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Abstract

The Genus Goodyera (Orchidaceae) is a terrestrial orchid, valued for its attractive foliage.
However, resolving the taxonomy of Goodyera remains difficult based solely on morphology. The
matK gene has shown high efficacy in resolving phylogenetic relationships within orchids. This in
silico study aims to analyze the genetic diversity and Kinship among Goodyera species using DNA
barcoding based on the matK gene region. A total of 11 marK sequences from Goodyera species and
one outgroup were retrieved from NCBI and analyzed using MEGA 12 and the MULTALIN web-
based application. Phylogenetic tree reconstruction based on the marK gene divided Goodyera
species into two ingroup clades and one outgroup. Genetic distances ranged from 0.000 — 0.138. The
matK region indicates a low level of genetic diversity within Goodyera, with a genetic variance of
14.22%. Nucleotide composition shows a high content of thymine and adenine. These findings
demonstrate the usefulness of marK and support the genetic collection efforts to clarify overlapping
morphological characters in Goodyera. Further research using additional chloroplast markers is
recommended to strengthen species resolution and database completeness.
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Introduction

Orchids are herbaceous plants that
belong to the family Orchidaceae, and are one
of the largest vascular plant families with the
highest species diversity (Christenhusz and
Byng, 2016). Approximately 28.000 orchid
species are currently classified into 736
recognized genera (Chase ef al., 2015). Genus
Goodyera or commonly known as the jewel
orchids, based on its smooth brocade leaves
with beautiful veins, is classified into the
family Orchidaceae, subfamily Orchidoidae,
tribes Cranichideae, and subtribes Goodyerinae
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(Juswara and Ormerod, 2016; Nguyen et al.,
2023). Goodyera consists of approximately
100 species that are distributed in South
Africa, Asia, Northeast Australia, Europe,
Madagascar, North America (including
Mexico), and the Southwest Pacific islands. It
can be found growing on moist ground or
mossy rocks of mountains (Goldman, 2010;
Kim and Kim, 2022).

Goodyera species generally have a
morphological characteristic: terrestrial habit,
horizontal creeping stems that are about as
thick as the rhizome, and roots with a rather
thick pubescence. The leaves are arranged
along the stem, either in rosettes or spread
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In Silico Study of Genetic Diversity

loosely, evergreen foliage with the upper
surface often having white or gold markings
veins. The inflorescence is terminal and often
pubescent, while the saccate labellum is
generally pubescent, often with its internal
fleshy hair-like glands, has two sectile pollinia
attached to a viscidium and a single stigmatic
lobe (Hu et al., 2016; Juswara and Ormerod,
2016; Suetsugu ef al., 2022).

Species of Goodyera hold ecological
and economic value as ornamental plants due
to their attractive foliage, while some are also
used in traditional medicine for anti-
inflammatory and antimicrobial properties
(Teoh, 2016). However, habitat destruction
from deforestation, illegal collection for the
horticultural trade, and climate change threaten
many Goodyera species (Liu et al., 2010).
Several species of Goodyera are listed as
endangered or vulnerable in regional
assessments, yet most lack formal [UCN Red
List evaluations (The IUCN Red List of
Threatened Species, 2022).

In Indonesia, Goodyera species are not
listed as protected plant species under
Regulation No.
P.106/MENLHK/SETJEN/KUM.1/12/2018 on
Protected Plant and Animal Species.
Nevertheless, some Goodyera species, namely
Goodyera pusilla, G. reticulata, and G.
viridiflora, are among Indonesia’s 50 rare
plants (Rugayah et al., 2017). This discrepancy
highlights a critical gap in Goodyera
conservation assessment and legal protection
in Indonesia.

In addition to ecological threats and
lack of legal protection, challenges in
taxonomic identification further complicate
conservation efforts for Goodyera and its
relatives. The taxonomy of Goodyerinae is
notoriously difficult to resolve based solely on
morphology due to the uniform vegetative
habit and intricate floral structures across
genera (Juswara and Ormerod, 2016; Pridgeon
et al., 2016). For instance, the Goodyera
rubicunda-grandis complex exhibits
significant variation in floral morphology,
particularly in labellum structure and basal
shape, leading to ambiguities in species
delimitation. This complexity prompted a
taxonomic revision, culminating in the
recognition of Goodyera
rubicunda var. australis from Australia and
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Papua New Guinea as a distinct variety
(Juswara and Ormerod, 2016).

Given these challenges, in silico
approaches have gained importance in
biological research because they allow rapid,
cost-effective  identification of  genetic
characteristics without relying on time-
consuming and expensive wet-lab experiments
(Sururi et al., 2025; Zhang et al., 2022). This is
particularly relevant for genera like Goodyera,
where subtle morphological variations often
obscure species boundaries. DNA barcoding
has emerged as a powerful tool for species
identification and genetic classification. For
instance, the marK barcode has demonstrated
high efficacy in resolving phylogenetic
relationships within orchids, even when
morphological data from herbarium specimens
are incomplete (Ho, 2021). Furthermore, DNA
Barcode matK also provides a visual
phylogenetic tree to discover taxonomical
relationships and can be developed as a primer
(Dzikrina et al., 2024; Faza et al., 2024,
Pratiwi et al., 2023).

Preceding studies have used marK to
reveal its genetic relationships among
Goodyera species (Ho, 2021; Hu et al., 2016 ).
However, more research on the genetic
diversity of the genus Goodyera through DNA
Barcode matK is still needed to support its
phylogenetic  relationships. Specifically,
studies integrating phylogenetic analysis,
genetic distance, genetic variation, and
nucleotide composition based on matK remain
limited. The main aims of this in silico study
were to analyze the genetic diversity and
kinship of 10 species of Goodyera spp. by
using DNA barcoding markers marfK available
on the National Center for Biotechnology
Information (NCBI). The obtained result may
contribute to Goodyera taxonomy,
conservation  efforts, ornamental plant
breeding, and orchid diversity research.

Methods

Data Collection

DNA sequences of matK genes
belonging to the family Orchidaceae, genus
Goodyera, and one outgroup from Apotasia
wallichii were retrieved from the NCBI
nucleotide database (URL:
https://www.ncbi.nlm.nih.gov/). The sequences
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were selected by entering the keywords
“Goodyera matK” and “Apotasia marK”, and
the first sequence displayed on the web was
subjected to the Basic Local Alignment Search
Tool (BLAST). About ten target sequences
were selected by considering the highest query
cover value, e-value, and percent identity
value. All data were saved in a Spreadsheet
file, and then the selected sequences were
downloaded in FASTA Format. All nucleotide
base sequences were stored in a Notepad
format for further analysis to determine their
genetic diversity baes on the DNA marker
matK (Chika, 2024; Chika and Zahro, 2024).

Data Analysis

Data analysis was performed using
MEGA 12 Software except for the genetic
variation analysis. After data collection had
been carried out, the sequences were aligned
with MUSCLE (Multiple Sequence
Comparison by Log-Expectation) in MEGA 12
software. The purpose of sequencing was to
obtain genetic data for molecular identification
and comparison of species within the genus
Goodyera. MUSCLE aligns sequences by
optimizing the alignment score using a log-
expectation model, which balances accuracy
and computational efficiency when aligning
multiple sequences (Edgar, 2004).

To understand their kinship based on
molecular bioinformatic data, a phylogenetic
tree was constructed using the Maximum-
Likelihood (ML) and the Tamura 3-parameter
model with 1000 bootstrap replications
(Chika, 2024; Tamura, 1992). The genetic

distance analysis was done by using the
pairwise deletion method with the maximum
composite likelihood model, which
accommodates gaps in sequence alignments by
deleting them pairwise during the analysis and
avoids bias (Ozsoy and Tarikahya Hacioglu,
2025).

Subsequently, the aligned sequences
were further analyzed for genetic variation
using a separate method. This step involved
the use of the MULTALIN web-based
application (Multiple Sequence Alignment by
Florence Corpet), available at:
http://multalin.toulouse.inra.fr/multalin/, to
detect and compare variations across the
aligned sequences.

Results and Discussion

In this research, a total of 10 Goodyera
nucleotide sequences and one outgroup based
on DNA barcode Maturase-K (matK) from the
NCBI GenBank website were selected based
on the highest query cover and percent identity
(Table 1). The highest query cover was chosen
because it indicates the proportion of the query
sequences covered by the target sequences.
The percent identity shows the similarity of the
query sequences to the target sequences
(Hovanakova et al., 2024). Query sequences
show an evolutionary relationship shared by
the lineage and descended from the common
ancestor (Horiike, 2016).

Table 1. Selected Species from the genus Goodyera based on DNA Barcode matK

No Scientific Query Cover Percent Identity Accession
L. Goodyera procera 100% 100.00% MT265041.1
2. Goodyera henryi 100% 97.83% KT385611.1
3. Goodyera fumata 100% 97.55% KT385606.1
4. Goodyera foliosa 100% 97.45% KT385602.1
5. Goodyera velutina 100% 97.39% KT385648.1
6. Goodyera marginata 100% 97.49% KT385621.1
7. Goodyera repens 100% 97.37% KT385636.1
8. Goodyera biflora 100% 97.27% KT385585.1
9. Goodyera nankoensis 100% 97.32% KT385624.1
10. Goodyera major 100% 97.17% MT265040.1
11. Apostasia wallichii 98% 98.64% AY557212.1
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The sequences were then used to
reconstruct the phylogenetic tree
reconstruction, as illustrated in Figure 1. The
phylogenetic tree is the result of phylogenetic
analysis, a method to discover evolutionary
history and relationships among groups of
organisms (Horiike, 2016). A phylogenetic tree
is represented in a graphic resembling a tree
that illustrates the evolutionary and
phylogenetic relationship between biological
taxa (Zou et al., 2024). Through the
phylogenetic tree, character homologies shared
by a common ancestor can be inferred and
used to reconstruct evolutionary history (Kapli
et al.,2020).

In this research, phylogenetic tree
reconstruction was performed using Maximum
Likelihood (ML) and the Tamura 3-parameter
model with 1000 bootstrap replications
through MEGA 12.0 software (Chika, 2024;
Tamura, 1992). ML is a statistical method
based on evolutionary models that is suitable
for constructing a phylogenetic tree with a
relatively small number of taxa, as in this
study, which includes 11 sequences. It offers
advantages  in  statistical  consistency,
robustness, and the ability to select the optimal
evolutionary trees (Zou et al., 2024). The
Tamura 3-parameter model was selected
because it accounts for transition and
transversion rates, considers G+C content, and

corrects multiple substitutions at the same site
in sequences. Additionally, to assess the
reliability of the inferred tree, 1000 bootstrap
replications were conducted for the internal
branch support (Rahimi et al., 2023).

The reconstructed tree (Figure 1)
reveals that the marK region divided Goodyera
species into two ingroup clades and one
outgroup. The first ingroup clade consists of
two subclades; the first one includes G. henryi,
G. foliosa, G. biflora, G. fumata, and G.
velutina, while the second subclade includes
G. major, G. repens, G. marginata, and G.
nankoensis. The second ingroup clade only
encompasses G. procera. The outgroup only
encompasses Apostasia wallichi and plays a
role as the root of the tree, which determines
the starting point of the phylogenetic tree and
finds out the  primitive  characters
(plesiomorph) and  derived  characters
(apomorph) of the ingroup (Subari et al.,
2021). The outgroup species should be chosen
based on their close relation to the group under
study, but they are less closely related than all
the relationships among the species under
study (Horiike, 2016). Apostasia wallichii
(AY557212.1) is a member of the family
Orchidaceae, but belong to different subfamily,
namely Apostasioideae.

% KT385611.1 Goodyera henryi
100] poo47 ————— KT385602.1 Goodyera foliosa
0.0027 c.coo7 .
80 0.0108 KT385585.1 Goodyera biflora
0.0013 8C " ooos  K1385606.1 Goodyera fumata
80 0.0033 L KT385648.1 Goodyera velutina
0.0028 C.coss .
MT265040.1 Goodyera major
100 0.c079
0.0068 100 0.0030 KT385636.1 Goodyera repens
0.0584 ocos7 | 100 ——— KT385621.1 Goodyera marginata
: c.coo7
0.0010 \W KT385624.1 Goodyera nankoensis
0.0060 : MT265041.1 Goodyera procera
: AY357212 1 Apostasia wallichi
C.08C1

Figure 1. Reconstruction of the phylogenetic tree of the genus Goodyera based on DNA Barcode matK using
the Maximum Likelihood method and the Tamura 3-parameter model with a bootstrap value of 1000x.
The number next to the node shows the bootstrap value, while the number under the branch shows the

branch length.
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The bootstrap values are shown as
numbers on each node of the phylogenetic tree,
representing the level of confidence and
reliability in each branch. A bootstrap value
above 75 and approaching 100 is considered
strong support (Chika and Zahro, 2024;
Rahimi et al., 2023). Based on the marK
region, all the branches exhibit bootstrap
values ranging from 80-100, indicating a
strong phylogenetic support and suggesting a
close kinship among the Goodyera species.
Furthermore, branch length values under the
branch represent the number of substitutions
per site and indicate the evolutionary distance
from a common ancestor (Nei and Kumar,
2000). Longer branches indicate a further
evolutionary distance, while shorter branches
suggest that the species retains more primitive
characteristics and is part of an older lineage.
In addition, similar branch lengths in the
species imply a close relationship (Wibberg et
al., 2021).

The reconstructed tree suggests the
ability of marK to differentiate and identify

species in the genus Goodyera. Based on the
bootstrap and branch location, the closest
kinship is owned by G. henryi and G. foliosa,
with a branch length of 0.000 and 0.0007 and
supported by a bootstrap value of 100. As the
greater the bootstrap value, the level of
confidence in the results of the phylogenetic
tree reconstruction will be higher (Muthi’ah
and Jannah, 2023). In terms of morphology,
both species exhibit similar green leaves that
lack white markings. Their flowers share a
weak-opening characteristic and range in color
from white to pale pink.. However, they differ
in several key attributes. G. foliosa has a larger
size, measuring between 15-25 cm, compared
to G. henryi, which measures between 8—15
cm. The total number of flowers in the rachis
also varies; G. foliosa typically produces 3 to
15 flowers, while G. henryi produces 3 to 9
flowers. Furthermore, the flowers of G. foliosa
are pubescent and may appear greenish white
with ovoid anthers, while those of G. henryi
are entirely glabrous with lanceolate anthers
(Goldman, 2010b).

Table 2. Genetic distance of the genus Goodyera and Comparison sequence using DNA Barcode matK

No  Scientific 1 2 3 4 5 6 7 8 9 10 11

1.  Goodyera [0.00 [0.00 [0.00 [0.00 [0.00 [0.00 [0.00 [0.00 [0.00 [0.00
procera 3] 3] 3] 3] 3] 3] 3] 3] 3] 8]

2. Goodyera  0.017 [0.00 [0.00 [0.00 [0.00 [0.00 [0.00 T[0.00 [0.00 [0.00
henryi 3] 3] 0] 3] 3] 3] 3] 3] 8]

3. Goodyera  0.020 0.018 [0.00 [0.00 [0.00 [0.00 [0.00 [0.00 [0.00 [0.00
fumata 4] 3] 3] 3] 4] 3] 4] 8]

4.  Goodyera  0.023 0.023 0.025 [0.00 [0.00 [0.00 [0.00 [0.00 [0.00 [0.00
major 4] 4] 3] 3] 4] 3] 8]

5. Goodyera  0.018 0.000 0.019 0.024 [0.00 [0.00 [0.00 [0.00 [0.00 [0.00
foliosa 3] 3] 4] 3] 4] 8]

6.  Goodyera  0.020 0.017 0.014 0.024 0.018 [0.00 [0.00 [0.00 [0.00 [0.00
velutina 3] 3] 3] 3] 8]

7.  Goodyera  0.023 0.022 0.025 0.016 0.022 0.022 [0.00 [0.00 [0.00 [0.00
marginata 1] 4] 1] 8]

8. Goodyera  0.024 0.022 0.027 0.016 0.023 0.023 0.004 [0.00 [0.00 [0.00
repens 4] 2] 9]

9.  Goodyera  0.022 0.015 0.024 0.028 0.016 0.023 0.027 0.028 [0.00 [0.00
biflora 4] 8]

10.  Goodyera  0.025 0.024 0.027 0.018 0.024 0.024 0.004 0.007 0.028 [0.00
nankoensis 8]

11.  Apostasia  0.129 0.135 0.135 0.134 0.136 0.130 0.136 0.137 0.136 0.138
wallichii
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The close genetic distance between G.
foliosa and G. henryi is presumably because
the sequences retrieved from NCBI were
obtained from the same study, and both species
inhabit similar geographic areas (Hu et al.,
2016). The genetic distances are known to be
related to geographical distance (Nei, 1972).
The sequence data from genomic DNA were
extracted from similarly collected samples
(live or fresh silica gel dried specimens) and
the same geographic area (China). According
to Plants of the World Online, both G. henryi
and G. foliosa can be found in China South-
Central, China Southeast, Nepal, and Taiwan.
However, their distribution ranges also differ.
For example, G. foliosa occurs in Thailand,
while G. henryi has not been recorded in that
region. Additionally, G. foliosa primarily
inhabits the subtropical biome, while G. henryi
tends to occur in the temperate biome (POWO,
2025a, 2025b). The reconstructed phylogenetic
tree also supported this close relationship by
forming a subclade with a bootstrap score of
100 (Figure 1), which was also supported by
the previous study, where G. foliosa and G.
henryi formed a subclade, namely subsect.
Foliosum (Hu et al., 2016) .

Genetic ~ variation  reflects  the
differences  between individuals, allele
presence and frequency within and between
populations. Genetic variation might also
reveal the degree of relatedness, in which it is
beneficial to understand the population
characteristics for conservation purposes (Vu
et al., 2024). Therefore, the analysis of genetic
variation in the genus Goodyera is presented in
Figure 2. The length of the total Goodyera
matK sequence is 1498 bp. Within the genus
Goodyera, the matK region contains 1285
conserved sites and 213 variable sites (genetic
variations), namely G3A, A4G, C5A, C13G,
A16G, A20T, A24T, G25A/T, A26T, G29T,
G35A, A38T, C40T, A41T, C45T, T47G,
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C48A, C51A, C56T/A, T69C, T77G, CT8A,
C80A, (C92T, C100T, TI114C, CI17A,
G134A/T, T142G, G155T, A190C, A209T,
G227T, T231G, A247G, G248A, G254T,
G257A/T, T260C, C268A, C279A, T285G,
A296G, C297G, T298C, A350T, C353T,
C355T, T358C, A367T, A385T, G386A/T,
T428C, C434T/A, C436T, C448T/A, G452A,
C454T, A457G, C459A, G485A, A486G,
C491A/T, G494A, T526C, G542A, C546T,
G547T, T549A, T550A, GS551A, AS52T,
CS557T, C567T, T574C, CS77T, AS582C,
C584T, AS585T, G596A, A605G, To612G,
G614C, Co618T, C621T, T628C, G633A,
T637C, A649T, C651A, A653T, T656C/A,
G659A, C663A, C672A, To680C, C694T,
T700C, C707A, G716A, C721T, AT22G,
A723C, T724A, T728C, T733G, A734C,
T740G/A, A743G, C745A, AT49T, G755A,
A757G, T760G, T761G/K, A762C, T768C,
G773A, GT76A, T779C, T781C, C782A,
G785C, C789T, CB03A, A806G, GB817A,
T832G, AS833G, T837C, GB848A, ASSIT,
C855T, TB858A, GB869A, T878A, T8R0A,
G885C, G890A, T9o04C, A913G, T929A,
C938A, G947A, C954T, CO55T, C968T,
CI971T, C975A, TI988C, C997T, A998G,
A1000G, A1002T, AI1004T, AI1005T,
GI011T, CI1040A, Al1046C, A1049G,
A1050G, C1054T, C1081T, C1082T, A1089G,
T1107A, TI1118C, Al1131G, CI1135T,
T1139G/A, Al1157G, CI1160T, CI1166T,
Al1172T, G1175A, Al1188C, C1203A,
A1205G, A1207T, TI1209A, Al1212C,
GI213A, A1228T, CI1230T, GI234A,
C1235T, Al1251C, GI1253A/T, G1264A,
GI1271A, GI1304A, TI307C, CI1331T,
T1337A, G1345A, G1349A, TI1361C,
T1373C, C1393T, C1403A, A1409C, C1410T,
G1420T, A1421C, C1428T, A1435G, C1436T,
G1449A, Cl1476T, GIl1481T, GI493A,
T1497C, and T1498C.
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MT265041 .1 _Goodyera_
1385506, 1_Gondyera.
1385648, 1_Goodyera_
1AL, 1 _lnndyera_
T385602 , 1_Guudyera_
1385535, 1_Goodyera_

NT265040.1_Goodyera_
1106621, 1_Goodyera_
T385636 . 1_Goodyera_
1385624, 1_Goodyera_

AYESZ212 ., 1_RApoatazia

h

1 L} 20 a0 @ a0 1] FL &0 ao Low 10 120 130

1 1
ATGACAGAATTACARRGATATTTAGAT TGARARARGAARCAT TTCGTCAACARAACTTCCTATATCCGTTACTCCTTCAGGAGTCTRTTTACTCACTTGCTCATGATCATAGTTTTCTTTTTTACGARCT
ATGACAGAAT TACARRGATATTTAGAT TGARRRARGAARCAT TTCETCARCARRRCT TCCTATATCCGTTACTCCT TCAGGAGTCTRTTTACTCACTTGCTCATARTCATAGT TTTRATTTTTTACGAACC
ATARCAGAATTACAARGATATTTAGAT TGARARARGAARCAT TTCGTCARCARARCTTCCTATATCCGTTACTCCT TCAGGAGTCTATTTACTCACTTGCTCATGATCATAGTTTTATTTTTTACGARCE
HIGHUHIGHH | THEHHHGH L EDETHEH | TBHHHHHHGHHHCHD R TEZHHEHHHHC D D TH THDCEG D THEC T DCHGEHG T ETHEDPHETEHEZ T DR T CH ISHECH THIE LT TR DT D THECKHHL
ATGACAGAATTACARRGATTTTTAGAT TGARARARGRARCAT TTCCTCAACARARCTTCCTATATCCGTTACTCCTTCAGGAGTCTRTTTACTCACTTGCTCATGATCATAGTTTTATTTTTTACGARCT
ATGAARGAATTACARRGATTTTTAGAT TGARARARGRARCAT TTCGTCARCARAACTTCCTATATCCGTTACTCCT TCAGGAGTCTRTTTACTCACTTGCTCATGATCATAGTTTTRATTTTTTATGAACT
ATARCAGAAT TACARRGATATTTAAAT TGARRRARGAARCAT TTCGTCARCARRRCTTCCTATATCCATTACTCCTTCAGGAGTCTRTTTATTCACTTGL TCATGATCATAGTTTTCTTTTTTACGAACL
MTANCGINT TICNGATOTTTNGAT TGIMNMAGNINCTT T TCCTCANCnnNNT TTCCTNTNTCCGTTNCTCCT TCNGGNGTCTATTINCTCACTTGCTCNTGNTCATNGTTTTCTTTTTTACGNNCT
ATAACAGAATTACARRGATATTTAGAT TGARARARGRARCAT TTCCTCAACARARCTTCCTATATCCGTTACTCCTTCAGGAGTCTATTTACTCACTTGCTCATGATCATAGTTTTCTTTTTTACGARCT
ATAARCAGAATTACARRGATATTTAGAT TGARARARGRARCAT TTCCTCARCARARCTTCCTATATCCGTTACTCCTTCAGGAGTCTRTTTACTCACTTGCTCATGATCATAGTTTTCTTTTTTACGARCE

HTZGS04L, 1_Goodyeran
T3IBE0E ., 1_Goodyera_
1389548, 1_Goodyera_
1385611, 1_Goodyera_
1R 1 _lnndyera_
1385035, 1_Guudyera_

HT265040 ., 1_Goodyera_
T1385621.1 Gondyera_
TI05G616,1_Goodyera_
1385624, 1_Goodyera_

AYS57212, 1_Apostasia

Conzenzuz

NT26504L.1_Goodyera_
TI0SG06G, 1_Goodyera_
T38564% . 1_Goodyera_
1385511, 1_Gondyera.
1386602, 1_Goodyera_
[EH a4t anndyera_

HT265040, 1_Guudyer o
1385621, 1_Gondyera_
1385636.1_Gondyera_
1106624, 1_Goodyera_

ATES7212 . 1_Apostasia

Consensus

1H4HhhkR,

1380548, y

1395511, 1_Gondyera_

1389602 1_Goodvera_

1105505, 1_Goodyera_

HT265040 . 1_Goodyera.
1385621, 1_Goodyera_

1386536, 1_Goodyera.

14HRRA, 1_lnndyera_

AYIO721E, 1 _ApusLazia
Conzencug

HT265041,1_Goodyera.

HT265041, 1_Goodyera.
1385606, 1_Goodyera_
14HEAR, 1_bnndyera_
T38G611, 1_Guulywra_
T386602, 1_Goodyera_
1389535, 1_Gooduera_

HTZGS040,1_Goodyera_
13859621 . 1_Goodyera_
1389636, 1_Goodyera_
1386624, 1_Goodyera_

HYRh/#17,1_Hpnazl.

Cunrs

HT266041 _1_Goodyera_
1389606, 1_Goodyera_
1386548, 1_Goodycra_
1R, 1
TIBG602, y
T3I86525, 1 Goodyera_

1265040, 1_Goodyera_
TI06621,1_Goodyera_
13859636 . 1_Goodyera_
1389624, 1_Goodyera_

AYESZ2212,1_Rpoatacia

Innzensnus

HTEGH0AL, 1_Guulyera
T385606 . 1_Goodyera_
1389648, 1_Gooduera_
TI05G611,1_Goodyera_
1385602, 1_Goodyera_
1389035, 1_Goodyera_

HT2ES040, 1_Goodyeran
14HhE" 1 _landyera_
1385636, 1_Guulyera_
1385624, 1_Goodyera_

AiT597212.1 Appstasia

Conscnzus

I 12ER0A7 1 _lnndyera_
T3IBD606, 1_Guulyera_
T386612, 1_Goodyera_
T1389611.1 Gooduera_
TI05G602,1_Goodyera_
T385953% . 1_Goodyera_

MTE63040, 1_Goodyera_
T386621,1_Goodyera_
1hEER 1 _Bnndyera_
1385624, 1_Guulyera_

V657212 ,1_Rpostacia

Consensus

ATGERARGAATTAGAAGGATATTTTTTTTTARARRGGATATTT TTTCGARARARARA TCCTGARGGASTATATTTATTCACTTRTTCA ATAGTCTTCTTTTTTACGARCE
HigarHHH | Hlalllagall 11 rkE I ErHGEHG [ IHEETH TEHE T e [EH HIHGIED [ LDE 1L THERHAC
131 L10 180 160 170 180 190 200 210 20 230 240 250

1 1
TGTOCNT TTTIGGT TATGNCNNGANNTCTAGT TTNCTACT TG TCMANNCGT TTINT TANTCGNTGTNTCANCAGNONTCTT TGNTTICT TCCCTGNNT TCTTCTANCCOMMNTGACGTTTTRGGLCONT
TGTGGARAT TTTTGGT TATGACARGARRTCTAGT T TRGTACT TG TGARACE T TTART TARTCGARTGTRTCARCAGRARTCTTTGATTTCTTCGGTGARTTATTCTARCCARARTGAGTTTTGEGGGOAT
TGTGGARAT TTTTGGT TATGACARGARATATAGT T TRGTACT TG TEARACE T TTAAT TARTCGARTGTATCARCAGRAARTCTT TGATTTCT TCGGTGARTTRTTCTARCCARART GAGTTCT GGGGGCAT
TGTGGARATTTTTGGT TATGACARGARRTCTAGT TTRGTACT TG TGARACET TTART TARTCGARTGTRTCARCAGRARTCTTTGATTTCTTCEGTGARTTRTTCTARCCARARTGAGTTTTGEGGECAT
THIRHEHHAD 1T LI TH T EHEHHGHEH ICTHIET D THE THECT TR TEHHHUCE D DTHH D THHICHHLE TH IEHHCHHHHHTZED DR DT TERETEHH D TH DI THHECHHHHLBHE DT 1HI
TGTGGAAAT TTTTGGT TATGACARGARRTCTAGT TTCETACT TG TCARACET TTARTTAATCGARTGTATCARCAGRAATCTT TGATTTCT TCGETGAAT TATTCTARCCARART GAGTTT T36GEACAT
TETGGAART TTTTGGT TATGACARGARRTCTAGTTTRGTACT TG TCARACKT TTARTTAATCGART G TATCARCAGRARTCTT TGRTTTCT TCGGTGAAT TRTTCTARCCARART GAGTTTTREGEGCAT
TRTOGARAT TTTTGLT TATGACARTARATCTAGT T TRGTACT TG TGARACG T TTART TARTCGARTGTATCARCAGRAARTCTTTGATTTCTTCOGTRARTTRTTCTARCCARARTGAGTTTTGAGOGCAT
TGTGGINTTTTTGGT TATGNCANTAROTCTAGT T TNGTNCT TG TCMNNCGT TTNT TNTCGONTGTOTCANCAGONATCTT TGNTTTICT TCGCTGNNTTATTCTNCCNMNNTGAGTTTTGGGGGONT
TGTGGAAAT TTTTGGTTATGACARTARRTCTAGT TTRETACT TG TCARACET TTARTTAATCGARTGTATCARCAGRAATC TTTGATTTCTTCGETGAATTATTC TARCCARART GAGTTTTR6GAGCAT
TGTTGAAAT TTETGGT TATGACARTARATCTAGT TTAGTACT TG TGARACET TTAAT TACTCGARTGTATCARCAGRATTCTT TGATTICT TCGGTTAATGATTCTARCCARART GGATTTTGTGGTCAC
TETgGAART TTETGGTTATGACARARRTCTAGT TTRETACT TG TCARACET TTARTTRATCGARTGTATCARCAGRASTCTTTGRTTTCTTCGETgAATLATTCTARCCARART 6ag TTT TGz GEgCAL

261 ) £90 A0 320 330 390 300 360 380 330

260 3L N

1

ARGAATTCTTTTICTTCTARTTTTTCTTTTCARATACTATCAGARGGT T T TGGAGTCATTCTGGAAAT TCCATTATCGECGLGAT TRGTATCC TCCCTTGARGRARARRAAATACCARAATCTCAGAATT
MNEOOTTCTTTTICTICTCNTTTTTCTTTTCANNTACTATCAGANCGTTTTGCNGTCNTTCTGGNANT TCCNTTATCCTCGCGAT TNGTNTCC TCCCTTGANCINNNAROONTNCCANNNTCTCANNNTT
ARGAATTATTTTTCTTCTCATTTTICTTTTCARATAC TATCAGARGGTTTTGGAGTCATTCTGGAART TCCATTATCGTCGCGATTRGTATCCTCCCTTGARGAARARRRAATACCARATTCTCAGAATT
ARGAATTATTTTTCTTCTCATTTTTCT TTTCARATACTATCAGARGGT T T TGGAGTCATTCTGGAAAT TCCATTATCGTCGCART TRGTATCCTCCCTTGARGRARAARRRATACCARAARTCTCAGAATT
ARGAATTATTTTTCTTCTCATTTTICTTTTCARATACTATCAGARGGTTT TGEAGTCATTCTGGAAAT TCCATTATCGTCGCARTTRGTATCCTCCCTTGARGAARARRRAATACCARAATCTCAGAATT
HHEHHEEHD D RRZERCTEHR RN DD IPHHH T HE THECHRHHER DD DRBHIETCH D D TESHEE D IEVHTTHTEE TERUCEH D THETHTEC TETIC T EHHEHHHHHHHEH LU CHHHHTCTEH THHE D
ARGAATTATTTTICTTCTCATTTTTCTTTTCARATACTATCAGARCGT T T TGGAGTCATTCTGGAAAT TRCATTATCGTCGCGAT TRGTATCC TCCCTTGARGRARARRRAATACCARAATCTCAGAARTT
ARGRRTTATTTTICTTCTCATTTTTCTTTTCARATACTATCAGARGGTTTTGGAGTCATTCTGGAART TCCATTATCGTCGCGAT TRGTATCC TCCCTTRARGRARARARAATACCARAATCTCAGARTT
ARGAATTATTTTTCTTCTCRTTTTTCTTTTCARATAC TATCAGARGGTTT TOOAGTCATTCTGEAAAT TCCATTATCGTCTCGATTRGTATCC TCCCTTRARGRARARRRRATACCARAATC TCAGAATT
MGNITTATTTTTCTTCTCATTTTTCT TTTCNNTACTATCAGANCGT T T TGGNGTCNT TCTGGNNNT TCCNTTATCGTCGCGAT TNGTATCCTCCCT TGRNCINNNARONMTRCCADNNTCTCAGNNTT
ARGAATTCTTTTICTTCTARTTTTGC TTTTCARATGECATCAGARGGTTTTGGAGTCATTCTGGAART TCCATTCTCGTCGCGATTRGTTTCTTTCCCTGARGRARTARRAATAC CARAATCTCTEARTT
ARGRATTCTTTTICTTC TeRTTTTLCTTTTCARAT act ATCAGARGGTTTTGGAGTCATTCTGGAAAT TCCATT aTCGTCGCGAT TRGTaT Ce TcCCE TRARGRARAARAAATACCARARTCTCagARTT

391 A 410 420 LE 1] L1 1] 450 f141] a3 480 490 S} L 1] 520
1 1
TACGATCTATTCATTCARTATTTICCTTTTTTAGAGGATAART TCTCACAT TTRAATTTTGTGTCAGATCTACTARTRCCCCATCCCATCCATC TGGARATCTTGGTTCARATCCT TCARTGCTRGATCAR
THEGHIZTHTTEHTTZHHEHERREZZ D D EED THIHELRH THHHD LD IECHCHD L THHHT TR DCHEH D THHEHE THCZCHECECH DCCH T TRHHH DD T DEHHHE T TCHH DG TREH TEHH

TACGATCTATTCATTCARTATTICCTTTTTTAGAGGATAAAT TTTCACAT TTRAATTCTGTGTCAGATCTACTARTRCCCCATCCCATCCATC TEGARATCTTGGTTCARATCCT TCARTGLTGGATCAR
TACGATCTATTCATTCARTATTTCCTTTTTTAGAGGRTAART TCTCACAT TTRAATTCTGTGTCAGATCTACTARTRCCCCATCCCATCCATC TRGARATCTTGGTTCARATCCT TCARTGCTRGATCAR
TACGATCTATTCATTCARTATTTCCTTTTTTAGAGGATARART TCTCRCAT TTARATTCTGTGTCAGATC TACTARTRCCCCATCCCATCCATCTGGARATCTTGRTTCARATCLT TCRATGL TRGATCAR
TRCGITCINTTCATTCAATATTTCCTTTTTTNGNGGN TANNT TCTCRCATTTINNTTCTGTGTCNGATCTACTNTACCCCNTCCCNTCCNTCTNGNNNTATTGGTTCANNTCCT TCONTGCTGGNTCNN
TACGATCTATTCATTCARTATTTCCTTTTTTAGAGGATAART TATCACATTTAAATTCTGTGTCASATC TACTARTACCCCATCCCATCCATC TAGARATCTTAGTTCARATCCTTCAARTGL TRGATCAR
TACGATCTATTCATTCARTATTICCTTTTTTAGAGGATAAAT TATCACAT TTAARTTCTGTGTCAGATCTACTAATACCCCATCCCATCCATC TGGARATTTTAGTTCARATCCT TCAATGCTGGATCAR
TACGATCTATTCATTCARTATTTICCTTTTTTAGAGGATAART TATCACATTTRAATTCTGTGTCAGATCTACTARTRCCCCATCCCATCCATCTEGARATTTTAGTTCARATCCT TCAATGLTEGATCAR
THEEHIEZTHTIEHENZHHIHERRZZ] DD THIGHRERH THHHT THICHCHD L THHHT T DRDE TEHGH T THETHH THEVCHDEECHDEZCH T TGIHEA LT THETEHHH DT TEHH DR TRGH TTHH
TACGATCTATTCATTCARTRTTTCCTTTTT TAGAGGACARRT TCTTACAT TTARATTATGTATTAGGTATACTARTRCCCCATCCCATCCATCTGGGARTCTTGGTTCARARTCCT TCRATGCTRGATCAR
TACGATCTATTCATTCARTATTTICCTTTTTTAGAGGAEAAAT Te TcACATTTRAATToTGTg TeAGaTc TRCTARTACCCCATCCCATCCATC TgGaAATe TT¢GTTCARATCCT TCARTGLTEGATCAR

220 540 50 G0 570 500 500 Giwy G0 G2 G0 (L] oS0
1 1
AGATGTTCCTTCTTTGCATTTGT TGCGRTTGATTT TCCACGARTATCATART TTGARGAGTATCAT TRC TTCAARGRARARGARRATTTITTGGTTCCTACATRATT TTTATGTATATGAATGCGAATAT
AGATGTTCCTTCTTTGCATTTGT ATTGATTTTCCACGARTATCCTART TTGARARGTATCAT TACTTCAARGAAARAGARRATTTITTGGTTCCTACATARTT TTTATGTATATGARTGCGRATAT
HEHIGDLZZ DTN RECH T IR HIETIHI L TEEHCZEHH T HIPHEHH L T ISHHHHG THIECHD THE D TEZHHEGHHHHHGHHRH LT D CCETHEHTHHTL | THIBTH THTEHH L GEGHH THT
AGATGTTCCTTCTTTGCATTTGT TGCGRTTGATTTTCCATGARTATCATART TTGARGAGTATCAT TRCTTCAARGRARARGARARTTTTTTGGTTCCTACATRATTTTTATGTATATGAATGCGRATAT
AGATGTTCCTTCTTTGCATTTGTTGCGRTTGATTTTCCATGAATATCATART TTGARGAGTATCAT TRC TTCAARGRARARGARARTTTTTTGGTTCCTACATRATTTTTATGTATATGRATGCGRATAT
AGATETTCCTTCTTTGCATTTGT TGCGRTTGATTTTCCACGARTATCATART TTGARGAGTATCAT THC TTCARRARARARGARRATTTITTOGOTTTCTACATRATT TTTATGTATATGAAT GLGAATAT
NGATGTTCCTTCTTTGCATTTGT TGCGN TTANTTTTCCACGATNTCNINT TTGNINGAGTNTCAT TRC TTCANNGONMNGAAMNTTTITTGGTTCCTACHTANTT TTTNTGTATATGMNTGCGONTNT
AGATGTTCCTTCTTTGCATTTGTTGCGATTGATTTTCCACGARTHTCATART TTGARGAGTATCAT TAC TTCARRGRARARGARRARTTTTTTGGTTCCTACATAATT TTTATGTATATGRAATGCGAATAT
AGATGTTCCTTCTTTGCATTTGTTGCGATTGATTTTCCACGAATRTCATART TTGRAGAGTATCAT TACTTCAAAGRARARGARARTTTTTTGGTTCCTACATRATTTTTATGTATATGRATACGRATAT
AGATGTTCCTTCTTTGCATTTGTTGCGRTTGATTTTCCACGAATHTCATART TTGARGAGTATCAT TRCTTCAARGRARARGARARTTTTTTGGTTCCTACATRATTTTTATGTATATGRATGCGRATAT
HEH IZPTERRTECHTDTHE LG T THHHHELL L D ICHCEHHE T HETHEHR ] TCIHAD 11 THE T T HHHHHHHHHEHHEH LD CEIHTHIHHTIE D IHIHTH TR IEHHEBEGRHED T
AGATGLTCCTTCTTTGCAT T TR T TheALLyal TTTLCACGARTATGATART TLUGAALAGTa Teal TRCTTCAAALAARARGARGATTTITLG TTCLTACATRATTLT TATETATaTGRATGCGARTAT

631
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1 1
CTATTTCTGTTTCTTCGTARARAGTCTTCTTATTTACGATCARCATCTITTGGAGTCTTTC TTGAAC GARCART TTTTTATGTARRRATGGARTCTCTARTAGTGTATTTGARTTCTTTTCAGAGEATTC
CTATTTCTGTTTCTTCGTARACAGTCT TCT TATTTACGATCARCATCTIT TGGAGTCTTTCTTGAGCGRACACT TT TTTATGTARARATTGARATCTCTAGTRGTGTATTTGAATTCTTTTCAGAGGATTC
CTTTTTCTGTTTICTTICGTARARAGTCTTCTTATTTACGATCARCATCTITTGEAGTCTTTCTTGAGCGRACACT TTTTTATGTARARATTGARTATCTAGTRGTGTATTTGAATTCTTTTCAGAGRATTC
IZTH 111 101 | HHHHH R THI 1 THUEHTIHHEH] PIGBHELCE T HIHHL |1 EETHT I HHHHHTTRHH N DT HR THR IRIH T DI HEEH TS
CTAT GTTTCTTCSTAAARAG! TATTTACGATCARCATCTTTTGGAGTCTTTCTTGAGCGRACART TTTTTATGTARRAATTGARTCTCTAGTAGTGTATTTTICCTTATTTTCAGAGGATTC
CTATTTCTGTTTCTTCGTARARAGTCTTCTTATTTACGATCARCATCTITTGGAGTATTTCTTGAGCGARCART TTTTTATGTARRRATTGARTCTCTAGTAGTGTATTTTCATTCTTTTCAGAGERATTC
ATATTCCTGTTTCTTCGTARACAGTC TTCT TATTTACGATCARCATCTITTOGGARTCTTTCTTGAGLGRACART TTTTTATGT CARRATTGARTCTCTAGTAGTGTATTTTAATTCTTTTCAGAGGATTC
MTATTTCTGTTTINTTCGTANNCAGTCT TCTTAT T TACGATCANTNTCTITTGGNGTCTTTCTTGNGCGNNCANT TTTTTATGTCANONTIGANTCTCTNGTOCTGTNTTTTCATTCTTTTCMAGANTTC
ATATTTCTGTTTCTTCGTARARAGTCTTCTTATT TACGATCARTATCTITTGGAGTCTTTCTTGAGCGAACART TTTTTATGTCARRATTGAATCTCTAGTAGTGTATTTTCATTCTTTTCARAGRATTC
ATATTTCTGTTTATTCATARACAGTCTTCTTATT TRCGATCAATRTCTITTGGAGTCTTTCTTGAGCGARCART TTTTTATGTCARRATTGAATCTCTAGTAGTGTATT TRCATTCTTTTCAARGRATTC
CTTTTACTATTTCTTCGTARACAGTCTTCCTACT TACGATCARCATCTICTGGAGTTTTTCTTGRACGARTGCATTTCTATGGARRRATAGAGTATCTTETAGTATGTTGTARTTCTCTTCAARGERTCE
clal IR Ie EHZE THHHeHRLE D TR THE T THERHEUHHeH IR TREHIE D LT IRHgERHERAAE || TR THE R aHHHHITERHA I IC L AR THE lglal TREAHTTE TR I HzHGgH IR

781 790 £10 2820 340 $50 60 870 B30 00 a0
1
TCTGGTTCCTCAARGATCCTTTCATACATTATGT TCGATATCARGCARARGTAATT TTGGCTTCAARGGGAACTCT TTTTCTGATGAAGAARTGGAATTTTCATGTTGTGARTTTTTGGCARTTTTATIT
TCTGGTTCCTCARRGATCCTTTCATACATTATGTCCGATATCARGCARARGTARTTTTEGCTTCAARGGGARCTCTTATTCTGATGRAAGAARTGEAATTTTCATGTTGTGAATTTTTTGCARTTTTATTT
TCTEGETTCCTCARRGATCCTTTCATACATTATGT TCOATATCARGCARAAG TARTTTTAGC TTCAAAGGGAACTCT TATTC TGATORRGAARTGGAARTTTCATGTTATARATTTTTGECARTTTTATTT
TCTGGTTCCTENNMGNTCCTTTCATACOTTATGT TCGNTNTCANGCNANGTINTTTTGGC T TCNNMRGCNCTCT TNTTCTGATGONGNNNTCCMTTTTCNTGTTGTGNNTTTTTGGCANTTTTNTIT
TCTGGTTCCTCARAGATCCTTTCATACATTATGT TCGATATCARGGARARGTAATTTTGGC TTCAARRGGAACTCT TATTC TGATGAAGARRTGGAATTTTCATGTTGTGAATTT TTGGCARTTTTATIT
TCTGGETTCCTCARAGATCCTTTCATACATTATGT TCGATATCARGGARARGTAATT T TEGCTTCAARAGGARCTCT TATTTTGATGRAGAARTGGAATTTTCATGTTETGARTTTTTGGCARTTTTATIT
TCTGGTTCCTCARRGATCCTTTARTACATTATGT TCARTATCARGCARARGTARTTTTEGCTTCAARGGGARCTCTTTTTCTGATGRAGAARTGEAATTTTCATGTTETGAATTTTTGGCARTTTTATTT
TETERT L TZHHHGHTECE T D THHEHEH DTHT L DEHH THT U HAREHHHHE TRH D DRGE LT HHHRREHHCTE D TETTCHH | BHHHHB T BEHHLET D TEHIRETR T KHHELT DT REEHAD LD THEE
TCTGETTCCTCARRGATCCTTTARTACATTATGT TCARTATCARGEARAAGTGATTTTGGC T TCAAAGGGAACTCT TTTTCTGATGRARAARTGGAATTTTCATGTTGTGRAATTTTTGGCARTTTTATTT
TCTGETTCCTCARAGATCCTTTARTACATTATGT TCARTATCARGGARARGTGATTTTGGCTTCAARGGGARCTCT TTTTCTGATGRAAGAARTGGARTTTTCATGTTGTGAATTT TTGGCARTTTTATTT
CATGCTTCTTCARARRTCTTTTCATGCATTATGY TCGATATCARGGARARGGAATTCTAGC TTCAARGGETACT TTTTTTCLTGATGRAAAARTGGAARTATCATCTTGTRAATTTTTGGCARTCTTATTT
e TG TTCaTENINENTCe TTTeNTaCNTTATGT TCeNTATCANGCANNNGE oNTTETGGCTTCNNN GEaNCT e TTE TTCTGATCNN MM TCCME T TCNTeTTGTgNNTTT TTCCCANTL TTATTT

?ll 320 30 S0 950 960 F0 380 990 1000 1010 Lozg 1030 104?
TEHE TN RR T EHHCE D THIHERH TEPH THEHHEGECHH D THECDHHCTH D ICET TR DRV RER T THLE LD ETHH T L HEEHHHHHHEHECT D DRL DHE D HHBHHH DECHHH LR THEHRHR T
TCACTTTTGETCTCARCC TTATAGGATCCATATARRGCAATTACCCARCTAT TCCTTCTCCTTTCIGGGGTATT TTTTAAGTGTACCARRARARACT TTGT TAGTAAGARATCAAATGC TAGAGARTTCC
TCACTTTTGETCTCARCCTTATAGGATCCATATARRGCAATTACCCARCTATTCCTTCTCCTTTLTGGGETATT TTTTRAGTGTACCARRARARACTTTET TAGTAAGARATCAART GCTAGAGARTTCE
TCACTTTTGGTCTCARCC TTATAGGATCCATATARRGCARTTACCCARCTATTCCTTCTCCTTTCIGGGGTATT TT TTAAGTGTACCARAARARACT TTRGTAGTARGARRTCAAATGCTAGAGARTTCL
TCACTTTIGGTCTCNNCC T TNTNGGATCCNTATIANGCANTTACCCANCTATTCCTTCTCCTTICTGEGCTATT TT TTMGTGTACCANNNANNNCT TTGGTNGTNNGRONTCANNTGCTAGNGANTTCC
TCACTTTTGETCTCARCC TTATAGGATCCATATARRGCAATTACCCARCTAT TCCTTCTCCTTTCTGGGETATT TTTTAAGTGTACCARAARARACTTTGGTAGTAAGARATCAART GC TAGAGAARTTCT
TCACTTTTGATCTCARCC TTATAGGATCCATATARRGCAATTACCCARCTAT TCCTTCTCCTTTCTGGGETATT TTTTAAGTGTACCARRARARTTTTTGGARGT ARGARATCAAAT GC TRGAGARTTCC
TCACTTTTGETCTCARCCTTATAGGATCCATATARAGCAATTACCCARCTATTCCTTCTCCTTTC GCTATTTTTTAAGTGTACCGARARARACT TTEGTAGTAAGARATCAARTGCTAGAGARTTCE
TEHE T ENER T IPHHCE L THTHEEH TEPH THEHHHGUCHH D THECEHHCTH I 1 ATHIE L1 TTHHI LS THEEIHHHHHHRL LT DR 131 HHEHHH I HHH | B THISHEHH 1D
TCACTTTTGETCTCARCC T TATAGGATCCATATARRGCARTTACCCARCTATTCCTTCTCCTTTCTGGGGTATT TT TTAAGTGTACCGRAARARACT TTGGTAGTARGARRTCAARTGCTAGAGARTTCC
TCGCTTTTGETCTCARCCATATAGGATACATATARARCARTTATTCARCTATTCCTTTTCTTTTATGGGGTATT TTTCAAGTGTACTARGATATTICTTTGGTAGTAAGARATCAARTGCTAGAGARTTCA
TCaCTTTToATCTCARCCL TATAGGATCCATATARRECAATTAcCCARCTATTCLTTCTCCTTTCTGGGETATT TTTLAAGTGTACCaAaAaRaalTTTae TAGTARGARATCAAATGCTAGAGAARTTLC

800 230 890

361

Biota: Jurnal Ilmiah Ilmu-Ilmu Hayati, 11(3), Oktober 2026




In Silico Study of Genetic Diversity

HT266041,1_Goodyera_
K 1IHHRRNE, 1 _lnndyera_
KT385648, 1_Guudyera_
1386611, 1_Goodyera_
K. 1385602.1_Goodyera_
K1105505,1_Goodyera_
HT265040.1_Goodyera_
k136859621, 1_Goodyera_
K 1386636, 1_Goodyera_
K 1HHAEAD, 1 _lnndyera_
AYLD7212 , 1_Apuslazia

Conzencus

NT265041.1_Goodyera_
K TJ05606, 1_Goodyer a_
k1385648 . 1_Goodyera_
1365611, 1_Goodyera_
K1386602,1_Goodyera_
K IHHRAEN, 1 _lnndyera_
HTEES040, 1_Guudyera_
k1386621, 1_Goodyera_
F.1385636.1_Goodyera_
K1I05624, 1_Goodyera_
AYE57212 1_RApostacia

Conzensus

HT266041,1_Goodyera_
K.1385606.1_Goodyera_
K TJ05640,1_Goodyera_
k1385611 .1_Goodyera_
k13859602, 1_Goodyera_
K 1386535, 1_Goodyera_
HEPERDAN, T _lnndyera_
1380621, 1_Guudyera_
1386636, 1_Goodyera_
K. 1385624.1_Goodyera_
V5572128, 1_Npostazia

Conzensus

HTE65041, 1_Guudyera_
1386606, 1_Goodyera_
K.1385648.1_Goodyera_
KTJ05611,1_Goodyera_
KT1385602 . 1_Goodyera_
k13659539, 1_Goodyera_
HT266040,1_Goodyera_
b 134 1 _lnndyera_
K 1380636, 1_Guudyera_
1386624, 1_Goodyera_
AT1957212.1 Apostasia

Consensus
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TTTCTRATARATACTCTGACTARGARATTAGATACCATAGCCCCAGTTATTTCTCTTATTGGATCATTGTCGAARGCTCARTTTTETACTATATCGGGTCATCCTAT TAGTARRCCARTCTGGACCGATT
TTTCTRATARATACTCTGAC TRARGARATTAGATACCATAGLCCCRGTTATTTCTCTTATTGGATCAT TG TCGAARGC TCARTTTTGTACTATATCGGLTCATCCTAT TRAGTAARC CARTCTGRGACCGATT
TTTCTMTANATOCTCTGAC TINGANAT TCGNTNCCNTNGCCCCNGTINT TTCTCTINT TGCNTCAT TG TCGNNAGC TCNNTTTTGTOCTATATCGGGTCATCCTAT TAGTMNCCANTCTGGACCGNTT
TTTCTRATARATACTCTGAC TRRGARATTAGATACCATAGCCCCAGTTATTTCTCTTATTGGATCATTGTCGAARGC TCARTTTTETACTATATCGGGTCATCCTAT TAGTARRC CARTCTGGACCGATT
TTTCTRATARATACTCTGAC TARGARAT TAGATACCATAGCCCCRGTTATTTCTCTTAT TGGATCAT TGTCGAARGC TCAATTTTGTACTATATCGGGGCATCCTAT TRGTAARCCARTCTGGACCGATT
TTTCTRAATARATACTCTGAC TARGARATTAGATACCATAGLCCCRGTTATTTCTCTTATTGEATCATTETCGAARGCTCARTTTTGTACTATATCGGEGCATCCTATTAGTRAARCCARTCTGGACCGATT
11T THHEHHH THEC T ZTRHE THHIGHHH | THEHTHEZH THL TIHITI TIHT TEREHIUCHT T ITHHH N

TTTCTCATGGATATTCTGAC TAARGARATTAGATACCATAG TIGTTTCTCTTATTGGATCARTGTCGAA TCAT GACTGATT
TTTCTaATaaATACTCTGACTARGARATTAGATACCATAGe:CCAGTTaT TTCTCTTATTGGATCAL TGTCGAARGCLCARTTTTETACT aTATeGGGL CATCCTATTAGTAARC CaRTeTRGACCGATT
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TATCGGATTCTGATATTATTGATCGAT TTTGTCGGARATGTAGARATCTT TGTCGTTATCACAGLGGATCCTCARRRARARAGGT TTTGTATCGTATAARGTATATACTTCGACTTTCGTGT G0 TRGAAL
TATCCGNTTCTGNTATTAT TCNTCGAT TTTGTCGGANNTGTNGANNTCTT TG TCATTNTCNCNCGGN TCCTCAMMNNMNNGG T TTTGTATCGTATAMAGTATATACTTCGNCTTTCGTGT GC TNGINC
TATCGGATTCTGATATTATTGATCGAT TTTGTCGGARATGTAGARATCTT TGTCGTTATCACARTGGATCCTCARARARARAGE T TTTGTATCGTATAARGTATATACTTCGACTTTCGTGTGC TRGAAD
TATCGGATTCTGATATTAT TGATCGAT TTTGTCGGARATGTAGARATCTT TG TCGT TATCRCAGCGGATCCTCARRRARARARG T TTTGTATCGTATAARGTATATACTTCGACTTTCGTGT GC TRGAALC
TATCGGATTCTGATATTATTGATCGATTTTGTCGGARATGTAGARATCTT TGTCGTTATCACAGCGGATCCTCARARARARARGT TTTGTATCGTATAARGTATATACTTCGACTTTCGTGTGC TRGAAL
THIEEEHITETEHIHETHD TEHTCEH D DD ZSRHHH IRTHEHHE DCDD DRI THTEHECHGEZRRH IEEH ZHHHHHHHHAGR D TREHDCE THEHHBER THIHTHE D TCRHCT R DR TR THEHHIE
TATCGGATTCTGATATTAT TGATCGAT TTTGTCGARRATGT CGARRTCTT TGTCGT TATCRCAGCGGATCCTCARARARARAGG T TTTGTATCGTATAARGTATATACTTCGACTTTCGTGT GC TRGAAC
TATCGGATTCTGATATTATTGATCGAT TTTGTCGARRARGTAGARATCTT TGTCGTTATCACAGCGGATCCTCARARARARAGE T TTTGTATCGTATAARGTATATACTTCGACTTTCGTGTGC TRGAAL
TATCGGATTCTGATATTAT TGATCGAT TTTGTCGARRARGT CGARRTCTTTGTCGTTATCACAGLGGATCCTCARRRARARAGGT TTTGTATCGTATAARGTATATACTTCGACTTTCGTGT G TRGAAL
TATCCGNTTCTGNTATTAT TCNTCGAT TTTGTCGANNNNGTNGANNTCTT TG TCGT TNTCNCNGCGGN TCCTCAMMNNMNNGG T TTTGTATCGTATAMAGTATATACTTCGNCTTTCGTGT GC TNGINC
TTTCAGATTCTGATATTCTTGATCGAT TTTGTAGARTATGTARARATCTT TGTCGTTTTTRCAGTGGATCCTCARARARACATETTTTGTATCATATAARATATATACTTCGACTTTCGTGTGC TRGAAC
TaTCeGATTCTGATATTAT TGATCGATTTTGTCGaRaALGTagARRTCTTTGTCGTTaTeRCARCGGATCCTCARARARABAGTTTTGTATC TATAARE TATATACTTCGACTTTCGTGTGC TRGAALC
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TTTGGCTCGTARACATARRRGTACAGTACGCACT TTTATGCGARGATTGGGTTCGGTATT TTTAGARGAATTTTTTRTGGAAGARGARCAAGCTCTTTCTTTCATCT TRACTCCAARRRAGAACTTTTCCT
TTTGGCTCGTARACATARARGTACAGTRCGCACT TTTATGLGARGATTOGG T TCGGOATTTTTAGARGARTTTT T TRTGGAAGARGAACAAGC TCTTTCTTTCATCT TRCTCCAARRRAGACCTTTTCCT
TTTGCCTCGTANNCOTNANNCTNCAGTOCCCNCT TTTNTGCGANGNTTGGGT TCGGGNT T TTTNGMGINTTTT T TN TGGNNGANGINCHNGCTCTTTCTTTCATCT TRCTCCANMNNGNCCTTTTCCT
TTTGGCTCGTARACATARRRGTACAGTACGCACT TTTATGC GARGATTGGG T TCGGGATTTTTAGARGRATTTTTTRTGGAAGARGARCAAGC TCTTTCTTTCATCTTACTCCAARRRAGACCTTTTCCT
TTTGGCTCGTARACATARARGTACAGTRCGCACT TTTATGCGARGATTGGG T TCGGGAT T TTTAGARGAATTTT T TRTGGAAGARGAACAAGC TCTTTCTTTCATCT TRCTCCAARRRAGACCTTTTCCT
TTTGGCTCGTARACATARARGTACAGTRCGCACT TTTATGCGARGATTGGG T TCGGGATTTTTAGARGAATTTTTTATGGAAGARGARCAAGCTCTTTCTTTCATCTTATTCCAARRRAGAACTTTTCCT
L 1713 | HHHEHIHHHHE THUZHR THEBVHHL L THDGUZSHHHH T UGER D ICREEH DT EDTHEHHGHHETTL ] TH D3HHEHREHH CHHBL P TIEHEZT THE T HHHHHHEHCZ I
TTTGGCTCGTARACATARARGTACAGTRCGCACT TTTATGCGARRATTGGGT TCGGGAT T TTTAGARGAATTTT T TRTGGAAGARGAACAAGC TCTTTCTTTCATCT TRCTCCAARRRAGACCTTTTCCT
TTTGGCTCGTARACATARARGTACAGTACGCACT TTTATGCGARRATTGGG T TCGGGATTTTTAGARGAATTTTTTRTGGAAGARGARCAAGCTCTTTCTTTCATCT TRACTCCAARRRAGACCTTTTCCT
TTTGGCTCGTARACATARRRGTACAGTRCGCACT TTTATGLGARRATTOGG T TCGGOATTTTTAGARGARTTTT T TRTGGAAGARGAACAAGC TCTTTCTTTCATCT TRATTCCAARRRAGACCTTTTCCT
TTTNGCCCGTANNCATANMNGTNCAGTNCGTACT TTGNTGCGANGNTINGGT TCGGGNT TCTTNGAANNTICT TTNTGGNNGANGINCANGTTCTTTCTTTANTCT TCCTCCANMMNOTCTCTTTITICT
TTTgGCE CGTARACATARARGTACAGTRCGCACTTTEATGC GARgATTRGGTTCGGGATTE TTAGARgARTTE TTTATGGAAGARGAACAAGe TCTTTCTTTeATCTTac TCCAARRRAga, CTTTTeCT
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1 |
TTACACGGAT TRCATAGAGRACGCATTTGGTATT TGGACATTATCCGTATGARTGATCTGGTGGATTT
TTACACGGATTRCATAGAGAACGCATTTGGTATT TGGACATTATCCGTATGARTGATCTGGTGGATTT
TTACACGGAT TRCATAGAGRACGCATTTGGTATT TGGACATTATCCGTATGARTGATCTGGTGEATTT
TTACNCGGNT TOCNTNGAGNNCGCNTTTGCTATT TGGNCNTTATCCGTNTGANTGNTCTANTIGNTTT
TTACACGGATTRCATAGAGAACGCATTTGGTATT TGGACATTATCCGTATGARTGATCTARTAGATTT
TTACGCGGAT TRCATAGAGRACGCAT T TGGTATT TGGACATTAT TCGTATGARTGATCTGGTRAGATTT
TTACACGGATTRCATAGAGAACGCATTTGGTATT TGGACATTATCCGTATGARTGATCTGGTGGATTT
1 THUHLT3H | THEHTHEHEHHLTELH LT HI LI GEHEHITHIEERTHERHH I DGR TEGHD T
TTACACGGAT TRCATAGAGRACGCATTTGGTATT TGGACATTATCCGTATGARTGATCTGGTGGATTT
TTACACGGATTRCATAGAGRAACGCATTTGGTATT TGGACATTATCCGTATGARTGATCTGGTGGATTT
TTACGTGEAT TRCATAGARRACGTATTTGGTATT TGGACATTATCTGTAT TARTGATC TGGTGGEATCL
TTRCacGGNTTICNTNGAENNCGENTTTCCTATT TGGNCNTTATCCGTNTgNNTGNTCTGGTeGNTEL

Figure 2. Genetic Variation of the genus Goodyera and comparative sequences based on DNA Barcode matK
using the MultAlin Website. The square shows a conserved region (red color) and the genetic variation
due to a mutational event (column with blue color)

T(0) C .\ ) Total
MTZ265041.1 Goodyera procera 37.5 16.4 30.8 15.2 1498
KT385611.1 Goodyera henryi 37.5 16.4 31.0 15.0 1498
KT385606.1 Goodyera fumata 37.4 16.6 31.0 15.0 1498
MTZ265040.1 Goodyera major 37.5 16.3 31.4 14.8 1498
KT385602.1 Goodyera foliosa 37.5 16.4 31.1 15.0 1498
KT385648.1 Goodyera welutina 37.5 16.3 31.1 15.1 1498
KT385621.1 Goodyera marginata 37.6 16.2 31.1 15.1 1498
KT385636.1 Goodyera repens 37.6 16.4 31.2 14.9 1498
KT385585.1 Goodyera biflora 37.9 16.0 31.0 15.1 1498
KT385624.1 Goodyera nankoensis 37.6 16.2 31.3 14.8 1497
A¥557212.1 Apostasia wallichi 39.3 15.3 30.4 15.1 1498
Avy. 37.7 16.2 31.0 15.0 1497.9

Figure 3. Nucleotide composition of the genus Goodyera using DNA Barcode matK in percent

The maturase K gene (marK) region is
located inside the intron of the ##nK gene in the
chloroplast genome (Hausner et al., 2006).
The matK has shown its ability to determine
genetic variation in cacao and banana varieties
(Immanissa et al., 2020; Probojati et al., 2021).
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Genetic variation is driven by mutation events,
which reflect the differences and evolutionary
events among species (Mursyidin et al., 2023).
In this study, substitutions (transitions and
transversions) are found in the matK region of
Goodyera with no insertion or deletion event.
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Overall, Goodyera exhibits only 14.22%
genetic variety across all the nucleotide
positions, suggesting a low level of genetic
diversity (Mursyidin et al., 2021).

Nucleotides consist of nitrogenous
bases, namely thymine/uracil (T/U), cytosine
(C), adenine (A), and guanine (G). The
composition of percent nucleotides in the
sequences is shown in Figure 3.

The overall average nucleotide
composition of Goodyera matK sequences
consists of 37.7% thymine/uracil (T/U), 16.2%
cytosine (C), 31.0% adenine (A), and 15.0%
guanine (G). Hence, the highest percentages of
average nucleotide composition in the genus
Goodyera and the outgroup A. wallichi are
thymine and adenine. The high percentage of
AT content compared to CG content indicates
a substantial AT content in the mafK sequence.
The low GC content in the mafK sequence is
also shown by a previous study of Coelogyne
spp., and Cinnamomum parthenoxylon (Pratiwi
etal., 2023; Vuet al., 2024).

Conclusions

An in silico study has analyzed the
genetic diversity of the genus Goodyera spp.
using the DNA barcode matK gene sequence.
Phylogenetic tree reconstruction based on the
matK divided Goodyera species into two
ingroup clades and one outgroup, with the
closest kinship observed between G. foliosa
and G. henryi. Further analysis suggests a low
genetic diversity within the genus Goodyera.
These findings demonstrate the utility of matK
and support the genetic collection to clarify
overlapping morphological characters in
Goodyera. Additional research using another
gene sequence, such as psbA, is recommended
to strengthen species resolution and database
completeness. In Situ and Ex-situ conservation
efforts are also required to support the long-
term survival of Goodyera spp. in their natural
habitats.
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