 in Nohalal, and accessions collected in 2007 in Nohalal, and
the other three adjacent towns). For this analysis, Wilcoxon sign-rank tests were
not significant, indicating there is no excess in gene diversity under any of three
mutation models (Stepwise Mutation Model [SMM], Two-Phased Model [TPM],
Infinite Allele Model [IAM]) considered in the Bottleneck program and thus no
bottleneck event in these three gene pools. Only the Lima bean accessions col-
lected in 1979 in Nohalal yielded values close to o = 0.05, indicating a possi-
ble bottleneck event. It is important to remember that the accessions collected in
Nohalal in 1979 were obtained from the CIAT gene bank where the rejuvenation
process of the seed alone can lead to genetic erosion. Even considering this factor,
these accessions had higher genetic diversity than did all the accessions collected
in 2007 (h = 0.18 vs h = 0.05, respectively).

8.5 Genetic Diversity in Lima Bean from the
Yucatan Peninsula Compared with the Highland
Mayan Subarea

Mayan culture is one of the most important of Mesoamerica. The Mayan geo-
graphical region has been divided into two subareas: lowlands and highlands
(Ruz 1981; Sharer 1999). The Yucatan Peninsula is part of the Mayan lowlands;
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Chiapas state (Mexico), and Guatemala (except the Peten area) are part of the
Mayan highlands. Whereas the genetic diversity of Lima bean planted in the
Mayan lowlands is welldocumented (Martinez-Castillo et al. 2004, 2008, 2011),
until 2012 there was no molecular data for Lima bean from the Mayan highlands.
Considering this, using 73 ISSR loci, Camacho-Pérez (2012) analyzed the genetic
diversity in the entire Mayan region and in each subarea (23 accessions from each
subarea). Using a Bayesian approach (Zhivotovsky 1999), Camacho-Pérez found
high levels of genetic diversity in the Mayan area (H = 0.45), with higher levels in
the lowlands (H = 0.44) than in the highlands (H = 0.36). This author also found
a high genetic differentiation between the two subareas (AMOVA = 65 % of total
variation between groups) and a grouping pattern based on the presence of the two
subareas. These results confirmed the importance of the Yucatan Peninsula as a
center of genetic diversity for the Lima bean landraces.

8.6 Gene Flow and Genetic Introgression: Factors that
Counter Genetic Erosion in Lima Bean in the Yucatan
Peninsula

In the Yucatan Peninsula, inter-landrace gene flow and natural introgression of
wild alleles may prevent the genetic erosion of Lima bean landraces. Martinez-
Castillo et al. (2004) reported the planting of up to seven landraces in a single
milpa and existence of a wide variety of hybrid seeds. Using eight SSR markers,
Martinez-Castillo (2005) observed very high gene flow levels between landraces
in each of the agricultural regions of the Yucatan Peninsula. On the other hand,
Martinez-Castillo et al. (2006) reported high genetic diversity levels in the wild
populations of Lima bean from this region, and Martinez-Castillo et al. (2007)
documented wild—domesticated gene flow and weedy forms derived from this
flow (Fig. 8.7). Ethnobotanical observations showed that these weedy forms gen-
erated by introgression are being incorporated by Mayan farmers into their cul-
tivated gene pools (Fig. 8.4). It is considered that the natural wild—domesticated

Fig. 8.7 Morphological variation in wild and weedy seeds collected in the Yucatan Peninsula,
Mexico
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introgression has played a vital role in the evolution of domesticated species and
continues to be an important factor in increasing genetic diversity in modern crops
(Arnold 1992; Harlan 1965; Jarvis and Hodgkin 1999; Slatkin 1987).

Considering before mentioned, and the important role that traditional farmers
have played in this microevolutionary process, Dzul-Tejero (2011) used 11 SSR
loci to assess levels of introgression in three wild—weedy—domesticated complexes
of Lima bean from three Mayan milpas of the Yucatan Peninsula (Fig. 8.3) ana-
lyzes its impact on the genetic diversity of this crop. A test of assignment of indi-
viduals using the STRUCTURE program (Pritchard et al. 2000) indicated that the
complex with the lowest level of introgression was one where the farmer actively
selected against wild plants and introgressed seed (Fig. 8.8). This complex was
Xocen located in southern Yucatan-SEYUC- (Fig. 8.3). By contrast, the complex
with the highest level of introgression was one where the farmer had been con-
sciously selecting a weedy morphotype for 15 years and had already incorporated
into his diet (Fig. 8.8). This complex was X-Hazil located in Central-east Quintana
Roo -CEQROO- (Fig. 8.3). Dzul-Tejero (2011) also found that the genetic diver-
sity was higher in the complex with the higher level of introgression. These results
confirmed the importance of genetic introgression to maintain and increase the
levels of genetic diversity in crops.

Xocen complex

Wild Cultivated

X-Bilincok complex

Wild Taltvated

X-Hazil complex

Wild * Tultivated

Fig. 8.8 Wild to crop introgression in three wild-weedy-domesticated complexes from Yucatan
peninsula, analyzed using STRUCTURE program and 11 SSR loci. a Xocen complex from
SEYUC; b X-Bilincok complex from NECAMP; ¢ X-Haxil complex from CEQROO
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8.7 Conclusions

Studying the genetic erosion in Lima bean landraces in the Yucatan Peninsula
is important because this region is likely playing an important role in the in situ
conservation of the Mesoamerican gene pool of this crop (Ballesteros 1999;
Camacho-Pérez 2012; Martinez-Castillo et al. 2004). Martinez-Castillo et al.
(2008) showed that many landraces of Lima bean are at higher risk of genetic ero-
sion because, with few farmers planted these landraces and with moderate genetic
diversity, they represent the greatest loss of unique alleles if these landraces go
to local extinction. On the other hand, the abundant landraces have the lowest
genetic diversity levels and are thus at great risk of genetic erosion due to selection
criteria imposed by an external market, too. Although the high gene flow levels
observed in the domesticated gene pool (Martinez-Castillo 2005) and the exist-
ence of genetic introgression between domesticated and wild populations (Dzul-
Tejero 2011) could be limiting the genetic erosion of the Lima bean landraces, it
is important to consider that the landraces are not just a group of unrelated alleles.
Instead, each is a package of alleles selected during centuries by traditional Mayan
farmers to cope with different environmental restrictions. The loss of landraces
could mean a great loss in the genetic diversity of this crop and in the production
and surviving strategies of the Mayan farmers of this part of Mexico.

The temporal analysis done by Martinez-Castillo et al. (2011) confirmed the
high risk of genetic erosion faced by Lima bean from the Yucatan Peninsula, indi-
cating that a smaller number of landraces planted means also a minor level of
genetic diversity present in the crop. Indeed, molecular data showed the existence
of a decrease in the genetic diversity in between 1979 and 2007 as well as a great
shift in the allelic composition. This genetic shift might possibly be a consequence
of the introduction of improved varieties of P. lunatus or by changes in the Mayan
criteria selection of germplasm or both. In the same way as in the Mayan town
of Nohalal, the landraces may be disappearing in many other Mayan towns from
this part of Mexico. This loss is not only a consequence of factors associated with
agricultural intensification or the incorporation of the Mayan farmers into nonlo-
cal market system. A series of environmental, socioeconomic and cultural factors
are participating, too. For example, the Dean hurricane in 2007 in the south cen-
tral state Quintana Roo caused seed loss of many cultivated species, among them,
many rare landraces of P. lunatus. At present, several of these landraces have not
been collected by our research group.

One little-studied factor in the genetic erosion of crops is a change in the food
preferences of rural populations. For Lima bean in the Yucatan Peninsula, such
preference takes three forms: (1) young adults and children do not eat them, (2)
only the elderly plant many of the rare landraces for their own use, and (3) cow-
pea [Vigna unguiculata (L.) Walpers, locally known as x-pelon], introduced to the
region from Africa in the twentieth century, has been replacing P. lunatus. Because
the process of reintroducing a crop plant is a long one, Esquivel and Hammer
(1988) in a study in Cuba proposed maintaining Lima bean landraces as part of the



302 J. Martinez-Castillo et al.

traditional horticultural system. In several Mayan towns of the Yucatan Peninsula,
some landraces are planted into home gardens (Fig. 8.2), including the X-Konan
Jjonal landrace (keeper of the house in Mayan, because this landrace can be planted
in either home gardens or the milpa). However, such dual-planting of a landrace
is not a common agricultural practice. On the other hand, loss of landraces is also
apparently linked to different generations of human populations. Mayan farmers
that plant a large variety of rare landraces are elderly; their death almost surely
means the loss of these landraces.

8.8 Prospects

If the data about relative abundance reported by Martinez-Castillo et al. (2004)
reflect the current condition of the domesticated Lima bean pool in the Yucatan
Peninsula, then this species is at very high risk of genetic erosion since this region
is one of its main centers of genetic diversity in Mesoamerica (Ballesteros et al.
1999; Camacho-Pérez 2012; Martinez-Castillo et al. 2004). If current trends con-
tinue in the region, many Lima bean landraces may cease to be grown into the
milpa in two to three generations. To prevent the loss of this valuable germplasm,
in situ conservation programs are needed to implement (1) an emergency collect-
ing effort to save all landraces ex situ, as a backup for in situ conservation activi-
ties, (2) in situ conservation of landraces and their alleles, (3) conservation of
wild—weedy—domesticated complexes that allow introgression of wild alleles into
landraces, and (4) reintroduction of rare landraces and programs to promote their
planting and acceptance among young Mayan producers and their families. To do
this, areas need to be selected that favor in situ conservation while considering
the natural, economic, social and cultural factors that contribute to this conserva-
tion. In the case of the Yucatan Peninsula, we consider that the corridor SEYUC-
CEQROO is a good area for this in situ conservation, not only for P. lunatus, but
also for the many other domesticated plants of the Mayan milpa of this region of
Mexico. Our research group is presently collecting the landraces and wild popula-
tions of P. lunatus in the Yucatan Peninsula, to create a core collection representa-
tive of this important crop in the traditional Mayan agriculture of the Yucatan of
Mexico.
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