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ABSTRACT

The genus Tagetes includes about 50 species, all native to the New World. Some species are widely cultivated,
notably T. erecta, and many species are used as medicines, spices, and in rituals. These uses are related to the
essential oils that the plants store in secretory cavities in their foliage. Despite several taxonomic contributions,
there are still species complexes in need of much work. Moreover, comprehensive phylogenetic studies of Tagetes
using molecular data have not been conducted yet. Here we present results of phylogenetic analysis of ITS
sequences from almost 50% of the species of Tagetes. The genus is resolved as monophyletic and Hydropectis as
sister to Tagetes. A wild form of T. erecta is resolved as sister to T. patula, a cultivated species with smaller heads
that is often treated as a synonym of the former. Tagetes lunulata, often considered closely related to T. erecta, is
resolved in a different clade. Some other clades are also strongly supported, such as Lucida clade, composed of
mostly subaquatic and riparian species with an anise-like scent. It is necessary to sample species missing from these
analyses to obtain a better understanding of the phylogeny of Tagetes, which will also allow us to postulate more
robust evolutionary hypotheses, such as divergence times and character evolution, as well as to guide the search
for medicines or other desirable traits from the closest wild relatives of the cultivated species.
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INTRODUCTION

With approximately 50 species, Tagetes L. is the
second largest genus in the tribe Tageteae Cass.
within the Heliantheae alliance clade (Panero,
2007; Baldwin, 2009). The species are distributed
from the southwestern United States to central
Argentina and central Chile (Figure 1), with the
highest species richness recorded in Mexico and
the second highest species diversity in western and
northwestern Argentina, Bolivia, Peru, Ecuador, and
Colombia (Schiavinato et al,, 2017,2021; Schiavinato
& Bartoli, 2018). Tagetes includes terrestrial or
subaquatic annuals or perennials, with entire or
pinnately lobed to dissected leaves, radiate heads,
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uniseriate connate involucres, and a pappus of short
and truncated scales, long and subulate scales, or a
combination of both (Figure 2). As most members
of tribe Tageteae, the leaves and phyllaries in Tagetes
have pellucid glands (secretory cavities) that contain
fragrant essential oils (Figure 2B).

The most widely known species is the cultivated
Tagetes erecta L., often known as French Marigold
or African Marigold, although it is native to
Mesoamerica (Figure 3A-C). Tagetes erecta is also
known as Aztec marigold because it was cultivated
and used as a medicinal and ritual plant by the Aztecs
(Linares & Bye, 1997), who interestingly noticed that
the capitula were inflorescences, not single flowers,
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Figure |. Native geographic range of Tagetes L. shaded with
red (adapted from Soule, 1993)

as cempoalxochit, Aztec's Nahuatl name meaning
20 flowers, clearly implies (Rzedowski, 1978). This
species is one of the most important ceremonial
plants of Mexico (Linares & Bye, 1997), where it is
extensively used in Day of the Dead decorations.
On this day, relatives and friends who have passed
away are remembered by setting up colorful altars
with pictures, candies, fruits, beverages, and dishes
(Figure 3B—C). According to tradition, the souls of
the departed come back to visit home and feed
on the dishes in the altars, and they are guided by
the intense orange color of the rays and the large
globular capitula of T. erecta.

Tagetes lucida Cav.has also been used in Mesoamerica
since pre-Columbian times (Figure 4).This species is
known locally as pericén or yerbanis and is used as a
medicinal plant or spice. Also, capitulescences of this
anise-scented species are used to make religious
crosses that are placed in gates, doors, and windows
to repel evil spirits during a religious festivity (Dia
de San Miguel Arcdngel) in south central Mexico
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(Figure 4B). Several other species of Tagetes are
used as ornamental plants, local medicines, and
spices (e.g., T. micrantha Cav.).

—F 40°N

Tagetes was first published by Linnaeus (1753) with
three species: Tagetes erecta, [. minuta L., and T. patula
L. During the following hundred years, the number
of recognized Tagetes species increased with the
contributions of different authors (e.g. Cavanilles,
| 794; Lagasca, | 816;Candolle, 836; etc.), who based
their descriptions both on herbarium specimens
sent from the American continent by the botanical
expeditions of the time, as well as on plants grown
in European botanical gardens from seeds collected
on these journeys. The first comprehensive
taxonomic revision of Tagetes was made by Neher
(1966), who proposed two subgenera that were
not effectively published: 'Tagetes subgen. Lucida’
included species with a distinctive anise-like scent,
linear to lanceolate leaf laminas, and involucres
with punctiform secretory cavities, while the typical
subgenus contained species with a pungent odor,
deeply pinnately lobed leaves, and involucres with
linear secretory cavities. More recently, Soule (1993)
conducted a cladistic analysis of Tagetes based on
morphological data and performed a taxonomic
revision. Soule (1993) recognized 55 species
and proposed three subgenera, Tagetes subgen.
Hydrotagetes Soule, Tagetes subgen. lya Soule,
and Tagetes subgen. Tagetes, the latter with two
sections (i.e. Tagetes sect. Filifoliae Soule and T sect.
Tagetes) and |3 series (all of them included within
section Tagetes). This infrageneric classification was
effectively published by Soule (1996).

Despite the contributions of Neher (1966) and
Soule (1993, 1996), there are some Mexican species
complexes that require additional taxonomic work.
One of them includes the cultivated species and
several related wild taxa. Neher (1966) and Soule
(1993) recognized two cultivated species, Tagetes
erecta, the one with the largest heads and more
numerous ray florets (Figure 3C) and T. patula with
smaller heads and fewer ray florets. According to
this interpretation, T. erecta and T patula could
be derived from wild species such as T lunulata
Ortega and T tenuifolia Cav. On the other hand,
Turner (1996) adopted a broader circumscription of
T. erecta that included T. patula and a wild form of
T. erecta, which is recognized by its fewer rays and
red purplish disk corolla lobes (Figure 3A) and is

CAPITULUM | VOLUME 2(1) | AUGUST 2022 | 39



Hinojosa-Espinosa & Schiavinato | HEAD TOPICS

ot

Figure 2. Diversity of Tagetes L. A-C. Tagetes lemmonii,one of the shrubby species. Also note secretory cavities filled with ethereal
oils. D. Tagetes micrantha, an anise-like scented species with reduced capitula, which is used as spice. E. Tagetes foetidissima, a
strongly pungent species. F. Tagetes subulata, a white-ray form (rays are usually yellow in this species). G. Tagetes nelsonii, used in
traditional medicine in its native range (Chiapas, Mexico and adjacent Guatemala). H. Tagetes filifolia, another anise-like scented
species, which is often found in wet soils. Photos by Oscar Hinojosa-Espinosa
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Figure 3. A. Wild form of Tagetes erecta L, note purplish corolla lobes. B-C. Use of T erecta during the Day of the Dead
holiday. D-E. Tagetes lunulata, note acute capitulum in bud with apical hairs and red-orange spot at the base of the rays.
Photos by Oscar Hinojosa-Espinosa.
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Figure 4. A-B. Tagetes lucida, locally known as pericén or yerbanis, is mostly used as a medicine, and occasionally in religious
festivities. C—E. Tagetes tenuifolia sensu Turner (1996). Note red-orange spot at the base of the rays and glabrous and round
capitulum in bud. Photos by Oscar Hinojosa-Espinosa.
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Crop of Tagetes erecta in Oaxaca, México
Photo by O. Hinojosa-Espinosa




the most probable source of the cultivated forms.
According to Rzedowski (2005), T. lunulata belongs
to this species complex and it is distinguished by
its orange-reddish spot at the base of the rays
(Figure 3E). In addition, Turner (1996) considered
T. tenuifolia morphologically similar and closely
related to T.lunulata, but it lacks the orange-reddish
spot at the base of the rays and the capitulum in
bud is round and glabrous (Figure 4E), whereas in
T.lunulata the capitulum in bud is acute and provided
with setulae (Figure 3D). However, we have seen
populations in central Mexico whose individuals
have the orange-reddish spot and round, glabrous
capitula in bud (Figure 4C-E); these have been either
recognized as T. lunulata (e.g.: Rzedowski, 2005) or
T. tenuifolia (e.g.:Villasefior, 2016).

In addition, the phylogenetic relationships of Tagetes
have not been investigated using molecular data.
The first hypothesis of relationships of the genus
were based on morphology. Strother (1977)
postulated that the Mexican genera Gymnolaena
Rydb., Adenopappus Benth., and the South American
genus Vilobia Strother were the closest relatives of
Tagetes, as all share a uniseriate, connate involucre.
However, in the molecular phylogenetic analyses
of the tribe Tageteae (Loockerman et al, 2003),
Adenopappus and Vilobia were nested within Tagetes
and the small, aquatic genus Hydropectis Rydb.
(including Hydrodyssodia B.L.Turner) was resolved as
the sister group of those three genera. Moreover, the
phylogenetic relationships within Tagetes have not
been evaluated using molecular data, and the results
of the cladistic analyses based on morphology of
Soule (1993) were not published. In this study we
estimate the most densely sampled phylogeny to-
date of Tagetes using ITS sequences aiming to |)
investigate the sister group to Tagetes;2) corroborate
the phylogenetic position of Adenopappus and Vilobia
within Tagetes; 3) investigate species relationships
within Tagetes.

MATERIALS AND METHODS

We sampled 22 species of Tagetes, including a wild
form of T.erecta, the cultivated T. patula, T. persicifolia
(Benth.) B.L.Turner (= Adenopappus persicifolius
Benth.), and T. praetermissa (Strother) H.Rob.
(= Vilobia praetermissa Strother). We also sampled
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the type species of Adenophyllum Pers., Dyssodia Cav.,
Gymnolaena (DC.) Rydb., and two out of the three
species of Hydropectis. Adenophyllum glandulosum
(Cav.) Strother was considered intermediate
between Dyssodia and Tagetes (Strother, 1969)
and Gymnolaena was regarded as closely related to
Tagetes (Turner, 1996). These genera are classified
in the subtribe Tagetinae Dumort. Moreover, we
included two more outgroups, Flaveria trinervia
(Spreng.) C.Mohr, from the subtribe Flaveriinae
(tribe Tageteae), and Helianthus annuus L., from tribe
Heliantheae. The latter was used to root the trees.
Leaves and voucher specimens were collected during
fieldwork in Mexico. The leaves were preserved
in silica gel and vouchers were imported to the
University of California Davis (DAV) herbarium
with the appropriate valid permits. Leaf samples
were also removed from herbarium specimens
with permission from curators from the following
herbaria: CH, DAV, HCIB, MEXU, SD, TEX (Thiers,
2022). Moreover, additional 15 ITS sequences were
extracted from GenBank. A list of voucher specimens
and GenBank accession numbers is presented in the
Appendix.

We used the DNeasy Plant Kit (Qiagen, Valencia,
California) for DNA extraction and amplified the ITS
region using the ITS5 and ITS4 primers from White
et al. (1990). Tag PCR Core Kits (Qiagen, Valencia,
California) were used to amplify the ITS region
following the protocol of Rivera et al. (2016) with
minor modifications. PCR products were checked and
separated by agarose gel electrophoresis.The amplified
ITS was extracted from gel slices using the QIAquick
Gel Extraction Kit (Qiagen, Valencia, California) and
submitted for sequencing at the UC Davis College of
Biological Sciences DNA Sequencing Facility.

Sequencher 5.4.6 (Gene Codes Corporation) was
used to assemble contigs and edit the sequences.
MUSCLE (Edgar, 2004) implemented in MEGA 7.0
(Kumar et al., 2016) was used to align the sequences
followed by minor manual adjustments. Gaps
range from | to 5 base pairs in length and were
treated as missing data. Both Bayesian inference and
maximum likelihood approaches were conducted.
MrBayes 3.2.7 (Huelsenbeck & Ronquist, 2001)
was used to perform the Bayesian phylogenetic
analyses. The nucleotide substitution models were
assessed by implementing Reversible Jump-Markov
Chain Monte Carlo (R]-MCMC). As implemented in
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Figure 5. Majority rule consensus tree of 10,000 sampled trees from the Bayesian analysis of Tagetes using ITS performed in
MrBayes. Posterior probabilities annotated next to the nodes followed by bootstrap values from the maximum likelihood and
bootstrap analyses (1000 replications) of the same data conducted in RaxMLGUI.
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MrBayes 3.2.7,all possible time-reversible substitution
models (i.e., 203 models) are evaluated during the
MCMC. According to the RJ]-MCMC analysis, the
four-parameter GTR submodel [122341] best fit
the data with a posterior probability (PP) of 0.36.
Two simultaneous independent runs of | million
generations using four chains were applied. The
runs were compared every 1000 generations and
sampled every 100, discarding the first 25% samples
as burn-in. Tracer |.7.1 (Rambaut et al., 2018) was
used to assess mixing and convergence. One million
generations were more than enough for the two
independent runs to converge, as our data set was
relatively small. FigTree vI.4.4 (http://tree.bio.ed.ac.
uk/software/figtree/) was used to edit the majority
rule consensus tree that MrBayes uses to summarize
the sampled phylogenetic trees.

Maximum likelihood and bootstrap analyses were
conducted on RaxMLGUI 2.0 (Edler et al., 2020).
The GTR substitution model was used since it is
closer to the model identified using R-MCMC. Ten
independent runs and 1000 bootstrap replications
were performed and summarized as a majority rule
consensus tree.

RESULTS

The ITS region ranged from 640 base pairs (bp)
in  Tagetes campanulata Griseb. to 651 bp in
T. pringlei S.Watson, and the aligned data set included
29 species and 678 characters. The majority rule
consensus tree from the Bayesian and maximum
likelihood analyses were totally congruent (Figure
5). Tagetes (including Adenopappus and Vilobia),
was resolved as a monophyletic group (PP=0.94,
bootstrap=91) with Hydropectis as its sister genus
(PP=0.97, bootstrap=92) (Figure 5). Two strongly
supported clades were resolved within Tagetes:
) the Lucida clade, which is composed of
T. persicifolia, T. lucida, T. pringlei, T. micrantha, and
T. filifolia Lag.;and 2) a larger clade that is composed of
five smaller clades (Lemmonii, Erecta, Moorei, Minuta,
and Lunulata). The Lemmonii clade includes T. lacera
Brandegee, T. nelsonii Greenm., and the sister species
T. lemmonii A. Gray and T. palmeri A. Gray. The Erecta
clade contains T. erecta resolved as sister to T. patula,
with T. foetidissima as sister to both, and T. subulata as
sister to all three. The Moorei clade includes T. moorei
H.Rob. and T. parryi A. Gray. The Minuta clade contains
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T. minuta L., resolved as sister to T. praetermissa, with
T. laxa Cabrera sister to both, and T. campanulata
sister to all three. Finally, the Lunulata clade includes
T. lunulata resolved as sister to T. tenuifolia, with T.
multiflora as sister to both.

DISCUSSION

Our results corroborate that Hydropectis is the closest
relative of Tagetes (Loockerman et al, 2003), and further
sampling may show that Hydropectis is nested within
Tagetes. The Tagetes clade is weakly supported (PP=0.94),
as usually a posterior probability value of at least 0.95
is considered statistically robust (Wilcox et al, 2002),
however, the Tagetes clade is strongly supported by the
bootstrap analyses (Figure 5). The sister relationship of
Tagetes and Hydropectis is strongly supported (PP=0.97,
bootstrap=92). Hydropectis is a small genus of three
aquatic annuals endemic to Mexico (Turner, 1995). It
shows similarities to some species of Tagetes, such as
T. micrantha, in having small heads with very reduced
rays, but it differs from all species of Tagetes by having
a base chromosome number of x=9 (Keil & Stuessy,
1977, Zhao & Turner, 1993), whereas in Tagetes the
base chromosome number is x=I1 or |2 (Soule,
1993; Turner, 1996). Our results also corroborate that
Adenopappus  persicifolius  (=Tagetes persicifolia) and
Vilobia  praetermissa (=Tagetes praetermissa) belong
to Tagetes, and that the genera Dyssodia, Gymnolaena,
and Adenophyllum are distantly related to Tagetes only.

Since Tagetes erecta and T. patula were resolved as sister
taxa these are perhaps best treated as a single species as
proposed by Turner (1996), but it is necessary to sample
the cultivated form of T. erecta. It is also notable that our
results suggest that T. foetidissima and T. subulata are the
nearest relatives of T.erecta,but not T.lunulata as previously
thought (Soule, 1996). Moreover, our results support
Rzedowski (2005) treatment of Tagetes populations from
central Mexico that have an orange-reddish spot near the
base of the ray as T.lunulata, regardless of the morphology
of the head in bud. However, at least the populations from
Mexico City and adjacent regions that we have seen in
the field have glabrous, round capitula in bud (Figure 4C-
E), while the populations of T. lunulata from Western and
north-central Mexico have acute, setulaceous capitula in
bud (Figure 3D-E), and perhaps it is best to treat all of
these as a single species with two varieties.
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Some of the the resolved clades are composed of species
that are similar in ecology, morphology or geography. For
instance, the Lucida clade includes Tagetes persicifolia, a
riparian species, and it is also composed of species that
are common in wet soils (T. micrantha and T. filifolia) or
are subaquatic (T. pringlei). Moreover, the species in this
clade have mostly a sweet anise-like aroma, and appear to
correspond to the subgenus Lucida proposed by Neher
(1966). We would expect that T. epapposa B.L.Turner,
another subaquatic species that is similar in morphology
to T.pringlei,is a member of this clade. Another example is
the Minuta clade, which in this case is composed of South
American species only.This group loosely matches Soule's
series Minutae (1996); however, Soule (1996) placed T.
campanulata in its own series (ser. Campanulatae), which
is not supported by our preliminary results. Another
example is the Lemmonii clade, which is composed
of species that are suffruticose and occur in northern
Mexico and Southwest USA, except of T. nelsonii, which is
confined to Chiapas in Southern Mexico and Guatemala.

To estimate phylogenetic relationships more accurately,
it is necessary to sample the missing species of Tagetes
and to use additional molecular markers, such as ETS,
plastid markers, and/or low-copy targeted nuclear genes.
A more robust phylogeny will be useful to investigate
evolutionary processes, such as divergence times and
character evolution, and to guide the search for new
potential medicines or spices. Furthermore, knowing the
closest relatives of the cultivated form of Tagetes erecta
will facilitate the search for desirable traits in the wild
species.
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APPENDIX

Species, vouchers of plant material from which DNA was extracted and GenBank accession numbers.

Species Voucher GenBank accession #

Adenophyllum glandulosum (Cav.) Strother Hinojosa-Espinosa 630 (MEXU) ON695767
Dyssodia papposa (Vent.) Hitchc. Hinojosa-Espinosa 684 (DAV, MEXU) ON798518
Flaveria trinervia (Spreng.) C.Mohr Huffman s.n. (DAV) ON695768
Gymnolaena serratifolia Rydb. Cronquist 11219 (MEXU) ON695769
Helianthus annuus L. Schilling 660 KX671853

Hydropectis aquatica Rydb. Soule 2796 (DAV) ON695770
Hydropectis stevensii McVaugh Perez-Calix 4706 (TEX) ON695771

Tagetes campanulata Griseb. Soule 3553 (TEX) AF413574

Tagetes erecta L. Hansen 126 (TEX) KJ525046.1

Tagetes filifolia Lag. e Hk DQ862118.1
Tagetes foetidissima DC. e wk DQ862119.1
Tagetes lacera Brandegee Medel 2014-03 (HCIB) ON695774
Tagetes laxa Cabrera e ok KC800431.1
Tagetes lemmonii A.Gray Reina 1120 (HCIB) ON695775
Tagetes lucida Cav. Hinojosa-Espinosa 676 (DAV, MEXU) ON695772
Tagetes lunulata Ortega Hinojosa-Espinosa 723 (DAV, MEXU) ON695776
Tagetes micrantha Cav. Hinojosa-Espinosa 724 (DAV, MEXU) ON695773
Tagetes multiflora Kunth Hk KC800434. 1
Tagetes minuta L. Hk AF413576

Tagetes moorei HRob. et wok KC800433.1
Tagetes nelsonii Greenm, Hinojosa-Espinosa 731 (CH, DAV, MEXU) ON695777
Tagetes palmeri A.Gray Soule 3362 (TEX) AF413577

Tagetes parryi AGray e Hk KC800427.1
Tagetes patula L. s wok DQ862121.1
Tagetes persicifolia (Benth,) B.L. Turner Sundberg 2954 (TEX) AF413580

Tagetes praetermissa (Strother) H.Rob. Balls 6183 (UC) AF41358]|

Tagetes pringlei S.VWatson Soule 2798 (TEX) AF413578

Tagetes subulata Cerv. Rebman 30705 (SD) ON695778
Tagetes tenuifolia Cav.* Hinojosa-Espinosa 677 (DAV) ON695779

* (sensu Turner 1996, T. lunulata Ortega sensu Rzedowski 2005)
** Information not available in GenBank
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