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The genus Hemerocallis (family Xanthorthoeaceae) is a herbaceous species, some of which are very im-
portant in herbal medicines. We evaluated the rps16-#7K region of the chloroplast DNA of a representa-
tive sample of eight taxa in Korea to estimate phylogenetic relationships within the taxa of this genus.
Due to differences in the number of inserted nucleotides, the aligned data for Hemeracallis ranged from
729 (H. aurantiaca) to 742 nucleotides (H fidva var. kwansg, with a mean of 736. Although several small
indels and 20 inserts were present, sequence variation within the Hemerocallis genus was mostly due to
nucleotide substitutions. All 7ps76-trnK trees generated in Korea exhibited a well-solved topology, with
high bootstrap support, irrespective of the methods (parsimony) and the setting used. The node of H
minor and H. fittorea was strongly supported, with a high bootstrap value in three trees, and these two
taxa were sistered with A thunbergii. The number of chromosomes was not congruent with that found
in a previous study with RAPD, but the number was in agreement with the results of this study.
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Introduction

Daylily is the general nonscientific name of a species, hy-
brid or cultivar of the genus Hemerocallis (Family
Hemerocallidaceae or Xanthorthoeaceae, Order Asparagales).
Hemerocallis is low-growing perennial species. Hemerocallis is
native to Eurasia and mainly found in the Asia (mainly
China, Korea and Japan) [12, 19]. Hemerocallis is one of the
very highly hybridized plant genera. Thus, the flowers of their
plants have hybridized by gardening enthusiasts. Thus the
flowers and plants are highly diverse in color and form.
Hybridizers register hundreds of new cultivars yearly [12, 23].

Classification of species has been at the heart of all plant
systematics. The classification process generally tries to ar-
range plants into a logical form and doing so to sort the
species in some evolutionary manner. Hemerocallis is a tax-
onomically problematic group because of variations of mor-
phological characters (even within a species) and difficulty

in defining specific boundaries, as summarized by Zomlefer
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[23]. For example, Chung [2] has provided a detailed study
of three populations of the species Hemerocallis hakuensis and
has shown that there is a significant within species variation
by alloymes. Noguchi et al. [13] reported that the separation
of this species had occurred in conjunction with the geo-
logical vicariance or orogeny. These studies have been re-
ported for many years [3, 6, 7, 11, 18-20]. This was a problem
for many plant sytematicists who had few examples of spe-
cies available and used this limited number to describe the
species. Noguchi and Hong [12] have well studied the origin
and evolution of the Japanese nocturnal Hemerocallis citrina
var. vespertina by the nucleotide sequences of three non-
coding chloroplast regions. Their work included a detailed
analysis of certain exons and an understanding of the evolu-
tion of this species. It is necessary to perform extensive field
work to fully understand the within species variation.
The rpsl6-trrK region in chloroplast DNA usually shows
sequence conservation in the regions flanking both #riL
exons, whereas the central part is highly variable [16].
Within the intergenic spacer, no secondary-structural ele-
ments have been found that could serve as splicing points,
including that zps76-trnK are probably co-transcribed [1, 14].
A general feature of cpDNA spacer regions is the occurrence
of indels that can be derived from either deletion or duplica-
tion of adjacent sequences or occur in non-repetitive regions

of the spacer [5].
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We analyzed intra- and interspecific phylogenic relation-
ships within genus Hemeracallis in Korea and to compare

with the results of previous studies of this genus.

Materials and Methods

Sample materials

Seven species and one variety were selected to represent
main lineages within genus Hemerocallis Hemerocallis du-
mortier;, Hemerocallis coreana, Hemerocallis dumortieri var. escu-
lenta, Hemerocallis thunbergsi, Hemerocallis minor, Hemerocallis
aurantiaca, Hemerocallis fulva var. kwanso, and Hemerocallis [it-
torea (Table 1).

H. dumortieri is a vigorous clump-forming species that
grows about 0.3 m tall. Each flowering stem carries up to
eight trumpet-shaped flowers that are about three inches
long. This is one of the first species to come into flower,
in May and June, each flower living less than a day.

H. careana is a clumping species growing about 1.0 m tall
and has yellow flowers. The species has a long flowering
season, from May to July, and individual flowers live longer
than in most Hemerocalis species. The species has a fibrous
root system with occasional spindle-like edible swellings.

H. dumortieri var. esculenta is a vigorous clumping plant
growing about 0.6 m tall. It is cultivated in the Orient for
its edible flowers. The flowers, which are produced in June
and July, are up to 10 cm long with 5-6 blooms carried on
each flowering stem. This species does not have swollen roots.

H. thunbergii is a perennial growing to 0.5 m by 0.5 m.
It is in flower from July to August. The flowers are hermaph-
rodite (have both male and female organs).

H. minor grows about 0.3 m tall, flowering in May and
June. The flowers are about 5 cm long with, up to 5 being

carried on each flowering stem. They open in the evening

and are relatively long-lived, with individual blooms lasting
up to 3 days. This species has small bulbous swellings at
the ends of its roots which have a mild radish-like favor.

H. aurantiaca grows about 1.0 m tall. It flowers from June
to August. There are a number of named forms, most if not
all of which are sterile triploids and will not produce seed.
The pollen, however, is fertile and can be used to fertilize
other plants. Cultivated for its flowers in China, Korea, and
Japan, these are usually harvested as they start to wither
and then dried. The roots have edible spindle-shaped
swellings.

H. fulva var. kwansois a variegated form with white stripes
along the length of the leaves. The flowers are about 15 cm
long.

H. littorea is a perennial growing to 0.9 m by 0.6 m. It
is hardy to zone 4 and is not frost tender. It is in flower
from August to September, and the seeds ripen from
September to October. The flowers are hermaphrodite (have
both male and female organs).

Hosta capitata and Hosta lancifolia were used as outgroup

species in this study.

DNA extract

The genomic DNA of the samples was extracted from
fresh leaves using the Plant DNA Zol Kit (Life Technologies
Inc., Grand Island, New York, US.A\) according to the man-
ufacturer’s protocol. Briefly, sample per species was ground
to fine powder in liquid nitrogen and mixed buffer of Plant
DNA Zol. The sample was shaken gently at room temper-
ature for 10 min. After adding 24:1 chloroform/isoamy! alco-
hol, the sample was centrifuged at 12,000 g. The DNA pre-
cipitate was recovered with 70% ethanol, dried, and dis-
solved in TE buffer. Concentration of extracted DNA was

measured by Bio-Rad (Bio-Rad Laboratories, Inc., Hercules,

Table 1. Numberic codes and population location of genus Hemerocallis

Codes Scientific names

Localities

HDU Hemerocallis dumortieri Morren
HCO Hemerocallis coreana Nakai
HDE Kitammura

HTH Hemerocallis thunbergii Baker
HMI Hemerocallis minor Miller

HAU Hemerocallis aurantiaca Baker
HFU Hemerocallis fulva var. kwanso Regel
HLI Hemerocallis littorea M. Hotta

HCA Hosta capitata (Koidz.) Nakai
HLA Hosta lancifolia Engler

Hemerocallis dumortieri Morren var. esculenta (Koidz.)

Cheongha-myeon, Buk-gu, Pohang-si, Gyeongsangbukdo
Cheongha-myeon, Buk-gu, Pohang-si, Gyeongsangbukdo
Sohol-eup, Pocheon-si, Gyeonggido

Ongyong-myeon, Kwangyang-si, Jeollanamdo
Seorak-myeon, Gapyeng-gun, Gyeonggido
Sucheong-dong, Osan-si, Gyeonggido

Sohol-eup, Pocheon-si, Gyeonggido
Heuksan-myeon, Sinan-gun, Hongdo, Jeollanamdo
Gonmyeong-myeon, Sacheon-si, Gyeongsangnam-do
Gonmyeong-myeon, Sacheon-si, Gyeongsangnam-do




CA, USA).

os16-6rK analysis

The mps16-tmK region of the chloroplast genome were am-
plified using primer sets [1, 14] by polymerase chain reaction
(PCR) using standard techniques at a 2.5 mmol/1 MgCl,
concentration. The following pairs were employed for the
makers. 7ps16-F : 5-AAAGGKTGCTCARCCTACARGAA-3,
trmK-R : 5-TACTCTACCRTTGAG TTAGCAAC-3'.

PCR materials (50 pl volume) included 50 ng of genomic
DNA, 100 uM of each dNTP, 0.2 uM of each primer, 1 x
enzyme buffer, and 2 unit of Taq polymerase. The amplifica-
tion profile was 28 cycles of 94C for 30 sec, 42°C for 60
sec, 72°C for 60 sec, preceded by an initial denaturation at
94C for 90 sec and followed by a final extension at 72°C
for 5 min.

PCR products were separated on 2.0% agarose gels and
purified using the QIAquick Gel Extraction Kit (QIAGEN).
The amplified fragments were cloned into a bluescript vector
and sequenced using ABI Prism 377 Sequencer (Applied
Biosystem, USA). At least seven individuals” clones of each

species were analyzed.

Alignment and phylogenetic analysis

The chromatogram output for each sample was edited us-
ing the software Sequence Navigator 1.0.1 (Applied
Biosystems Inc.), and the sequences were manually aligned.
A pairwise alignment was calculated using the ClustalX
program.

Estimates of evolutionary divergence between sequences
were conducted using the maximum composite likelihood
model [21]. Models with the lowest BIC scores (Bayesian
Information Criterion) are considered to describe the sub-
stitution pattern the best [8]. For each model, AICc value
(Akaike Information Criterion, corrected), Maximum
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Likelihood value (/n), and the number of parameters
(including branch lengths) are also presented. Non-uni-
formity of evolutionary rates among sites may be modeled
by using a discrete Gamma distribution (+G) with 5 rate cat-
egories and by assuming that a certain fraction of sites are
evolutionarily invariable (+/. Whenever applicable, esti-
mates of gamma shape parameter and/or the estimated frac-
tion of invariant sites are shown. Assumed or estimated val-
ues of transition/transversion bias (X) are shown for each
model, as well.

Phylogenetic relationship were estimated by MEGAS5 [22]
and PAUP version 4.0b10 [17] treating all alignment gaps
as missing. A maximum parsimony tree (MP) was inferred
using heuristic search, branch-swapping options and tree bi-
section-reconnection. Confidence values for individual
branches were determined by a bootstrap analysis with 100
repeated sampling of the data. Maximum likelihood (ML)
was implanted in GARLI ver. 0.951 [24] starting from ran-
dom trees and using 10,000,000 generations per search. In
addition, a phylogenetic tree was constructed by the neigh-
bor-joining (NJ) method [15] using the NEIGHBOR program
in PHYLIP version 3.57 [4].

Results

The complete sequences of chloroplast 7zs6-mK regions
were PCR amplified and sequenced for the eight Korean dis-
tributed species of genus Hemerccallis and two outgroup
species. The aligned data sets for Hemerocallis range from
729 (H. aurantiaca) to 742 nucleotides (bp) (H fulva var. kwan-
50 with a mean of 736 as a results of differences in insert
nucleotides (Table 1). The final aligned data matrix con-
tained 767 positions, of which 12 were excluded from sub-
sequent analyses because of ambiguities. Thus we used the

751 positions.

Table 2. The base frequencies across taxa of genus Hemerocallis using rpsl6-trnK analysis

Taxa A G T Sites
H. dumortieri 0.408 0.146 0.138 0.308 738
H. fulva var. kwanso 0.414 0.148 0.139 0.299 742
H. aurantiaca 0.407 0.145 0.137 0.310 729
H. coreana 0.407 0.145 0.137 0.310 729
H. littorea 0.408 0.145 0.140 0.308 738
H. minor 0.408 0.145 0.138 0.308 737
H. dumortieri var. esculenta 0.407 0.147 0.138 0.308 737
H. thunbergii 0.407 0.142 0.140 0.312 738
Mean 0.408 0.146 0.138 0.308 736
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Table 3. Disparity index per site is shown for all sequence pairs in genus Hemeracallis using rps16-trnK analysis

Taxa HDU HCO HDE HTH HMI HAU HFU HLI
HDU -

HCO 0.000 -

HDE 0.000 0.007 -

HTH 0.000 0.007 0.000 -

HMI 0.000 0.001 0.000 0.000 -

HAU 0.000 0.000 0.000 0.000 0.000 -

HFU 0.000 0.000 0.000 0.000 0.000 0.000 -

HLI 0.005 0.052 0.000 0.000 0.003 0.004 0.005 -

The taxon codes are the same as Table 1.

Although several small indels and 20 inserts can be found,
sequence variation within the Hemerocallis was mostly due
to nucleotide substitutions. Another source of sequence di-
vergence is length variation due to stretches of short repeats
such as AAATA that occur at the intergenic spacer region
in all the Hemerocallis.

A+T content for eight Korean species of genus
Hemeracallis ranged between 71.3% and 71.9% (Table 2). The
base furtherance did not showed the significant difference
to the by total taxa.

Disparity index per site is shown for all sequence pairs
(Table 3). The eight among 28 pair indices were greater than
0. Values greater exceeding 0 indicate the larger differences
in base composition biases than expected based on evolu-
tionary divergence between sequences and by chance alone.

Substitution pattern and rates were estimated under the

Kimura 2-parameter model. The estimated Transition/

Table 4. Maximum likelihood estimate of the pattern of nucleo-
tide sequences

Base A T C G
A - 84 4.09 6.05
T 11.52 - 6.22 3.86
C 11.52 13.27 - 3.86
G 18.05 84 4.09 -

Each entry shows the probability of substitution (r) from one
base (row) to another base (column). For simplicity, the sum
of r values is made equal to 100. Rates of different transitional
substitutions are shown in bold and those of transversionsal
substitutions are shown in sfalics. Codon positions included
were 1st+2nd+3rd+Noncoding. All positions containing gaps
and missing data were eliminated. There were a total of 746
positions in the final dataset. Evolutionary analyses were con-
ducted in MEGADb.

Transversion biases (K) varied from 3.86 to 18.05. Under
maximum likelihood fits of 24 different nucleotide sub-

stitution models, Substitution from G to A was 18.05 and

Table 5. Results from Tajima’s neutrality test for rpsl6-trnK sequences of genus Hemerocallis

Group

S

ps

(0] T D

Taxa

40

0.055

0.021 0.016 -1.312

M=number of sites, SSNumber of segregating sites, ps=S/M, ©=ps/al, and n=nucleotide diversity. D is the Tajima test statistic.

Table 6. The disparity index (below diagonal) per site and index test (upper diagonal) for all sequence pairs in genus Hemerocallis

using 7psl6 and frrK

Taxa HDU HCO HDE HTH HMI HAU HFU HLI
HDU - 0.927 0.984 0.984 0.999 0.996 0.999 0.992
HCO 0.076 - 0.937 0.937 0.925 0.923 0.925 0.924
HDE 0.016 0.065 - 0.999 0.983 0.980 0.983 0.976
HTH 0.016 0.065 0.001 - 0.983 0.980 0.983 0.976
HMI 0.001 0.078 0.017 0.017 - 0.997 0.997 0.993
HAU 0.004 0.080 0.020 0.020 0.003 - 0.997 0.991
HFU 0.001 0.078 0.017 0.017 0.003 0.003 - 0.991
HLI 0.008 0.079 0.024 0.007 0.007 0.009 0.009 -

The taxon codes are the same as Table 1.
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Fig. 1. The neighbor-joining tree for genus Hemerocallis based
on rg5l6-trnK analysis using MEGAS. The value of boot-
strap was shown in side of line.
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Fig. 2. The maximum likelihood tree for genus Hemerocallis
based on rpsI6-trnK analysis using PAUP 4b10.

the reverse was 6.05 (Table 4).

Number of segregating sites was 40 and nucleotide diver-
sity (m) was 0.016. Under the neutral mutation hypothesis,
the probability that D is negative (-1.312) is less than 0.5
(Table 5). Therefore, there may be a site at which dele-
tion/insertion, which increases the genetic variation, is
operating.

Genetic distance () based on the proportion of shared
fragments was used to evaluate relatedness among species.
The estimate of D ranged from 0.001 to 0.080 (Table 6).
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Fig. 3. The maximum parsimonious tree for genus Hemerocallis
based on rpsI6-trnK analysis using PAUP 4b10, ex-
haustive search, unweighted parsimony analysis,
gaps=fifth state) from the 751 aligned positions of the
initial matrix. The values of bootstrap were shown in
side of vertical line.

Hosta lancifolia

All rpsi6-trnK trees generated in Korea exhibited well
solved topology with high bootstrap support irrespective of
the methods (parsimony) and the setting used. This result
confirmed monophyletic group for all species (Figs. 1, 2, 3).
H. fulva var. kwanso was more distinct in NJ and ML trees.
The main phylogenetic analysis revealed two distinct clades
(Figs. 1 and 2). The first clade includes seven species. The
second clade includes one species (/. fulva var. kwanso.
However, this node is not supported in maximum parsimo-
nious (MP) tree (Fig. 3). The node of H minar and H littarea
was strongly supported with a high bootstrap value in three
trees and sistered with A thunbergii. The node of H du-
mortieri var. esculenta and H dumortieri had also strongly
supported with a bootstrap. The close relationships of A
minor, H fittorea, H thunbergii H. dumortieri var. esculenta,
and A dumortieri were supported with high bootstrap
values. However, H careana, H. aurantiaca, and H. fulva var.
kwanso were not significant incongruent in three trees.

Discussion

In order to further evaluate the suitability of the morpho-
logical characters traditionally used in the taxonomy of
Hemeracalis, selected morphological characters were mapped
onto the combined plastid phylogeny Hemeracalis. The evolu-
tionary patterns encountered illustrate that some morpho-

logical characters traditionally used in the classification of
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Hemerccalis are homoplastic and are not adequate for the de-
limitation of generic boundaries. For example, morphologies
(flowering time, order, color of perianth, shape of roots,
length of perianth tube enclosing of ovary, and width of leaf)
have been used to separate genus Hemerocalis. Flowering
time was previously used to separate /. thunbergii which
open in the daytime from other Hemerocalis species which
open in the evening [10]. Conspicuous flower tubes were
also previously used to separate /4 dumortieri var. esculenta
and A dumortieri from the other species, but the phyloge-
netic relationships depicted here indicated that this character
is homoplastic for /. aurantiaca and H. coreana present incon-
spicuous flower tubes.

On the other hand, other morphological features corrobo-
rate clades representing species and are good alternative for
taxonomic use at this level [6, 10]. For example, swollen roots
have been mainly used to distinguish /4 tunbergii from oth-
er species. Even though root pattern is homoplastic within
H. coreana and H. minor, it is reliable for the separation of
H thunbergii from the other species. Flower color is also con-
sistent at generic level in the group and is a good character
for the separation of /. thunbergii from other species in this
genus. This study also illustrated the difficulties of finding
morphological synapomorphies within Hemerocalis. Most
characters examined are homoplasious, with all characters
analyzed appearing in overlapping combinations amongst
Hemeracalis species and other genera of genus Hemerocalis.
This finding suggests that morphological evolution of
Hemerocalis was complex.

In the study with RAPD [6], H fulva var. kwanso and H.
thunbergii were grouped into small clades, while A du-
mortieri and H thunbergii have distinct relationships. The re-
sults by RAPD were not in agreement with our results ob-
tained by rps76-trnK analysis. Chromosome numbers of A
dumortieri, H coreana, H middendorffi, H. thunbergii, and H.
minor are 2n = 22 [9]. While that of A fulva var. kwanso is
2n = 33. This is in agreement with the results of this study.
In addition, additional molecular experiments such as AFLP
(amplified fragment length polymorphism), microsatellites,
and ITS (nuclear ribosomal DNA internal transcribed spacer

sequences) are necessary to identify species.
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