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Abstract

Afpinia 1s one genus of Zingiberaceac that is distributed throughout the tropteal regions. Nine species of Alpinia have
been recorded in Sumatra, In this article. we report 2 new record species for Sumatra, which are Alpinia submutica
Roxb. and A denticulate (Ridl) Holttum, We also registered 3 sequences of them as new data in GenBank under
accession number: MHO87456, MHOR7457. and MH2 18561, Phylogenetic analysis using a molecular approach with

their alhed species i Sumatra is also presented.
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Introduction

Alpinia Rosb. 15 a genus with the highest diversity i
Zmgiberaceae lamily that s widespread from Sn Lanka
to northern New South Wales (Smith 1990 Larsen et al.
1998). Some species of this genus, like L galanga (1.)
Willd.. 1. mealaccensis (Burm L) Roscoe, and 1 murans
(L. Roscoe have been used as medicine, rhizome ol L.
gerdunga (1) Willd, is also used as a spice. and the beau-
ulul L purpurata (Vieill) K Schum. flowers are known
as ornamental Howers (Hevne 1987, Larsen et al. 1999,
van Valkenburg and Bunvapraphatsara 2001, Nurainas
2007 Namsa et al. 2009)

Alpinta s a0 native genus of Southeast Asia and
related information about the species has been reported
m some publications. Twenty-five Alpinia species are
noted from the Malay Penmsula region Seven spucies

are distributed throughout Java. Borneo region has 9
species, out of which. 6 endemic, Sarawak. which 1s the

closest area to Sumatra, has 8 species. The latest report

lor Sumatra has live species. L aquatica (Retz) Ros-
coce. | capitellata Jack. . gadaga (1) Willd L matica
Roxb. b swmarrana (Miq) K.Schum. (Newman et al.
2004, Poulsen 20006, Lamb et al. 2013).

Ixploration of the Sumatran Zmgiberaceac includ-
ing Aipinia has been carvied out guite throughly sinee
2000. In that periad. several new discoveries have been
reported. such as the new species. namely. Zingiber
engganoensis Ardivant. Zingiber alba Nuramas. and
Scaphociamys perakensis Holtt which is a new record
for Sumatra (Ardivani 2016, Nurainas and Arbain 2017).
Information related to the distribution or morphalogieal
deseription ol cAfpre in Sumatra has not been recorded
properly. and there 1s o big chance Tor new findmgs.

Copyright Maulidah et al. gs is an open access article distributed under the terms of the Creative Commons Attribution License {CC BY. 4.0}, which permits unre
sticted use, distribution, and reproduction in any medium, provided the original auther and source are credited.
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Based on a survey conducted m Syunjung and Harau.
West Sumatra. several populations of . {/pima have been
found  Thev have morphological similanties with
sibmitica which was last found on Java and 1 denric-
ufata which was reported previoushy i Perak, Tereng-
canu. Penmsular Malavsia The objective of this study s
to report the distribution and morphological description
as well as the phvlogenetic relationship of 2 new records

of Hpinra m Sumatra with their allied species

Methods

Taxonomy work. The surveys and exploraton were
carried out m the field from December 2016 unul Sep-
tember 2017 followed by samples collection at vanous
sites 1 Sumatra. which referred to Herbarmm ANDA
specimen mformation. Sample collection and preserva-
tion techniques eferred to Snuth (19813 and character
note referred o Smuth (1990). The description follows
de Vogel (1987). where the description starts from gen-

cral to specific characters. Collected specimens were

depostted as voucher specimens at ANDA THerbarum of

Andalas University

Idenufication process. mlormauon related 10 tax-
onomy and geographic distribution to confirm spe-
cies identities were obtamned from the related hiterature
(Schumann 1904b. Holttum 1930, Newman ctal. 2004)
Additional specimen information based on Herbarum
Bogonense (BOy Cibinong, virtual online database
Planthst (http: www theplanthstorg ). Global Biodi-
versity Information Facily thtps: www.gbiforg j and

Kew's Herbarum (http: www keworg herbeat)

Molecular work. The genomic DNAs were extracted
from fresh or sthea dried tissue using some modifica-
ton of Dovle and Dovle (1987) CTAB (hexadecvltri-

methvlammontum bromide) method The amplificaton

Check List 15 (1}

ol Internal Transeribed Spacer (1TS) was accomplished
5 and the rrnl [-psh.|

using primer parr pamely IS4 1T
intergenie spacer was amphified with tnHE 03 psbA3
(White etal 1990, Kress et al. 2005b). We used MyTag™
Red Mix for amphification according o the manufac-
turer’s directions and following the same conditions as
deseribed m (Kress et al. 20034, Kress and Erickson
2007). with anncaling temperatures of 34 38 C. Con-
sensus sequences were aligned using Muluple Sequence
Ahgnment tool Clustal X v 2.0 (Thompson et al 1997)
and concatenation was done using Genewus Prime
2019.04 (http: www genetous.com. Kearse etal. 2012),

Maxtmum Parsimony (MP) and Maximum Likeh-
hood (ML) analyses of the TT'S and irnff-psh | sequence
data were carned out using MEGA 7 with Tamura
3-Parameter model (Kumar et al 2016). with equally
weighted characters and 1000 random-sequence-addi-
tonal-replicates. A total of 13 TS and vaff-psh.|
sequences from GenBank were used as mgroups and 3
sequences ol Curcuma longa 1. Hedvehinm coccinenm
Buch-ITam. ox Sm.. Zingiber mioga (Thunb) Roscoce
were chosen as an outgroup Bootstrap support was cat-
cgorized according to enteria by Kress et al. (2002), 1e..
strong (- 83%0), moderate (70 83203 weak (30 70%). o1

poor (- 30%) support

Results

AMpinia submutica K.Schum. Aipinia submutica K.
Schum .. Bot Jaheh Syst 27 (1899) 280
Teysmann 2040 ¢holo BOY)

Tvpe: LE

Figure |

New vecord. Indonesia Sumatra: West Sumatra, Pava-
Kumbuh. Lima Puluh Kota regenev. Harau village.

Jatang Harau riverside near Aka Baravun waterlall.

Table 1. Sources, and voucher specimens of ingroup and outgroup were obtained from GenBank.

" GenBank accession number Voucher
No.  Species ITs trnH-psbA 1S tH-psbA
1 Alpinia aquatica KJ507884 INO4A38TS Na =
2 Alpinia conchigera AF478712 INO43B26 Kress 200-6706 US ZL305-3
3 Alpinia pusilla KT280465 KT280463 w197 wi97
4 Alpinia macrocrista KT280464 KT280462 Wi96 Wi o6
S Alpinia officinarum AF478718 GU180428 Kress 200-6614 US PSOSIOMTO4
6 Alpinia zerumbet KX018020 INO43874 — ZL3551
7 Alpinia japonico KF694867 LM ouT2
8 Alpinia mutica
a ipinia blepharocalyx IND43877 L3023
10 Alpinia foxworthyi JN0G43836 Kress 298-6293 US 5 #94-5539
i INQ43863 - <=
12 AYT745692 JN043873 Kress 294-3744 US =
i3 KJ871912 IND43820 86558 o
Outgroup
i AY424758 KC597934 ZMND6
2 Curcuma ionga 12409956 Fl687416 JLS 73222 —
3 Zingiber mioga Ki025068 GQ435047 TKM-1-000049 PSO528MT01
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Figure 1. Alpinia submutica K.Schum, (S,E, Fitri et al. 03-S¢ AL HR, ANDA). A, Habit, B. Influrescence, €. Flower. D. Ligule. E. Leaf, F, Fruits,
G, Dissected perianth (from left): flower, calyx, coralla lobes, labellum, stamen, pistilum, fruit, Scale bars: 8 =2 em; C= 2 em F =2 e G =

1 am, Photographed by S.E Fitrl.

(000621827 S, 099 8R'360.4" 1), 300 m asl. 23-1V-
2006, 1., S.EL Fid et al 04-Se AL (ANDAY Sijunjung
regeney, Muaro Sijunjung village, Kulampi customary
lorest, (00 39" 8 10038 1), 130 m asl, 2-1V-=2010.
&S S Fitri etal. 07 ALSC SITANDA)

Description. Tlerbs 1 2.5 m tall, rhizome subsurface, ca
2.1 em in diameter. cream inside. Heshy, aromatie. Pseud-
ostem 2,0-3.0 ¢ in diameter, erect, thick, Teaves 16-21
m 1 oplant petioles 0.3 4 en. glabrous. igule 0.5 010
X 0.5 L0 mm long. green with red paltern: lamimace
HO 34 x4 0.0 em long, laneeolate, green, with lairy
lower side and midrib. upper side glabrous, apex caudate,
base unequal. margins entire. Inflorescences terminal.
erect or drooping, rachis 103 160 em, 6225 cineinnl,

primary bractabsent. Flowerca 3.5 em long. 2 4 Hlowers
open at a time: bracteole absent: ealvx white, obovate:
corolla tube shorter than calyx: dorsal lobe white, ovale.
apex ratunded, (01 x 28 em glabrous; Tateral Tobe white,
like ship, 0.5 x 30 cm: labellum obovate. 2.5 x 3.5 ecm.
basally concave wiil red spots and lines. apex bilobed.
vellow, with wrinkled margm throughout. stamen ca
A5 em Jong:s anther 0.5 % 1.0 mm. cream. nol eresled:
stvle glabrous. white, 3-4.0 em Jong: ovary green. ea |
em long. hairy: epyeinous glands ca 4 mm long. Frun
20-3.0 em i diameter tricoccous. round, red when
ripe, wavy surlaee, calys persistent. 7 21 frait in one
slen 33 30 seeds i | it seed black with anl.

Distribution. Jivo and Sumatra
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Ecology. Upnua subnnticars found in niverside areas of

secondary forest

Additional Information. Previously. Apiia subm-
tica was wdentified as A mutica Roxb. but diflers i its
lruit surtace Adpinia submutica has a wavy surlace.
while 1 mnenicahas a flatsurtace. This result was con-
firmed based on specimen ol Herbarium Bogoriense
Alpmia submutica K Schum. Bot. Jahrb. Svst 27 (1899)
280 [ Tvper S Terjsmann 2040 (holo BON and Archip
Ind. Sumatra Sidjoendjoeng. There was no sequence
data for this species i GenBank. and we registered
it Tor the first tme on 20 March 2018 under accession
number MHOR7457

Alpinia denticulata (Ridl) Holttum. {lpnia denricu-
fata (Raudby Holtum. Gard. Bull: Singapore 131950y 143

Basionyvm. Hedvehium denticudarm Radl . ) Strans
Branch Royv: Asiat Soc. 32 (1899) 102 Odonvehiim
denticulaim (Radl) K- Schum . Pllanzenr TV 46 (1904
60 Lectotype: 11N Ridley 9433 (SING!.designated
by Turner. 2000). Perak.

Figure 2

New record. Indonesia. Sumatra: West Sumatra. Pav-
akumbuh. Lima Puluh Kota regeney. Harau village.

(OOD6' 19337 . 100 4023 88" Sy ca 720 ma sl 23-1V-
2006, 1L.&tr. S5 Fiinetal 01-Sc AL HR (ANDA)

Description. Herbs 12 mwll rhizome subsurface,
I LS em o diameter. cream mside. fleshy. aromatic
Pseudostem- 1 3 c¢m an diameter. erect. thick. Leaves
1113 m | plant. penoles 0.5 L3 em. green. higule

03 10 x 01 035 cmlong

areen. hairy: lamiac

x 135 em long. lanceolate. apex caudate. base unequal,
entire margins. areen. hairy. Inflorescences terminal.
crect, rachis 1300 140 em. 2635 ancainm (13 Hlowers
per cmcini). 2 primary bracts. 33 6 em and 8 12 em
long. Flower ca 5.0 ¢m long. 16 flowers open at a time,
bracteole obovate. brown. calvx tubular. tube 10 x1.3
em Jong. apex acute. brown. stufl. corolla: dorsal lobe
acute. ca 13 em long. red. apex acute. thick. glabrous.
lateral lobe 1.0 x1.3 em. brownish-cream. apex rounded.
thick. glabrous: labellum ca 2.6 ¢m long. apex trilobed.
from basc to middle red. thick. glabrous. middle to op
light green. stamen ca 4 eme staminodes ca 9 mm long.
like Tong horn: anther 8 mm long. reddish-cream. not
crested. style ca 2.6 em long, white: ovary ¢a 10 mm
Jong. hght areen. glabrous: epvainous glands ¢ca 2 mm
long. Fruits round. tricoccous. green when unripe. hairy.
caOin |stem

Distribution. Perak. Terengganu and Harau Vallev.
West Sumatra

Ecology. Found i limestone nllsatca 720 mas i
the Harau Valley. Vernacular name “Langkuch Rimbo”

Additional Information. lpmia denticulata was
collected 1 Eumut. Perak mn the period 1896 1898 by

Ridley and collected i Bauk Thil: Terengganu by Lewis

Check List 15 (1)

m 1977 (Holttum 19300 Roval 2018) There was no
sequence data for this species i GenBank, and we reg-
istered 1t for the first tme on 20 Marceh 2018 under the
accession numbers MIHOS7456 and MIH218361

Twentv-three sequences of IS and el {-pshd were
obtained from GenBank and taken as mgroup and out-
aroup m this study Alpmia submntica trom 1rnf{-psh.|
region 1s notincluded i this analvsis because of the poor
sequencing result. The phylogenctie tree butlding meth-
ods Maximum Parsimony (MP) and Maximum Likeh-
hood (ML) produced similar 1TS and rrnfi-psbod wree
topologies (Frgs 3.4y Based on the phvlogenctic anal-
vsis. 10 was seen that the Internal Transeribed Spacer
had a total aligned length of 372 bp with the mean GC
content of 3367 meanwhile. frnff-psht had a total
aligned length of 309 bp with 29.87% mean GC content.
Combined alignments of 1TS and mmff-psi.d produce a
total aligned length of TO8T bp with mean GC content of
44130

Discussion

Seven species of pina species that have already been
reported are spread across several regions m Sumatra
These results merease the number of species reported
[rom Sumatra to 1 species. with 2 new records. namely
Asubmutica (Figo by and L denticulata (g 2) They
were notmttially recorded m Sumatra region. where -
submitica was reported to be distributed m Java (New-
man ctal 20040 while . denticnlara was last found in
Perak and Terengeanu-Malavsia (Holuum 1930)

In 20001 submutica tFrg 1 was collected m Harau.
Lima Puluh Kota Distriet. West Sumatra, and the speci-
mens were stored m ANDA Herbanum, and dentified
asLomutica (Nelvita 2009). The difference i fruit sur-
face of these 2 species caused doubts about the results
of the dentification. After tracing and recollecting ths
spectes i the same arca. it was re-tdentificd and the sim-
tlanies were found wiath that of the specimen of Herbar-
wm Bogonense Afpnna submutica K Schum Bot. Svst
27 (1899) 280, Tyvper LE Teysmann 2040 (holo! BOY
And Archip Ind Sumatra Sidjoendjoeng. with the same
wavy fruit surface and tus species can be conlirmed as
A submunica (e 1y In thas studye L submunica was
also found m Kulampr Customary Forest. Muaro Sijun-
jung. Syunjung District. West Sumatra

Mpinia denticidata was collected m Lumut. Perak
i the period 18961898 by Rudley and collected in
Bauk Tl Terengganu by Lewss in 1977 (Holtum 1930,
Roval Botanie Garden Edinburgh 2018) Tutiallve ths
species was wdentified as Hedvenm because ol 1ts nar-
rowed hgule and fong staminodes. These characters did
not have similarities with Afpaia m general Schumann
(1904by was doubttul of that result because of the sin-
larity of characters of intlorescences and [rurt with that

ol Dicramalpima section of Alpnua prepared by him
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Figure 2. Alpimia denticulata (Ridl} Helttum (S.E. Fitri et al, 01-5C Al HR, ANDAL A. Habit. B. Infiorescence, €. Liguie. D, Young leaf, E.
Flower, F. Fruits, G, Dissection of flower (from left): lower, calyx, bract, corolla tobes, labellum, stamen, pistilum, Scale bars: 8 = 2 em; € =
2miF o= 2emi G =1 em, Photographed by S.E. Fitri,

Staminodes of this speeies are not much dillerent from
some speetes ol pinia. only the curved shape ol lig-
ule makes o striking distinguishing character compared
o other pinia. These results were referred o Kew
Herbartum  specimen

barum KOOD292387) and illustration of . denticilata

(hitp. specimens.keworg her-

(Schumann. 1904a). The existence of these 2 species m
new locations that have not been previously reported is
posstble, this can be attributed to the distribution aren in
the Malay Peminsula which is geographically very close
o Sumatran Island.

Maximum  Likelihood (ML) analvsis, which s

commonly used. provides the most robust result and
Maximum Parsimony (MPy that uses character-based
methad. 15 chosen 1o construcet the phylogenetic tree
The phylogenctic analysis carried out shows the position
of the 2 new records ol Afpinia along with other exist-
g species (Figs 3-6) The TS aml-pshf combination
gave a better result than single marker analvsis of 1T
and semfl=psh] (Figs 306) This result can be seen (rom
the pereentage of bootstrap value,

Based on 7 species that were sequenced. the results of
sequence divergenee range are 0.2-12.3% Aipinia den-
ticufata oand A1 subnutica were added for the first time
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—————Alpinia denticudata

41— Alpinia submutica

W minlica

Jinia oxapraviia

tia aguatica
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Gaianga clade

wana clade

Ru[/.g

Zerunt

Figure 3. Maximum Parsimony phylogenetic tree {fength = 245} based on complete sequences of Internal Transcribed Spacer (ITS) region
of Alpinia from this study and GenBank data sequences with boostrap values (= 50%). Cluster name based on Kress et al. (2005a).

iber m

Zerm

Figure 4. Maximum Likelihood phylogenetic tree (~iog likelihood = ~848.30) based on complete sequences of trnH-psbA Intergenic

Spacer region of Aipinia from this study and GenBank data sequences with bootstrap values (> 50%). Cluster name based on Kress et al.

(2005a).
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clade

— Adipinia submutica

—dlpoia mutica

Alpinia calcarata

Hiq malaccensis

rharocalyx

Zertmd

onga

Figure 5. Maximum Likelihood phyiogenetic tree (~log likelihootd = -1988.44) based on combined ITS and trak-psba Intergenic Spacer
region from this study and GenBank sequences data with baotstrap values (z 50%). Cluster name based on Kress et al, {2005a).

Galanga clade

Raffiesiana clade

————— Alpinie denticulata

———dpinia submutica

lcargia

HG maiaccensiy

Figure 6, Maximum Parsimony phylogenetic tree (length = 245) based on combined ITS and tnH-psbA Intergenic Spacer region from this
study and GenBank sequences data with bootstrap values (= 50%). Cluster name based on Kress et al. (2005a).
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New Record
Alpinia denticulata

@ Alpinia submutica

i West Sumatra

" Lima Puluh Kota Regency

2 Sijunjung Regency

Previous Collections

{2 Perak and Trengganu

7 Java Island

Datum: WGS84
Data: DIVA-GIS, 2018

Check List 15 (1)

Figure 7. Collection side of 2 new records in Sumatra and previous coliections of them based on Royal (2018] database and Schumann

(1904b).

i the grouping ol the the Aipimia supertree by Kress el
al (2003a) Based on its posttion. . submutica s a sis-
ter taxon of L mutica with a sequence divergence value
of 1.2°0 and percentage bootstrap value more than 849
lor ITS and combmed TS nnlf-psh1 They have simi-
lar morphological characteristics. but in previous studies
were considered as distiet spectes because of the differ-
ences i frurt morphology: From this morphological and
molecular character. it can be ascertaned that both are
diflerent species

Meanwhile. L denticulata is in the same cluster with
A rafflesiana and L javanica w Ralllesian Clade (Fies
3.4) The sequence divergence value range of ths clusier
15 0.8 1" with strong bootstrap support of 100" for 118
and combined ITS - rnl[-psh 1. but weak bootstrap sup-
port (64%a) for trnff-psh.1. Rafllesian Clade group 1s not
based on similanity of morphological characters. hecause
A denticulata has a small flowers and evlimdncal ovary.
while 1 rafflesiana and 1. javanica have large flow-
ers with the square ovary. This cluster s clearly formed
more on the similarity of distribution area in the Malay
Penmsula (Kress etal, 2003u).

Conclusion. {lpinia denticulaia and 1. submuiica are
newlv recorded species of A pima in Sumatra. supported
by therr morphological descriptions and a phvlogenetic
analyvsis
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