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of Portulaca okinawensis var. amamiensis (Portulacaceae)  

in Uke and Yoro Islands of the Ryukyus Archipelago
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Abstract Occurrence of Portulaca okinawensis var. amamiensis is confirmed from Uke and Yoro 
Islands, which are islets of Amami Island in the Ryukyus. The ITS sequences of the plants of Kak-
eroma, Uke and Yoro Islands being geographically adjacent were identical, and were different 
from those of other islands in the central Ryukyus by having deletion of a nucleotide base pair. 
This study is the first to confirm the occurrence of Portulaca okinawensis var. amamiensis in Yoro 
Island.
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Introduction

Portulaca okinawensis Walker et Tawada was 
described based on a type specimen collected 
from Okinawa Island of the Ryukyu Archipelago 
(hereafter the Ryukyus; Fig. 1) in Japan (Walker 
and Tawada, 1951). This species is endemically 
distributed in the central Ryukyus, which are 
composed of the Amami and Okinawa island 
groups (Walker and Tawada, 1951; Hatusima, 
1975; Shinjo and Shinzato, 2006; Kokubugata et 
al., 2013, 2016; Fig. 1). This species is rarely 
found on coastal rocky slopes, and is a critically 
threatened species on the Japanese red list (Min-
istry of Environment of Japan, 2020). Previously, 
Kokubugata et al. (2013) distinguished plants of 
P. okinawensis in Amami and Tokuno-shima 
Islands of the Amami island group from those in 
the Okinawa island group by the color of petals 
and stems. They treated the former as an inde-

pendent variety, namely P. okinawensis var. ama-
miensis Kokub., Koh Nakam. et Yokota, based 
on a type specimen collected from Amami Island 
(Kokubugata et al., 2013). The two intraspecific 
taxa were supported by molecular phylogenetic 
analyses using the internal transcribed spacer 
(ITS) region of nuclear ribosomal DNA 
(Kokubugata et al., 2013, 2016).

In 2017, we had a field survey of Uke Island 
and Yoro Island, which are adjacent to Kakeroma 
Island of the Amami island group (Fig. 1), and 
found a population of plants that were identified 
as P. okinawensis by their morphological charac-
ters on the two islands. The objective of this 
study was to determine the taxonomic status of 
these plants collected from Uke and Yoro Islands 
based on morphological comparisons, and to elu-
cidate their phylogenetic relationships with those 
from other islands in the central Ryukyus using 
molecular phylogenetic analysis of the ITS 
region of nuclear DNA.
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Materials and Methods

Field surveys and plant materials
We conducted a field survey of Uke Island on 

September 18 and Yoro Island on September 20, 
2017. Two individuals of plants identified as P. 
okinawensis were collected from each population 
of both islands (GK20228 and 20229 from Uke 
Island; GK20305 and 20308 from Yoro Island) 
for detailed taxonomic analysis following the 
method of Kokubugata et al. (2013) and molecu-
lar phylogenetic analysis using the ITS region. 
Voucher specimens for the present study were 
deposited in the herbarium of National Museum 
of Nature and Science, Japan (TNS).

DNA extraction, PCR, and sequencing
Genomic DNA was extracted from silica gel-

dried leaves using the DNeasy Plant Mini Kit 
(Qiagen, Valencia, CA, USA), following the 
manufacturer’s protocol. The ITS region of 
nuclear ribosomal DNA was amplified pantropic 
by polymerase chain reaction (PCR) using an 
iCycler (Bio-Rad, Hercules, CA, USA) and the 
forward primer AB101 (5′-ACG AAT TCA AGG 
TCC GGT GAA TGT TTC G-3′) and reverse 
primer AB102 (5′-TAG AAT TCC CCG GTT 
CGC TCG CCG TTA C-3′) (Douzery et al., 
1999). Amplifications were performed using 
TaKaRa Sapphire Amp Fast Master Mix 
(TaKaRa, Otsu, Japan) with Sapphire Amp 
(TaKaRa). The PCR profile was 35 cycles for 5 s 
at 94°C, 5 s at 50°C, and 5 s at 72°C after an ini-
tial denaturation step for 3 min at 94°C. PCR 
products were checked by electrophoresis before 
purification using the Illustra ExoProStar (GE 

Fig. 1. Map of Uke and Yoro Islands and adjacent areas. Solid circles indicate the locations of plants investigated 
on Amami, Kakeroma, Uke, and Yoro Islands.
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Healthcare, Tokyo, Japan). The cycle sequencing 
reaction was performed using the BigDye™ Ter-
minator Cycle Sequencing Kit ver. 3.1 (Applied 
Biosystems, Foster City, CA, USA). Primers 
used for sequencing were AB101 and AB102. 
The Sanger sequencing products were then puri-
fied by ethanol precipitation. Automated 
sequencing was performed on the 3130xl Genetic 
Analyzer (Applied Biosystems). The electrophe-
rograms were analyzed using ATGC ver. 4.01 
(Genetyx Co., Tokyo, Japan). Sequence data 
from this study were deposited in the DNA Data 
Bank of Japan (DDBJ) (LC593637 and 
LC593638 for GK20228 and 20229 from Uke 
Island; LC593639 and LC593640 for GK20305 
and 20306 from Yoro Island, respectively).

ITS data from the DNA database
Kokubugata et al. (2013, 2016) reported five 

ITS types of P. okinawensis: two types of P. oki-
nawensis var. okinawensis from Okinawa and 
Tonaki Islands in the Okinawa island group, and 
three types from Amami, Kakeroma, and 
Tokuno-shima Islands in the Amami island 
group. To elucidate the phylogenetic relation-
ships among the plants of P. okinawensis on Uke 
and Yoro Islands and those on other islands of 

the central Ryukyus, the five ITS types of P. oki-
nawensis previously provided by Kokubugata et 
al. (2013, 2016) were subjected to the present 
molecular analyses as ingroup members (Table 
1). We used P. psammotropha Hance from Bonin 
Island of Japan and Taiwan as outgroup members 
(Table 1) following Kokubugata et al. (2015). 
Finally, eleven operational taxonomic units 
(OTUs), nine ingroup and two outgroup mem-
bers, were obtained for the present phylogenetic 
analysis.

Phylogenetic analyses
DNA sequences were aligned using ClustalW 

1.8 (Thompson et al., 1994) and then adjusted 
manually. Phylogenetic analyses were performed 
based on a maximum parsimony (MP) criterion, 
using PAUP* version 4.0b10 (Swofford, 2002). 

For MP phylogenetic analysis, indels were 
treated as missing data, characters were treated 
as unordered, character transformations were 
weighted equally. The branch collapse option 
was set to collapse at a minimum length of zero. 
A heuristic parsimony search was performed 
using 200 replicates of random additions of 
sequences, with ACCTRAN character optimiza-
tion, tree bisection–reconnection (TBR) branch 

Table 1.　GenBank accession numbers of the ITS sequences of Portulaca plants used for phylogenetic analysis

Taxon Collection locality
Collection 

number  
(herbarium)

GenBank 
accession no.*

Ingroup
P. okinawensis var. okinawensis Japan, central Ryukyus, Okinawa island group, 

Okinawa Isl., Onna.
G. Kokubugata 

12873 (TNS)
AB823837a

Japan, central Ryukyus, Okinawa island group, 
Tonaki Isl.

G. Kokubugata 
17300 (TNS)

AB823845a

 var. amamiensis Japan, central Ryukyus, Amami island group, 
Amami Isl., Amami.

G. Kokubugata 
15434 (TNS)

AB823823a

Japan, central Ryukyus, Amami island group, 
Kakeroma Isl., Akitoku.

G. Kokubugata 
18970 (TNS)

LC133271b

 Japan, central Ryukyus, Amami island group, 
Tokuno-shima Isl., Amagi.

G. Kokubugata 
12141 (TNS)

AB823831a

Outgroup
P. psammotropha Japan, Bonin, Chichi-jima Isl. G. Kokubugata 

13338 (TNS)
LC018836c

Taiwan, Pingtung, Liuqiu Shiang. G. Kokubugata 
13338 (TNS)

AB823850a

* ITS sequences registered in the DNA Data Bank of Japan (DDBJ): aKokubugata et al. (2013); bKokubugata et al. 
(2016); cKokubugata et al. (2015).
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swapping, and MULTREES and STEEPEST 
DESCENT options on. Statistical analysis of 
each clade was performed using bootstrap analy-
sis (Felsenstein, 1985). One thousand replicates 
of heuristic searches, with the TBR branch swap-
ping switched on and MULTREES options off, 
were performed to calculate bootstrap values 
with 10,000 repeats. The MP tree was generated 
using TreeView (Page, 1996).

Results

Populations of plants identified as P. okinaw-
ensis were found on dry and sunny seaside rocky 
slopes with typical seaside plants in the Ryukyus 
such as Hedyotis strigulosa (Bartl. ex DC.) Fos-
berg var. parvifolia (Hook. et Arn.) T.Yamaz. 
(Rubiaceae) on Uke and Yoro Islands (Fig. 1A, 
B). On both islands, these plants had light-green 
stems and light-yellow petals (Fig. 1C, D).

The ITS sequences of the plants from Uke and 
Yoro Islands were identical to that of P. okinaw-

ensis var. amamiensis from Kakeroma Island. 
The ITS sequences of the plants from the three 
islands were different from those of the plants 
from other islands of the central Ryukyus by 
having a deletion of adenine inserted at base pair 
173 in the ITS sequences.

After aligning the ITS sequences from the 11 
OTUs, a matrix of 598 bp was obtained. In the MP 
analysis, 11 of the 15 variable characters were par-
simony-informative, and a single most parsimoni-
ous tree of 15 steps was obtained (Fig. 3), with a 
consistency index of 1.000, retention index of 
1.000, and rescaled consistency index of 1.000.

The MP tree showed two major clades in the 
ingroup (Clades I and II in Fig. 3). Clade I con-
sisted of three OTUs of P. okinawensis var. ama-
miensis from Amami, Tokuno-shima and Kak-
eroma Islands; and four OTUs of P. okinawensis 
from Uke and Yoro Islands evaluated herein. 
Clade II consisted of two OTUs of P. okinawen-
sis var. okinawensis from Okinawa and Tonaki 
Islands.

Fig. 2. Portulaca okinawensis and its habitats on Uke and Yoro Islands. A, B. Habitat. C, D. Plant. A, C. Uke 
Island. B, D. Yoro Island.
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Discussion

As mentioned briefly, Kokubugata et al. (2013, 
2016) reported that two varieties of Portulaca oki-
nawensis were distinguishable according to stem 
and petal color: P. okinawensis var. okinawensis 
distributed in the Okinawa island group had red-
dish green stems and dark yellow petals, whereas 
P. okinawensis var. amamiensis distributed in the 
Amami, Kakeroma and Tokuno-shima Islands of 
the Amami island group had light green stems and 
lemon-colored petals. The present morphological 
comparison taxonomically concludes that plants 
collected from Uke and Yoro Islands should be 
treated as P. okinawensis var. amamiensis. The 
present MP analysis of the ITS sequences supports 
this morphological conclusion.

In the Amami island group, this variety has 
been reported to occur on Amami, Kakeroma and 
Tokuno-shima Islands by Kokubugata et al. 
(2013, 2016), and on and Uke Islands by Shinjo 
and Shinzato (2006; as P. okinawensis). This 
study is the first to report the occurrence of P. 
okinawensis var. amamiensis on Yoro Island.

It is noteworthy that the plants from Kak-
eroma, Uke and Yoro Islands share the same ITS 
sequences. The three islands are geographically 
adjacent, being separated from each other by less 
than 5 km, and have similar flora (Suzuki et al., 
2020). The consistency of the ITS sequences 

among the three islands must be resulted from 
their geographical relationships. On the other 
hand, it is unexpected that the ITS sequences of 
the plants from the three islands are different 
from those from Amami Island. Previously, any 
specific biological barrier has been unknown 
between the three islands and Amami Island. The 
present study did not reveal phylogeographic 
relationship of the plants from Kakeroma, Uke 
and Yoro Islands with those from other islands of 
the Amami island group in detail, because indels 
on the ITS sequences were treated as missing 
data in the present MP analysis following 
Kokubugata et al. (2013, 2016). Further molecu-
lar phylogenetic analyses using other DNA 
sequences, including cpDNA, are required to bet-
ter understand the phylogenetic relationships of 
P. okinawensis var. amamiensis.
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Fig. 3. Maximum parsimonious tree for plants of Portulaca okinawensis collected from the central Ryukyus 
based on ITS sequences. Numbers above branches indicate bootstrap percentages (lower, ≤50%). Bold indi-
cates plants of P. okinawensis collected from Uke and Yoro Islands.
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