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     Recognizing the places where domesticated organisms come 
from is a crucial aspect of studies of domestication ( Zohary, 
2004 ;  Emshwiller, 2006 ;  Zeder et al., 2006 ;  Burger et al., 2008 ). 
It is a fundamental step in locating the ancestors of domesti-
cates to enable study of the patterns and processes of domesti-
cation ( Vilà et al., 1997 ;  Olsen and Schaal, 1999 ;  Larson et al., 
2005 ;  Driscoll et al., 2007 ;  Kwak et al., 2009 ;  Xia et al., 2009 ). 
At the same time, by identifying the wild ancestors of our domes-
ticates, we can guide the sampling of wild germplasm for their 
conservation and for improvement of crops, such as via increased 

resistance to diseases or climate change ( Harter et al., 2004 ; 
 Baig et al., 2005 ;  Miller and Knouft, 2006 ;  Xia et al., 2009 ). 

 The search for the wild ancestors of domesticates is often 
hampered because so many domestications are ancient with re-
spect to human society. Domestication of wheat, cows, barley, 
and pigs began more than 10 000 yr ago ( Diamond, 2002 ;  Baig 
et al., 2005 ;  Haudry et al., 2007 ;  Larson et al., 2007 ;  Morrell and 
Clegg, 2007 ). Continual movement and habitat alteration by 
humans means that the original distributions of many wild species 
are forever erased in time ( Parthasarathy, 1948 ;  Eriksson et al., 
2008 ;  Gunn et al., 2011 ). For example, the predomestication 
distribution of the pomegranate is unknown ( Kochhar, 1998 ), 
hindering management of wild germplasm. Understanding the 
domestication process may be obscured because selection pres-
sures may differ over time. For example, the horse may have 
initially been domesticated for food and milk and only subse-
quently used for riding or as a beast of burden, and some have 
suggested that maize was initially domesticated for its sweet 
pithy stem ( Smalley and Blake, 2003 ;  Outram et al., 2009 ). For 
ancient domesticates, we have little choice but to face this lack 
of information, but fortunately many economically and cultur-
ally important organisms have been domesticated in historical 
times. Recently domesticated organisms provide data-rich study 
systems because they have often been subjected to documented 
selection pressures, and less time has elapsed for their wild dis-
tribution to be altered. Here we examine the origin of a recent 
ornamental domesticate from Mexican tropical dry forests. 
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  •  Premise of the study:  The poinsettia ( Euphorbia pulcherrima ) is the world’s most economically important potted plant, but 
despite its preeminence it is not clear which wild populations are ancestral to the varieties cultivated around the world. Tradi-
tion holds that the U.S. envoy to Mexico J. R. Poinsett collected the progenitors of the over 300 varieties in global cultivation 
on an 1828 excursion to northern Guerrero State, Mexico. It is unknown whether the contemporary cultivars are descended 
from plants from Guerrero or whether germplasm from other parts of poinsettia’s 2000 km long distribution entered into culti-
vation during the nearly 200 yr of subsequent poinsettia horticulture. 

 •  Methods:  To identify the wild populations that likely gave rise to the cultivars and test this historical account, we sequenced 
plastid and nuclear DNA regions and modeled poinsettia’s potential distribution. 

 •  Key results:  The combination of nuclear and plastid haplotypes characterizing cultivars was found only in northern Guerrero. 
Distribution modeling indicated that suitable habitat conditions for wild poinsettias are present in this area, consistent with their 
likely wild status. 

 •  Conclusions:  Our data pinpoint the area of northern Guerrero as the cultivated poinsettia’s probable ancestral region, congruent 
with the traditional account attributing the original collections to Poinsett. Abundant genetic variation likely offers raw material 
for improving the many shortcomings of cultivars, including vulnerability to cold, stem breakage, and pathogens such as 
 Pythium  and  Phytophthora . However, genetic differences between populations make conservation of all of poinsettia’s diversity 
diffi cult.  

  Key words:  centers of origin; conservation; distribution modeling; domestication;  Euphorbia pulcherrima ; Euphorbiaceae; 
management; poinsettia. 
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much more compact plants ( Fig. 1 E–H) ( Moon, 1956 ;  Ecke 
et al., 1990 ;  Potter and Eames, 1997 ;  Parks and Moyer, 2004 ; 
 Ecke, 2011 ). 

 The poinsettia is a member of the eponymous subgenus 
within  Euphorbia , a clade containing some 24 species ( Mayfi eld, 
1997 ;  Steinmann and Porter, 2002 ). Poinsettia clade species are 
found in North and South America and include annual weeds 
( E. cyathophora ), tuberous herbs ( E. strigosa ), shrubs ( E. cor-
nastra ), and the largest member, the treelet  E. pulcherrima.  The 
species most similar morphologically to the poinsettia is  E. cor-
nastra , the dogwood poinsettia, endemic to a remote outcrop of 
limestone 1900 m high in the Sierra Madre del Sur in Guerrero, 
northwest of Acapulco. This species differs from  E. pulcher-
rima  in having a much denser, compact, shorter habit, deep 
green, more leathery leaves, and white bracts on infl orescences 

 The poinsettia,  Euphorbia pulcherrima  Willd. ex Klotsch 
(Euphorbiaceae), also known as nochebuena, star of Bethlehem, 
or Christmas star, is the most economically important potted 
plant worldwide, driving annual sales in the hundreds of millions 
of dollars ( Ecke, 2011 ;  USDA and NASS, 2011 ). The plant 
grows wild in Mexican tropical forests, as a lanky, few-stemmed 
shrub or small tree. It bears its striking displays of brilliant red, 
or more rarely white, bracts (modifi ed leaves surrounding the 
inconspicuous fl owers) in the winter dry season when the plants 
are often leafl ess ( Fig. 1 ).  Compared to domesticated plants, the 
wild plants have tall, unbranched stems with long internodes, 
the bracts are much narrower and less brilliant, and the fl owers 
and fruits are much more numerous and larger ( Fig. 1 A–D). 
Over the past 180 yr, poinsettia breeders have developed culti-
vars with larger bracts of various shapes and colors, and smaller, 

 Fig. 1. Habit and fl owers of wild and domesticated plants of  Euphorbia pulcherrima . (A) Wild plant in Oaxaca, Mexico, showing the small, sparse 
bracts, tall habit, and long internodes of wild plants. (B) Habit of a wild plant in Guerrero, Mexico, showing the tall stature, commonly reaching 3–4 m, 
and the sparse branching of wild plants. (C) Infl orescence in Oaxaca, Mexico, with the abundant fl owers that characterize wild plants. (D) Infl orescence 
with white bracts, an extremely uncommon variant. (E) Typical habit of a domesticated plant, showing the wide, abundant bracts and short internodes. (F) 
Domesticated plants are highly branched as compared to wild ones, as illustrated by this defoliated individual. (G) Domesticated poinsettias have very 
dense, more abundant bracts as compared to wild plants, few fl owers, and no fruits. Some varieties are pale red or pink. (H) Some domesticated varieties 
are pink, white, plum-colored, or even mottled. Scale bars in A, C–H = 3 cm; in B = 1m.   
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Although frequently cited, there is little written evidence to cor-
roborate this story. Poinsettia grows wild along the tropical Pa-
cifi c slope in mid-elevation dry forests from northwestern 
Mexico to southern Guatemala over a range of some 2000 km. 
The original germplasm could conceivably have come from 
any population along poinsettia’s immense range. The accuracy 
of the traditional story of a Guerreran origin has never been 
tested, and even if true, germplasm from other localities may 
have been incorporated into the cultivars over the past 180 yr. 
To test the traditional story of the origin of poinsetta, we sam-
pled 21 populations throughout poinsettia’s entire wild range 
and sequenced DNA from the  trnG-trnS  and  psbA-trnH  plastid 
regions and from the nuclear gene  G3pdh  (sequences for these 
primers can be found in  Hamilton, 1999 ;  Sang et al., 1997 ; 
 Strand et al., 1997 ). 

 Most poinsettia populations grow on Pacifi c slopes, and the 
putative progenitors of cultivated poinsettias are unusual in that 
these populations occur far inland. It is known that at least as 
early as the 1500s, the Aztecs brought poinsettias to what is 
now Mexico City, most likely via northern Guerrero ( Hernán-
dez, 1946 ,  1959 ;  Dibble and Anderson, 1963 ;  Navarro, 1992 ). 
This raises the question of whether the apparently wild plants in 
this area are actually native or whether they may be remnants of 
ancient horticulture. Thus, even though Poinsett could have 
collected his material from a canyon in the proximity of Taxco, 
the plants he collected may have been remnants from cultivated 
plants tracing their lineage to traditional horticulture. Plants of 
this area are often close to population centers, consistent with a 
hypothesis of human introduction. 

 One method for investigating the wild status of the inland 
populations is via species distribution modeling. These models 
correlate known geographic distribution where the species oc-
curs (latitude/longitude) with environmental variables (climatic 
or topographic) predicting potential distribution or suitable 
habitat for the target species. The suitable habitat can then be 
visualized using geographic information systems. Although 
different factors determine the distribution of a species (e.g., 
interactions with other species, dispersal mechanisms, presence 

that appear during the summer rainy season rather than at the 
height of the winter dry season. No natural hybrids are known 
in poinsettia, and little is known regarding interpopulational 
morphological variation across its range. 

 Identifying the population or populations that gave rise to the 
poinsettias cultivated worldwide would offer an essential guide 
for incorporating novel variation into the cultivars. Moreover, 
recognizing the wild germplasm from which the cultivars were 
derived would be useful for managing and protecting  Euphor-
bia pulcherrima  ( Harter et al., 2004 ;  Miller and Schaal, 2005 ; 
 Spooner et al., 2005 ). Despite its economic importance and the 
utility of studies of the place of origin of the cultivars and the 
genetic variation within this species, little research has been 
conducted on this emblematic plant with respect to the origin of 
its worldwide commercial cultivars ( Moon, 1956 ;  Fry, 1994 ). 

 One of the advantages of studying a taxon domesticated in 
historical times is the written documentation that provides guid-
ance regarding where to search for the wild ancestors. With re-
spect to the poinsettia, historical documents indicate that the 
species was introduced to horticulture by Joel Roberts Poinsett, 
the fi rst U. S. Minister Plenipotentiary in Mexico ( Rafi nesque, 
1833 ;  Graham, 1836 ;  Moon, 1956 ;  McGinty, 1980 ;  Fry, 1994 ). 
In 1828, Poinsett, a member of the American Philosophical So-
ciety, traveled through Mexico with colleagues of the Philadel-
phia scientifi c community ( Ronaldson, 1828 ;  Say, 1828 ;  Fry, 
1994 ). On the excursion, Poinsett obtained poinsettias and sent 
them that same year to the Bartram Botanical Garden in Phila-
delphia, where they were cultivated and exhibited to the public 
in June of 1829 ( Fry, 1994 ). Famed Philadelphia plantsman 
Robert Buist then introduced the plants grown by Bartram to 
Europe in 1834 ( Ronaldson, 1828 ;  Say, 1828 ;  Rafi nesque, 
1833 ;  Graham, 1836 ;  Moon, 1956 ;  McGinty, 1980 ;  Fry, 1994 ). 
In contrast to poinsettia’s well-documented introduction history 
in the United States and Europe, the geographical origin of the 
original wild stock is uncertain. 

 It is often repeated that Poinsett collected his wild plants near 
the town of Taxco, in the northern part of the Mexican state of 
Guerrero (see map in  Fig. 2 ;  McGinty, 1980 ;  Ecke et al., 1990 ).  

 Fig. 2. Plastid haplotype network and potential distribution of  Euphorbia pulcherrima  modeled including inland populations. The plastid DNA hap-
lotype network shows that the wild ancestors of the poinsettia likely hailed from an area ranging from southwestern central Guerrero to southern Morelos 
(dots = inferred mutations; numbered circles = observed haplotypes). Shading on the map denotes areas identifi ed by species distribution modeling as hav-
ing suitable poinsettia climate; the darker the shading, the greater the suitability. This model was generated based on the typical coastal populations as well 
as inland ones. Mexican state abbreviations north to south are as follows: Nay = Nayarit, Jal = Jalisco, Mich = Michoacán, Gro = Guerrero, Mor = Morelos, 
Oax = Oaxaca, Chis = Chiapas. Gua = Guatemala.   
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30 cycles 94 ° C/45 s, 52 ° C /1 min and 72 ° C/75 s, and fi nally an elongation 
period of 72 ° C/7 min. 

 Our fi nal PCR amplifi cations had volumes of 50 µL, with each reaction con-
taining 10–100 ng of DNA and the following reagents and proportions: 5 µL 
10 ×  of buffer, 1 µL of 10 µmol/L dNTPs in an equimolar ratio, 1.5 µL ( trnG – trnS ) 
or 0.8 µL ( psbA-trnH ) of 50 µmol/L MgCl 2 , 1 µL of 10 µM primer, and 1 unit 
of  Taq  polymerase. We purifi ed PCR products with QIAquick PCR purifi cation 
kits (Qiagen), and sequenced them bidirectionally using BigDye Terminator 
(Applied Biosystems, Foster City, California, USA) in fi nal volumes of 10 µL. 
We cleaned the labeled products with Sephadex G-50 (GE Healthcare Bio-
Sciences, Piscataway, New Jersey, USA) and sequenced them on an ABI 3 100 
sequencer (PE Biosystems). We used the program Sequencher v4.7 (Gene 
Codes, Ann Arbor, Michigan, USA) to edit the sequences and aligned them by 
eye using the program Se-Al v.2.0a11 Carbon ( Rambaut, 2002 ). 

 We designed specifi c primers for  E. pulcherrima  to amplify the low-copy 
number nuclear gene encoding glyceraldehyde 3-phosphate dehydrogenase 
( G3pdh ) based on the primers GPDX7F and GPDX9R of  Strand et al. (1997) . 
The forward primer sequence (01F) was 5 ′  ACT GTC CAT TCC ATT ACT 
GGT AA 3 ′ . The reverse primer sequence (01R) was 5 ′  ACT TGA TCT GCA 
ACA ATA AGT CAT 3 ′ . The PCR protocol started at 95 ° C/1 min; followed by 
35 cycles of 95 ° C/1 min, 53 ° C/1 min, and 72 ° C/90 s; with a fi nal elongation 
period of 72 ° C/7 min. We carried out a 25 µL reaction per individual, each reac-
tion containing 5 µL of 5 ×  GoTaq buffer, 1.5 µL of 25 µmol/L MgCl 2,  1 µL of 
10 µmol/L primer, and 0.5 units of GoTaq polymerase (Promega, Madison, 
Wisconsin, USA). We visualized PCR products on 1% agarose gels and subse-
quently, we used pGEM-T Easy Vector System from Promega and inserted 
amplifi ed fragments in DH5-alpha competent cells using the FSB method 
( Sambrook et al., 1989 ). The insert was sequenced using M13F and M13R vec-
tor primers, and we cloned three sequences per individual in both directions to 
obtain one unambiguous DNA sequence haplotype per individual. 

 Relationships among wild plants and cultivars  —    To infer relationships, we 
constructed haplotype networks and rooted trees, giving us the framework nec-
essary for comparing the genetic variants (haplotypes) of the cultivars to the 
wild plants. We explored the congruence between loci by the incongruence 
length difference (ILD) test ( Farris et al., 1994 ), as implemented in the program 
WinClada version 1.00.08 ( Nixon, 2002 ), running 1000 replicates ( P  = 1.00, W 
and S = 1000). We treated gaps as missing data for all analyses. We constructed 
statistical parsimony networks using a 95% connectivity limit in the program 
TCS 1.21 ( Clement et al., 2000 ), one for the nuclear DNA sequences alone, and 
another for the combined plastid regions given that the patterns recovered from 
the two regions sequenced were highly congruent with one another (see 
Results). For parsimony and Bayesian phylogenetic analyses, we analyzed 
separately the plastid and nuclear loci before performing a combined analysis 
of the plastid and nuclear regions for the individuals for which all three loci 
were available. For parsimony analyses, we coded characters as unordered and 
gave them equal weights. We conducted parsimony heuristic searches using the 
program Nona 2.0 ( Goloboff, 1999 ), performing 10 different searches. A total 
of 5000 random addition sequences in sets of 1000 seeds were submitted to 
tree-bisection-reconnection (TBR) branch swapping, holding 100 trees. We 
saved the most parsimonious trees, removed identical trees, and calculated a 
strict consensus using the Nelsen command in WinClada v. 1.00.08 ( Nixon, 
2002 ). We plotted the support values from 1000 bootstrap replicates on the SC 
tree that resulted from analysis of all of the data. Finally, we used Bayesian 
phylogenetic methods to describe the pattern of relationships among individu-
als of  Euphorbia pulcherrima . We determined the model of evolution that best 
fi t our data using the Akaike information criterion ( Akaike, 1974 ) as imple-
mented in the program ModelTest v.3.7 ( Posada and Crandall, 1998 ). For 
Bayesian analysis, we partitioned the loci and ran four Markov chains for 
40 000 000 generations using a heating parameter of 0.04 in MrBayes v. 3.1.2 
( Huelsenbeck and Ronquist, 2001 ). Using the same software, we also per-
formed an analysis of the combined plastid regions, and a third one with  G3pdh  
alone, having run for each of them four Markov chains for 10 000 000 genera-
tions. The heating parameters were 0.02 for the plastid regions and 0.04 for 
 G3pdh . We confi rmed stationarity in graphs of log-likelihood scores vs. genera-
tion, discarding the initial 25% of the trees as burn-in and calculating a consen-
sus with the remaining ones. We excluded half of the trees before calculating 
the Bayesian posterior probabilities (PP). 

 Finally, using the program ARLEQUIN 3.1 ( Excoffi er et al., 2005 ), we per-
formed a Mantel test with 10 000 permutations to evaluate correlations between 
linear geographic distances and genetic distances across all localities. We delimited 
the likely ancestral area of the cultivated poinsettia by identifying the minimal set of 
wild populations that included the cultivar haplotypes ( Gaskin and Schaal, 2002 ). 

of barriers, speciation process), climatic variables such as tem-
perature and precipitation are frequently used to estimate spe-
cies distributions because they limit distributions directly by 
affecting growth or survival ( Guisan and Zimmermann, 2000 ). 
We reconstructed poinsettia’s suitable habitat using all known 
wild localities and also using only the typical coastal popula-
tions. Finding that the inland populations have suitable poinset-
tia habitat would make their wild status more plausible. In 
contrast, if we were to fi nd that the inland populations grow in 
areas that are entirely unlike the coastal populations in their 
climate regimes, then this would make their wild status seem 
less likely and increase suspicion that they are remnants of cul-
tivation. Mapping poinsettia distribution also provides an es-
sential guide for conservation. 

 Using our species distribution maps, we assessed the level of 
conservation risk of wild populations of  Euphorbia pulcher-
rima  in Mexico, where development is fragmenting its original 
wild distribution. Poinsettia grows in tropical dry forests, where 
deforestation is largely unchecked ( Mas et al., 2004 ). Under-
standing the ecological and geographical distribution of poin-
settia is essential for improving management and conservation 
efforts. We provide an assessment of the protection status of 
wild poinsettia in Mexico by identifying populations growing 
in protected areas. In tandem with these efforts, characterizing 
the geographical distribution of genetic variation is essential for 
locating priority areas for conservation of the greatest genetic 
variation or unique variants ( Arriaga et al., 2000 ;  CEUM, 
2011 ). 

 Recognizing centers of origin of domesticated organisms is 
fundamental for understanding the evolutionary process of do-
mestication, and essential for improving management and con-
servation of natural resources. Multiple sources of data should 
lead to more robust inferences of centers of origin. We present 
an example of such an exercise by integrating three sources of 
evidence: historical, genetic, and ecological. The objectives of 
this study were (1) to identify the wild populations that gave 
rise to one of the world’s most important ornamental plants, the 
poinsettia, (2) to evaluate the possibility that poinsettia popula-
tions were introduced from the Pacifi c Coast to central Mexico, 
(3) to assess preliminarily the state of conservation of poinsettia 
in the wild, and (4) to propose basic guidelines for designing 
management strategies for wild germplasm of Mexican poin-
settia. The information generated by our study can provide the 
foundation for a better utilization of this plant of global eco-
nomic and cultural importance. 

 MATERIALS AND METHODS 

 Plant collections  —    We sampled 21 populations of  Euphorbia pulcherrima , 
comprising 65 individuals from throughout the plant’s entire wild range in mid-
elevation tropical dry forests from northwestern Mexico to southern Guatemala. 
In addition, we included 14 major commercial poinsettia cultivars from the 
United States and Mexico ( Table 1 ).  We used as outgroups  Euphorbia cornas-
tra  (Dressler) Radcliffe-Smith, poinsettia’s likely sister taxon, and  E. hetero-
phylla  L., a widespread annual that is also a member of subgenus  Poinsettia  
( Mayfi eld, 1997 ;  Steinmann and Porter, 2002 ;  Zimmermann et al., 2010 ). 

 DNA extraction, PCR amplifi cation, and DNA sequencing  —    We extracted 
DNA from fresh or silica gel-dried leaf samples ( Table 1 ) with DNeasy Plant 
Mini Kits (Qiagen, Valencia, California, USA) and PCR amplifi ed two plastid 
intergenic spacers,  trnG  (UCC) - trnS  (GCU)  ( Hamilton, 1999 ) and  psbA-trnH  ( Sang 
et al., 1997 ). The protocol for  trnG - trnS  was 80 ° C/5 min; 29 cycles of 95 ° C/1 min, 
66 ° C/4 min, followed by one cycle of 66 ° C/10 min and fi nally one cycle of 
10 ° C/10 min. For  psbA-trnH , cycling conditions were 94 ° /2 min, followed by 
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  TABLE  1. Voucher information (all at MEXU), haplotype number, and GenBank accession numbers of the samples sequenced; states are Mexican except 
for Sacatepéquez, which is in Guatemala, while cultivars are commercial horticultural varieties from nurseries. 

State / Species Collection no. Source / Cultivar Haplotype cp  a Haplotype n  b  psbA-trnH  trnG-trnS  G3pdh 

 E. pulcherrima 1071-10 Sinaloa 1 4 HM155953 HM156016 JN613195
 E. pulcherrima 1071-55 Sinaloa 1 9 HM155954 HM156017 JN613210
 E. pulcherrima 1073-9 Nayarit 1 HM155955 HM156018
 E. pulcherrima 1073-16 Nayarit 1 1 HM155956 HM156019 JN613177
 E. pulcherrima 1076-13 Jalisco 2 10 HM155948 HM156011 JN613222
 E. pulcherrima 1076-39 Jalisco 2 1 HM155949 HM156012 JN613183
 E. pulcherrima 1071A-16 Sinaloa 2 10 HM155950 HM156013 JN613218
 E. pulcherrima 1071A-18 Sinaloa 2 9 HM155951 HM156014 JN613217
 E. pulcherrima 1071A-26 Sinaloa 2 1 HM155952 HM156015 JN613182
 E. pulcherrima 62-10 Jalisco 2 2 HM155975 HM156038 JN613188
 E. pulcherrima 62-31 Jalisco 2 HM155976 HM156039
 E. pulcherrima 1085-17 Michoacán 3 1 HM155957 HM156020 JN613181
 E. pulcherrima 1085-22 Michoacán 3 9 HM155958 HM156021 JN613213
 E. pulcherrima 1086-11 Michoacán 4 HM155959 HM156022
 E. pulcherrima 1086-15 Michoacán 4 HM155960 HM156023
 E. pulcherrima 8-10 Guerrero 5 HM155925 HM155988
 E. pulcherrima 8-20 Guerrero 5 HM155926 HM155989
 E. pulcherrima 8-21 Guerrero 5 6 HM155927 HM155990 JN613203
 E. pulcherrima 11-3 Guerrero 5 HM155928 HM155991
 E. pulcherrima 11-23 Guerrero 5 5 HM155929 HM155992 JN613201
 E. pulcherrima 114-4 Guerrero 5 5 HM155930 HM155993 JN613202
 E. pulcherrima 114-16 Guerrero 5 2 HM155931 HM155994 JN613186
 E. pulcherrima 114-20 Guerrero 5 2 HM155932 HM155995 JN613187
 E. pulcherrima 64-15 Guerrero 6 3 HM155935 HM155998 JN613193
 E. pulcherrima 64-34 Guerrero 6 10 HM155936 HM155999 JN613223
 E. pulcherrima 64-35 Guerrero 6 7 HM155937 HM156000 JN613206
 E. pulcherrima 115-7 Guerrero 6 1 HM155940 HM156003 JN613178
 E. pulcherrima 115-9 Guerrero 6 1 HM155941 HM156004 JN613180
 E. pulcherrima 115-32 Guerrero 6 1 HM155942 HM156005 JN613179
 E. pulcherrima 68-6 Morelos 6 HM155933 HM155996
 E. pulcherrima 68-15 Morelos 6 4 HM155934 HM155997 JN613196
 E. pulcherrima 107-13 Morelos 6 7 HM155938 HM156001 JN613208
 E. pulcherrima 107-15 Morelos 6 3 HM155939 HM156002 JNG13227
 E. pulcherrima 1257-1 Morelos 6 10 JQ666170 JQ666172 JN613225
 E. pulcherrima 1257-2 Morelos 6 10 JQ666171 JQ666173 JN613226
 E. pulcherrima 104-1 Guerrero 8 10 HM155970 HM156033 JN613219
 E. pulcherrima 104-9 Guerrero 8 HM155971 HM156034
 E. pulcherrima 104-13 Guerrero 8 9 HM155972 HM156035 JN613212
 E. pulcherrima 60-31 Guerrero 9 2 HM155967 HM156030 JN613190
 E. pulcherrima 60-18 Guerrero 9 6 HM155968 HM156031 JN613205
 E. pulcherrima 60-44 Guerrero 9 2 HM155969 HM156032 JN613191
 E. pulcherrima 18-48 Oaxaca 10 6 HM155973 HM156036 JN613204
 E. pulcherrima 18-50 Oaxaca 10 9 HM155974 HM156037 JN613211
 E. pulcherrima 1106-4 Chiapas 11 5 HM155965 HM156028 JN613198
 E. pulcherrima 1106-11 Chiapas 11 4 HM155966 HM156029 JN613197
 E. pulcherrima 1108-29 Chiapas 11 9 HM155963 HM156026 JN613214
 E. pulcherrima 1108-37 Chiapas 11 10 HM155964 HM156027 JN613224
 E. pulcherrima 56-4 Sacatepéquez 12 10 HM155961 HM156024 JN613220
 E. pulcherrima 56-9 Sacatepéquez 12 3 HM155962 HM156025 JN613192
 E. pulcherrima 74 Freedom Red 5 HM155916 HM155979
 E. pulcherrima 47 Rosa 5 HM155917 HM155980
 E. pulcherrima 73 Sup-Jibi 5 3 HM155918 HM155981 JN613194
 E. pulcherrima 75 V-10 Marble 5 5 HM155919 HM155982 JN613199
 E. pulcherrima 55 Silverstar Marble 5 1 HM155920 HM155983 JN613184
 E. pulcherrima 37 Red Glitter 5 10 HM155921 HM155984 JN613221
 E. pulcherrima 45 Festival White 5 1 HM155922 HM155985 JN613185
 E. pulcherrima 117 Nutcracker Salmon 5 2 HM155924 HM155987 JN613189
 E. pulcherrima 123 Carrousel Dark Red 5 HM155923 HM155986
 E. pulcherrima 39 Uva 7 7 HM155947 HM156010 JN613207
 E. pulcherrima 52 Rehilete 7 9 HM155944 HM156007 JN613215
 E. pulcherrima 76 Marble Star 7 HM155945 HM156008
 E. pulcherrima 118 Valenciana 7 9 HM155943 HM156006 JN613216
 E. pulcherrima 44 Rosa Moteada 7 9 HM155946 HM156009 JN613200
 E. pulcherrima 61 Guerrero 13 HM155977 HM156040
 E. pulcherrima 63 Jalisco 14 8 HM155978 HM156041 JN613209

 a Plastid haplotypes (Haplotype cp ) numbers correspond to those in  Fig. 2 .
 b Nuclear haplotypes (Haplotype n ) numbers correspond to those in  Fig. 3 .
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was highly localized and included populations with haplotypes 
8 and 9. 

 In the case of the nuclear gene haplotype network, the wild 
populations had nine haplotypes. Most of these, in contrast to 
the plastid haplotypes, were widespread, and seven of them 
were shared with the cultivars. Nuclear haplotypes of cultivars 
were shared with most wild populations, but only populations 
from northern Guerrero, the area that includes Taxco, had all of 
the nuclear haplotypes found in the cultivars ( Fig. 3 ).  

 The rooted tree based on the combined analysis of all loci 
produced largely congruent tree topologies in the MP and Bayes-
ian analyses, with commensurate bootstrap and posterior prob-
abilities supporting population divergences ( Fig. 4 ).  The model 
of molecular evolution that best fi t each data set ( Akaike, 1974 ; 
 Posada and Crandall, 1998 ) was K81uf+G for  trnG-trnS , 
TVM+G for  psbA-trnH , and K81uf+I for  G3pdh . For plastid 
sequences, parsimony analyses generated 85 equally parsimoni-
ous trees (length = 80, CI = 0.88, RI = 0.97), with 3.2% of the 
characters being parsimony informative. For plastid sequences, 
we recovered 20 equally parsimonious trees (length = 80, CI = 
0.88, RI = 0.97), with 3.2% of the characters being parsimony 
informative. Analysis of nuclear sequences resulted in 40 equally 
parsimonious trees (length = 28, CI = 0.89, RI = 0.99) based on 
3.8% parsimony informative characters. The joint analysis of all 
three regions produced 330 equally parsimonious trees (length = 
184, CI = 0.45, RI = 0.82), with 3.2% informative characters. A 
1000 replicate ILD test suggested congruence between the two 
plastid intergenic spacers ( P  = 0.999) and signifi cant incongru-
ence between plastid and nuclear sequences ( P  = 0.001). 

 The rooted trees based on the combined plastid markers had 
four main clades. The cultivars were found in one of these clades, 
“Central Mexico” (PP = 1, PB = 82), which was made up of poin-
settia cultivars and wild populations from Morelos to western 
Guerrero ( Fig. 4A ). The northernmost populations of  E. pulcher-
rima , from Sinaloa to Michoacán, made up the “North” clade 
(PP = 1, PB = 87). Populations from Oaxaca, Chiapas, and Gua-
temala made up the “South” clade (PP = 0.93, PB = 58), while the 
populations of central Guerrero are again isolated in their own 
clade (PP = 1, PB = 90). Tree reconstructions based only on the 
nuclear gene and combined nuclear and plastid markers did not 
reveal any clear association between clades and geographical re-
gions (the combined tree is shown in  Fig. 4B ). Regardless of the 
geographic patterns of associations of the clades, the combina-
tion of nuclear and plastid haplotypes present in cultivars was 
found only in a small area from northern Guerrero, making this 
region the most plausible source of the ancestors of poinsettia 
cultivars ( Fig. 3 ). Mantel tests suggested that  E. pulcherrima  
lacks a signifi cant pattern of isolation by distance, whether in an 
analysis of the combined nuclear and plastid regions ( r  = 0.10; 
 P  = 0.22), plastid sequences ( r  = 0.20;  P  = 0.10), or the nuclear 
region ( r  = −0.01;  P  = 0.48;  Excoffi er et al., 2005 ). 

 Suitable habitat for poinsettia of Taxco  —     The area under the 
curve (AUC) from the training runs was 0.98 and from testing 
0.96. The maps depicting the geographical extent of poinset-
tia’s suitable habitat show favorable areas all along the tropical 
Pacifi c coast of Mexico as well as in inland Guerrero and south-
ern Morelos States ( Fig. 2 ). When we modeled poinsettia’s suit-
able habitat based only on typical populations from the Pacifi c 
slope, we continued to recover high probabilities of fi nding 
poinsettia habitat in northern Guerrero and Morelos ( Fig. 3 ). 
Checking the accuracy of these predictions via fi eld visits to 
areas of high model predictivity but with no known collections 

 Suitable habitat for poinsettia in Taxco and Morelos  —    To explore the hy-
potheses that the northern Guerrero populations could be native or might more 
plausibly represent human introductions, we estimated the potential distribu-
tion of  E. pulcherrima . As understood here, potential distribution is the geo-
graphical extent of its suitable habitat, the climatic conditions it typically 
occupies. We used the program MaxEnt v. 3.3.3e ( Phillips et al., 2004 ,  2006 , 
 Phillips, 2008 ) with the default modeling parameters and 19 bioclimatic vari-
ables drawn from the WORLDCLIM database (http:// www.worldclim.org ; 
 Hijmans et al., 2005 ) as environmental predictors. We generated models based 
on presence records including 22 of our own fi eld collections ( Table 1 ) and 15 
localities obtained from herbarium specimens. Our model of potential distribu-
tion had a spatial resolution of 0.008 °  (~1  ×  1 km). We processed the resulting 
models using the program ArcGIS 10 (ESRI, Redlands, California, USA) and 
evaluated model predictability calculating the area under the curve (AUC) in 
receiver operating characteristics plots ( Fielding and Bell, 1997 ). We divided 
the presence data, using 70% to train the model and 30% to evaluate it 100 
times. The fi nal model was the average of the 100 replicates, and thus the result-
ing AUC is also the average. Modeling potential distribution allowed us to 
characterize the combinations of climatic variables at wild poinsettia localities 
and to identify sites between them with prospects of having similar combina-
tions and thus poinsettias. 

 Conservation of wild poinsettia  —    For a fi rst approximation to determine the 
conservation status of wild poinsettia, we assessed which populations are safe-
guarded in protected areas. We compared the potential distribution map of 
poinsettia with the Protected Natural Areas (PNAs) and Priority Terrestrial Re-
gions (PTRs) of Mexico. PNAs are portions of Mexican territory signifi cant for 
their high biodiversity, ecological and social benefi ts, and potential for conser-
vation ( Arriaga et al., 2000 ;  CEUM, 2011 ). PTRs are areas of high richness and 
endemism, but they are not afforded any protection ( Solano and Feria, 2007 ). In 
addition, we used the human footprint map of  Sanderson et al. (2002)  to esti-
mate the impact of human activities on wild populations (see  Feria Arroyo 
et al., 2009 ). This index assigns an impact value to pixels worldwide based on 
proximity to sources of disturbance. The human footprint is derived from a 1  ×  
1 km raster data set produced by compiling scores from population density, 
land transformation, accessibility, and power infrastructure data to generate an 
estimate of human impact ranging from 0 to 100, with 0–10 being wildlands 
and the most transformed habitats approaching 100 ( Sanderson et al., 2002 ). To 
generate maps of PNAs, PTRs, and human footprint scores, we analyzed the 
intersections of geographic data with the polygons of the ANPs, RTPs, and 
raster of HF in ArcGIS 10 (ESRI, Redlands, California) using Hawths tools 
(http://www.spatialecology.com/htools). Our map allowed us to identify which 
haplotypes are present in PNAs or RTPs and the degree of human infl uence in 
those areas. 

 RESULTS 

 Relationships among wild plants and cultivars  —     We ob-
tained DNA sequences from 51 to 65 individuals from 20 to 21 
populations, depending on the marker ( Table 1 ). Sequences of 
the plastid  psbA-trnH  spacer resulted in a multiple alignment of 
716 bp,  trnG-trnS  838 bp, and  G3pdh  770 bp. GenBank acces-
sion numbers are given in  Table 1  and the alignments are avail-
able as TreeBASE (http://purl.org/phylo/treebase/phylows/
study/TB2:S11968). 

 Statistical parsimony networks ( Templeton et al., 1992 ; 
 Clement et al., 2000 ) recovered 12 plastid haplotypes for  Eu-
phorbia pulcherrima , 11 of which were in wild populations and 
two in cultivars ( Table 1 ). Nine of the 14 cultivars sampled had 
haplotype 5, which was also present in wild populations of 
northern and western Guerrero. The other fi ve cultivars had hap-
lotype 7, which was not detected in wild populations but was 
genealogically very close to haplotypes 5 of Guerrero and 6 of 
northern Guerrero and Morelos, with which it forms a small 
clade (“Central Mexico” in  Fig. 2 ). “North” was made up of popu-
lations from Sinaloa, Nayarit, Jalisco, and Michoacán (haplotypes 
1–4). “South” comprised populations from Oaxaca, Chiapas, and 
Guatemala, with haplotypes 10–12. The clade “Central Guerrero” 
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conservation strategies ( Kwak et al., 2009 ). Poinsettia is an ex-
cellent case study in recent domestication because it has been 
selected as an ornamental plant through intensive breeding in 
just over 180 yr and because the species retains much of its wild 
distribution. We used historical, genetic, and environmental 
evidence to investigate the origin of poinsettia cultivars. 

 Our genetic analyses support the Poinsett story, according to 
which the ancestors of poinsettia cultivars were collected in the 
vicinity of Taxco in northern Guerrero, Mexico ( Moon, 1956 ; 
 McGinty, 1980 ;  Ecke et al., 1990 ). Individually, the plastid and 
nuclear data broadly help delimit poinsettia’s center of origin 
( Figs. 3, 4A ). Taken together, however, they more precisely 
locate the likely source of ancestral germplasm. Cultivars had 
two plastid haplotypes. One of them, haplotype 5, was shared 
with the populations of northern and western central Guerrero 
( Table 1 ,  Figs. 2, 4 ). The other plastid haplotype found in culti-
vars, haplotype 7 ( Table 1 ), was not found in any wild popula-
tion but was closely related to populations from Guerrero and 
Morelos ( Fig. 2 ). The nuclear data also supported the Poinsett 
story. Cultivars had 7 of the 9 wild nuclear haplotypes ( Figs. 3, 
4 ,  Table 1 ). Nuclear haplotypes of cultivars were shared with 
most wild populations, but only populations of northern Guer-
rero, which includes the Taxco region, had all the haplotypes 
found in the cultivars. In no other region do we fi nd so many 
cultivar nuclear haplotypes as in northern Guerrero, seven in 
four populations. For example, in the three populations of Mo-
relos State, immediately adjacent to northern Guerrero ( Fig. 3 ), 
we fi nd just three cultivar nuclear haplotypes, as compared to 
seven. Across the fi ve northernmost populations, separated by 
up to 450 km from Sinaloa to Jalisco, we fi nd just four cultivar 
nuclear haplotypes. Similarly, over the more than 600 km spanning 
the four southernmost populations, from Oaxaca to Guatemala, 

led us to previously unknown populations, including the Micho-
acán populations and the northern haplotype 5 locality ( Fig. 2 ). 

 Conservation of wild poinsettia  —     The distribution map ( Fig. 5 )  
shows high fragmentation of natural areas where poinsettia pop-
ulations are found. Of these populations, four are likely extinct 
based on our fi eldwork. Nineteen percent of the 21 wild poin-
settia populations sampled occur in Protected Natural Areas 
(PNAs;  Fig. 5 ), and include just four of the 12 plastid haplo-
types (33%;  Table 2 ).  These protected populations do not include 
any plastid haplotypes present in the cultivars. In the case of the 
nuclear gene data set, six of 10  G3pdh  haplotypes (60%) are 
found within PNAs, with four of them being present in cultivars 
(40%;  Table 2 ). In the case of Priority Terrestrial Regions 
(RTRs;  Fig. 5 ), 57% of poinsettia populations occur within them. 

 We obtained human impact scores for 21 wild populations 
( Table 2 ). Scores ranged from 21 to 60, with an average of 34. 
The index ranges from 0 to 100: 0–10 are wildlands; near 100 
are the most transformed habitats ( Sanderson et al., 2002 ). The 
populations most affected by human activities are near metro-
politan areas, such as Taxco. We identifi ed unique characteristics 
of wild populations that we consider signifi cant for con servation. 
These features include plants with white bracts, small popula-
tion sizes, and the occurrence of unique DNA sequence haplo-
types ( Table 2 ). 

 DISCUSSION 

 Through the study of centers of origin, we may recognize the 
patterns left behind by organisms during their domestica-
tion, and identifying wild relatives can guide management and 

 Fig. 3. Geographical distribution of  G3pdh  nuclear haplotypes and potential distribution of  Euphorbia pulcherrima  based only on typical populations 
from the Pacifi c slope. The numbered circles are observed haplotypes: red denotes populations with one or more haplotype shared with the cultivars; green 
indicates populations with no cultivar haplotype. Suitable habitat for poinsettia is found in the putative ancestral region of northern Guerrero, even when 
these populations are not included as the basis for modeling potential distribution. This result is congruent with the notion that populations in this area are 
indeed wild. The rounded polygon (arrow) outlines the extent of populations that include all seven haplotypes found in cultivars. This region falls only in 
central northern Guerrero. Inset: The geographical extent of the clade containing the three “Central Mexico” plastid haplotypes of  Fig. 2  is outlined with a 
dotted line. Plastid haplotype 5 ( Fig. 2 ) populations are shown in horizontal hatching. The extent of the region in which all of the cultivar nuclear haplotypes 
is found is shown with vertical hatching; the overlap between these regions is shaded in gray, and it is this region, as the overlap between the “Central 
Mexico” clade and the nuclear haplotypes, that we take to be the likeliest source region for ancestral poinsettia germplasm. This region includes Taxco, 
congruent with the traditional Poinsett story.   
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 Fig. 4. Bayesian 50% majority-rule consensus cladograms based on  psbA-trnH  and  trnG-trnS  (left), and the combined plastid + nuclear data (right). 
Posterior probabilities are shown above branches; parsimony bootstrap values are below branches.   



1154 AMERICAN JOURNAL OF BOTANY [Vol. 99

Guerrero ( Fig. 3 ). These results concur remarkably with the tra-
ditional story in which Poinsett collected the cultivated poinset-
tia’s ancestral germplasm in the region of Taxco. 

 These apparently ancestral northern Guerrero populations 
are somewhat anomalous, in that only these populations are 
found so far inland out of the entire range of poinsettia. More-
over, populations in this area are adjacent to or even sur-
rounded by urban centers, observations that have led many to 
suppose that these populations may represent remnants from 
cultivation rather than truly wild plants. Our genetic evidence 
does not support the idea that the populations from northern 
Guerrero are remnants or escapes from cultivation because the 
populations in these areas have unique combinations of haplo-
types. If they were brought from elsewhere, then we would 
expect them to have haplotypes refl ecting the source popula-
tions. Instead, the northern Guerrero populations show pat-
terns of geographical structuring and diversity in line with the 
patterns of haplotype distribution of the rest of the species. A 
remaining question was whether the poinsettia habitats of 
northern Guerrero are anomalous climatically, given their dis-
tance from typical habitats of the Pacifi c coast. When we 
modeled potential distribution based only on typical popula-
tions from the Pacifi c slope, we recovered high probabilities 
of fi nding poinsettia habitat in northern Guerrero and Morelos 
( Fig. 3 ). Our fi eld visits to test the accuracy of these predic-
tions led us to several previously undocumented populations, 
including the northern population of the ancestral haplotype 5 
( Fig. 2 ). The remoteness of this locality makes its wild status 
almost certain. Species distribution modeling results together 
with our genetic data and historical accounts suggest that 
the wild progenitors of the poinsettias cultivated worldwide 
came from this area, probably collected by Poinsett nearly 
180 yr ago. 

 Domestication and applied uses  —     Wild poinsettias are spo-
radically brought into cultivation in the villages adjacent to 
wild populations. We have observed wild poinsettias in villages 

we also fi nd only four cultivar nuclear haplotypes. The concen-
tration of all cultivar nuclear haplotypes in northern Guerrero 
and in no other part of the range strongly points to this area as 
the source of the ancestral poinsettia cultivar germplasm. We 
can overlap, Venn diagram style, the polygons enclosing on the 
one hand the cultivar plastid haplotypes, and on the other the 
one encircling the full diversity of cultivar nuclear haplotypes. 
Doing so reveals a tightly circumscribed region in northern 

 Fig. 5. Distribution of wild populations  Euphorbia pulcherrima  (red points) within Protected Natural Areas (hatching) and Priority Terrestrial Regions 
(green) of Mexico. Very few populations are found in protected areas.   

  TABLE  2. Parameters referring to the conservation status of wild poinsettia 
populations. 

Population  a Haplotype in PNAs  b HF  c Unique features  d 

1071 30
1073 24
1076 27
1071A 30 small number of individuals
62 H cp 2, H n 2 30
1085 29 white bracts, unique H cp 
1086 21 unique H cp 
8 35 ancestral
11 23 ancestral
114 22 ancestral
64 49 historical
115 49 historical
68 H cp 6, H n 4 60 near metropolitan area
107 H cp 6, H n 3, H n 7 60 near metropolitan area
1257 56 near metropolitan area
104 30 unique H cp 
60 30 unique H cp 
18 28 unique H cp 
1106 30
1108 H cp 11, H n 9, H n 10 23
56 34

 a  Wild poinsettia populations (See  Table 1 ).
 b  Plastid haplotypes (H cp ) and nuclear haplotypes (H n ) in Protected 

Natural Areas (PNAs).
   c  Human footprint ( Sanderson et al., 2002 ) (0–10 wildlands; near 100, 

most transformed habitats).
 d  Unique features of wild poinsettia populations important for conservation.
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for breeding. Our results show that if nurserymen have made 
additional collections of wild poinsettia, they have done so 
from closely related haplotypes from Guerrero or Morelos and 
have not injected novel variation into the cultivar. Our results 
thus provide an essential guide for the informed enrichment of 
the cultivars. 

 Conservation status and gene fl ow in wild poinsettia  —     
Despite its global economic and cultural importance, and al-
though its populations are threatened by habitat destruction, 
 Euphorbia pulcherrima  is not protected under Mexican law. 
Our fi eldwork documented the disappearance of populations 
from the Mexican states of Jalisco, Nayarit, and Morelos, as 
well as in Guatemala. Our genetic data may also suggest lost 
populations because we did not fi nd plastid haplotype 7, known 
only from cultivars, in any wild population. This apparent ab-
sence may be fi lled with more intensive sampling, but given the 
long history of human disturbance of northern Guerrero and 
southern Morelos, it would not be surprising to fi nd that the 
population or populations bearing this haplotype have been ex-
tirpated in ways similar to the destroyed populations we docu-
mented in Jalisco, Nayarit, Morelos, and Guatemala. The loss 
of poinsettia populations likely means the loss of unique ge-
netic variants. Population differentiation might be associated 
with adaptive and even commercially signifi cant interpopula-
tional divergence. If there are no directed strategies for the con-
servation of wild germplasm, a great amount of diversity that 
might be useful for the generation of new poinsettia cultivars 
could be lost. The only offi cial Mexican measure for the man-
agement and conservation of poinsettia wild germplasm is indi-
rect protection a few wild poinsettia populations are within 
Mexican parks or reserves. Our results show how geographic 
proximity does not always predict genetic similarity and under-
scores the usefulness of mapping the geographic distribution of 
genetic variation. 

 Our results highlight populations that are priorities for conser-
vation because of their haplotype diversity, high human footprint 
values, or haplotypes not protected in parks or reserves ( Table 2 ). 
Priority should be given to the protection of populations whose 
disappearance would lead to the loss of unique variation, e.g., the 
wild population with white bracts ( Table 2 ). Populations near 
metropolitan areas are generally priorities because they are the 
most prone to disappear. Such is the case for populations in Mo-
relos, which have very high human footprint scores and are being 
surrounded by urban growth. It is also important to give priority 
to populations with historic value, such as the likely ancestral 
populations from northern Guerrero, where habitats also have 
been damaged by deforestation and lack protection. 

 Our fi eldwork showed that most extinct poinsettia popula-
tions grew in relatively fl at, rolling country, as opposed to the 
steep canyon slopes where the species is usually found. The 
steepness of most poinsettia localities mean that many popula-
tions seem to persist because agriculture or human settlements 
reach the lips of canyons but leave the slopes suffi ciently intact 
as to permit the survival of some plants. Given the lack of infor-
mation regarding pollinators and dispersal, the extent to which 
agriculture and urbanization affect gene fl ow is unknown. Poin-
settia populations may continue to persist in canyons, protected 
by their inaccessibility. Certainly such canyons could be af-
forded protection as local parks. 

 Conclusions  —     The study of centers of origin is a fundamen-
tal step for locating the ancestors of domesticates, understanding 

in southern Sinaloa, the southern Sierra of Guerrero, and in 
southern Oaxaca. However, all of these plants had been brought 
into cultivation by the idiosyncratic efforts of single individuals 
and were not part of any local domestication efforts. Poinsettias 
are universally grown in the communities of poinsettia country, 
but they are almost always commercial domesticates from in-
dustrial horticulture. Contamination of local stands of poinset-
tia seems a latent risk, but fortunately most cultivars fl ower 
sparingly and do not fruit. We observed no evidence of gene 
fl ow from cultivars to wild plants. 

 Likewise, there seems to be limited gene fl ow between wild 
poinsettia populations. Shockingly, for such an important plant, 
nothing is known about pollination in poinsettia. Although we 
have occasionally observed wasps on the cyathia, visitors seem 
rare, and it is not clear how far poinsettia pollen may be carried 
by vectors. Poinsettia habitats are highly restricted, usually on 
steep slopes in canyons, with populations numbering from a 
few hundred but usually smaller, sometimes just a dozen or so 
individuals. With regard to seed dispersal from canyon to can-
yon, it is hard to see how the dehiscent capsules of the plant, 
which eject the large seeds at most a few meters, could account 
for dispersal over long distances. That poinsettia populations 
are small and have no obvious means of gene exchange be-
tween them seems congruent with our results and is more con-
sistent with fragmentation of a formerly more continuous range 
rather than ongoing gene fl ow. The lack of a detectable pattern 
of geographical isolation by distance seems congruent with this 
notion. Whatever the origin of these patterns, the small popula-
tions scattered across the rugged Mexican landscape ( Marshall 
and Liebherr, 2000 ;  McCormack et al., 2008 ) would seem to 
offer abundant genetic variation that could be of applied use. 

 The applied importance of germplasm diversity is made clear 
by the manifold problems growers face in producing poinset-
tias. Breeders constantly strive for new cultivars with better re-
sistance to cold, pests, stem breakage, and fungal infection 
( Potter and Eames, 1997 ;  Parks and Moyer, 2004 ;  Ecke, 2011 ). 
A major goal of new cultivar development is to address these 
problems ( Potter and Eames, 1997 ;  Ecke, 2011 ;  Taylor et al., 
2011 ). Cold resistance is a major issue, both for maintenance in 
the home and garden, as well as for reducing the cost of heating 
greenhouses. Poinsettias tend to be fragile, with branches that 
are relatively stiff but easily broken, weeping their white latex 
over the rest of the plant and any decorative potting. Plants with 
larger, more abundant and more colorful bracts are always de-
sirable, especially those that are resistant to dropping their 
bracts or to infections such as  Botrytis  ( Potter and Eames, 1997 ; 
 Ecke, 2011 ;  Taylor et al., 2011 ). Losses account for at least 9% 
of total production and mean that growers must sell 2.5 plants 
to make up for each lost one ( Ecke, 2011 ). Major growers have 
noted that genetic improvement is one of the key factors in in-
creasing productivity ( Ecke, 2011 ), making understanding 
poinsettia genetic diversity all the more important. Features that 
may be of crucial interest for breeding include potentially cold-
resistant populations at over 1000 m in central Mexico, popula-
tions growing in direct sun in the west, those growing on dry 
limestone, or variants in size and color, such as populations 
with white bracts ( Fig. 1 ). 

 Natural variation would seem to offer many potential solu-
tions to these problems. The species spans a marked latitudinal 
and elevational range and also seems to vary abundantly within 
populations. For example, in each population there usually 
seem to be individuals that maintain their bracts longer than 
others. If this variation were heritable, it would clearly be useful 
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the process of domestication, and for designing breeding and 
conservation strategies. Recent domesticates have the advan-
tage of extant, relatively unaltered wild populations, documen-
tation regarding the objectives of the domestication, and historical 
records or at least traditions documenting their spread by humans. 
We combined three sources of evidence, historical, genetic, and 
environmental, to identify the ancestors of the cultivars of one 
the world’s most economically important plants, the poinsettia. 
The confl uence of evidence identifi ed a small region of north-
ern Guerrero as the likely region. This information not only 
provides the foundation for studies of evolution under domesti-
cation in poinsettia, but we now have an accurate guide to 
search for new genetic variation to improve the many short-
comings of the crop. Particularly desirable would be cultivars 
that tolerate stressful environmental conditions such as cold, 
drought, and high humidity ( Parks and Moyer, 2004 ;  Ecke, 2011 ), 
more resistance to pests such as glasshouse whitefl y, pathogens 
such as  Pythium ,  Phytophthora , and  Botrytis  ( Potter and Eames, 
1997 ), or to mechanical damage caused by jostling during pro-
duction and transportation ( Ecke, 2011 ). Knowledge of its prov-
enance should invigorate breeding, research, and conservation 
of this iconic plant. 
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