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ABSTRACT 

The purpose of this study was to make a comprehensive analysis ofthe systematic 

relationships within Trilliaceae,a family offlowering herbaceous plantsfound in north 

temperate mixed forests As currently circumscribed it includes Trillium L,Pans L., 

Kinugasa Tatew.and Suto,and Daiswa Raf. Results of previous rbcL studies showed that 

the members of Trilliaceae segregate out into a distinct, cohesive unit separate from other 

liliaceous genera,and reinforced the conceptthat Trilliaceae are nota part ofthe Liliaceae 

and should in fact be an independentfamily. The presentstudy focused on the 

relationships within Panss I;(i.e.. Pans,Daiswa,and Kinugasa); between Pans,s I. and 

Trillium, and within Trillium itself. A total of86 taxa,including all ofthose currently 

recognized, was selected for morphological,cladistic analysis and scored for 110 

morphological characters It was also possible to obtain matK and ITS molecular characters 

for a subset oftaxa used in the morphological analysis. Several genera outside the family 

were considered for outgroup selection, but none ofthose taxa proved satisfactory. Based 

on preliminary analyses, Trillium rivale was shown to be distinctive and was used as the 

outgroup The data sets were analyzed with the PAUP* program using maximum 

parsimony as well as maximum likelihood. Character congruence analysis gave 

contradictory results with the Mickevich and Farris measures showing less than 5% 

variation between data set,and the Paup* Homogeneity of Partitions test indicating 

incongruence between the morphological and molecular data sets. Taxonomic congruence 

gave results showing that most clades were supported across all analyses,and rival trees 

were less than 5% longer than the constrainttree for a given data set. Analysis ofthe 

combined ITS and matK sequence data produced 6 shortest trees,the morphological data 

for the same set oftaxa for which molecular data were available produced 13 shortest trees. 

IV 



the combined morphological and molecular data sets produced 3trees,and the full data set 

of86taxa produced 1,296 shortest trees with an average Cl(consistency index)of0.74 

Trillium rivale is distinctfrom both Pans and Trillium and should be placed in its own 

genus. Trillium and Paris are clearly distinct based on molecular as well as morphological 

evidence. Trillidium govamanum is more similar to Pans than it is to Trillium, butshould 

be recognized as a distinct monotypic genus Trillium undulatum is clearly a Trillium 

based on morphology and biogeography. The cladistic analyses provided supportfor the 

separation ofPanss I into Daiswa,Kinugasa,and Pans. The monophyly of Trillium was 

supported in all analyses. 
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PREFACE 

I am Spock,a dealer m Kevas and Trillium 
- Gene L Coon,Errand of Mercy 

Consider the Lilies ofthe field how they grow,they toil not, neither do they spin:And yet 
say unto you.Thateven Solomon in all his glory was not arrayed like one ofthese 

- Matthew 628b-29 

This genus is a very interesting one. Under greatsimplicity and conformity of habit,3 
leaves atthe summit ofa stem,supporting one solitary terminal flower, it contains and 
conceals many species." 

- Stephen Elliott, A Sketch ofthe Botany ofSouth Carolina 
and Georgia p.430 

But all I wanted to do was identify my photographs! 
- Susan Farmer 
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1.0 INTRODUCTION 

Despite Its distinctiveness and a long history ofstudy,confusion exists aboutthe 

systematics ofTrilliaceae,a family offlowering herbaceous plants which occur in north 

temperate mixed forests. These plants are morphologically distinct and quite similar:a 

stem topped by a single whorl of reticulate-veined leaves with a single flower. 

One major question regards the generic delineation in Trilliaceae: are the traditional 

generic groupings correct, or would these species be better considered a single genus? The 

taxa from Trilliaceae included in a recentstudy using DMA sequencesfrom the ribulose-

1,5-bisphosphate carboxylase/oxygenase(rbcl)gene show far less differentiation than for 

other genera included in the study(Chase,1993,personal communication)leading to the 

possible conclusion thatthere is only one genus Ifthe circumscription ofthe traditional 

genera is correct, what are the relationships within Trilliaceae: are Pans L sensu lato and 

Trillium L. sister genera, is one derived from the other,or should Panss I. be split into 

Pans,Kinugasa Tatew & Suto,and Daiswa Raf? For the purposes ofthis study,the taxa 

included in Trilliaceae are those recognized by Tamura(1998)- Trillium, Pans,Daiswa,and 

Kinugasa 

With this lack of differentiation between genera in the molecular data, it wasfelt 

that an examination ofthe morphology should be undertaken to determine ifthe traditional 

separation ofPans s I and Trillium was valid. 



1,1 Taxonomic History 

The core genera in Trilliaceae, Trillium and Pans,s I,were both recognized by 

Linnaeus in Species Plantarum ("1753) He also named four ofthe species included in this 

family Trillium sessile, T cernuum,T erectum,and Pans quadrifolia(Figure 1). He 

separated Pans and Trillium based on numbers of carpels and anthers, placing Trillium in 

his "hexandria trigynia" and Pans in "octandria tetragynia"Several genera have been 

proposed since the work of Linnaeus for plants referable to Trilliaceae, mostof which are 

now considered to by synonyms A summary ofthe genera with the rationale for their 

creation is given in Table 1 The name Alopicarpous Neck was proposed as a substitute 

for Pans because Meeker(1790)felt that Pans was too significant as the "voice of France" 

("Pans, vox gallica")and thus should be rejected as a genus name. Hoffmann(1808) 

recognized Demidovia as different because it is apetalous Delostylis, Phyllantherum,and 

Daiswa were named by Rafinesque for species that possess a common style, lack a pedicel, 

or are 5-merous,respectively(Rafinesque, 1819, 1820, 1836). Kunth (1836)saw Trillidium 

as halfway between Pans and Trillium because in this species the whole perianth is colored 

and the anther dehiscence is extrorse. Pans generally has greenish-yellow petals and 

latrorse anther dehiscence,and Trillium has colored petals and green sepals with(most 

commonly)introrse anther dehiscence. Cartalinia Szov. is a nomen nudum that was listed 

by Kunth (1836)in synonymy withoutcommentor reference for Pans incompleta M Bieb 

Esdra and Euthrya were separated out by Salisbury(1866)for species that have all aerial 

organs strictly sessile or have a capsular fruit with a common style, respectively Tatewaki 

and Suto(1935)define Kinugasa to be distinctfrom Pans because it has petaloid sepals and 

a caespitose habit; differentfrom Trillium by the shape ofthe leaves and the number of 

2 
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floral parts,and differentfrom Trillidium by rhizome characters, merosity,and shape of 

pistil and leaves. Currenttaxonomists frequently split Pans into Pans,Kinugasa,and 

Daiswa(Takhtajan, 1987,1997;Tamura,1998,Dahlgren, Clifford,and Yeo,1985) Other 

authors, notably Hara,Steam,and Williams(1978)split Trillium by recognizing both 

Trillium and Trillidium 

There have been a number of other genera associated with Pans and Trillium, 

whetherTrilliaceae is placed in a sub-familial group within Liliaceae si or as an 

independentfamily(Table 2) Medeola L and Scoliopus Torr are the mostfrequently 

included in a suprageneric taxon with Pans and Trillium:sometimes both Medeola and 

Scoliopus are included as in Dalla Torre and Harms(1908)and Watson and Dallwitz 

(1991b),other taxonomists include only Medeola(Engler, 1888;Melchoir, 1964); still 

others include only 5co/;opus(Dahlgren etal., 1985; Brummitand Powell, 1992b). 

Clintonia Raf. was included by Bentham and Hooker(1880). The additional taxa that are 

sometimes included in the family are shown in Figure 2. 

The Trilliaceae have led a vagabond existence since their initial recognition by 

Lindley in 1846(note that although Lindley has long been credited with naming the family. 

Reveal(1998)has recently discovered that the family was named first by Chevallier in 

1827) It has been afforded tribal status within various families, reincorporated back into 

the Liliaceae, or elevated to familial status within different orders ofthe monocots. 

Takhtajan,alone, placed the family in four different orders(1969,1980, 1987, 1997). Even 

though Dahlgren was notthe first to segregate Trilliaceae, or the only taxonomist to 

perform a rigorous morphological analysis(q.v Huber,1969,1977); it seems that he is 

credited as being influential in leading mosttaxonomists to segregate the family. 
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Figure 2. Genera sometimes included in Trilliaceae. a. Scoliopus bigelovii (used by 
permission of Jim McClements) b. Clintonia umbellaia (used by permission of Ken Thurmond) 
c. Medeola virginiana (used by permission of Mrs. Ken Thurmond) 



Recentstudies such as those using the rbcl gene(Chase, personal communication, 

Chase eta!,1993,1995a; Kato eta!,1995b),chloroplast DNA(cpDNA)restriction-site 

analysis(Davis, personal communication,1995, Kato etal., 1995a),and combined 

morphological-restriction site analyses(Stevenson and Loconte,1995,Chase etal,1995b) 

are reinforcing the conceptthat Trilllaceae is not a part of Liliaceae and should in fact be an 

independentfamily. When Trilliaceae is recognized as a family, it is notthe only family 

removed from Liliaceae s / which is a heterogeneous assemblage ofgenera united only by 

the fact thatthey possess modified underground storage stems,6 perianth segments, usually 

6stamens,and a 3-carpellate ovary(Cronquist, 1981). Within the Liliaceae s.l there is 

extensive variation for many features. For example,leaves varyfrom simple, 

undifferentiated,and strap-like to having a distinct petiole and lamina,leaves are alternate, 

opposite,or whorled,leaves have parallel or palmate venation,the inflorescence is a 

raceme or solitary,flowers are bisexual or unisexual,floral symmetry is actinomorphic or 

zygomorphic,the perianth is composed oftepals or distinct sepals and petals, and anthers 

are basifixed or dorsifixed It is when the Liliaceae is narrowly defined as a more 

homogeneousfamily that Trilliaceae, as well as many other more narrowly circumscribed 

families such as Agavaceae,Amaryllidaceae, Asparagaceae, Melanthiaceae,and 

Smilacaceae are separated out Qudd et al,1998). The molecular evidence indicates thata 

narrow definition of Liliaceae is most consistent with phylogeny(Chase et al., 1995a, 

Chase etal,1995b,Davis, 1995; Davis etal,1998,Stevenson and Loconte, 1995). 



1.2 Relationships within Triiliaceae 

The simplest and traditional view ofTriiliaceae is to separate the species into two 

genera based on floral merosity Trillium is trimerous, whereas Pans s.l is 4- to 11-merous 

(Figure 3) However,4- and 5-merous Trillium monstrosities exist, as do trimerous Pans 

In fact there is no clear and absolute set of morphological characters thatseparates any of 

the groups within the family. When Pans fargesii var. brevipetalata was transferred from 

Daiswa to Pans, Trillium taiwanense was listed by Huang, Huang, and Yang (1989)as a 

new synonym Otherthan Kinugasa japonica, which is distinctive enough to have been 

placed in every genus except Daiswa,this is the only occurrence of cross-generic 

synonymy between Trillium and Pans 

Because Trillidium and Kinugasa each share characters with both Trillium and Pans, 

they underscore the difficulty thatsometimes occurs in separating Pans and Trillium 

Trillidium was based on one species, T govanianum,and was seen as halfway between 

Trillium and Pans(Kunth, 1836). Trillidium govanianum possesses characters normally 

restricted to Pans such as filiform petals and ellipsoid, monosulcate pollen (Zomlefer, 

1996), but It shares having trimerous flowers with Trillium. Trillidium japonicum,which is 

now Kinugasa japonica,was added to the genus in 1877 by Franchet& Savatier and 

appears to possess chromosome typesfrom both Trillium and Pans(Tatewaki and Sutb, 

1935,Haga,1937b). Characters that it shares with Trillium include having a large showy 

inflorescence and caespitose habit even though it has the filiform petals characteristic of 

Pans,as well as merosity and narrow leaves Trillidium is now considered by some 

botanists to be a valid monotypic genus containing only T govanianum (Hara et al., 1978; 



V.G.Soukup 

A 

% 

ft 

d 
ML -itOk 

Figure 3, Morphologically distinct taxa included in Trilliaceae. a.Paris I'argesii b.P. 
polyphylla var. chinensis c. Trillium grandiflorum d. T. stamineum. (a and b used by 
permission of Dr. Victor G.Soukup) 
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Noltie, 1974), Kinugasa is accepted by Takhtajan (1983,1987), Dahlgren etal.(1985), 

Zomlefer(1996)and Tamura(1998). 

Even though the different subgroups within Pans s.l are relatively consistently 

defined,views oftheir taxonomic rank have varied (Table 3) Takhtajan (1983)recognizes 

separate genera, but Li(1984b,1986,1998)and Hara(1969) prefer to retain the single 

genus Pans. Each ofthese taxonomists uses a slightly different character set to delineate 

the taxonomic groups. Takhtajan separates Pansfrom Kinugasa and Daiswa on the basis of 

a slender,creeping rhizome,round ovary,and fruit being an indehiscent, black berry. 

Daiswa is characterized by a thick rhizome,an ovary with a transverse rim,a fleshy 

loculicidal capsule,and seeds with a scarlet sarcotesta. Kinugasa shares several features 

with Paris such as slender stigmatic branches, indehiscent berry,and seeds without a 

sarcotesta; it also shares features with Daiswa such as a thick rhizome,and angular ovary. 

Li(1984b,1986,1998)and Hara(1969)separate Takhtajan's genera into subgenera and 

sections on the basis of placentation and number of locules, presence/absence of an aril, 

fruit type,rhizome morphology,and basal merosity(e.g, parts 2x-6x the base number). 

There appear to be some problems with this characterization (Li and Noltie, 1997) 

• P farges/;- has the thick rhizome of Da/swa(where It is placed by 
Takhtajan), butthe indehiscentfruit of Pans sensu stncto(where it is placed 
by Li). 

• P.thibetica - has the rhizome and capsule of Daiswa, butthe seeds are 
Par;s-Iike. 

Despite Its distinctive morphology,Kinugasa has been recognized only by those who also 

separate Daiswa from Panss s 

For Trillium the focus has been on infrageneric groups; Trillium is divided into two 

subgenera based on the presence or absence ofa pedicel(Freeman, 1969a). Subgenus 

Trillium consists of pedicellate plants, whereas subg.Phyllantherum includes sessile-

11 



Table 3. Three views on Parissensu lato:a comparison ofthe taxonomy of Hara, 
Li,and Takhtajan. 

H Hara 1969 H Li 1984,1986 ATakatajan 1983 

Pans taxonomy genus Pans genus Pans, genus Pans 
subgenus Pans 

rhizome slender,creeping short and thick slender,creeping 
(Axipans)*or* long 
and slender(Pans) 

ovary roundish,4-5 locules, 4-10 locules with roundish, without an 
few ovules axilary placentation apical transverse rim 

stigma slender slender 

fruit indehiscent berry indehiscent berry indehiscent berry, 
poison, blue-black 

seeds with or without without sarcotesta 

imperfect aril (aril) 

Kinugasa taxonomy genus Pans, genus Pans,subgenus genus Kinugasa 
subgenus Kinugasa Pans,section Kinugasa 

rhizome very thick short and very thick 

ovary roundish with disk at the 4-10 locules with angular,truncate and 
top,6-10 locules, axilary placentation depressed apically 
many ovules 

stigma slender slender 

fruit indehiscent berry indehiscent berry indehiscent berry, 
edible,dark putple 

seed without aril without sarcotesta 

(aril) 

Daiswa taxonomy genus Pans, genus Pans, genus Daiswa 
subgenus Daiswa subgenus Daiswa 

rhizome thick thick thick or very thick 

ovary angular, numerous ovules unilocular with >4 angular,truncate 
parietal placentas with apical 

transverse rim 

stigma short,thick thick 

fruit dehiscent capsule dehiscent capsule fleshy loculicidal 
capsule 

seeds enclosed by a scarlet enclosed by juicy red scarlet and juicy 
juicy coat aril sarcotesta 
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flowered plants. In addition to the lack ofa pedicel, mostsessile-flowered Trillium have 

spotted leaves, butthe trait occurs sparingly in pedicellate Trillium as well as in Pans s.l 

Relationships among the sessile-flowered Trillium were studied in the only 

thorough treatment ofthe subgenus by Freeman (1969a, 1975), previously they had been 

surveyed by Small(1897) Freeman separated 7.subg.Phyllantherum into informal 

groupings based on morphology which were formalized by Murray(1983,1984) The 

"Trillium recurvatum group,"sect Recurvata, possesses basally recurved sepals, incurved 

anthers,and slender elongated rhizomes. The "Trillium sessile group," sect. Sessilia, 

possesses prolonged anther connectives, introrse or extrorse(but not lateral) dehiscence, 

angled ovaries, linear stigmas,and thick compact rhizomes The "Trillium maculatum 

group,"sect Maculata, is characterized by lateral anther dehiscence, no anther 

prolongation,and subulate stigmas 

Formal subgroups have not been proposed for Trillium subg. Trillium, buttwo 

subgroups are often mentioned:the "erectum group"and the "grandiflorum group"(Patrick, 

1984,Gleason, 1906, Barksdale, 1938; Ihara and lhara, 1978,1982). Even though these 

two groups have been typically defined by the texture and aging characteristics ofthe 

petals (Patrick, 1984),the studies that make such taxonomicjudgements have used other 

characters(Table 4). Barksdale(1938)defines 3 groups on the basis of leaf and ovary 

characters an "erectum group" with rhombic leaves and globose,6-angled ovaries,a 

"grandiflorum group" with elliptic to ovate leaves and green,6-angled ovaries,and an 

"undulatum group" with petiolate leaves and 3-angled ovary. Gleason(1906)also defined 

his groups also on the basis of pistil characters:an "erectum group" with a sharply 6-angled 

ovary and recurved,subulate stigmas,a "grandiflorum group" with a less deeply angled 3-

lobed ovary and slender,cylindrical stigmas,and a "catesbaei group" with a slender and 

13 



Table 4. Taxa and their placement within the pedicellate Trillium. 

author Barksdale 

erectum Tcernuum 

group Terectum 

T gleasoni('=7flexipes) 

T rugelii 

T vaseyi 

grandiflorum T.catesbaei 
group 

T.grandiflorum 

Tpusillum 

other undulatum group 

T undulatum 

Gleason 

Tcernuum 

Terectum 

T declinatum(=1flexipes) 
T kamtschaticum 
(=Tcamtschatcense) 

T rugelii 
Tsimile 

Tsmallii 

Ttschonoskii 

T vaseyi 

Tgovanianum 
T.grandiflorum 
T nivale 

Tovatum 

T rivale 

T undulatum 

T.scouleri(=T ovatum^) 

catesbaei group 

7catesbaei 

Tpusillum 

Taffine(=unknown ) 

lhara and lhara 

Tcernuum 

Terectum (with var 
simile,sulcatum, vaseyi) 
Tflexipes 

T rugelii 

T affine(=unknown ) 
Tlatifolium 
(=unknown ) 

Tgrandiflorum 
T nivale 

T ovatum 

Trivale 

T undulatum 

pusillum group 

Tcatesbaei 

Tpersistens 
Tpusillum 
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cylindrical stigma and style. Ihara and lhara(1978,1982)also use pistil morphology to 

define three groups- an "erectum group" which they define by karyotype and 

microsporogenesis as well as the variability in pistil characters-even though that 

variability helps categorize this group."Their gynoecium forms are variable in the ovary 

shape as well as in the stigmatic portion,though the variability per se characterizes the 

present assemblage";a heterogenous"grandiflorum group" which may be an artificial 

group on the basis ofslender stigmas,and a "pusillum group" having a pale green ovary 

with a style 

1.3 Biogeography 

Trilliaceae are,plants of North Temperate forests with a holoarctic distribution 

(Figure 4),and have been proposed to be Arcto-Tertiafy in origin (Tamura,1998). 

However,atthe genus level, distribution patterns become evident In North America only 

Trillium are found,with subg Phyllantherum endemic; in Europe,only Pans occurs; but in 

Asia, representatives of all the genera occur The center of diversity of Trillium is in the 

southeastern United States; the center of diversity for Pans and Daiswa is in China 

Kinugasa is endemic to Japan. 

Genetically,another distribution pattern develops: polyploidy is restricted to the 

Old World. All North American Trillium are diploid; although there are scattered reports of 

triploid specimens(Haga,1942,Sparrow and Pond,1950;Kozuka,Channell,and Fukuda, 

1964) Ofthe eleven Trillium in Asia,only one is diploid,the rest are triploid,tetraploid, 

or hexaploid Within Pans,the primary European taxon,Paris quadrifolia, is tetraploid. 
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Pans incompleta from the Caucasus Mountains is diploid as are most ofthe other Asian 

taxa including all members of Daiswa (Li, 1998). Kmugasa japonica is octoploid (Tatewaki 

and Suto, 1935) 

1.4 Relationships with Higher Taxa 

Because of its simple and distinctive morphology(a single flower subtended by a 

single whorl of leaves on an otherwise naked aerial stem),the family Trilliaceae has been 

easy to circumscribe, but because of its unusual morphology, it has been difficult to place 

(q V Table 2)both from a familial as well as an ordinal standpoint. The plants comprising 

this family have been placed in a variety offamilies:the Smilaceae(Endlicher, 1836-40), 

Smilacineae(Kunth, 1836),as well as the customary Liliaceae(Bentham and Hooker,1880; 

Engler, 1892;Cronquist, 1981) As a separate family, Trilliaceae have been placed in 

Liliales(Hutchinson, 1926), Dioscorales(Takhtajan, 1959, Dahlgren etal., 1985),and 

Stemonales(Dahlgren,1975, Huber, 1969),the most recent work by Takhtajan (1997)and 

also by Reveal(1997) places Trilliaceae in Trilliales. 

Even though Trilliaceae and Liliaceae ss share afew characters(Table El), 

Trilliaceae are responsible for significant variation in Liliaceae s./. When notsegregated as 

a separate family,the taxa in Trilliaceae are usually placed within Liliaceae s / because the 

Liliaceae s / is composed of perennial herbs with modified underground storage stems,6 

perianth segments, usually6stamens,and a 3-carpellate ovary Current research, however, 

shows that Liliaceae s /. should be split into smaller families(Chase et al., 1995a) 

Liliaceae s s typically has a tepaloid inflorescence with showy and often spotted tepals as 
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well as paraliel-vemed,sheathing,cauiine or basal leaves Liliaceae and Tnlliaceae are 

both autotrophic, perennial herbs with successive microsporogenesis,dry stigmatic 

surfaces, leaves without stipules, and lacking xylem vessels In Tnlliaceae theflower 

exhibits differentiated sepals and petals,and the fruit is either a berry or a fleshy capsule. 

Molecular studies suggestthat Melanthiaceae are the most closely related to 

Tnlliaceae(Chase, personal communication;Chase etal., 1995a; Kato etal,1995b, Davis, 

personal communication,1995) Even though there is strong molecular supportfor this 

relationship,these are notfamilies or genera that would normally be associated with each 

other based on morphology(Table E2). Trilliaceae are differentfrom Melanthiaceae in that 

Melanthiaceae usually have a racemose or spicate inflorescence,and flowers with a 

perianth of inconspicuous tepals, whereas in Tnlliaceae the inflorescence is solitary and 

showy and the flowers have a perianth composed ofsepals and petals. The fruit is also 

usually a capsule or aggregate fruit with winged seeds in Melanthiaceae. Characters that 

Tnlliaceae and Melanthiaceae share, which include basifixed anthers, dry stigmas, lack of 

xylem vessels,and the presence of steroid saponins,seem to be more plesiomorphic in 

nature rather than synapomorphic as they are not restricted to the two families 

1.5 Recent Molecular and Morphological Studies 

Recentstudies show thatthe Tnlliaceae s s (i e., including only Pans s.l and 

Trillium) are a cohesive group. These studies have included general analyses ofthe 

monocotyledons as well as studies specifically on some part ofTnlliaceae,and have used 

sequences from the rbcL gene(Chase, personal communication.Chase etal., 1995a; Kato 
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et al., 1995b),cpDNA restriction site data (Davis, 1995; Kato et al,1995a),the matK gene 

(Kazempour Osaloo et al., 1999),rbcL, ITS,and matK(Kazempour Osaloo and Kawano, 

1999)as well as morphological characters(Goldblatt, 1995; Kawano and Kato, 1995, 

Stevenson and Loconte, 1995) Unfortunately,some ofthese studies have been 

unsatisfactory as far as the familv is concerned,either because of incomplete sampling 

(e g., only Trillium), outgroup selection, or contradictory results between studies. 

However,one ofthe most recent studies(Kazempour Osaloo and Kawano,1999)involving 

matK,ITS,and rbcL sequences with 18 Trillium,8 Panss I and Veratrum mackii showed 

the monophyly of Trillium subg.Phyllantherum,the monophyly ofan "erectum group,"the 
/ 

monophyly ofPanss I;but Trillium rivale is basal to the rest ofthe members ofthe family 

in both matK and ITS analyses. 

Results of rbcL studies show thatthe members of Trilliaceae s s. segregate out into a 

distinct, cohesive unit(Figure5b)obviously separate from other liliaceous genera 

examined.Members of Trilliaceae, however,not only do notseparate out into genera,they 

do notseparate out into recognizable morphological groups. The earliest study(Chase, 

personal communication,q.v., 1993,1995a)used several taxa within the Trilliaceae s / 

(Trillium kamtschaticum, T. sessile, T erectum.Pans polyphylla,P tetraphylla, Kinugasa, 

Medeola,and Scoliopus)as part ofa study ofthe monocotyledons. Mark Chase,who 

performed the molecular analysis, said,"Medeola is some distance from Trillium and is 

closer to Lilium,... From our molecular work, it seems pretty clear that there is only one 

genus in the family. The segregates from Trillium all have relationships to one or another 

Trillium species or group,so you should not accept generic concepts without prooffrom 

character analyses It is possible that with our limited sampling that we are not getting the 

'right' tree, but it is worth taking a broad view to determine if the genera are good,"(Chase, 
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personal communication) Figure5shows excerpts from ciadograms that were produced in 

Chase's study The Kato study(Kato et a!., 1995b)used a subset ofthe taxa used in the 

Chase study(monocots versus Triiliaceae),exceptthat7 erectum was omitted. Not 

surprisingly,the results ofthe Kato study corroborate those produced by Chase. A more 

recentstudy by Kazempour Osaloo and Kawano(1999) using 20 Trillium and Panss I taxa 

produced a polytomy with only three clades defined erectum-rugelii,govanianum-

undulatum,and Daiswa 

Several studies have been performed which are illustrative of putative placement of 

the family within a larger clade containing the Melanthiaceae The earliest restriction-site 

analysis(Davis, 1995)used only Trillium grandiflorum from Triiliaceae and indicated that 

Veratrum L. and Amianthium A.Gray are the nearest neighbors to Trillium as was Indicated 

in the rbcL study. As an interesting footnote to the analysis, Davis found that removal of 

Trillium destabilizes the tree causing the taxa from Liliales to be no longer monophyletic. 

Stevenson and Loconte(1995)performed a morphological analysis ofthe monocots that 

included Triiliaceae only as a family rather than as one or more distinct species. In this 

analysis,Triiliaceae was basal to the rest ofthe monocots and was sister to the Stemonales 

rather than the Melanthiales The ciadograms resulting from a combined 

morphological-molecular analysis performed by Chase et al (1995b)were more 

representative ofthose produced by the all-molecular analysis(Chase et al., 1995a)in that _ 

Trillium was placed as sister to the Melanthiaceae rather than the Stemonaceae Even 

though current studies using the matK gene(Fuse and Tamura,1999),ndhP genes 

(Zomlefer and Perkins, 1999),and atpA gene(Davis et al., 1998)show that Triiliaceae is 

nested within the Melanthiaceae, it is Tamura's opinion (personal communication)that the 

families should remain separate. 
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To further complicate the picture, another recent morphologicaliy-based study 

(Goldbiatt, 1995)examining Dahlgren's orders of Liliales and Melanthiales concludes that 

the Triliiaceae is basal to Smilacaceae, Melanthiaceae, Uvulariaceae,and Liliaceae s.s 

Trilliaceae and Smilacaceae were included in this study because of Dahlgren's 

controversial treatments In this study, however, because the selection offamilies used in 

the analysis was limited, Goldbiatt recommends against inferring "too much"from the 

analysis. Trillium shared with its ingroups septal nectaries, perigonal nectaries, and 

stomata withoutsubsidiary cells and differed in that the inflorescence was not bracteate, 

and the perianth was differentiated 

Studies thatfocus on Trillium taxa fail to supportthe monophyly of both subgenera: 

the monophyly ofthe sessile-flowered subgenus of Trillium is evident, butthe pedicellate 

Trillium are not monophyletic Kato et al.(1995a)performed a restriction site analysis, 

using 24 species of Trillium, with Pans tetraphylla as the outgroup Even though this may 

not adequately demonstrate the relationships between Trillium and Pans,conclusions can 

be drawn aboutthe affinities within Trillium In fact,the monophyly ofthe sessile-flowered 

Trillium IS supported as is the monophyly ofthe T erectum complex In a morphological 

study, Kawano and Kato(1995)showed that T subg Phyllantherum is monophyletic The 

pedicellate-flowered Trillium are polyphyletic with two species groups showing up in their 

analysis, a monophyletic group consisting ofa basal "grandiflorum-ovatum group" with a 

monophyletic"erectum group," and the rest ofthe pedicellate Trillium in a paraphyletic 

grade A matK analysis by Kazempour Osaloo et al.(1999)had similar results T subg. 

Phyllantherum is monophyletic,an "erectum group" is monophyletic,a "grandiflorum 

group" IS monophyletic, but pedicellate Trillium are paraphyletic. 
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1.6 Previous Studies 

Virtually all ofthe studies ofgroups oftaxa in the family have been generic or 

subgeneric in nature Only the most recent study by Kazempour Osaloo and Kawano 

(1999) using sequencesfrom the rbcL gene,the ITS region,and the matK gene for8species 

ofPans s I and 18 species of Trillium could be considered a broad survey ofthe family. 

Although there have been numerous studies of various aspects ofthe pedicellate-flowered 

Trillium,and several ofthese studies draw some preliminary phylogenetic conclusions, 

there has not been a single unifying study comparable to the ones that Li has performed on 

Pans and Freeman has done with the sessile-flowered Trillium Many ofthe studies oftaxa 

included in the Trilliaceae have been individual m nature rather than taxonomic and have 

included such topics as morphological abnormalities(Hall, 1961,Andrews,1927;Gibson, 

1978), in vitro propagation(Pence and Soukup,1986,1993), mycoplasmal infection 

(Hooper,Case,and Myers,1971),apomixis (Jeffrey and HaertI, 1939)and ecology 

(Anderson, 1994,Guntherand Lanza, 1989). 

The phytochemistry ofthe family related to steroid saponins and anthocyanin 

pigments has also been studied. Because offolk medicine claims for both Trillium and 

Pans,the chemical constituency has been studied (Fukuda etal., 1981; Nohara,Miyahara 

and Kawasanti, 1975a; Nohara etal,1975b; Hufford, Liu and Clark, 1988). Variability of 

petal color in sessile-flowered trilliums has led to the study of anthocyanins(Asbury,1973; 

Les et al., 1989; Murrell, 1969)as well as other chemical compounds(Grove, 1933). 

Trillium has 5 large chromosomes which have been referred to as the Drosophila of 

the plant world(Warmke,1937),and have been the subject ofextensive studies of 

structure. Many ofthese studies were simply DMA or chromosomal studies rather than 
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studies of Trillium chromosomes Panss I,even though similar chromosomaliy, has not 

been as extensively studied until recently(Miyamoto and Kurita, 1990,Miyamoto,Gu,and 

Li, 1992) When treated with cold and stained,the heterochromatin forms specific banding 

patterns that have been found to be oftaxonomic significance, identification ofthe putative 

parents ofthe Japanese hybrid species of Trillium(Haga,Watanabe,and Kanazawa, 

1974a),separation offour Pacific Coast trilliums(Warmke,1937),and separation of 

Trillium rugeliifrom other species in Rutherford Co,North Carolina (Serota, 1969) 

Various aspects ofchromosome morphology and banding patterns have been studied by 

Bailey(1951,1954a,1954b,1958), Haga(1934),Haga and Watanabe(1966)and 

Kurabayashi(1952,1957)including the differences between the H-segments ofJapanese 

and American species(Darlington and Shaw,1959). In addition,the cytogeography of 

Pans has been studied (Li, Gu,and Na,1988;and Li, Gu,and Yang,1998) 

Other aspects of morphology as well as the life-cycle of Trillium have also been 

studied,even though this information is important biologically, it appears to convey little or 

no information of phylogenetic importance perhaps due in part to inadequate sampling of 

species. Berg studied the embryology ofScoliopus,Panss I, Trillium,and Medeola 

(1962a)and seed dispersal and morphology of Trillium (1958) He concluded that 

Medeola and Scoliopus were not near relatives of Trillium The use of pollen morphology 

as taxonomically significant has been extensively studied by Patrick (1982),Takahashi 

(1982,1983,1984,and 1989),and Wei(1995), it has been shown that Panss I has 

ellipsoidal, monosulcate pollen whereas Trillium has spherical,omniaperturate pollen The 

life-cycle studies have included such aspects ofthe life ofthe plant as growth stages, 

pollination and breeding systems,fruit and seed dispersal, and life span (lhara, 1973; 
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Ohara and Kawano 1986a,1986b;Kawano,Ohara,and Utech,1986,1992;Ohara and 

Utech 1986,1988;Ohara,1989) 

1.7 This Study 

Because there was a lack ofdifferentiation between genera ofTrilliaceae reported 

from the original molecular data,an examination ofthe genera was undertaken to 

determine if the traditional genera (e.g.. Pans s I and Trillium) are valid and elucidate what 

the relationships are. This study focused on the following relationships 

within Pans;(i.e.. Pans,Daiswa,and Kinugasa); 
within Trillium itself; and 
between Panss I and Trillium. 

These relationships were examined using a cladistic analysis ofa comprehensive 

morphological data set plus molecular data sets from the nucleus as well as the chloroplast. 
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2.0 METHODS 

2.1 Taxa Selection 

A total of86taxa, including all ofthose currently recognized as valid, were 

selected for the morphological analysis(Table 5). Other varietal taxa were included either 

because ofthe unique nature ofthe plant(T pusillum var. virginianum:a sessile-flowered 

variety ofa pedicellate plant); or because of cross-genericsynonymy(P. fargesii var 

brevipetalata). Samejima and Samejima(1987), Li(1984b),and Takhtajan(1983)served as 

primary source material for taxa as well as character states,taxa that were first recognized 

after these publications were also included. Trillium komarovii, T channellii, T 

taiwanense,T parviflorum,Pans wenxianensis,P dulongensis,P rugosa,P undulatis,P 

polyandra,and P daliensis Because of non-congruence between the treatments as 

published by Li(1984b)and Takhtajan (1983),all ofthe taxa recognized by both authors 

were included 

2.2 Character Selection 

One hundred and ten morphological characters were scored (Table 6) These 

characters were selected because they were easily identifiable field morphological 

characters (leafshape, petal color,anther dehiscence), were importanttaxonomically to 

their particular genus or sub-generic group(placentation,seed arils), or conveyed diagnostic 
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Table5. Taxa of Trilliaceae included in the analysis. 

TAXON 

Trillium albidum 

Trillium angustipetalum 
Trillium apetalon 
Trillium camtschatcense 

Trillium catesbaei 

Trillium cernuum 

Trillium X channellii 

Trillium chloropetalum 
Trillium cuneatum 

Trillium decipiens 
Trillium decumbens 

Trillium discolor 

Trillium erectum 

Trillium flexipes 
Trillium foetidissimum 

Trillium govanianum 
Trillium gracile 
Trillium grandiflorum 
Trillium hagae 
Trillium X hagae 
Trillium X komarovii 

Trillium kurabayashi 
Trillium lancifolium 

Trillium ludovicianum 

Trillium luteum 

Trillium maculatum 

Trillium X miyabeanum 
Trillium nivale 

Trillium ovatum 

Trillium parviflorum 
Trillium persistens 
Trillium petiolatum 
Trillium pusillum 
Trillium pusillum var. texanum 
Trillium pusillum var virginianum 
Trillium recurvatum 

Trillium reliquum 
Trillium rivale 

Trillium rugelii 
Trillium sessile 

Trillium simile 

Trillium smallii 

Trillium stamineum 

Trillium sulcatum 

JUSTIFICATION orSOURCE 

Samejima & Samejima,1987 
Samejima & Samejima,1987-key only 
Samejima & Samejima,1987 
Samejima & Samejima,1987 
as Tkamtschaticum 

Samejima & Samejima,1987 
Samejima & Samejima,1987 
published after Samejima & Samejima,1987 
Samejima & Samejima,1987-key only 
Samejima & Samejima,1987 
Samejima & Samejima, 1987 
Samejima & Samejima,1987 
Samejima & Samejima,1987 
Samejima & Samejima,1987 
Samejima & Samejima, 1987 
Samejima & Samejima,1987 
Samejima & Samejima,1987 
Samejima & Samejima,1987 
Samejima &Samejima,1987 
Samejima & Samejima,1987 
Samejima & Samejima,1987 
published after Samejima & Samejima,1987 
Samejima & Samejima,1987-key only 
Samejima & Samejima,1987 
Samejima & Samejima,1987 
Samejima & Samejima,1987 
Samejima &Samejima,1987 
Samejima & Samejima,1987 
Samejima & Samejima,1987 
Samejima & Samejima,1987 
published after Samejima & Samejima,1987 
Samejima &Samejima,1987 
Samejima & Samejima,1987 
Samejima & Samejima,1987 
controversy over position-variety or species 
sessile-flowered variety of pedicellate species 
Samejima & Samejima, 1987 
Samejima & Samej'ima, 1987-key only 
Samejima & Samejima,1987 
Samejima & Samejima,1987 
Samejima & Samejima,1987 
listed in Kartesz, 
Samejima & Samejima,1987 
Samejima & Samejima,1987 
Samejima & Samejima,1987 
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Table 5. (continued). 

TAXON 

Trillium taiwanense 

Trillium tschonoskii 

Trillium underwoodii 

Trillium undulatum 

Trillium vaseyi 

Trillium viride 

Trillium viridescens 

Trillium X yezoense 

Daiswa birmanica 

Daiswa bockiana 

Daiswa chinensis 

Daiswa cronquistii 
Daiswa daliensis 

Daiswa delavayi 
Daiswa dunniana 

Daiswa fargesii 
Daiswa fargesii var brevipetalata 
Daiswa forrestii 

Daiswa bainanensis 

Daiswa lancifolia 

Daiswa luquanensis 
Daiswa mairei 

Daiswa marmorata 

Daiswa polyandra 
Daiswa polyphylla 
Daiswa pubescens 
Daiswa tbibetica 

Daiswa undulatis 

Daiswa vietnamensis 

Daiswa violacea 

Daiswa wenxianensis 

Daiswa yunnanensis 

Kinugasa japonica 

Paris axialis 

Pans bashanensis 

Paris dulongensis 
Pans incompleta 
Pans quadrifolia 
Pans rugosa 
Pans tetrapbylla 
Pans vanioti 

Pans verticillata 

JUSTIFICATION orSOURCE 

published after Samejima & Samejima,1987 
Samejima & Samejima,1967 
Samejima & Samejima,1987 
Samejima & Samej'ima, 1987 
Samejima & Samejima,1987 
Samejima & Samejima,1987 
Samejima &Samejima,1987 
Samejima & Samejima,1987 

accepted by Takhtajan 
accepted by Takhtajan 
accepted by Takhtajan 
accepted by both Li and Takhtajan 
accepted by Li 
accepted by both Li and Takhtajan 
accepted by both Li and Takhtajan 
accepted by both Li and Takhtajan 
cross genericsynonymy with Ttaiwanense 
accepted by both Li and Takhtajan 
accepted by Takhtajan 
accepted by Takhtajan 
accepted by Li 
accepted by Li 
accepted by Li 
published 1985,notsynonymized by Li 
accepted by both Li and Takhtajan 
accepted by Takhtajan 
accepted by both Li and Takhtajan 
accepted by Li 
accepted by Li 
accepted by Takhtajan 
published in 1986; notsynonymized by Li or Takhtajan 
accepted by Takhtajan 

accepted by Li and Takjtajan 

accepted by Li 
accepted by Li 
accepted by Li 
accepted by Li 
accepted by Li 
accepted by Li 
accepted by Li 
accepted by Li 
accepted by Li 
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Table 6. Characters with mostly assumed states and those assumed states. 

no character 

1 hybrid status 
2 flowering time 
3 chromosome number 

4 geographical area 
genus 

6 subgenus 
7 section 

8 ' Rafinesque 
9 PLANTtype 

foliaceousness 

n plantsexuality 
12 inflorescence type 
13 number flowers 

14 composition 

PEDICEL vertical posture 

16 ROOTtype 
17 rhizome size 

18 STEM habit 

19 vestiture 

stem color 

21 stem color distribution 

22 LEAF number 

23 leaf location 

24 leafarrangement 
leaf #whorls 

26 leaf attachment 

27 leafshape widest point 
28 leafshape width(LxW) 
29 leafshape sides 

leaf margin 
31 leafcolor distribution 

32 leaf color 

33 leaf lower surface 

34 leafapex type 
leaf apices 

36 leaf base type 
37 leaf bases 

38 leaf texture 

39 leaf# mam nerves 

BRACTS 

41 SEPALform 

42 sepal fusion 
43 sepal number 
44 sepal shape- widest point 

sepal shape- width(LxW) 

assumed state 

no 

herb 

scapose 

monoclinous 

solitary 
1 

sepalso+ petals 
11erect to above the leaves 

c 
N(none 

rhizome 

glabrous 
green 

throughout 

3 

terminal 

whorled 

1 

entire 

throughout 
green 

glabrous 
entire 

entire 

herbaceous 

absent 

normal 

separate 

3 

justification 

family description 
family description 
family description 
family description 
family description 
family description 

subgenus Phyllantherum 
family description 

Trillium only 
family description 
family description 
family description 

family description 

family description 
Trillium only 
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Table 6. (continued). 

no character 

46 sepal shape sides 
47 sepal duration 
48 sepal texture 
49 sepal color 
50 sepal color distribution 
51 sepal apices 
52 sepal apex type 
53 PETALform 

54 petal presence 
55 petal number 
56 petal fusion 
57 petal shape widest point 
58 petal shape width(LxW) 
59 petal shape sides 
60 petal duration 
61 petal color 
62 petal color distribution 
63 petals pigmented 
64 petal transverse posture 
65 petal vertical orientation 
66 petal longitudinal posture 
67 petal apices 
68 petal apex type 
69 STAMEN form 

70 stamen number 

71 stamen fusion 

72 stamen transverse posture 

73 stamen vertical posture 
74 ANTHERS dehiscence 

75 POLLEN shape 

76 pollen aperture 

77 pollen ornamentation 
78 CONNECTIVE prolongation 
79 FILAMENT color 

80 pollen color 
81 connective color 

82 stamen color distribution 

83 PISTIL form 

84 OVARY position 
85 ovary# locules 
86 ovary placentation 
87 ovary plane shape 
88 ovary X-section shape 

assumed state 

persistent 

herbaceous 

green 

throughout 

entire 

normal 

present 

3 

separate 

persistent 

throughout 

straight 

entire 

normal 

3 

free 

spherical 
elliptic 
omniaperturate 

monosulcate 

throughout 
normal 

superior 

justification 

Trillium only 
family description 

Trillium only 
family description 

Trillium 

Pans 

Trillium 

Paris 

family description 
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110

Table 6. (continued). 

no character 

89 ovary# ribs 
ovary apex 

91 STYLE presence 
92 STIGMA number 

93 stigma shape 
94 stigma vertical posture 

stigma transverse posture 

96 stigma duration 
97 stigma size 

98 ovary color 
99 ovary color distribution 

stigma color 
101 stigma color distribution 
102 pistil color distribution 
103 FRUIT type 
104 fruit dehisence 

fruit plane shape 
106 fruit color 

107 fruit color distribution 

108 SEED arils 

109 endosperm development 

cotyledon shape 

assumed state justification 

absent 

3 Trillium only 
1 

persistent 

throughout 

throughout 
throughout 

throughout 
incomplete Trillium 

helobial Trillium 

nuclear Pans 

strap-like Trillium 

cordate Pans 
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information (pollen data or endosperm type). For details about all ofthese characters and 

their states, see Appendix C,an account ofthe source for each character state has been 

deposited atTENN or is available from the author 

Character states were scored or measured based on a combination of literature 

reports and observations of herbarium specimens and live plants. To supplementand verify 

published information, living and pressed material was examined for as many ofthe 

characters as possible. Other printed sources that were used for character states included 

nomenclatural papers(Freeman,1969a,1975,Soukup,1980,Ying,1989; Fukuda, 

Freeman,and Itou, 1996;Case and Case, 1997;Peng and Zhao,1986;and Franchet, 1888) 

or various national or regional floras(Ohwi,1965,Steward,1958,Hara et al,1978;Tutin 

et al., 1980) Original protologs were also consulted where necessary. 

A search ofthe literature was undertaken to see if other characters had been 

recorded widely enough across the family to add them to the list of characters in the study 

Characters of this type included pollen exine ornamentation, karyotype analysis, 

reproductive biology, life history,and chemotaxonomic characters The only characters 

either scored broadly enough across the family or consistently enough to be assumed to be 

constant across certain taxonomic groupings were gross pollen morphology and endosperm 

type (q v,Zomlefer,1996) 

Certain characters have "assumed states" associated with them which were used 

only in the absence ofother data These assumed states are based on prevalent states (e.g., 

glabrous leaf surface),family states(e.g,solitary inflorescence), or generally recognized 

states (e.g., green stems). 

It was possible to obtain molecular characters for a subset oftaxa used in the 

morphological analysis The two molecular data sets included the ITS (Internal Transcribed 
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Spacer) region (ITSl,5.8s, ITS2 sequences)of ribosomal RNA,and the chloroplast DNA 

sequences for the maturase(matK)gene. DNA sequences were obtained from gene 

repositories and were aligned visually; all gaps were treated as missing data. The ITS 

sequences,which were obtained from GenBank,were deposited by Kazempour Osaloo 

and Kawano(1999)and consisted of648 base pairs of which 199 were variable; there were 

27indels(Table D1)which were not used as characters in the analysis The matK 

sequences,deposited by Kazempour Osaloo et al.(1999),were obtained from the Japanese 

GenBank(DDBJ)and consisted of 1578 base pairs,84 of which were variable;there were 7 

indels(Table D2). 

2.3 Outgroup Selection 

The outgroup method is the customary method used in performing phylogenetic 

analyses,the outgroup provides the "basis for making strong inferences"aboutancestral 

states for the characters under consideration (Throckmorton, 1968).The presence of 

synapomorphies thus defines the groups and relationships within the ingroup(Nixon and 

Carpenter, 1993) 

Genera under consideration for outgroup selection were Dioscorea,Amianthium, 

Veratrum,Xerophyllum, Medeola and Scoliopus. Medeola and Scohopus were shown in 

Figure 2(page 7);the rest ofthe putative outgroups are shown in Figure 6. Dioscorea 

(Table E3)was considered because Dahlgren et al.(1985)placed the Trilliaceae and the 

Dioscofeaceae together in the Dioscorales; it was not used because the molecular data do 

notsupportthe contention that these two groups oftaxa are closely related Scohopus and 
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Figure6.Outgroups under consideration for use in the analysis with Trilliaceae. 
a.Amianthium muscaeloxicum b.Xerophyllum asphodeloides c. Veratrum viride 
d.Dioscorea quaternaia. All images copyright USDA,NRCS and used by permission. 
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Medeola(Table E4)were also considered because they have both been placed in 

Trilliaceae, but neither is particularly close to Trilliaceae on a molecular or morphological 

level. Amianthium, Veratrum,and Xerophyllum (Table E5)were considered because 

results of recent molecular studies have placed them close to Trilliaceae. Amianthium was 

used initially in the morphological analysis because ofthe results ofthe molecular studies 

(Chase et al., 1993,Angiosperm Phylogeny Group,1998;Fuse and Tamura,1999)even 

though its morphology was quite differentfrom Trilliaceae. However,the morphology was 

so dissimilar that many characters and character states had to be added just to 

accommodate the taxa within the Melanthiaceae. Veratrum maackii was initially used as 

the outgroup for the molecular studies, but the ITS sequence in particular wasso dissimilar 

that ITSfsequences could not be reliably aligned with taxa ofTrilliaceae. 

None ofthe taxa outside ofTrilliaceae proved satisfactory as an outgroup in all of 

the studies Based on both preliminary morphological analyses(Appendix F)and 

independent molecular analyses(Kazempour Osaloo and Kawano,1999;Kazempour 

Osaloo et al., 1999; Kawano,personal communication), Trillium rivale was basal within 

Trilliaceae and was thus chosen as the outgroup for the final analysis rather than either 

Amianthium muscaetoxicum or Veratrum maackii. This basal position was clearly shown 

in the matK analysis,and was corroborated in the other analyses as well. Changing the 

outgroup to T rivale in the morphological analysis resulted in a much more coherent tree; 

in all cases,fewer, better resolved trees resulted from any analysis with T rivale as 

outgroup (When the outgroup was changed from Amianthium to T rivale in the full 

morphological analysis,the numbers oftrees found dropped from over 100,000 to less than 

1,300 with much more resolution and a higher consistency index.) 
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2.4 Congruency Analysis 

When multiple data sets from differentsources are under consideration,decisions 

must be made on how the data sets are to be treated. 

separate analyses followed by combination oftrees(taxonomic congruence), 
combined analyses(character congruence),or 
conditional combined analyses-combination ifthe data sets are congruent. 

The primary argumentfor taxonomic congruence is that characters with different underlying 

evolutionary assumptions or unequal rates ofevolution should not be combined (Bull et al. 

1993) However,even in a single sequence, it is known that the third codon position 

evolves ata more rapid rate thatthe other codon positions Conditional combined analyses 

are favored by those who believe thatany amountof incongruence will cause an incorrect 

phylogeny to be generated. The primary advantage of character congruence is that 

charactersfrom different data sets can strengthen weak phylogenetic signal to the pointthat 

It can overcome noise (Sullivan, 1996). 

Measures oftaxonomic congruence and character congruence were both employed 

even though the data sets were combined believing thatthe total evidence method 

(Huelsenbeck, Bull,and Cunningham,1996; Kluge,1989;Soltis etal., 1998,1999)was 

more applicable in this case. Measures oftaxonomic congruence examined included 

assessment ofsupportfor major clades and supportfor rival trees. The assessmentfor 

major clades was performed by comparing bootstrap values for each ofthe clades from 

each ofthe analyses(Mason-Gamer and Kellogg, 1996,Davis et al,1998). For the other 

measure oftaxonomic congruence,a tree was constructed which was the putative correct 

36 



tree to use in addition to the strict consensus trees generated from each ofthe analyses. 

These trees were then used as constraint trees on which the fit of rival data sets were 

assessed (Davis et al., 1998;related to the Miyamoto incongruence index q v.Swofford, 

1991b,Kluge,1989) 

Measures ofcharacter congruence examined were the Mickevich and Farris original 

measures computing percent variation due to data, percent variation between characters, 

and percent variation between data sets(Mickevich and Farris, 1981);and the Farris 

measure of incongruence as implemented in Paup* via the Homogeneity of Partitions test 

(Farris etal., 1995a,1995b,Swofford, 1998). 

2.5 Phyiogenetic Analysis 

The data sets were analyzed with the PAUP* program (Swofford,1998)using 

maximum parsimony as well as maximum likelihood. The searches for most parsimonious 

trees used heuristic search methods with TBR and MULPARS with a simple addition 

sequence Random addition with steepest descent was used to check for islands oftrees 

(Maddison, 1991); maximum likelihood was used with the simple addition sequence to 

check for long-branch attraction in the molecular analyses(Kennedy et al., 1999;Swofford 

et al., 1996) Once a minimal tree length wasfound,branch and bound analysis was used 

to insure finding of all shortesttrees. Bootstrap support(Felsenstein, 1985)was estimated 

based on 1,000 replicates with the same search strategy(simple addition)as simple 
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parsimony. In addition,as noted above,an examination ofcongruency of data sets and 

characters was undertaken before performing the combined analysis. 

The morphological data set consisted of86 taxa and 109 characters;the ITS data 

included 26 ofthe above taxa,the matK48. Four separate data sets(ITS, matK,small 

morphological,and full morphological)were analyzed either separately or in combination, 

7of which used the same subset oftaxa-

ITS data, 
matK data, 
morphological data, 
ITS + morphology, 
matK + morphology, 
ITS + matK, 
ITS + morphology + matK,and 
86taxon morphological data set. 

The major statistics for each ofthese data sets is given in Table 7;the statistics for the trees 

are given in Table8 Ofthese 8 analyses,only4(ITS- matK,small morphology,ITS-matK-

morphology,and full morphology)are presented here;the remainder are shown in 

Appendix G. 
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Table 7. Statistics for the data sets. 

data set #characters used #constant # unmformative #informative 

ITS 641 444 92 105 

matK 1578 1494 44 40 

morphology 97 21 13 63 

ITS-matK 2219 1936 138 145 

ITS-morphology 738 463 107 168 

matK-morphology 1675 1515 57 103 

all data 2316 1957 151 208 

full morphology 97 17 9 71 

Table 8. Statistics for the most parsimonious trees. 

tree #trees length mm Cl HI Rl RC 

ITS 6 331 231 70 .30 .72 50 

matK 6 107 92 .86 .14 90 77 

morphology 13 646 498 77 .61 58 .45 

(dna taxa) 

ITS-matK 6 455 334 .73 28 .76 .56 

ITS-morphology 6 1005 740 .74 .51 63 .46 

matK- 54 768 590 .77 .55 .67 .50 

morphology 

all data 3 1120 832 .74 .48 .65 .49 

full morphology 1,296 1785 1410 .70 .63 44 .82 

39 



3.0 RESULTS 

3.1 Congruency Analysis 

Because three separate data sets containing the same taxa were used (morphology, 

nuclear genome,and chloroplast genome),two measures of character congruence 

(congruence between data sets) were examined as well as two measures oftaxonomic 

congruence(congruence between trees) Homogeneity of partitions analyses using 100 

random re-partitions as provided in Paup* were performed on each ofthe combined data 

sets. The results indicated thatthere was congruency between the molecular data sets, but 

incongruency between the molecular and morphological data sets. The original 

Mickevich-Farris measures of percent variation indicated that there was little variation 

between data sets The character congruency measures are summarized in Table9 The 

bootstrap support values for the major clades are presented in Table 10;conflicts between 

analyses included position ofclades,the relationships among pedicellate Trillium,and the 

placement of Kinugasa The rival tree analyses values are presented in Table 11 by 

indicating the number ofextra steps required to map a particular set ofdata onto a 

particular tree, in several cases,a putative tree was actually the shortest tree for a given 

data set 
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Table 9. Summary of character congruence measuresfor the combined data sets. 

ITS-matK ITS- matK- all data 

morphology morphology 

Homogeneity P = 0.20 P = 0.01 P = 0.01 P =001 
of Partitions 

test 

variation within 7099% 72.54% 76.82% 73.3%0 
data 

variation 25.27%, 2468%, 21.22%, 23.48%, 

between 

characters 

variation 3.74%, 269%, 1.95%, 3.21%, 

between data 

sets 

41 



Ta
bl
e 
10
. 

Bo
ot
st
ra
p
su
pp
or
tf

or
 m
aj

or
cl
ad
es
 In

 e
ac
h 
of

th
e
an

al
ys

es
. 

I
T
S
 

m
a
t
K
 

mo
rp
ho
lo
gy
 

I
T
S
-
m
a
f
K
 

I
T
S
-

m
a
f
K
-

al
l 
d
a
t
a
 

m
o
r
p
h
o
l
o
g
y
 

mo
rp
ho
lo
gy
 

Ph
yl
la
nt
he
ru
m 

9
9
%
 

7
6
%
 

6
0
%
 

1
0
0
%
 

1
0
0
%

9
9
%
 

9
3
%
 

cl
ad
e
(
9
ta
xa
) 

G
r
a
n
d
l
f
l
o
r
u
m
 

po
ly

to
my

 
9
8
%
'
 

6
2
%
'
 

5
1
%
'
 

po
ly
to
my
 

9
9
%
'
 

8
6
%
'
 

cl
ad

e
(3
) 

E
r
e
c
t
u
m
 c
l
a
d
e
 

9
8
%
 

6
7
%
 

po
ly
to
my
 

9
9
%
 

9
4
%
 

po
ly

to
my

 
9
7
%
 

(
3
)
 

N
J
 

D
a
l
s
w
a
c
l
a
d
e
 

5
7
%
'
 

8
5
%
'
 

po
ly
to
my
 

8
0
%
'
 

6
3
%
>
'
 

5
1
%
'
 

7
5
%
'
 

(
4
 +
 K
in

ug
as

a)
 

P
a
r
i
s
 c
l
a
d
e
 

9
6
%
 

5
5
%
 

5
2
%
 

9
5
%
 

9
7
%
 

6
3
%
 

9
7
%
 

(
3
)
 

g
o
v
a
n
i
a
n
u
m
+
 

7
2
%
 

po
ly
to
my
 

se
pa

ra
te

 
7
3
%
 

s
e
p
a
r
a
t
e
 

se
pa
ra
te
 

po
ly
to
my
 

u
n
d
u
l
a
t
u
m
 

No
te

 
1 

ex
cl
ud
es
 T
pu

si
ll

um
 

2
 1
0
0
%
 I

f K
ja

po
ni

ca
 i
s e

xc
lu
de
d 

3
 
7
0
%
ex

cl
ud

in
g 
K
la
po
ni
ca
 



Ta
bl

e 
11

. 
A
co

mp
ar

is
on

 o
f
le
ng
th
s o

fc
on
st
ra
in
tc

on
se

ns
us

tr
ee
s 
op

ti
mi

ze
d 
ag
ai
ns
t 
ri

va
l d

at
a
se
ts
. 

d
a
t
a
se

t 
I
T
S
 

m
a
t
K
 

mo
rp

ho
lo

gy
 

IT
S-

ma
tK

 
IT
S-
mo
rp
ho
lo
gy
 

ma
tK

-
I
T
S
-
m
a
f
K
-

t
r
e
e
 

I
T
S
 

3
4
9
 

+
9
 

+
2
3
 

+
8
 

+
2
4
 

+
2
6
 

+
3
0
 

m
a
t
K
 

+
3
2
 

1
1
0
 

+
1
9
 

+
3
1
 

+
5
2
 

+
1
3
 

+
4
9
 

mo
rp
ho
lo
gy
 

+
5
0
 

+
3
2
 

6
6
0
 

+
8
1
 

+
5
1
 

+
2
6
 

+
8
0
 

I
T
S
-
m
a
t
K
 

-
1
*
*
 

+
2
 

+
1
8
 

4
6
0
 

+
1
8
 

+
1
4
 

+
1
7
 

u
>
 

IT
S-

mo
rp

ho
lo

gy
 

0
*
 

+
1
1
 

-
1
*
*
 

+
1
0
 

1
0
0
8
 

+
4
 

+
8
 

m
a
t
K
-

+
1
4
 

+
5
 

+
1
 

+
1
8
 

+
1
6
 

7
7
6
 

+
1
8
 

mo
rp

ho
lo

gy
 

-"
I *
 *
 

I
T
S
-
m
a
t
K
-

0
*
 

+
3
 

-
2
*
*
 

+
3
 

-
3
*
*
 

1
1
2
1
 

mo
rp
ho
lo
gy
 

T
E
S
T
t
r
e
e
 

0
*
 

+
1
1
 

-
4
*
*
 

+
1
0
 

-
3
*
*
 

+
1
 

+
5
 

No
te
 

nu
mb
er
s
in
 b
ol

d 
pe

rt
ai

n 
to

 a
 t
re

e 
te
st
ed
 a
ga
in
st
 it

s o
w
n
da

ta
 s
et
 

* 
in
di
ca
te
st

re
es

th
at

 a
re

th
es

am
e
le
ng
th
 a
st

he
tr
ee
 te

st
ed
 a
ga
in
st
 it

s o
w
n
 d
at
a 

**
 i
nd

ic
at

es
tr
ee
st

ha
t a

re
 sh

or
te
rt

ha
n 
th
e
tr

ee
 te

st
ed

 a
ga
in
st
 it

s o
wn

da
ta
 



3.2 Molecular Data 

Analysis ofthe ITS and matK sequence data produced 6shortest trees of length 455 

with a Cl(consistency index)of0.73. This data set included a total of2219 base pair 

positions of which 283 were variable and 145 informative (q.v.Table 7),there were also 34 

indels 

A basal dichotomy separated Panss I and Trillium as sister clades with bootstrap 

support of65% and 81%,respectively,as shown m the strict consensus tree(Figure 7). 

Within the"Pans clade," Pans and Daiswa were placed as sister clades with bootstrap 

support of95% and 100%,respectively. Kinugasa was basal to Daiswa and the latter clade 

had a bootstrap value of80%. In the "Trillium clade," a basal split separated T. 

govanianum and T. undulatum with bootstrap support of73%from the remaining Trillium 

(bootstrap support of81%) Trillium subg Phyllantherum was placed in a well-defined, 

monophyletic clade with 99% bootstrap support. The pedicellate Trillium were placed in a 

grade, within that grade,there was a subclade consisting ofthe members ofthe "Erectum 

clade" with 99% support. The"Grandiflorum clade," which received marginal support in 

the bootstrap(51%),formed a polytomy at the base of T. subg.Phyllantherum The 

bootstrap tree is shown in Figure Gil. 

3.3 Small Morphological Data Set 

Parsimony analysis ofthe morphological data(q.v.Table 6)for the same set oftaxa 

for which molecular data were available produced 13 shortesttrees in two islands of length 

646 with a Cl of0.77 This data set included 97characters,76 of which were variable,and 

44 



T nvale 

P verticillata 

: P incompleta 
95% 

99% P tetraphylla 

==K japomca 

= D thibetica 
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T govanianum 

= T undulatum 
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T erectum 
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= T.pusillum 
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T petiolatum 
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T chloropetalum 

62% 1= T maculatum 

^T sessile 
89% 

IP T lancifolium 

64% I T recurvatum 

Figure 7. Strict consensus of6treesfrom the ITS-mafK analysis of Trilliaceae. 
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63 informative (q.v.Table 7) Eight additional characters that were non-morphological 

were included in the data setto plottheir distribution on the final trees,the 5 merosity 

characters were excluded to test whether other morphological characters separated Trillium 

and Panss I 

A basal split in the tree separated Panss I +T govanianum(74%)from Trillium 

(Figure 8) In the bootstrap, Trillium subg Trillium were part ofa polytomy,but T subgen 

Phyllantherum had 60% support. The"Pans clade" was the moststrongly supported clade 

in the bootstrap analysis(69%), Trillium subg.Phyllantherum was supported ata 53% 

level. Trillium govanianum was basal to Pans s.l; within the"Pans clade," Kinugasa 

japomca was basal to sister clades containing Pans and Daiswa The bootstrap tree is 

shown in Figure G8 

3.4 Combined Analysis 

The combination of morphological and both molecular data sets produced 3trees, 

the strict consensus of which was almostfully resolved (Figure 9) The 3 trees, which 

differed only for the relative placement of members of Trillium subg.Phyllantherum, were 

1120 steps long with a Cl of0 74.This data set included 2219 base pairs,and 97 

morphological characters;359 were variable and 208 were informative(q.v.Table 9);there 

were also 34 mdels and the same 13 excluded morphological characters (q.v.Section 3.3). 

A basal split separated Panss I (91%)from Trillium (56%). Within the "Pans 

clade," Pans and Daiswa+Kinugasa were placed in sister clades(97% and 75%) Kinugasa 

was separated as the sister taxon to Daiswa,with the latter having a 100% support level 
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Figure 8. Strict consensus of 13treesfrom the small morphological analysis of 
Trilliaceae. 
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Figure 9. Strict consensus of3treesfrom the combined analysis of Triiliaceae. 
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Trillium undulatum and T govanianum were basal to the rest ofthe Trillium Within the 

"Trillium clade," 7.subg Phyllantherum was a monophyletic clade supported at 100%;the 

"Pedicellate group" was a paraphyletic grade consisting ofan "Erectum clade" with 97% 

supportand a "Grandiflorum clade" which was supported at86%. 

3.5 Full Morphological Data Set 

When the full data set of86taxa was analyzed, 1,296 shortest trees were produced 

with length of 1,785 and a Cl of0.74 This data set included 97characters of which 80 

were variable,and 71 were informative (q.v. Table 9);the same 13 were also excluded 

(q V Section 3.3). 

Panss I (with the basal T govanianum)and Trillium were placed as sister taxa in 

the strict consensus tree produced by the analysis ofthis data set(Figure 10) Pans s.s was 

most derived and placed as part ofa polytomy in a paraphyletic grade containing Daiswa. 

Kinugasa japonica was basal to Pans s s. and served to separate Pans and Daiswa In the 

"Trillium clade,"7 undulatum was basal with the rest ofthe Trillium forming cohesive 

clades as part ofa polytomy the "Grandiflorum clade"(with an embedded "Pusillum 

clade"),the "Erectum clade," and the "Phyllantherum clade." 
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Figure 10. Strict consensus of 1,296 treesfrom the full morphological analysis. 
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4.0 DISCUSSION 

4.1 TrUlium rivale 

The real surprise ofthis analysis was the recognition that Trillium rivale(Figure 11) 

is distinctfrom both Pans and from Trillium (q.v.Appendix G) Although traditionally 

classified as a Trillium, T. rivale is clearly sister and basal to the remaining taxa in the 

family Trilliaceae. This status is supported by numerous morphological apomorphies,138 

single base-pair changes,and 5 base-pair indels(Table 12) 

Although Trillium rivale has a strong superficial resemblance to other members of 

Trillium, It IS also different in a number offeatures: 

thick, leathery, cordate leaves, 
spotted petals; 
the seed remains viable even after drying; 
the cotyledon shape is more leaf-like than strap-like; 
faster flowering from seed; 
the pedicel elongates until the fruit is ripe. 

Based on the results of this analysis, T. rivale should be placed in its own genus, 

for which the name Pseudotrillium is proposed It can be diagnosed asfollows 

differentfrom Trillium because T. rivale has spotted petals and a pedicel 
that continues to elongate, differentfrom Trillidium because T rivale has 
broad spotted petals rather than narrow purple tepals; differentfrom Pans 
s.s because ofthe broad,spotted petals,the thickened rhizome,and the 
presence ofan eliasome on the seed;differentfrom Kmugasa because that 
genus has broad,colored sepals and filiform petals unlike the other genera 
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L 

Li 

Figure 11. Unique taxa within Trilliaceae. a. Trillium rivale b. T. govanianum (copyright and 
used by permission of Dr.Soichi Kawano) c. Paris japonica (copyright and used by 
permission of Dr.V.G.Soukup) d. 7. undulatum. 
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Table 12. Supportfor basal position of TrilUum rivale. 

data set character 

matK 14absolute base pair changes 

ITS 24 absolute base pair changes 

5 indels 

morphology leaftexture 

petal width 

petal color distribution 

placentation 

style presence 

fruittype 

sepal apex type 

sepal apices 

shape ofsepal sides 

petal widest point 

shape of petal sides 

filament color 

connective color 

ovary color 

stigma color 

fruit color 

state change 

coriaceous to herbaceous 

average to narrow 

spotted to throughout 

combination to axilary 

presentto absent 

fleshy capsule to berry 

with midrib extension to entire 

cuspidate to acuminate 

oblong-elliptic to elliptic 

elliptic ovate to ovate 

rhombic-elliptic to elliptic 

green to purple 

green to purple 

white to yellow-green 

creamy white to purple 

green to purple 
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in the family;and differentfrom Daiswa because that genus has narrow 
petals,a dehiscent capsule,and a complete aril covering the seed. 

A key to the genera with brief descriptions ofeach is provided in Appendix A. 

4.2 Trillidium govanianum and Trillium undulatum 

Trillidium govanianum and Trillium undulatum were either shown as basal to 

Trillium, or Trillidium govanianum was basal to Panss I and Trillium undulatum was basal 

or near-basal to Trillium,depending on which analysis was being considered. 

Although they share certain ecological features(both being plants of high altitude 

Rbodendron thickets), morphological data suggestthat Trillidium govanianum and Trillium 

undulatum are not monophyletic. Trillium undulatum and Trillidium govanianum share 

the unusual characters ofextrorse anther dehiscence and distinctly petiolate leaves(Figure 

12) Trillidium govanianum shares several diagnostic characters with Pans s I including 

pollen shape(ellipsoidal)and apertures(monosulcate),endosperm type (nuclear),and 

narrow filiform petals, Trillium undulatum shares these character states with Trillium rather 

than Trillidium (Figure 11) 

It is quite probable that long-branch attraction, which is typically characterized by 

unusually long branches relative to other branches m the tree (Felsenstein, 1978; 

Huelsenbeck,1997),occurred between these two taxa, if a tree was generated which 

placed Trillidium govanianum basal to Panss I and Trillium undulatum basal to Trillium, 

this tree was often shorter thatthe strict consensus trees that were generated by Paup*(q.v. 
I 

Table 11)or generally less than 2% longer. Even though it is difficult to test for long 
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branch attraction, it can most often be remedied by the addition of more taxa(Graybeal, 

1998); witness the placement of T. pusillum in both the small and large morphological 

analyses(Figures8and 10): with the addition of more taxa in the "Pusillum clade,"the 

placement ofthis taxon changed. 

4.2 1 Tnllidium govanianum 

Although Tnllidium govanianum is more similar to Pans than to Trillium, it is 

distinctfrom both on molecular as well as morphological grounds and should be 

recognized as distinct. It occurs in the Himalayan Mountains,a locale more within the 

range ofPans s.l rather than Trillium. It is a trimerous plant like Trillium with broad 

leaves; however, it shares several unusual synapomorphies with Pans s.l such as 

endosperm type, pollen shape and apertures,and narrow filiform petals. Tnllidium 

govanianum has a pigmented,tepaloid infloresence rather than the plesiomorphic 

condition of having distinct sepals and petals, in Panss I this usually consists offiliform 

yellowish-green petals and broad sepals it also lacks an aril on the seeds;a synapomorphy 

which IS shared with Paris s.s,but not Trillium (partial aril) or Daiswa(enveloping 

sarcotesta). It is for these reasons that Hara et al.(1978)and Nolte(1994)have revived 

Trillidium This analysis supports the position that there is sufficient evidence for 

recognition of Tnllidium as a distinct genus 

4.2 2 Trillium undulatum 

Trillium undulatum is clearly a Trillium based on both morphology and 

biogeography Like Trillium, it has broad leaves and trimerous phyllotaxy. It usually has a 

red, V-shaped pattern atthe base ofeach petal that is unique in Trilliaceae; the coloration of 
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most petals within Trilliaceae is usually unmarked It has the relatively rare features within 

Trillium ofextrorse anther dehiscence and petiolate leaves. The distribution of T 

undulatum in the Appalachian Mountains not only places it within the general range of 

Trillium butalso in its center of greatest diversity. Trillium undulatum also has the 

spherical, omniaperturate pollen that is typical of Trillium species 

4.3 Paris s.l. 

Panss I was consistently placed as a monophyletic group in all ofthe analyses In 

addition to the traditionally used trait of merosity. Pans and Trillium can be distinguished 

by several other characters Most notable among these are synapomorphies such as 

narrower leaves,filiform petals, elliptical, monosulcate pollen,and nuclear endosperm of 

Pans A listing ofsynapomorphies that defined the Pans clade is given in Table 13. 

The molecular cladistic analyses provided supportfor the separation ofPans s.l into 

two sister clades corresponding to Panss s and Kinugasa+Daiswa The supportfor the 

monophyly of Daiswa was provided primarily by the molecular and the combined analysis 

(q.v. Figures7and 9), notjustfrom morphology alone. From a molecular standpoint,there 

were 3 indels and 3 base-pair changes that can be used to separate Pans and 

Daiswa+Kinugasa in the ITS sequence There were several morphological 

synapomorphies as well (Table 13). 

The placement of Kinugasa japonica with Daiswa rather than Pans in the molecular 

and combined analyses was quite surprising. In traditional, morphological classifications, 

Kinugasa has always been aligned with Pans; but both ITS and matK clearly suggested a 
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Table 13. Synapomorphiesfor Paris, Kinugasa and Daiswa. 

subgroup data set 

including Trillidium matK 

ITS 

morphology 

excluding Trillidium matK 

ITS 

morphology 

Daiswa including matK 

Kinugasa 

ITS 

Daiswa matK 

ITS 

morphology 

character 

1 absolute base pair change 

1 absolute base pair change 

petal transverse posture 

petal Width 

pollen shape 

pollen aperture 

number of locules 

ovary apex 

seed arils 

endosperm type 

2absolute base pair changes 

1 indel 

anthocyanins 

anther dehiscence 

style presence 

2absolute base pair changes 

2absolute base pair changes 

1 absolute base pair change 

6absolute base pair changes 

number oflocules 

placentation 

fruit type 

fruit dehiscence 

seed arils 

state change 

outcurved to plane 

average to filiform 

spherical to ellipsoid 

ommaperturate to 

monosulcate 

1 to4 

attenuate to crowned 

incomplete to none 

helobial to nuclear 

present to absent 

extrorse to lateral 

absentto present 

4 or more to 1 

axilary to parietal 

berry to fleshy 
capsule 

indehiscentto 

loculicidal 

absentto complete 
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Table 13. (continued). 

subgroup data set character 

Paris s.l. matK 1 absolute base pair change 

ITS 3 absolute base pair changes 

1 indel 

morphology rhizome size 

ovary apex 

Kinugasa matK 4absolute base pair change 

ITS 13 absolute base pair change 

morphology rhizome size 

leaf attachment 

leaf widest point 

leaftexture 

sepal form 

sepal texture 

sepal color 

anther dehiscence 

state change 

thick to very thin 

crowned to attenuate 

thick to very thick 

petiolate to sessile 

ovate to obovate 

herbaceous to 

papery 

sepaloid to petaloid 

herbaceous to 

membranous 

green to white 

lateral to extrorse 
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relationship between Kinugasa and Daiswa,with both exhibiting many ofthe same indels 

and base pair changes(Table 13) Morphologically,Kinugasa shares several features with 

Pans s.s such as slender stigmatic branches,an indehiscent berry,and seeds withouta 

sarcotesta;a thick rhizome and angular ovary are characters that it shares with Daiswa 

Because ofthe unusual morphology ofthe species (i.e., the showy,white sepals,and 

octoploid chromosome count),and the difficulty in aligning it with either Pans or Daiswa, 

the separate genus Kinugasa should be retained for this species 

Daiswa was usually placed as a monophyletic sister group to Panss s. Its 

monophyly was supported by indels, base pair changes,and morphological characters such 

as leaf width,filament color,stamen color distribution, stigma size,fruit type,fruit 

dehiscence,and seed arils(Table 13). Ofthis group of characters, only fruit type and seed 

arils were listed by Takhtajan (1983)as being diagnostic for Daiswa. Because ofthe 

recognition of Kinugasa as a genus,and because Pans and Daiswa were clearly separated 

on a molecular level, it is recommended that Daiswa be recognized as distinctfrom Pans. 

4.4 Trillium 

The results ofthe analyses provided strong supportfor the monophyly ofthe 

"Trillium clade," which was defined by several base pair changes as well as morphological 

characters(Table 14) Within this clade,the subgroups were not as well defined as those in 

Panss I Trillium subg Phyllantherum was a well-defined, monophyletic group; butthe 

pedicellate taxa in the "Trillium clade" usually formed a paraphyletic grade in the smaller 

analyses. 
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Table 14. Synapomorphlesfor TriUium. 

subgroup 

Trillium s.l. 

Trillium excluding 
T. undulatum 

T. undulatum 

"Grandifiorum group" 

"Erectum group" 

"Phyliantherum group" 

data set 

ITS 

morphology 

matK 

ITS 

morphology 

matK 

ITS 

morphology 

morphology 

matK 

ITS 

morphology 

matK 

ITS 

morphology 

character 

1 absolute base pair change 

cotyledon shape 

placentation 

1 absolute base pair change 

1 absolute base pair change 

leaf attachment 

anther dehiscence 

4 absolute base pair changes 

3absolute base pair changes 

1 indel 

petal color distribution 

leaf widest point 

anthocyanins 

petal apices 

pollen ornamentation 

1 absolute base pair change 

1 indel 

1 absolute base pair change 

leaf widest point 

petal width 

2 absolute base pair changes 

3absolute base pair changes 

2 indels 

pedicel posture 

shape of leaf sides 

petal color 

petal transverse posture 

petal vertical posture 

state change 

leaf-like to strap-like 

axilary to parietal 

petiolate to sessile 

extrorse to introrse 

throughoutto geographic 

ovate to ovate-elliptic 

absentto turning pink 
with age 

acute to obtuse 

granulate to spinulate 

-

ovate to elliptic 

narrow to average 

above the leaves to none 

rhombic elliptic to elliptic 

white to purple 

outcurved to incurved 

divergentto erect 
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Trillium subg Trillium, which traditionally includes all ofthe pedicellate taxa, was 

most cohesive in the large morphological analysis In that analysis,there were 3 

monophyletic groups:the "erectum group,"the "grandiflorum group"(containing a 

monophyletic"pusillum group"),and the "phyllantherum group." Unfortunately,the 

"pusillum group" was represented only by T pusillum in the molecular analyses,so its 

coherence as a group in the smaller analyses was difficult to assess in the large 

morphological analysis, this group consisted of T.pusillum (and its included varieties 

virginianum and texanum),T nivale, T catesbaei, and T persistens;this group could also 

be called the "delostylis group" based on Rafinesque's genus name as all ofthese taxa 

exhibit a common style Clearly,7 pusillum itself was distinctfrom the other Trillium.The 

"erectum group"showed up on the molecular as well as combined analyses;the 

"grandiflorum group" was present in the small analyses only with T pusillum excluded or 

as a polytomy 

Trillium subg Phyllantherum was shown to be quite cohesive with character 

support beyond the single trait ofthe sessile-flowered habit. Other characters such as leaf 

apices, petal width, petal transverse posture,and petal vertical posture also helped to 

define this group. Other characters unique to individual analyses were also apomorphies 

for this group including leaf bases,stamen transverse posture,anther dehiscence,filament 

color,and ovary color 

In none ofthe analyses performed during the course ofthis work,was7 pusillum 

var. virginianum,a sessile-flowered variety ofa normally pedicellate plant, ever aligned 

with the other members ofsubg.Phyllantherum Trillium pusillum var. virginianum also 

exhibits the relatively rare trait ofa common style unlike the other members ofsubg 

Phyllantherum 
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OfFreeman's subgroups,the only one that was supported in the results ofthe 

phyiogenetic analyses was the"T recurvatum group" which is composed of7 recurvatum 

and 7 lanafolium The other groups(the"7 sessile group"and the"7 maculatum group") 

were notshown to be cohesive in these analyses(Figure 13,q.v,Section 1.4) 
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Figure 13. Distribution of traditional subgeneric groupings of Trillium on the 
morphological tree. 
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5.0 CONCLUSIONS 

Trillium rivale is as distinctfrom Pans as it is from Trillium and should be placed 
within Its own genus,for which the name Pseudotrillium(nom ined)is proposed. 
Differences between Pseudotrillium and otherTrilliaceae include morphological, 
molecular,and ecological traits. 

Trillium govanianum is distinctfrom Trillium and Pans on molecular as well as 
morphological grounds and should be recognized as distinct atthe genus level as 
Trillidium govanianum 

Trillium and Panss I are separable based on more than just floral merosity. 
Characters that serve to separate Pans and Trillium include molecular characters as 
well as leaf width and petal width 

Panss I IS separable into clades corresponding to Pans,Daiswa,and Kinugasa 
based primarily on molecular results but also with morphological support. Because 
Kinugasa is morphologically distinct and does not align with either Pans or Daiswa, 
all three genera should be retained. 

Because the subgenera within Trillium do notseparate into distinct, monophyletic, 
sister clades,the single genus Trillium should be retained Infrageneric 
classification ofsubgenus Trillium requires further study. 

• Subgenus Phyllantherum is a monophyletic,easily recognized grouping 

Subgenus Trillium is nota cohesive group,existing only in smaller groups 
such as the "erectum group"and the "grandiflorum group" rather than as a 
whole This group oftaxa requires further study. 

Based on the factthat Pseudotrillium rivale is the basal taxon in the family, it 
appears thatthe origin for the family is in the Pacific Northwestfollowed by 
radiation to Eastern North America and Asia Because the European species is 
tetraploid, radiation to Europe probably camefrom Asia. 
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6.0 SUGGESTIONS FOR FUTURE WORK 

• Extend the sampling to include a molecular analysis ofthe whole family. Of 
particular interest to be sequenced are additional species of Daiswa and Pans;to 
date,only8 ofsome 30species have been sequenced. In addition,subspecific 
taxa, particularly m the "pusillum group" need to be sequenced. The matK gene 
has been sampled for much of Trillium, but current plans do not involve 
sequencing the whole family(Kawano,1998). Perhaps sequencing or other 
molecular analysis could answersome ofthe questions that exist about certain 
subspecific taxa,e.g.,should the varieties of7. pusillum or D polyphylla be treated 
as varieties or should they be elevated to species status. 

• Taxonomic revision ofthe whole family as a unit This would allow the taxonomist 
to look characters across the wholefamily that have been deemed to be important 
in various genera. Although taxonomic assessments have been made as a part of 
this work. It IS beyond the scope ofthis work to determine the validity oftaxa 
(especially within Daiswa)or ofthe correct position ofsubspecific taxa (e.g., 
Trillium pusillum var.texanum). 

• Status ofseveral synonymized taxa;cf7 catesbaei, T. nervosum,and T. 
stylosum;7 gleasonii and 7. flexipes;7 lancifolium and 7.lanceolatum; 
and 7.taiwanense and P fargesii var. brevipetalata. There is evidence in 
the literature thatsome ofthese synonymized taxa may indeed be distinct. 

• More detailed morphological study ofseveral taxa including Trillidium 
govanianum,Kinugasa japomca,Trillium undulatum,the Trillium pusillum 
complex,and the status of Trillium ovatum ssp hibbersonii. 

• Hybrid status of North American Trillium. It is evident that hybridization occurs in 
nature in Trillium in Japan(Haga 1951,1952,1956,Haga and Kurabayashi 1953, 
1954;Haga et al., 1974). Hybridization evidently occurs in North America as well 
(Dusek,1980b;Freeman 1969a,1975,Case and Case,1997; personal observation), 
it would be informative to find molecular markers to define the extent of 
hybridization as ploidy is not indicative of hybrid status in North American Trillium. 
Hybrid status of Pans and Daiswa has not been examined even though polyploids 
exist 

» Pollen and endosperm characters. This would allow the hypothesis that these 
characters are truly constant across genera to be tested. 

► Placentation. The placentation within Trillium has been determined to be often 
neither axile or parietal, but a combination of both. This information would define 
the extent of this unusual phenomenon. 

> Fruit type and dehiscence. Fruit type in Trillium is not clearly defined and has not 
been extensively studied. Are there indeed morphological and anatomical 
differences between the "normal" berry and the often mentioned "fleshy capsule?" 
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Seed germination and cotyledon type. Dothose taxa like Trillium rivale and 
Daiswa sp exhibitsomeform ofepigeal germination producing a true leafabove 
ground,or is it justa more leaf-like cotyledon 

Anthocyanin chemistry especially as regards the white trilliums(e.g, Trillium 
grandiflorum)that turn pink with age. 
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APPENDIX A 

DESCRIPTIONS OFTRILLIACEAE 



APPENDIX A.1 

Trilliaceae from the DELTA web site 



 

The Families of Flowering Plants A 
L. Watsonjand M.J. Dallwitz 

j 

Trilliaceae Lindl. 
Alternatively Parideae[Pandaceae]Dum. 
~ Liliaceae j 
including Phlebaceae Dulac(p p) 
Excluding Scoliopus, Medeola (transferred to Uvulariaceae) 

1 
i 

Habit and leaf|form. Herbs.Plants non-succulent;autotrophic Perennial, with neither 
basal nor terminal aggregations of leaves, rhizomatous,or rhizomatous and tuberous. 
Mesophytic(mostly woodland species) Leaves whorled(in a single whorl,borne high on 
the stem);3(-22) per whorl(generally the same number as the perianth whorls);flat; 
petiolate to sessile;simple.Lamina entire;lanceolate,or oblong to ovate,or ohovate; 
palmately veined to parallel-veined,cross-venulate;cordate,or attenuate atthe base,or 
cuneate atthe base,or rounded atthe base. Lamina margins entire; flat. 

Leaf anatomy.jLam/na dorsiventral.The mesophyll containing calcium oxalate crystals.The 
mesophyll crystals raphides Minor leaf veins without phloem transfer cells {Trillium). 
Vessels absent) 

i 
Stem anatomy]Primary vascular tissue in two or more rings of bundles(often 3).Secondary 
thickening absent. Xylem without vessels 

Root anatomy;Root xylem with vessels Vessel end-walls scalariform 
! 

Reproductive type,pollination Plants hermaphrodite. Floral nectaries present. Nectar 
secretion from the perianth,orfrom the gynoecium,orfrom the perianth and from the 
gynoecium.Entomophilous. 

j 
Inflorescence,jfloral,fruit and seed morphology.Flowerssolitary(sessile or pedicellate); 
terminal(on the erect stem); medium-sized (to 'rather large'), regular; 3-5(-8) merous; 
cyclic; tetracyclic,or pentacyclic, or polycyclic.Floralreceptacle with neither androphore 
norgynophore.Perigone tube absent. Hypogynous disk absent. 

I 

Perianth with distinct calyx and corolla,orsepaline,or of'tepals',6-18;free; 1 whorled, 
or2 whorled (the inner whorl sometimes rudimentary or missing,e.g Pans tetraphylla, 
Kinugasa); usually isomerous; petaloid,or sepaloid and petaloid; without spots,or spotted; 
similar in the two whorls to different in the two whorls(often different in shape and/or 
colour); green,jor yellow,or white,or purple, persistent. Calyx(when regarded as such) 
3-5(-10); 1 whorled, polysepalous; regular;persistent; imbricate,or contorted. Corolla 
(when the inner whorl thus interpreted)3-5(-8); 1 whorled; polypetalous; imbricate,or 
contorted; regular; green,or white,or yellow,or pink,or purple (etc.); persistent Petals 
clawed (sometimes),or sessile; entire 

; 83 
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Androeaum 6t10(-24). Androecial membersfree ofthe perianth, all equal;free ofone 
another;2(-6)whorled.Androecium exclusively offertile stamens.Stamens6-10(-24); 
diplostemonous(usually)^ or triplostemonous,orpo/ystemonous;oppositiperianthial (often 
portraid thus in'floral diagrams),or alternlperianthial. Filaments appendiculate(by 
prologation ofthe connective),or not appendiculate.Anthers basifixed; non-versatile; 
dehiscing via longitudinal slits; extrorse, or latrorse,or introrse; tetrasporangiate. 
Microsporogebesis successive. Pollen shed as single grains. Pollen grains aperturate, or 
nonaperturate (iTnllium), when aperturate, 1 aperturate;sulcate; 2-celled. 
Cynoecium 3-6(-10)carpelled. Carpels isomerous with the perianth The pistil 1 celled,or 
3-6(-10)celled. Cynoecium syncarpous;semicarpous tosynovarious,orsynovarious to 
synstylovarious;superior.Ovary 1 locular,or 3-6(-10)locular. Cynoecium in Pans 
transverse. Ovary sessile. Cynoecium stylate. Styles 1,or 3-6(-10),free,or partially joined; 
apical.Stigmas dry type; papillate;Croup 11 type (B(i)) Placentation when unilocular, 
parietal (the plalcentas strongly intrusive), when plurilocular,axile Ovules m the single 
cavity 20-100('many'),15-50 per locule('many'), arillate (usually), or non-arillate; 
anatropous; bitegmic,crassinucellate. Outer integument notcontributing to the micropyle. 
Embryo-sac dexi'elopment A/Z/um-type.Polar nuclei fusing only after one has been fertilized, 
orfusing simultaneously with the male gamete (?). Antipodal cells formed;3, not 
proliferating, ephemeral,or persistent. Synergids pear-shaped.Endosperm formation 
helobial {Trillium), or nuclear. 

I 

fri/#ffleshy to non-fleshy;dehiscent,or indehiscent(when baccate);a capsule(fleshy, e.g. 
Trillium),ora berry(e.g. Paris). Capsules when dehiscent,splitting irregularly, or 
septicidal, or lotulicidal,or septicidal and loculicidal.Seeds copiouslyendospermic. 
Embryorudimentaryatthe time ofseedrelease to weakly differentiated. Embryo 
achlorophyllouis(1/1); globose to ovoid.Testa without phytomelan. 

i 
Seedling. Hypo,cotyl internode present(developing into a small tuber). Seedling collar not 
conspicuous Cotyledon hyperphyll elongated;assimilatory; dorsiventrally flattened. 
Coleoptile absent. First leaf dorsiventral. Primary rootephemeral. 

Physiology, bio!chemistry. Notcyanogenic. Proanthocyanidins absent. Flavonols present; 
kaempferol and quercetin. Ellagic acid absent.Saponins/sapogenins present(steroidal, 
sometimes poispnous). 

i 

I 
Geography,cytology Holarctic and Paleotropical. Temperate.Temperate Eurasia, North 
America.2n = ilO, 15,20,30,40 Supposed basic chromosome number offamily5 Ploidy 
levels recorded!2,3,4,6,and 8 

Taxonomy Subclass Monocotyledonae.Superorder Liliiflorae, Dioscoreales. Species 53. 
Cenera 4;Daiswa,Kmugasa,Pans, Trillium 

Discussed in detail byZomlefer(1996) 
1 

Illustrations •trill856.gif. 

Quotations 

I 



Small good to anything growing wild, 
They were crooking many a trillium 
That had budded before the boughs were piled 
(Robert Frost,'Pea Brush') 

Cite this publication as. Watson, L., and Dallwitz, M.J (1992 onwards) 'The Families of 
Flowering Plants. Descriptions, Illustrations, Identification,and Information Retrieval' 
Version: 15th October 1998. httpy/biodiversity.uno.edu/delta/ Dallwitz(1980), Dallwitz, 
Paine and Zurcher(1993 onwards,1998),and Watson and Dallwitz(1991)should also be 
cited (see References) 

Index 
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APPENDIX A.2 

Key to the genera of Triliiaceae 



 

Key to the genera of Trilliaceae 
1 

la. Inflorescence composed oftepals, phyllotaxytrimerous Trillidium 

1 b. Inflorescence composed ofsepals and petals, phyllotaxy trimerous to numerous 2 

2a. Sepals showy,white, petaloid; petals filiform or absent .. .. Kinugasa 

2b Sepals herbaceous,green or purplish, petals filiform to broad,or absent .. 3 

3a Phyllotaxy mostly trimerous with broad leaves and petals 4 
I 

3b Phyllotaxy mostly 4-to 11-merous with narrow leaves and very narrow to filiform 

petals . . 6 

4a. Petals generally spotted, ovate,frequently appearing clawed,leaves cordate to 

roundejd,coriaceous . . . PseudotriHium 
4b Petals notspotted,from ovate to obovate,leaves ovate to obovate,herbaceous 

• • i Trillium 

5a Flowers sessile, withoutcommon style, leaves frequently mottled 
I 

. .. . subgenus Phyllantherum 

5b Flowers pedicellate, with or withouta common style, leaves mostly not mottled 

subgenus Trillium 

6a Ovary with axile placentation;seeds with partial green aril or with no aril .. Paris 

6b. Ovary with parietal placentation;seeds with enclosing red or orange 

sarcotesta Daiswa 

I 
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APPENDIX A.3 

The genera within Trilliaceae 



The genera within Trilliaceae(adapted from Tamura,1998). 

Daiswa Raf. 

i 

Rhizome thick or very thick Stem erect to 2 m tall Leaves(3-)5-14(-22), narrowly 

lanceolate or broadly linear to oval,elliptical or obovate (rarely broadly) acuminate to 

attenuate, usually petlolate (rarely sessile) Flowers pedicellate. Sepals 3-10, linear to 

lanceolate-oblpng or oblanceolate,green (rarely with white veins) Petals0or 3-12, 

long filiform to linear, generally less than 2 mm wide(rarely to 5 mm). Stamens2or3 

times number ofsepals(rarely4or more),dehiscence lateral. Ovary subglobose to 

ovoid-pyramidal,angular with a disk or crown atapex, placentation parietal, ovules 

numerous;style thick, branches as many as sepals, linear Fruit a purple to deep 

purple loculicidal capsule;sarcotesta scarlet or orange 

Kinugasa Tatew. and Suto 

1 
I 

Rhizome very thick. Stem erect,stout, cylindrical Leaves(6-) 7-10(-12), broadly 

oblanceolate to obovate-oblong,abruptly acuminate,sessile, flowers pedicellate 

Sepals 7-10(-1|2) lanceolate-oblong, petaloid Petals equal in number or missing, 

white,filiform, Stamens twice the number ofsepals,dehiscence extrorse. Ovary 

subglobose,rbund,green, placentation axile with locules equal to the number of 
I 

sepals, with a disk(usually white)at the apex;ovules many,style slender, branches 

equal to number ofsepals Fruit a globose,dark purple berry,seeds elliptical, without 

aril. 
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Paris L. ' 

1 

1 

Rhizome linear-creeping(to 5 mm in diameter)orthick. Stem erect. Leaves(3-)4-12, 

lanceolate or oblanceolate to elliptical or obovate(rarely broadly),acuminate or 

attenuate,sessile or subsessile (rarely petiolate) Flowers pedicellate. Sepals 4-5, 

narrowly lanceplate to oval,green (rarely purplish), patentto reflexed. Petals 0,4-5, 

filiform, linear to subulate. Stamens twice the number ofsepals,dehiscence latrorse 
I 

Ovary roundish,green or purple, placentation axile with locules equal to number of 

sepals,apex us^ually attenuate, ovules many to several; style slender, branches equal to 
number ofsepals Fruit a purple to black subglobose berry. Seeds globose with aril or 

without. ; 

I 

I 

I 

Pseudotrillium <nom Ined. 
I 

t 

Rhizome narrow,branching,flattened. Stem erect. Leaves 3,ovate or cordate, 

coriaceous,glossy, distinctly petiolate,acuminate,often blue-green Flowers 

pedicellate witl| pedicel continuing to elongate until fruit ripens. Sepals 3,ovate, 
generally shorter than petals. Petals 3,broadly ovate often appearing clawed,white to 

pink weakly or|Strongly spotted with madder-pink,attenuate to apiculate. Stamens6 

(twice number ofsepals) with extrorse dehiscence Ovary weakly angled, pale green, 
I 

placentation a combination of parietal and axile,stigmas 3. Fruit a greenish-white 

berry Seeds with an aril. 

Trillidium Kunth 
I 
I 

) 

Rhizome narrow. Stem erect. Leaves 3,ovate narrowly to broadly,acuminate, 

rounded to cordate, petiolate. Flowers pedicellate, more or less tepaloid (outer 
segments occasionally wider than inner),tepals 6,dark purple(outer segments 

1 
occasionally green), linear,acute, patentto reflexed. Stamens equal to number of 
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tepals,extrorsely dehiscent, ovary reddish-purple,ovoid-globose with an apical disk 
I 

Stigmas 3,slender. Fruit dark purple berry,seeds without aril. 

Trilliutn L. 

Rhizome narrow to thick. Stem erect(rarely decumbent) Leaves 3,ovate to obovate, 

narrow to very broad,acute to obtuse or acuminate,rounded to cuneate,sessile (rarely 

petiolate), green or mottled. Flowers pedicellate(erect to nodding). Sepals 3,green or 

greenish-purple, ovate to elliptic. Petals0or 3,white, pink, reddish-purple, yellow, 

green,or bronze broadly ovate to narrowly obovate to linear. Stamens twice number 

ofsepals,dehiscence introrse (lateral, or rarely extrorse) Ovary white,green, purple, 

round to prominently winged (rarely with an apical disk or crown), placentation axile, 

parietal or a combination of both. Stigmas equal to number ofsepals usually sessile 
I 

upon the ovar^(less frequently united into a short style), branches linear to subulate. 
Fruit a berry or indehiscentfleshy capsule. Seeds many to numerous,with an aril. 
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APPENDIX B 

ANNOTATED NOMENCLATURE LISTING 
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APPENDIX C 
I 
I 

MORPHOLOGICAL CHARACTERS AND THEIR STATES 



 

 

= 

This data set was generated when a non-trilliaceous species(e g., Medeola virginica or 
Amianthium muscaetoxicum)was being used as an outgroup With the use of Trillium nvale as 
outgroup,several ofthese characters are no longer necessary 

C 1 Hybrid Status 

1 - yes 2- no 

I 
This character was not used in the morphological analysis It was included in the data set 

because ofthe;recognized Japanese hybrids "No" is the assumed state 

C.2 Flowering Time 

1 - February ' 2- March 3- April 4- May 
5-June 1 6- July 7- August 

This IS another character that was not used in the analysis, but was included so thatthe 
existence ofany correlations between the groups and flowering time could be examined There is 
no assumed state for this character. 

C 3. Chromosome Number 

4-2n
5-2n=
4
0

3
0= 

2-2n
3-2n=
2
0

1
5

O

I
I

3

I
 

j This character was included because ofthe prevalence of polyploids in the Asiatic 
Trillium, as well as Panss I. To date only scattered occurrences oftriploids have been reported 
from North America. "2n=10" is the assumed state for this character 

C4 Geographic Area 

1 - China ' 2 western North America 3- eastern North America 

4- Europe 5- northern Asia 6-southern Asia 

This character was included to analyze the geographical distribution particularly among the 
North American Trillium. Northern Asia includes Russia,Japan,and Korea (i e,countries north of 
China), whereas southern Asia includes countries south ofChina There is no assumed state for this 
character. 

C 5. Genus 

I 1 - outgroup I 2- Trillium I 3-Panss I 

This character was included so that currently accepted genera could be mapped onto the 
final tree topology There is no assumed state for this character 
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C.6 Subgenus 

1j - outgroup 2- Trillium 3- Phyllantherum 
4- Pans 5- Kinu^asa 6- Daiswa 

As with the character Genus,and the two following characters, this character was included 
so that traditional groupings could be mapped onto the final tree topology There is no assumed 
state for this character 

C 7. Section 

1 - outgroup 2-grandiflorum 3-erectum 4-catesbaei 
5-recurvaturh 6-sessile 7- maculatum 8-pans 
9-axiparis [ 10- kinugasa 11 - daiswa 12- dunnaniana 
13- marmorata 14-fargesiana 15- thibetica 

There is no assumed state for this character 

C8 Rafinesqu|e's genera 

1i- outgroup 2-Pans 3- Daiswa 

41- Phyllantherum 5- Trillium 6- Delostylis 

This character was added postpriori when the distribution ofthe genera was examined 
From the initialitrees produced, it appeared as if Rafmesque's generic groupings might havesome 
validity Thereiis no assumed state for this character 

C 9. Plant Type 

1 - herb I 2-vine" 

This character was used to separate non-trilliaceous outgroupsfrom the ingroup "Herb" is 
the only state currently used for this character 

C.IO. Foliaceousness 

I T-scapose 2- leafy I 3-subscapose 

This character was used to separate the non-trilliaceous outgroups from the ingroup. 
"Subscapose"Would be used if a plant was basally leafy(for instance) with leaves diminishing in 
size up the stem Note thatthis character only refers to the amount rather than placement(C 23)of 
the leaves "Scapose" is the only state currently used for this character 
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C.n Plant Sexuality 

I 1 - bisexual I 2- dioecious 3- polygamous 

This character was used to separate the non-trilliaceous outgroups from the ingroup 
"Bisexual" is tlie only state currently used for this character 

C12 Inflorescence Type 

1 - solitary ! 2-simple umbel 3- raceme 4- panicle of racemes 
5- panicle 6-spike 7-cyme 

This character was used to separate the non-trilliaceous outgroups from the ingroup 
"Solitary" is the only state currently used for this character 

CIS Number of Flowers 

1 - one 2- more than one 

This character was used to separate the non-trilliaceous outgroupsfrom the ingroup. "One" 
IS the only state currently used for this character 

C 14 Flower Composition 

1 - tepals 2-sepals + petals I 

This character was used to separate the non-trilliaceous outgroupsfrom the ingroup. 
"Sepals plus petals" is the only state currently used for this character 

C 15 Pedicel Vertical Posture 

1 - erect 2-above the leaves 3- horizontal 
4- below the leaves 5- none 

This cljiaracter covers both presence/absence ofa pedicel as well as vertical orientation. 
There is a great deal of variation in pedicel posture among Trillium. "Above the leaves" is the 
assumed state for this character,"none" is assumed for Trillium subg Phyllantherum. 

C.I6. RootType 

1 - rhizome I 2- bulb I 3-tuber I 4- fibrous 

This character was used to separate the non-trilliaceous outgroups from the ingroup 
"Rhizome" is the only state currently used for this character 
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C17 Rhizome Size 

1 - very thin ! 2-slender 3-thick 4- very thick 
(to 5 mm) 1 (5-10 mm) (1-25cm) (over 2.5 cm) 

This character illustrates the difference in rhizome sizes between Pans and Daiswa and 
within Trillium' Measurements were not available for all rhizome diameters, but descriptive 
phrases such as "thick"and "very thick" were used There is no assumed state for this character 

C 18 Stem Habit 

2- partially
• erect 3- decumbent 

decumbent 

This character illustrates the variation in the stem habit in sessile-flowered Trillium "Erect" 
IS the assumed state for this character. 

C.I9. Plantvestiture 

1 - glabrous i 2- puberulent 3- pubescent 4- pilose 
5- papillose 1 6-scabrous 7- striate 

This character illustrates the variation in pubescence within the family "Glabrous" is the 
assumed state for this character 

C.20 Stem Color 

1 - green | 2- yellowish-green 3- reddish-purple 4- greenish-purple 
5- purplish 1 6- brownish-green 7- reddish 8- green over purple 
9- purple-tinged 

This character illustrates the variation in stem color. Unfortunately, much collapsing of 
similar colors into "meta-colors" mustoccur in order to keep the number ofcharacter states to an 
informative mmimum For instance,"yellowish green" includes colors such as "greenish-yellow," 
"yellow -green,i'and "green-yellow""Green" is the assumed state for this character. 

C21 Stem Color Distribution 

I II-throughout I 2- geographic 3-suffused 

Even though color is an importantfield character,the phylogenetic significance ofsuch a 
subjective measure is doubtful. Color patterning or distribution as a character was developed as a 
way to include polor information that might be more informative phylogenetically "Geographic" is 
used to refer tola color pattern that is segregated by area ofthe plant under consideration; 
"suffused" refers to a blending ofcolors "Throughout" is the assumed state for this character 
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C22 Leaf Number 

I 

1 -two i 2-three 3-four 4- five 

5- SIX 1 6-seven 7-eight 8- nine 

9- ten 1 10-eleven and up 

I 

Because merosity was the traditional separating character between Trillium and Panss I, 
merosity characters were included in the initial analysis These characters were later removed to 
discern their impacton the analysis There is no assumed state for this character for Panss I, 
"three" is the assumed state for Trillium 

C.23 Leaf Location 

I 1 -terminal I I 2-caulin^ I 3- basal" I 4- reduced cauliri^ 

I 

This character was used to separate the non-trilliaceous outgroups from the ingroup. Note 
thatthis character refers only to placement rather than amount(cffoliaceousness,C.10)of leaves 
thatthe plant possesses."Terminal" is the only state currently used for this character 

C24 Leaf Arrangement 

I 1 - whorled I 2- alternate I 3- opposite I 4-spirally inserted I 

I 
This character was used to separate the non-trilliaceous outgroups from the ingroup 

"Whorled" is the only state currently used for this character. 

C25 Leaf Number of Whorls 
I 

i 
I 1|-one I 2- more than one j 3- none J 

This character was used to separate the non-trilliaceous outgroups from the ingroup "One" 
IS the only state currently used for this character. 

C26. Leaf Attachment 

T- petiolate I 2-subsessiie I 3-sessile" 

This character illustrates the variation in leaf attachment within the family. There is no 
assumed state for this character 
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C27 LeafShape:Widest Point 

3- elliptic/ rhombic/
1 - ovate {Va) 2- elliptic-ovate 

oblong {VV) 
4- elliptic-obovate 5 obovate {Va) 

The plane shape characters were the most difficult to model accurately A given shape is 
actually composed ofthree different measures resulting m one shape,the location ofthe widest 
point between ̂ he stem and apex,the actual width ofthe leaf(length to width ratio), and the 
curvature ofthe sides This character defines the location ofthe widest point ofthe leaf whether it 
IS ovate(approximately Va ofthe distance from the stem to the apex), elliptic/rhombic/oblong 
(widest m the center),obovate(approximately Va ofthe distance)orsomewhere in-between There 
IS no assumed state for this character 

C28 LeafShape Width 

11- linear 2- narrow 3-average 
1 6-depressed or 
4- broad 5- very broad 

transverse 

This character is the second part ofthe plane shape The relative width is determined 
either by leaf length and width measures or descriptive terms These values are then based on the 
lAPT plane shape chart(Systematics Association Committee for Descriptive Terminology,1962) 
There is no assumed state for this character 

C29 LeafShape:Sides 

1 - elliptic(curved) 2- oblong-elliptic 3- oblong (parallel) 
4i- oblong-rhombic 5- rhombic(straight) 6- rhombic-elliptic 

This character is the last ofthe leaf plane shape characters There is no assumed state for 
this character. 

! 
C 30 Leaf Margin 

I 
I 11- entire 2- undulate I 3-serrulate ] 

This character was used to separate the non-trilliaceous outgroups from the ingroup 
"Entire" is the o'niy state currently used for this character. 

C.31 Leaf Color Distribution 

I 1 -throughout I 2- mottled I 3- geographic 4-suffused 

This character allows the modeling ofspecific patterns of variegation in the leaves 
"Throughout" is; the assumed state for this character 
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C32 LeafColor 

2- more or less 3-green with 4-green with small
1 - green 

1 purple mottled maroon hue brownish spots 
5- green with white 7- mottled with dark 8- green with spots of 

6- mottled 
variegation on veins green light green 

B - dark green spots C- dark green9- multiple shades of A -shades ofgreen 
on mottled between veins with 

green beside pale midrib 
1 background pale midrib 

This character illustrates the various patterns ofvariegation between the sessile-flowered 
Trillium as well as several species ofPanss 1. "Green" is the assumed state for this character 

1 

C 33 Leaf Lower Surface 
1 

1 - pubescenton 2-scabrous on veins 3- glossy 4- dull 

veins 1 

5- purple 1 6- purple nerves 7- glabrous 8- pubescent 

This character illustrates the different lower leafsurfaces m Trilliaceae. "Glabrous" is the 
assumed state for this character. 

C 34. Leaf Apex Type 

3- with mid-rib, midvein. 
1 - entire 2- with sinuses 

I or vein extension 

This character groups the different kinds of leafapices It was believed thatthe fewer 
number ofstates might be more phylogenetically informative "Entire" is the assumed state for this 
character. i 

C 35 Leaf Apices 

1 - acuminate: 2- acute 3- obtuse 4- rounded 
5-emarginate 6-sub-acute 7- cuspidate 8- blunt 

9-attenuate ! 

This character illustrates the variety of leaf apices in the family. There is no assumed state 
for this character 

i 
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C 36 Leaf Base Type 

I I 1 - entire" 2- with sinuses 

As in leafapex type(C 34),this character groups the differenttypes of leaf bases into fewer, 
more phylogerietically informative characters "Entire" is the assumed state for this character 

C 37 Leaf Bases 

1 -cuneate ] 2- sheathing 3- obtuse 4- rounded 

5- attenuate i 6- hastate 7- cordate 

This character illustrates the variety of leaf bases m the family as well as separates the non-
trilliaceous outgroups from the ingroup There is no assumed state for this character 

C 38 LeafTexture 

1| - herbaceous 2- membranous 3- papery 
4- rugose 5-coriaceous 

This character illustrates the various leaftextures within the family. There is no assumed 
state for this ch'aracter. 

C39 Number Mam Nerves 

1 1 - many 1 2-three 1 3-five 1 4- seven I 
I 

This character illustrates the differences in vascular pattern ofthe leaves. There is no 
assumed state for this character 

I 

C40 Bracts 

I 1 - absenT I 2- present 

This character was used to separate the non-trilliaceous outgroups from the mgroup. 
"Absent" is thejonly state currently used for this character 

I 
i 
I 

C41 Sepal Form 

I 1 - norrri^ 2- petaloid 

This ch'aracter was used primarily to separate the non-trilliaceous outgroups from the 
mgroup "Norrfial" is the assumed state for this character. 
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C42 Sepal Fusion 

I 
1 - separate I 2-fused 

This character was used to separate the non-triiiiaceous outgroups from the ingroup 
"Separate" is the only state currently used for this character 

i 

1 

C43 Sepal Number 

1 -three ' 2-four 3-five 4-SIX 

5-seven i 6- eight 7- nine 8-ten 

I 

This character illustrates the variety in merosity in the family "Three" is the assumed state 
for Trillium for this character,Panss I has no assumed state 

C44 Sepal. Widest Point 

3- elliptic/ rhombic/
1 - ovate(Va) 2- elliptic-ovate 

1 oblong[Vi) 
4- elliptic-obovate 5 obovate(%) 

Like "leafshape,""sepal shape" has been broken down into componentcharacters(see 
C 27-C 29) There is no assumed state for this character 

I 
I 
I 
1 

C45 Sepal- Width 

I 1 - narrow j 2- average I 3- broad I 

This character wasthe second part of"sepal shape" There is no assumed state for this 
character i 

C45. Sepal Sides 
1 

I 

I 1 - elliptic(curved) I 2- oblong-elliptic j 3- oblong(parallel) I 

This character was the third part of"sepal shape." There is no assumed state for this 
character 

C47 Sepal Duration 
I 

I 1 - persistent |2-deciduous 

This character was used primarily to separate the non-trilliaceous outgroups from the 
ingroup "Persistent" is the assumed state for this character 
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I 
C48 Sepal Texture 

1 - herbaceous 2- membranous 

This character was used primarily to separate the non-triiliaceous outgroups from the 
ingroup "Herbaceous" is the assumed state for this character 

C.49 Sepal Color 

1 - reddish-pu'rple 2- yellow 3- purple 4- purplish-green 
5- red 6- green 7- reddish green 8- yellowish-green 

A-white with green B - greenish with red C-greenish, purple9- white 
veins or purple veins basally 

G - greenish withD - greenish, reddish- F- greenish with redE -greenish-brown reddish-purplepurple basally veins 
margins 

H - greenish vyith 1 - green with white 
purple margin's veins 

This character illustrates the variation within sepal color Like stem color, C.20,there is 
much collapsing ofcolors into "meta-colors. "Green" is the assumed state for this character 

C.50 Sepal Color Distribution 

1 - throughout 2-suffused 3- marginal 
4f- mottled 5-geographic 

Like stem color and leaf color(C 21 and C.31),color patterning or distribution was 
included as a way to include phylogenetically informative color information "Throughout" is the 
assumed state for this character 

j 
C 51 Sepal Apices 

acuminate acute1 - i 2- 3- obtuse 4- rounded 
5- acuminate-| 

6-sub-acute 7- cuspidate 8-emarginaterounded 

9- caudate i A-blunt B - attenuate 

This character illustrates the variation within the family There is no assumed state for this 
character. ' 

126 



 

 

 

C52 Sepal Apex Type 

1 - entire 2- mid-rib, midvein,or vein 
extension 

This character groups the leaf apices into what may be a more phylogenetically informative 
character "Entire" is the assumed state for this character. 

C.53. Petal Form 

I 1 - normal I I 2-foliaceous I 3-staminoid I 4- none 

This character was used primarily to separate the non-trilliaceaous outgroups from the 
ingroup "Normal" is the assumed state for this character 

I 

C54 Petal Presence 

I 1 - present I 2- absent 

This character and character C 55 are the two characters that are used to identify those taxa 
with no petals. In the case ofall other petal characters,those are listed in the data matrix as 
"missing" "Pi;esent" is the assumed state for this character 

C55 Petal Number 

1 -zero 2-three 3-four 4-five 

5-SIX : 6-seven 7-eight 

This character was used to illustrate the variety in petal merosity "Three" is the assumed 
state for Trillium for this character,there is no assumed state for Panss I 

I 

! 
C.56 Petal Fusion 

I 1 - separate I 2-fused 

This character was used to separate the non-trilliaceous outgroups from the ingroup 
"Separate" is the only currently used state for this character 
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C57. Petal Widest Point 

3- elliptic/ rhombic/
1 - ovate(Va) 2-elliptic-ovate 

oblong(Vi) 
4- elliptic-obovate 5 obovate {Va) 

Like leafshape(C 27-29)and sepal shape(C44-46), petal shape has been separated into its 
component parts. There is no assumed state for this character. 

C58 Petal. Width 

1 -filiform 2- linear 3- narrow 

4- average 5- broad 6- very broad 

This character was the second part ofthe petal shape character. There is no assumed state 
for this character 

C59 Petal: Slides 
! 

I 1 - elliptic(curved) I 2-oblong-elliptic I 3- oblong (parallel) I 4- rhombic-elliptic 

This character was the third part ofthe petal shape character There is no assumed state for 
this character, j 

j 

C.60 Petal Duration 

1 - persistent 2- deciduous 

This character was used primarily to separate the non-trilliaceous outgroups from the 
ingroup "Persistent" is the assumed state for this character 

C 61 Petal Color 

1 - white 2- yellow 3-cream 4- pink 
5- red 6- purple 7- bronze 8- green 
9- reddish-purple A-greenish-yellow B- purplish-black C- brownish-purple 

E - purple with a F- yellow with a C- green with aD - greenish-pjurple 
greenish claw greenish claw purple claw 

H - yellow with a 1 - yellow-green with J - white spotted with K - white with purple 
purple claw i a purple claw rose basally 
L - white with a basal N - purplish green

M - olive 
red"V" : with a purple claw 

This character illustrates the variety of petal color(and to a lesser extent color patterning) 
within the family Like stem color,there has been collapsing ofcolors into "meta-colors" There is 
no assumed state for this character 
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C.62 Petal Color Distribution 
I 

I 1 -throughout I 2-spotted I 3-geographic I 

Because ofthe large number of petal colors(and color patterning)this character was 
developed to r|nore clearly illustrate these states "Throughout" is the assumed state for this 
character. ; 

C63 Petal Anthocyamns 

I 1 - yes! I 2- no I 3- white fading to pink I 

Because ofthe broad range ofcolors, it was felt that perhaps the presence or absence of 
anthocyanin pigments might be more phylogenetically informative than "red"or"white" In 
addition to mere presence or absence,there are also those white trilliums thatturn pink as they age 
There is no assumed state for this character 

C.64 Petal Transverse Posture 
I 
I 

1 - incurved 2- plane 3- recurved 

4- undulate 5- outcurved 

Like p|ane shape, posture or attitude cannot be adequately represented in justone 
character The three parts ofattitude are transverse(ends to the middle), vertical (relative to the 
vertical axis), and longitudinal (sides to the center) This character illustrates the variety of petal 
postures Recilirved denotes a petal more curved back on itself rather than just curved away from 
the vertical axis There is no assumed state for this character 

C65 Petal Vertical Orientation 
I 

1 -ered 2- divergent(upwards) 3- horizontal 

4divergent(downward) 5- declined 

This character was the second part of petal posture. There is no assumed state for this 
character. i 

C66 Petal Longitudinal Posture 

I 1 -straight I 2- twisted 
! 

This cljiaracter was the third part of petal posture "Straight" is the assumed state for this 
character. i 
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C67. Petal Apices 

1 - acuminate 2- acute 3- obtuse 4- rounded 

5-blunt 6-sub-acute 7- cuspidate 8- apiculate 
9-emarginate A - mucronate 

This character illustrates the various petal apices in the family(q v C 35,C.51) There is 
no assumed state for this character 

C68 Petal Aphx Type 

2- midrib, midvein, 
1 - entire 

I or vein extension 

This character, like the others(C 34,C 52)groups the apices by type. "Entire" is the 
assumed state for this character 

C69 Stamen orm 

1 - normal 2- petaloid-abortive I 

This character was used to separate the non-trilliaceous outgroups from the ingroup 
"Normal" is the'only state currently used for this character 

C70 Stamen Number 

1 -zero 2- 1x sepals 3-2x sepals 
4i- 3x sepals 5 -4x sepals 

! 
This character illustrate the variety in numbers of whorls ofstamens "2x" is the is 

assumed state for Trillium for this character,there is no assumed state for Panss I 

C 71 Stamen Fjusion 
I 

I 1 -free 2- adnate to tepal 

This character was used to separate the non-trilliaceous outgroups from the ingroup "Free" 
IS the only stateicurrently used for this character. 

C 72 Stamen T^ransverse Posture 

1 straight I 2- incurved 3-slightly recurved I 

Like petal posture(C 64),stamen posture was divided into its component parts. This 
character was the first There is no assumed state for this character. 
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C.73 Stamen!Vertical Posture 

' I 1 - erect |2-spreading 

I 

This character is the second part ofstamen posture There is no assumed state for this 
character i 

C.74 Anther Dehiscence 

1 - introrse I 2- iatrorse 3- extrorse 

This character illustrates the variety ofdehiscence in the family Unlike other families or 
genera,this is not always constant within Trilliaceae There is no assumed state for this character 

I 
C 75 Pollen Shape 

1 

I 1-spherical I 2-ellipsoid I 3- irregular ] 
I 

This character has been found to be diagnostic between Pans s.l and Trillium. "Spherical" 
IS the assumed!state for Trillium for this character,"ellipsoid" is the assumed state for Pans s.l It 
was pollen shape that helped solidify the position of Trillidium as a va,od genus When the 
position of Trillium rivale came under suspicion, pollen grains from T rivale, T govanianum,T 
sulcatum,and ^ polyphylla were examine with a Scanning Electron Microscope(SEM)(Figure C.I) 
T rivale has the spherical pollen of Trillium, but T govanianum clearly has ellipsoidal, 
monosulcate pollen 

C76 Pollen Aperture 

1 - omniaperturate 2- monosulcate 
I 

This character was used to separate the non-trilliaceous outgroups from the ingroup as well 
as separate Trillium and Pans,s I "Omniaperturate" is the assumed state for Trillium for this 
character,"monosulcate" is the assumed state for Paris s.l(q.v. Figure C.I). 

C 77 Pollen Ornamentation 

1 - granulate i 2- echinate 3- corrugate 4- verrucate 

5- spinulate ] 6- clavate 7-foveolate 8- reticulate 

9-psilate 1 A - gemmate 

This character has been found to be taxonomically informative, but it has not been sampled 
widely enoughiacross the family to be very phylogenetically informative. There is no assumed state 
for this character 
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Figured. SEM imagesof pollen from Trilliaceae. a. Trillium rivale h. Trillium sulcaium 
c. Trillidium govanianum d. Paris polyphylla. 
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C78 Connective Prolongation 

1 - none 2- acute 3-truncate 4- dilated 

5- round 6-emarginate 7- obtuse 

This character illustrates the various shapes ofconnective prolongation in the family. This 
character is taxonomically important There is no assumed state for this character. 

C 79. Filament Color 

1 - green 2- purple 3- whitish-purple 4- reddish-purple 
6 reddish-purplish-

5- whitish-green 7- pinkish-white 8- greenish-yellow
brown 

9- white A - pink B - brown C- vellow 

This character illustrates the variety in the family. There is no assumed state for this 
character 

C80. Pollen Color 

1 - yellow 2- orange 3- olive 4- brownish 

5- olive-orange 6- purple 7- greyish-purple 8- pink 
9- yellowish pale 

A - green B - maroon C- orange-yellow
purple 

This character illustrates the variety in the family There is no assumed state for this 
character. 

C81. Connective Color 

1 - green 2- pink 3- purple 4- pinkish-purple 
5- reddish-purple 6- brown 7- whitish-green 8- white 

9- reddish-purplish-
brown 

This character illustrates the variety in the family There is no assumed state for this 
character 

C.82 Stamen Color Distribution 

1 -throughout I 2- pollen different I 3- all differenF ] 

Because ofextreme variability in color,this character was used to examine color 
distribution patterns rather than actual colors. "Throughout" is the assumed state for this character 

133 



 

 

C83. Pistil Form 

1 - normal 2- abortive 

This character was used to separate the non-trilliaceous outgroupsfrom the ingroup. 
"Normal" is the only state currently used for this character. 

C84. Ovary Position 

I 1 - inferior 2-superior 

This character was used to separate the non-trilliaceous outgroups from the ingroup. 
"Superior" is the only state currently used for this character 

C.85 Number of Locules 

1 -one I 2-three I 3-four to ten J 

This character and placentation(C86)were used to examine the variety within the family. 
These characters are diagnostic in separating Pans and Daiswa,there is no consistency within 
Trillium. There is no assumed state for this character 

C86 Placentation 

I 1 - axile 2- parietal I 3- combination 

In Paris and Daiswa, placentation and number of locules are correlated,this is notthe case 
in Trillium Due to reports of"variable placentation" in Trillium (Zomlefer, 1994,1996)serial 
sections were made ofvarious Trillium" ovaries(Figure C.2) In mostofthe ovaries that were 
examined,apically, basally, or both, placentation was obviously axile, but in the center ofthe 
ovary, placentation was parietal Traditionally in Trillium, placentation was reported to be axile 
because Liliaceae have axile placentation There is no assumed state for this character 

C87. Ovary Shape 

1 - conical 2- angular-ovoid 3- ovoid 4- ellipsoid 
5- obovoid 6-flask-shaped 7-subglobose 8- oval-globose 
9-fusiform A - ovate-conical 

This character illustrates the variety ofshapes within the family This character has been 
used taxonomically within pedicellate Trillium There is no assumed state for this character. 
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Figure C2. Examplesof placentation in rrfV/iu/n. top: Trillium sulcatum middle: 7. sulcalum 
bottom: T.cuneaturn 
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C.88 Ovary Cross-section Shape 

1 - round 2- ridged 3- angled 4- winged 

This character illustrates the taxonomicaily importantovary cross-section shape Figure C.2 
also illustrates the difference between "winged"versus "ridged." There is no assumed state for this 
character 

C89 Ovary Ribs 

1 -zero 2-two 3- three 4-four 
5-five 6- SIX 7-seven 

This character illustrates the variety in numbers of ribs or wings There is no assumed state 
for this character. 

C 90. Ovary Apex 

I 1 - truncate I 2-crowned I 3-attenuate I 4-obtu^ 

This character can be used to separate Paris from Daiswa;withm Trillium,there is nota 
great deal ofvariety. There is no assumed state for this character 

C91 Style Presence 

I 1 - preseTiT 2-absent 

Many Panss I exhibita common style, whereas most Trillium do not "Absent" is the 
assumed state for this character 

C92 Stigma Number 

1 - three 2-four 3-five 4-six 

5-eight 6- ten 7-seven 

This character illustrates the stigmatic merosity "Three" is the assumed state for Trillium 
for this character,Panss I has no assumed state 

C93 Stigma Shape 

1 - linear-subulate 2-subulate 

This character illustrates stigma shape which can be important taxonomicaily m Trillium 
There is no assumed state for this character 
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C94 Stigma Vertical Posture 

1 - divergent I 2- erect" ] 

This character, like petal posture and stamen posture, has been divided into its component 
parts It illustrates the orientation ofthe stigmatic branches There is no assumed state for this 
character 

C95 Stigma Transverse Posture 

I 1 - incurved 2- straight I 3- recurved 

This character is the second part ofstigma posture There is no assumed state for this 
character 

C96 Stigma Duration 

I 1 -deciduous I 2- persistent ] 

This character was used to separate the non-trilliaceous outgroups from the ingroup 
"Persistent" is the only state currently used for this character 

C97 Stigma Size 

1 - very thin 2-thin I 3-average 4-thick 

This character illustrates the variation in stigma size within the family There is no assumed 
state for this character 

C98 Ovary color 

1 - yellowish-white 2- green 3- purple 4- pink 
5- cream yellow 6-white 7- reddish-purple 8- purplish-brown 

A- reddish-purplish-9- yellow-green B - green over purple C- purple over greenbrown over green-red 
D - purple over G - green with purple

E - purple over white F - pink over white
yellow disk 
H - green with yellow 1 - green with white J - yellow with black 
disk disk disk 

Like other color characters,there has been grouping into "meta-colors" in this character 
This character illustrates the variation in color as well as some color patterning. There is no 
assumed state for this character 
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C99. Ovaty Color Distribution 

1 -throughout 2-spotted 3-striped I 4-geographic 

This character, like the other color distribution characters, was chosen in the hope that it 
would be more phylogenetically informative than a long list ofcolors "Throughout" is the assumed 
state for this character 

C 100 Stigma Color 

1 - green 2- purple 3- yellowish-green 4-creamy white 
5- yellow 6- yellowish-white 7- pink 8- black 

A - reddish-purplish- C- purple out,green9- brownish-violet B -brown 
brown in 

D- purple-brown out, E - purple out, yellow G - green out, yellowF-white, basally pinkyellow m in in 

H - pinkish-orange 1 - red 

This character illustrates the variation in the family. There is no assumed state for this 
character 

C 101 Stigma Color Distribution 

1 -throughout 2- banded 3- geographic J 

This character was assumed to be more phylogenetically informative than color alone 
"Throughout" is the assumed state for this character 

C 102 Pistil Color Distribution 

1 -throughout 2- geographic by part I 3- all different 

This character was assumed to be more phylogenetically informative than color alone. 
"Throughout" is the assumed state for this character 

C.I03 FruitType 

1 - berry I 2-capsule I 3-fleshy capsule I 

This much debate aboutfruit type in Trilliaceae The fruit m Daiswa is loculicidally 
dehiscent, but it is nota true capsule Some people have called this type offruit a fleshy capsule. 
In Trillium,the fleshy capsule is often mentioned,but it does not exhibittrue dehiscence, rather the 
fruit ruptures as if enlarging too rapidly,or it abcisses from the plant rupturing in the process. There 
IS no assumed state for this character 
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C104 Fruit Dehiscence 

1 - indehiscent 2- basally dehiscent 3- septicidal 4- irregular 
5- loculicidal 6- dehiscent 7-decav 

This character was used to separate the non-trilliaceous outgroups from the ingroup as well 
as illustrate the various types ofdehiscence that heave been reported on Trilliaceae. There is no 
assumed state for this character. 

C 105. Fruit Shape 

1 - conical 2- angular-ovoid 3- ovoid 

4- globose 5-obovoid 6- elliptic 

This character illustrates the variety of fruitshapes m the family There is no assumed state 
for this character 

C.I06 Fruit Color 

1 - green 2- maroon 3-greenish-yellow 4- rusty red 
5- greenish-white 6- red 7- black 8- bluish-black 
9- brown A - purple B - green with purple C- purplish-green 

dots 

D - greenish-brown E - green with brown F - black-purple G - white 
ribs 

H - pink 

This character illustrates the variety offruit colors in the family There is no assumed state 
for this character. 

C 107 Fruit Color Distribution 

1 -throughout 2- mottled 3-spotted 
4-striped 5- geographic 

This character was assumed to be more phylogenetically informative than color alone 
"Throughout" is the assumed state for this character. 

C 108 Seed Arils 

1 - incomplete I 2- absent I 3-complete 

This character is taxonomically important in the family "Incomplete" is the assumed state 
for Trillium, there is no assumed state for Panss I for this character. 
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C 109 Endosperm Development 

1 - heiobial I 2- nuclear 

This character is diagnostic within the family "Helobial" is assumed for Trillium,"nuclear" 
IS assumed for Panss I for this character 

Clio Cotyledon Shape 

I 1 - strap-like 2- leaf-like 

This character was determined to be diagnostic in separating Trillium from Panss I.(Figure 
C.3) Atthis time, it is not know ifthe leaf-like cotyledon is a true cotyledon,or if it is a true leaf 
emerging aftersome sort ofepigeal germination. "Strap-like" is assumed for Trillium,"leaf-like" is 
assumed for Pans s.l 
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Figure C3. Examplesofcotyledon shape In Trilllaceae. a. Trillium sulcatumb. Paris 
yunnanensis c. Trillium rivale. Photographs b and c courtesy of Dr.Carl Denton. 
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#NEXUS 

BEGIN DATA, 
DIMENSIONS NTAX=86 NCHAR=110, 

[•Tnlliaceae taxa 14.22 -- 14 Dec 1999] 
FORMAT SYMBOLS= " 123456789ABCDEFGHIJKLMNOPQ." MISSING=7 GAP=- INTERLEAVE , 
OPTIONS MSTAXA=POLYMORPH , 

[ZAP set non-morphological characters] 
options zap="l-8", 

[ZAP set numbers of plant parts -- leaves, sepals, petals, stamens, stigma] 
options zap="22 43 55 70 92"; 

CharStateLabels 

1 hybrid_status/ yes no, 
2 flowering_time/ February March April May June July August, 
3 chromosome_number/ '2n=10' •2n=15' •2n=20' •2n=30' •2n=40", 
4 geographical_area/ east_Asia western_North_America 

eastern_North_America Europe, 
5 genus/ outgroup Trillium Pans, 
6 subgenus/ outgroup Trillium Phyllantherum Pans Kinugasa Daiswa, 
7 section/ outgroup grandiflorum erectum catesbaei 

recurvatum sessile maculatum 
pans axipans kinugasa 
daiswa dunnaniana marmorata fargesiana thibetica, 

8 Rafinesque/ outgroup Pans Daiswa Phyllantherum Trillium Delostylis, 
9 PLANT_type/ herbs vines, 
10 foilaceousness/ scapose leafy, 
11 plant_sexuality/ bisexual dioecious, 
12 INFLORESCENSE_type/ solitary simple_umbel, 
13 FLOWERS_#/ one more_than_one, 
14 composition/ tepals 'sepals_+_petals', 
15 PED _vertical_posture/ erect above_the_leaves horizontal 

below_the_leaves none, 
16 root_type/ rhizome bulb, 
17 rhizome_size/ very_thin slender thick very_thick, 
18 STEM_habit/ erect partially_decumbent decumbent, 
19 vestiture/ glabrous puberulent pubescent pilose papillose scabrous 

stnate, 

20 stem_color/ green 'yellowish-green' reddish_purple greenish_purple 
purplish browmsh_green reddish green_over_purple 
purple_tinged, 

21 stem_distnbut!on/ throughout geographic suffused, 
22 LEAF_number/ two three four five six seven eight nine ten 

eleven_and_up, 
23 leaf_location/ terminal caulme, 
24 leaf_arrangement/ whorled spirally_inserted, 
25 #_whorls/ one more_than_two none, 
26 leaf_attachment/ petiolate subsessile sessile, 
27 'leaf _widest_point'/ 'ovate_( 25)' 'elliptic-ovate_( 375)' 

'elliptic-rhombic-oblong_( 5)' 
'elliptic-obovate_( 675)' 'obovate_( 75)', 

28 'leaf _width_(LxW)'/ linear narrow average broad very_broad 
depressed_or_transverse. 
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29 'leaf _sides'/ 'elliptic_(curved)' 'oblong-elliptic' 
'oblong_(paraIleI)' 'oblong-rhombic' 
'rhombic_(straight)' 'rhombic-elliptic', 

30 leaf_margin/ entire undulate, 
31 leaf_distribution/ throughout mottled geographic suffused, 
32 leaf_color/ green more_or_less_purple_mottled green_w_maroon_hue 

small_brownish_spots white_variegation_on_veins mottled 
mottled_w_dk_green spots_of_lt_green 
multiple_shades_of_green shades_of_green_beside_pale_mid 
dk_green_spots_on_mottled_backg 
dk_green_between_veins_w_pale_m, 

33 leaf_lower_surface/ pubescent_on_veins scabrous_on_veins glossy dull 
purple purple_nerves glabrous pubescent, 

34 apex_type/ entire sinusus 'mid-rib,_midvein_or_vein_exten', 
35 apices/ acuminate acute obtuse rounded emarginate 'sub-acute' 

cuspidate blunt attenuate, 
36 base_type/ entire with_sinusus, 
37 bases/ cuneate sheathing obtuse rounded attenuate hastate cordate, 
38 leaf_texture/ herbaceous membranous papery rugose coriaceous, 
39 #_main_nerves/ many three five seven, 
40 BRACTS/ absent present, 
41 SEPAL_form/ normal petaloid, 
42 sepal_fusion/ separate fused, 
43 sepal_number/ three four five six seven eight nine ten, 
44 'sepal _widest_point'/ 'ovate_( 25)' 'elliptic-ovate_( 375)' 

'elliptic-rhombic-oblong_( 5)' 
'elliptic-obovate_( 625)' 'obovate_( 75)', 

45 'sepal _width_(LxW)'/ narrow average broad, 
46 'sepal _sides'/ 'elliptic_(curved)' 'oblong-elliptic' 

'oblong_(parallel)', 
47 sepal_duration/ persistent deciduous, 
48 sepal_texture/ herbaceous membranous, 
49 sepal_color/ reddish_purple yellow purple purplish_green red green 

reddish_green yellowish_green white white_w_green_veins 
greenish_w_red_or_purple_vei ns 
'greenish,_purple_basally' 
'green1sh,_reddish-purple_basail' greenish_brown 
'greenish,_w_red_veins' greenish_w_reddish_purple_margi 
greenish_w_purple_margins green_w_white_veins, 

50 sepal_distribution/ throughout suffused marginal mottled geographic, 
51 sepal_apices/ acuminate acute obtuse rounded 'acuminate-rounded' 

'sub-acute' cuspidate emarginate caudate blunt 
attenuate, 

52 sepal_apex_type/ entire 'mid-rib,_midvein_or_vei', 
53 PETAL_form/ normal foliaceous staminoid none, 
54 petal_presence/ present absent, 
55 petal_number/ zero three four five six seven eight, 
56 petal_fusion/ separate fused, 
57 'petal _widest_point'/ 'ovate_( 25)' 'elliptic-ovate_( 375)' 

'elliptic-rhombic-oblong_( 5)' 
'elliptic-obovate_( 625)' 'obovate_(.75)', 

58 'petal'_width_(LxW)'/ filiform linear narrow average broad 
very_broad, 

59 'petal _sides'/ 'elliptic_(curved)' 'oblong-elliptic' 
'oblong_(parallel)' 'rhombic-elliptic', 

60 petal_duration/ persistent deciduous. 
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61 petal_color/ white yellow cream pink red purple bronze green 
'reddish-purple' 'greenish-yellow' 'purplish-black' 
brownish_purple 'greenish-purpie' 
purple_w_greenish_claw 
yellow_w_greem sh_claw green_w_purple_claw 
yellow_w_purple_claw 'yellow-green_w_purple_claw' 
white_spotted_w_rose white_w_purple_basally 
white_w_basal_red_V olive purplish_green_w_purple_cl, 

62 petal_distribution/ throughout spotted geographic, 
63 anthocyanins/ yes no fading_to_pink, 
64 petal_transverse_posture/ incurved plane recurved undulate 

outcurved, 
65 petal_vertical_orientation/ erect divergent horizontal divergent 

declined, 
66 petal_longitudinal_posture/ straight twisted, 
67 petal_apices/ acuminate acute obtuse rounded blunt 'sub-acute' 

cuspidate apiculate emarginate mucronate, 
68 petal_apex_type/ entire 'mid-rib,_midvein_or_vein_extens', 
69 STAMEN_form/ normal 'petaloid-abortive',, 
70 stamen_number/ zero IX 2X_sepals 3X 4X, 
71 stamen_fusion/ free adnate_to_tepal, 
72 stamen_transverse_posture/ straight incurved slightly_recurved, 
73 stamen_vertical_posture/ erect spreading, 
74 ANTHERS_dehiscence/ introrse lateral extrorse, 
75 POLLEN_shape/ spherical ellipsoid irregular, 
76 pollen_aperture/ omniaperturate monosulcate, 
77 pollen_ornamentation/ granulate echinate corrugate verrucate 

spinulate clavate foveolate reticulate psilate 
gemmate, 

78 COt\INECTIVE_prolongation/ not_prolonged acute truncate dilated round 
emarginate obtuse, 

79 FILAMENT_color/ green purple whitish_purple reddish_purple 
whitish_green 'red-purple-brown' pinkish_white 
greenish_yellow white pink brown yellow, 

80 pollen_color/ yellow orange olive brownish 'olive-orange' purple 
greyish_purple pink yellowish_pale_purple green maroon 

'orange-yellow*, 
81 connective_color/ green pink purple pinkish_purple reddish_purple 

brown whitish_green white 'red-purple-brown', 
82 stamen_distribution/ throughout pollen_different all_different, 
83 PISTIL_form/ normal abortive, 
84 OVARY_position/ inferior superior, 
85 #_locules/ one three four_to_ten, 
86 placentation/ axilary parietal combination, 
87 ovary_shape/ conical 'angular-ovoid' ovoid ellipsoid obovoid 

'flask-shaped' subglobose 'oval-globose' fusiform 
'ovate-conical', 

88 'ovary_X-section_shape'/ round ndged angled winged, 
89 ovary_ribs/ zero two three four five six seven, 
90 ovary_apex/ truncate crowned attenuate obtuse, 
91 STYLE_presence/ present absent, 
92 STIGMA_number/ three four five six eight ten seven, 
93 shape/ linear 'linear-subulate' subulate, 
94 'vertical_posture_(orie'/ divergent erect, 
95 stigma_transverse_posture/ incurved straight recurved, 
96 stigma_duration/ deciduous persistent, 
97 stigma_size/ very_thin thin average thick. 
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98 ovary_color/ yellowish_white green purple pink cream_yellow 
white 'reddish-purple' purplish_brown yellow_green 

'red-purple-brown_over_green-red' green_over_purple 
purple_over_green purple_over_yellow purple_over_white 
pink_over_white green_w_purple_disk green_w_yellow_disk 

'green_w_white_disk-green_w_whit' yellow_w_black_disk 
'red-purple-brown' black, 

99 ovary_distribution/ throughout spotted striped geographic, 
100 stigma_color/ green purple yellowish_green creaniy_white yellow 

yellowish_white pink black 'green_and_purple-red' 
'brownish-violet' 'red-purple-brown' brown 
'purple_out,_green_in' 'brown-purple_out,_yellow_in' 
'purple_out,_yellow_in' 'white,_basally_pink' 
'green_out,_yellow_in' 'pinkish-orange' red, 

101 stigma_distribution/ throughout banded geographic, 
102 PISTIL_distribution/ throughout geographic_by_part all_different, 
103 FRUIT_type/ berry capsule fleshy_capsule, 
104 fruit_dehisence/ indehiscent basally_absicent septicidal irregular 

loculicidal dehiscent, 
105 fruit_shape/ conical 'angular-ovoid' ovoid globose obovoid 

elliptic, 
106 fruit_color/ green maroon greenish_yellow rusty_red greenish_white 

red black 'bluish-black' brown purple 
green_w_purple_dots 'purplish-green' 'greenish-brown' 
green_w_brown_ribs 'black-purple' white pink, 

107 fruit_color_distribution/ throughout mottled spotted striped 
geographic, 

108 SEED_arils/ incomplete absent complete, 
109 endosperm_development/ helobial nuclear, 
110 cotyledon_shape/ strap_like leaf_like. 
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Listing of Indels 



 

 

 

 

Table Dl. Indels for the ITS gene sequence data set. 

number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

location 

bp45 

bp48 

bp49 

bp50 

bp82 

bp89 

bp96 

bp144 

bp145 

bp197 

bp202 

bp205 

bp209 

bp215 

bp218 

bp219 

bp232 

bp449 

bp492 

bp502 

bp518 

bp525 

bp601 

bp602 

bp611 

bp612 

bp634 

sequence 

*aat' 
'a-1' a L 

■gah' 
'g-h' 
•ahc' 
' a-ra \- ' 

'ahc' 
' a-ra ' 

'aat' 
' a-t' 
'cct' 
' c-t' 
•ccmf 

■yrg' 
•y-g" 
TglC 
'r-k' 
'atr' 
' aa- 1r' 

TgC 
' r-r •1 I. 

■ cya' 
' r-aa ' ^ 

•ygf
'y-t' 
'twg' 
•t-g'
'shy' 
' s-y' 
•hyg'
•h-g' 
'btggt' 
'b--t' 
'g ktsra a' 
'g a' 
'cct' 
'c-t' 
'gcgg' 
'g--g'
■tgtk' 
't--k' 
'tatg' 
't--g' 
'dna' 
' rl-au d ' 

'n aact c' 
• n r ' 11 ^ 

'Wtg' 
'w-g' 
't gkgacaccca m' 
't m' 
'ygct' 
■y-.f 

taxa 

7camschatcense 

all except 7 nvale and 7 undulaWm 

all except 7 undulatum 

all except Pans s 1 

7 pusillum 

7 pusillum 

Daiswa 

7 govanianum, P incompleta, P tetraphylla, 
7 camschatcense 
Pans s s, Trillium except for 7 nvale and 
7 govanianum 
all except 7 camschatcense 

sessile-flowered Trillium 

all except D violacea 

all except P incompleta 

D fargesii, D polyphylla, D violacea, and 7 ovatum 

all except D polyphylla and D violacea 

all except D fargesii 

7 nvale 

all except 7 nvale 

7 camschatcense 

all except 7 nvale 

P tetraphylla 

P incompleta 

all except D fargesii and sessile-flowered Trillium 

7 nvale 

sessile-flowered Trillium 

all except 7 nvale 

7 pusillum 
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Table D2. Indeis for the matK gene sequence data set. 

number location sequence taxa 

1 bp15 'a ttacag g' T r/va/e. Pansss,pedicellate Trillium exceptfor 
'a g' 7govanianum 

2 bp51 "a caaaay f all exceptfor 7pusillum 
•a f 

3 bpn9 •a tataaa f 7deapiens and 7reliquum 
'a t' 

4 bp390 'a caaata c' 7 erectum and 7 ruge/;/ 
■a c' 

5 bp607 'a atttka f 7 camschatcense, 7 erectum and 7 rugelii 
'a f 

6 bp626 •a atctat f all except for 7petiolatum and 7 reliquum 
"a f 

7 bp810 'a atagat g' 7 maculatum 
•a 
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APPENDIX E 

TAXA COMPARISONS 



Table El. Trilliaceae versus Liliaceae sensu sfricfo 

character Trilliaceae 

roots rhizomes 

leaves petiolate 
venation palmate & reticulate 
stele eustele 

oxalate raphids present 

infloresence solitary 
perianth sepals & petals 
spotted tepals absent 

anthers basifixed 

style free 

parietal cell tissue present 

ovary type Allium type 
nucellus crassinucellate 

embryo sac development mono-or bi-sporic 
polar nuclei fusing posl/simult 
fruit berry or fleshy capsule 
endosperm other 

embryo axis straight 
cotyledon sheath open 

steroid saponins present 

mesophyll crystals raphids 

leaves verticillate 

symmetry actin (radial) 

nectaries tepal or septal 
petiole present or absent 
dehiscence introrse, extrorse, lateral 
placentation parietal, axile or both 
embryo type rudimentary 
endosperm formation nuclear or helobial 

embryogeny onagrad 

stigma dry 
connective prolongation presentor absent 
arils present or absent 
flower hypogynous 

ptyxis supervolute 
stem vessels absent 

leaf vessels absent 

stipules absent 

microsporogenesis successive 

antipodal cells not proliferating 
gynoecium syncarpous 

habit autotrophic, perennial herbs 

Liliaceae 

bulbs 

not petiolate 
parallel 
atactostele 

absent 

cyme or raceme 

tepals 
present 

dorsifixed 

simple 
absent 

Fritillaria type 
teninucellate 

tetraspore 

fusing prior 
dry capsule 
notstarchy or little 
curved 

closed 

absent 

druses,solitary prismatic 

some verticillate 

actin &zygo. 

tepal 
absent 

introrse 

axile 

linear or rudimentary 
nuclear 

onagrad,asterad. 
chenopodiad 
wetor dry 
absent 

absent 

hypogenous 

supervolute 
absent 

absent 

absent 

successive 

not proliferating 
syncarpous 

autotrophic, perennial herbs 
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Table E2. Trilliaceae versus Melanthiaceae 

character Trilliaceae 

leaves petiolate & terminal 
leaves verticillate 

venation palmate & reticulate 
stele eustele 

oxalate raphids present 

infloresence solitary 
perianth sepals & petals 
ovary type Allmm type 
nucellus crassinucellate 

polar nuclei fusing post/simultaneously 
fruit berry or fleshy capsule 
endosperm other 

embryo type rudimentary 
embryogeny onagrad 
antipodal cells not proliferating 
gynoecium syncarpous 

roots rhizomes 

nectaries tepal or septal 
petiole present or absent 
dehiscence introrse, extrorse, lateral 
placentation parietal, axile or both 
endosperm formation nuclear or helobial 

connective prolongation present or absent 
arils presentor absent 

symmetry actinomorphic(radial) 
style free(fused carpels) 
spotted tepals absent 

anthers basifixed 

stigma dry 
ptyxis supervolute 
stem vessels absent 

leaf vessels absent 

stipules absent 

habit autotrophic, perennial herbs 
embryo sac development mono-or bi-sporic 
embryo axis straight 
cotyledon sheath open 

steroid saponins present 

mesophyll crystals raphids 

Melanthiaceae 

basal & sheathing 
spirally inserted 
parallel 
atactostele 

absent 

panicle,raceme,spike 
tepals 
Polygonum type 
crassinucellate 

fusing prior 
ventricidal capsule 
notstarchy or little 
linear 

asterad 

proliferating 
apocarpous 

rhizome or bulb 

septal (external) 
absent 

extrorse 

axile 

helobial 

absent 

absent 

actinomorphic(radial) 
free(separate carpels) 
absent 

basifixed 

dry 
supervolute 
absent 

absent 

absent 

autotrophic, perennial herbs 
mono-or bi-sporic 
straight 
open 

present 

raphids 
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Table E3.Trilliaceae versus 

character 

chromosome number 

planttype 
foliaceousness 

plant sexuality 
inflorescence type 
number offlowers 

flower composition 
stem habit 

leaf location 

number of whorls 

sepal and petal form 
sepal and petal fusion 
ovary position 

fruittype 

number of leaves 

leaf arrangement 
petal anthocyanins 
stamen form 

pistil form 
number of locules 

placentation 
style presence 
seed arils 

sepal and petal number 

root type 

leaf margin 
bracts 

Dioscorea 

Trilliaceae 

2n=10 

herb 

scapose 

monoclinous 

solitary 
one 

petals + sepals 
erect 

terminal 

one 

normal 

free 

superior 

berry or fleshy capsule 

three to more than 11 

whorled 

present or absent 
normal 

normal 

one or three 

axile, parietal, or combination 
present or absent 
absent, incomplete, present 
three to more than eleven 

rhizome 

entire 

absent 

Dioscorea 

2n=60 

vine 

leafy 
dioecious 

panicle or spike 
more than one 

tepals 
twining 

cauline 

more than two or none 

petaloid 
fused 

inferior 

capsule 

more than 11 

whorled,opposite,alternate 
absent 

normal or abortive 

normal or abortive 

three 

axile 

present 
absent 

three 

rhizome 

entire 

absent 
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Table E4. Triliiaceae versus Medeola and Scoiiopus 

character 

chromosome number 

inflorescence type 
flower number 

leaf number 

leaf location 

leaf arrangement 
flower composition 

roottype 
stem habit 

leaf attachment 

leafcolor distribution 

bracts 

sepal and petal form 
sepal and petal 
number 

(base merosity) 
sepal and petal 
duration 

anthocyanins 
stamen number 

stamen fusion 

anther dehiscence 

number of locules 

placentation 

style presence 
stigma duration 
fruittype 

seed arils 

endosperm 
development 

plant type 
foliaceousness 

plant sexuality 
sepal and petal fusion 
ovary position 

Triliiaceae 

solitary 
one 

three to more than 11 

terminal 

whorled 

sepals plus petals 

rhizome 

erect to decumbent 

sessile to petiolate 
throughout, mottled 
or geographic 
absent 

normal 

three to 11 or more 

persistentO

11 

cpresent or absent 
2x-4x base merosity 
free 

introrse, latrorse. 

NC

extrorse 

one or three 

axile, parietal, or 
combination 

absent or present 
persistent 

berry orfleshy 
capsule 
absent,incomplete or 
present 

nuclear(Pans) 
helobial (Trillium) 

herb 

scapose 

monoclinous 

free 

superior 

Medeola 

2n=14 

simple umbel 
more than one 

X in the first whorl 

cauline 

spirally inserted 
tepals 

tuber 

erect 

sessile to petiolate 
throughout 

present 

petaloid 
three 

deciduous 

absent 

2x base merosity(6) 
free 

extrorse 

one 

parietal 

absent 

deciduous 

berry 

absent 

nuclear 

herb 

scapose 

monoclinous 

free 

superior 

Scoiiopus 

simple umbel 
more than one 

twoII C 
NCbasal 

opposite 

sepals plus petals 

rhizome 

decumbent 

sessile 

mottled 

absent 

normal 

three 

deciduous 

present 

1X base merosity(3) 
adnate to sepal 
extrorse 

one 

parietal 

present 

persistent 

capsule 

absent 

nuclear 

herb 

scapose 

monoclinous 

free 

superior 
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Table E5. Trilliaceae versus Amiantbium, Veratrum,and Xerophyllum 

character Trilliaceae 

foliaceousness scapose 

plantsexuality monoclinous 

inflorescence solitary 
type 

number of one 

flowers 

flower sepals + petals 
composition 

root type rhizome 

leaf location terminal 

leaf arrangement whorled 

bracts absent 

sepal and petal normal 

form 

sepal and petal separate 

fusion 

anthocyanin present or absent 
pigments 

sepal fusion free 

anther introrse, 

dehiscence extrorse, latrorse 
pollen shape spherical 

(Trillium) 

ellipsoid (Pans) 
pollen aperture omniaperturate 

(Trillium) 
monosulcate 

(Pans) 

number of one or three 

locules 

placentation axile, parietal or 
combination 

fruit type berry or fleshy 
capsule 

seed arils complete, 
incomplete,or 
absent 

ovary position superior 

sepal and petal persistent 

duration 

planttype herb 

Amiantbum 

subscapose 
monoclinous 

raceme 

many 

tepals 

bulb 

basal and 

reduced cauline 

spirally inserted 

present 

petaloid 

separate 

absent 

free 

introrse 

ellipsoid 

monosulcate 

three 

axile 

capsule 

absent 

superior 
persistent 

herb 

Veratrum Xerophyllum 

scapose or leafy leafy 
polygamous monoclinous 

panicle of raceme 

racemes 

many many 

tepals tepals 

bulb bulb 

cauline or basal cauline or basal 

spirally inserted spirally inserted 
or alternate 

present presentor absent 
petaloid petaloid 

separate or fused separate or fused 

absentor present absent 

adnate to tepal free 

extrorse extrorse 

unknown ellipsoid 

monosulcate monosulcate 

three three 

axile axile 

capsule capsule 

absent absent 

superior superior 

persistent persistent 

herb herb 

190 



APPENDIX F 

PRELIMINARY ANALYSES 



This section outlines the reasoning behind the use of Trillium (Pseudotrillium)rivale 

as the outgroup for the ciadistic analyses It was chosen as the outgroup based on its 

obvious basal placement in the molecular analyses, its unusual placement in the 

morphological analysis,and the factthat use of potential outgroups outside the family gave 

unsatisfactory results. When T rivale was used as the outgroup,there were fewer shortest 

trees,and the consensus trees from these were better resolved then when other potential 

outgroups were used 

The problem of potential outgroups being too dissimilar was particularly severe in 

the morphological analyses For example,when Amianthium was used as the outgroup its 

dissimilar morphology compared to Trillium necessitated the addition ofseveral 

(approximately 15)characters. It is estimated that initial analyses ofTrilliaceae with the 

morphological data set probably produced more than 100,000 shortest trees With PAUP 

3.1.1,the maximum of32,760 trees was reached quickly, with PAUP*,over 80,000trees 

were saved before overloading the system to the point where it could no longer continue, 

and there were still over 70,000 trees to swap In the resulting consensus tree,a grade was 

present with many ofthe internal clades as expected (e.g., T subg.Phyllantherum,Pans 

s.s.) However,T rivale was basal to the clade containing Panss I. rather than clustering 

with any ofthe Trillium (Figure Fl) 

Analyses of molecular data gave a strong indication that T. rivale was basal within 

Trilliaceae, butthey also showed thatthere were problems with trying to use an outgroup 

outside ofthe family. Dr.Soichi Kawano reported that with Pans polyphylla as the 

outgroup in a matK analysis, T. rivale was most basal followed by the rest ofthe Panss I 

taxa. When I made an analysis with the matK sequences using Veratrum maackii as 

outgroup, in excess of250,000 trees were produced. The strict consensus ofthe first 
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250,000 trees is given in Figure F2. Trillium rivale was basal to all other taxa in this tree. 

As in the morphological analysis,several well defined species groups were evident. Unlike 

the matK data,the ITS sequence data produced only6trees, butthere werefewer taxa 

involved in this analysis With V maackii as outgroup,ITS sequences could not be reliably 

aligned because ofthe amountof dissimilarity between it and all Trilliaceae. The ingroup 

taxa, however,were relatively easy to align to one another. As with the matK sequences, 

with V maackii as outgroup in the ITS analysis, T rivale was placed in a basal position 

relative to the rest ofthe ingroup taxa(Figure F3) 

193 
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� 

V^mackii 

•Tfwale 

P vet&allata 

Ptflcompleta 

P tetraphylla 

ICjiapofiica 

^ D-fargjssii 

D.pQtyptiylla 

^ Dthibetica 

' D.vlQlaiQea 

- T camsehateense 

T.etectum 

- T.rugelii 

'T^uaoiaoum 

T-unctutetum 

ovatum 

• T-grancMTorum 

-T pusiUum 

T.(lecipiens 

- T.discolor 

• Tchtorapetalum 

~T.l^uufokum 

- Tjnacu)a,tum 

-T petiolatum 

• Tjecurvatum 

-T sessile 

Figure Fl. Strict consensus treefrom the ITS analysis of Trilliaceae with V. maackiias 
outgroup. 
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-V mackii 
-T.rivale 

-T.govaianum 
-P verticillata 

-T.undulatum 
-P.uicompteta 
- P.tetraphylla 
- D.thibatica 
-Kiaponica 
-Dfargesii 
-Dpotyphylla 
-Dvioii^ea 
-Tapetalon 
"Tcamtscatcense 
- T.s{nallu. 

- T.tschQnQskii 
- T^ugalii 
-T.vaseyi 
- T.cemyum 
- T.erectum 

-Tfi^c^es 
-Tsulcatum 

-TpusjHum 
- Tovalum 

- T granflrflotum 
- T.tuvale 

- T^etiotetum 
- T.starainpum 
- T discolor 
- T-deopiens 
-Tdecumbens 

-T.fehquum 
-T.underwoodii 

^Talbidum 

- T.angiistipetatum 
- T.chloiapetajum 
T.cuneatiun 

T.foetidissimum 
T.kurabayashii 
T.tudovictanum 

• T.sessile 

T vmde 

T viFideseens 

Tlancifoiium 
'Trecurvatum 
Tlutegm 
T manilgtiim 

Figure F2. Strict consensus tree from the full matK molecular analysis of Trilliaceae with 
V. maackiias outgroup. 
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AFman^m 
•T*komarovji 
Tovatum 
Tgrandiflorum 
Tcalesfaaei 
Tcamschatcense 
T.ha9as 
Tjcbagae 
Tap^^n 

TxtnyEriseanum 
Txyezoense 
Talbidum 
T patviflonjm 
Tpetnlatum 
T.angusiipetalum 
TctilQiapelalum
TJturab^ashS 
TsrssIb 

TioetidisainutTi 
Tmaeulatum 
TctJfleatum 
T lutBom 
Tludovicianum 
Tdeapens 
Tjjnderwoodii 
TJanofaliuin 
Tjecunatum 
Tusde 
Trelquurn 
Tdeeuiiibens 
Tstamineum 
Tgraale 
TdlscDior 
TvnidQscens 
Txch^ellii 
TtschQnoskii 
Tflexipes 
Tsulc^m 
Tera^m 
Tcenauum 
Tsmsle 
Ttvgelij 
Tvasw 
TunduBtum 
T^wale 
Ttsxatium# 
T4iusltuin 
T^aosstens 
Tviiginianum# 
Tmala 
Tgwananum 
Ttanranense 
Pjaponlea 
Pdubngenss 
P-iugosa 
P.a^5 
Pvaniot 
PjnQQmpleta 
Ptettaphylla 
Pquairaolia 

Rvertcmata 

Pnjquanenas 
Pjnarroorata 
Pwensoanenss 

P.de!avayi 

Prawnas 
Pundolatis 

P.bodaana* 
Pjoairej 
PJu^ca 

Pctuoeass 

PX>VMM4mSD1 
Faunrmna 
P.V}rre^i 

Figure F3. Strict consensus treefrom the earlier morphological analysis of Trilliaceae 
with A.muscaetoxicum as outgroup. 
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APPENDIX G 

FULL ANALYSIS 



 

 

 

: T nvale 

: P verticillata 

: P incompleta 

: P tetraphylla 

: K japomca 

: D fargesii 

: D polyphylla 

: D thnbetica 

D violacea 

T govamanum 

T undulatum 

T camschatcense 

T erectum 

T rugeln 

T ovatun 

T grandiflorum 

T pusiUum 

T discolor 

T decipiens 

T reliquum 

T chloropetalum 

T lancifolium 

T maculatum 

T petiolatum 

T recurvatum 

T sessile 

Figure G1. Strict consensus treefrom the ITS analysis of Trilliaceae. 
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T nvale 

P verticillata 

P incompleta 

P tetraphylla 

0 fargesn 

D thibetica 

D polyphylla 

D.violacea 

T.govamanum 

T.undulatura 

T.camschatcense 

T erectum 

T.rugeln 

T ovaturn 

T.grandiflcrum 

T.pusillum 

T.discolor 

T.decipiens 

T.reliquum 

T.chloropetalum 

T.lancifolium 

T.maculatum 

T.petiolatum 

T.recurvatura 

T.sessile 

Heuristic search completed 
Total number of rearrangements tried = 5603 
Score of best tree(s)found = 2755.66433 

Figure G2. Maximum likelihood treefrom the ITS analysis of Trilliaceae. 
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72 

95 

92 

57 

100 

68 

98 

100 

53 

99 

65 

Figure G3. Bootstrap treefrom the ITS analysis of Trilliaceae. 

T nvale(l) 

T govamanum(21) 

T undulatuni(26) 

P verticillata(9) 

P inconipleta(7) 

P tetraphylla(8) 

K japomca(6) 

D fargesn(2) 

D thibetica(4) 

D polyphylla(3) 

D violacea<5) 

T.grand!florum(22) 

T ovatuni(23) 

T pusillum(24) 

T camschatcense(19) 

T erectum(20) 

T rugelii(25) 

T discolor(12) 

T decipiens(ll) 

T reliquum(17) 

T chloropetalum(lO) 

T.lanc!foliuni(13) 

T.maculatum(14) 

T petiolatum(15) 

T recurvatum(16) 

T sessile(18) 
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T nvale 

P verticillata 

P mcompleta 

P tetraphylla 

D.thibetica 

K.jspomca 

D fargesn 

D polyphylla 

: D violacea 

: T govanianum 

: T undulatum 

: T caraschatcense 

: T erectum 

: T rugeln 

: T.pusilluni 

: T grandiflorum 

= T.ovatum 

= T.petiolatum 

:T discolor 

= T decipiens 

= T.reliquum 

= T.chloropetalum 

= T.maculatum 

= T.sessile 

= T.lancifoli um 

= T recurvatun 

Figure G4. Strict consensustreefrom the matK analysis of Trilliaceae. 
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T nvale 

P verticillata 

P-incompleta 

P tetraphylla 

K japomca 

D thibetica 

D fargesn 

D.polyphylla 

D violacea 

T undulatum 

T govamanum 

: T camschatcense 

: T erectum 

: T rugeln 

^ T pusillum 

: T.grandiflorum 

: T ovatum 

; T.petiolatum 

; T discolor 

: T decipiens 

= T reliquum 

: T.chloropetalum 

= T maculatum 

= T sessile 

= T lancifolium 

= T recurvatum 

Heuristic search completed 
Total number of rearrangements tried = 6624 
Score of best tree(s)found = 2941 08701 

Figure G5. Maximum likelihood treefrom the mafK analysis of Trilliaceae. 
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55 
98 

64 

1!= 85 

lt= 51 

l!= 99 

67 
91 

!= 50 

98 

^82 

l!= 57 =J 

J 
63f-"

lU 76 ==jl 

l!= 86 

ii= 64 

Figure G6. Bootstrap treefrom the mafK analysis of Trilliaceae. 

T.nvale<l) 

T govamanum(21) 

T undulatum(26) 

P verticillata(9) 

P incompleta(7) 

P tetraphylla(8) 

K japomca(6) 

D thnbetica(4) 

D fargesii(2) 

D polyphylla(3) 

D violacea(5) 

T camschatcense(19) 

T erectum(20) 

: T.rugein(25) 

: T.pusilium(24) 

: T grandiflorum(22) 

: T.ovatum(23) 

: T petiolatun(15) 

: T discolor(12) 

: T decipiens(ll) 

: T reliquum(17) 

: T chloropetalum(lO) 

= T maculatum(14) 

: T sessile(18) 

:T lancifolium(13) 

= T recurvatun(16) 
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= T nvale 

= T govamanum 

= K japomca 

= P verticillata 

: P 1ncompleta 

= P tetraphylla 

; D violacea 

: D polyphylla 

: D fargesn 

; D thibetica 

: T.pusillum 

: T undulatum 

: T camschatcense 

T erectum 

T rugeln 

T.grandiflorum 

T ovatun 

T chloropetalum 

T.petiolatum 

T reliquum 

T decipiens 

T lancifolium 

T.recurvatum 

T discolor 

T maculatum 

T.sessile 

Figure G7. Strict consensusfrom the small morphological analysis of Trilliaceae. 
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62 

68 

93 

50 

88 

57 

T nvale(l) 

T.camschatcense(19) 

T.erectum(20) 

T pusillum(24) 

T rugeln(25) 

T undulatum(26) 

T grand!florum(22) 

T ovatum(23) 

T govan'ianum(21) 

D fargesii(2) 

0 polyphyl'la(3) 

0 thibetica(4) 

D violacea(5) 

K ]apomca(6) 

P verticillata(9) 

P incompl.eta(7) 

P tetraphylla(8) 

T petiolatuni(15) 

T.chloropetalum(10) 

T decipiens(ll) 

T discolor(12) 

T lancifoliun(13) 
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Figure G8. Bootstrap from the small morphological analysis of Trilliaceae. 
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Figure G9. Strict consensustreefrom the ITS-mafK analysis of Trilliaceae. 
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Figure G10. Maximum likelihood treefrom the ITS-mafK analysis of Trilliaceae. 
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Figure Gil. Bootstrap treefrom the ITS-inafK analysis of Trilliaceae. 
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Figure G12. Strict consensustreefrom the ITS-morphologicai analysis of Triliiaceae. 
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Figure G13. Bootstrap treefrom the ITS-morphological analysis of Trilliaceae. 
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Figure G14.Strict consensustreefrom the mafK-morphologica!analysis of Trilliaceae. 
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Figure G15. Bootstrap treefrom theinafK-morphological analysis of Triiliaceae. 
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Figure G16. Strict consensus treefrom the combined analysis of Trilliaceae. 
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Figure G17. Bootstrap treefrom the combined analysis of Trilliaceae. 
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Figure G18. Putative correcttree for Trilliaceae. 
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