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ABSTRACT

Background: Amomum villosum, known for its anti-inflammatory and antibacterial effects, is a
traditional medicinal plant used for gastrointestinal disorders. However, Alpinia kwangsiensis, a
related species with lower pharmacological efficacy, is often used as an adulterant, warranting
accurate molecular identification.

Methods and Results: In this study, we analyzed the complete chloroplast genomes of A. villosum
and A. kwangsiensis using an [llumina NextSeq 1000 sequencer and a NOVOPlasty assembler to
identify polymorphic regions for DNA marker development. The genome of A. villosum (164,070
bp) comprised large and small single-copy regions and two inverted repeats, whereas that of A.
kwangsiensis (162,449 bp) displayed a similar structure with size differences. Moreover, the gene
content of the two species slightly varied, with 4. villosum and A. kwangsiensis encoding 133 and
130 genes, respectively. Our comparative analysis involving related Amomum (Wurfbainia) and
Alpinia accessions clarified the taxonomic relationships. We identified small insertions/deletions
and single-nucleotide polymorphisms as potential species-specific DNA marker candidates
Conclusion: The results of this study provide essential chloroplast genomic resources for authenti-
cating medicinal materials and support future marker-assisted methods for the identification of 4.
villosum and related species.

Key Words: Alpinia kwangsiensis, Amomum villosum, Complete Chloroplast Genome, Next-
Generation Sequencing, Phylogenetic Tree, DNA Variation
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o] 7+l AR (dmomum villosum Lourye F= S5 (&

4733} (Zingiberaceae Martinov)y= = Ft] 2 o}Ft) T, B, A, g} JIERle i 5 Fol-ggolAlof
Aol Fxsh, 7] U= 249 553 2 X2 s Ao Exshs A A AEZ, 158t 9 gls
okg, 218, T 9 WFEoR de o]gHe thddl & 2 o#AHE o]&Eo] & F-§ Adoltt (Feng er al., 2024,

21 Eo]t} (Delin and Larsen, 2000; Kress et al., 2002; Li

Liao et al., 2024). B3t FLSE Amomum &9l 3= Amomum

et al., 2020). ¥ 2] ”%9— dwrdo R et H2o T pwricapum®™ 1 FEEC] @354 AolERRI LdE
== WgH (distichous) &, A (ligule)S 7]-21133] 2o STAT3-NF-kB A5 AJA5le] ¥5 w32 1A 7e a3
(zygomorphic)®] 3} Fx9} 7 Bd 71 =, 5% 34 £ HAuly BIFHUT} (Park et al., 2023). ©l= Amomumz:

(inferior, 3-locular)®] ZP4-E S S = 3t} O]% 63‘511/—51
A ERH E AETE Aol dlo] Fag FEE 15

=

Nﬂo] ojz
=

/\]— 1__'\?

Zd FAE A7 ALLS A
Amomum Roxb. €9 E3stE|o] Qo) e 2

fCorresponding author: (Phone) +82-02-880-4971 (E-mail) gnah.nicem@snu.ac.kr

DSt et AR E )74

ol AR B E 1D £

e ety sAYAETE 7Y &
W EYeE AR AEE] 718 &
A gefsta R ol 35 7179

A2 A E AR 9 / Senior analyst, Genome Analysis Center, NICEM, Seoul National University, Seoul 08826, Korea
AR AE A9 / Researcher, Genome Analysis Center, NICEM, Seoul National University, Seoul 08826, Korea

A E "4/‘“ B <A+ / Senior researcher, Genome Analysis Center, NICEM, Seoul National University, Seoul 08826, Korea
A& 4 AlE] A A A9 / Principal researcher, Genome Analysis Center, NICEM, Seoul National University, Seoul 08826, Korea
FAA A2 E] AE] 4 / Head, Genome analysis Center, NICEM, Seoul National University, Seoul 08826, Korea

348


https://crossmark.crossref.org/dialog/?doi=10.7783/KJMCS.2025.33.6.348&domain=https://medicinalcrop.org/&uri_scheme=http:&cm_version=v1.5

ARRITh =] HSA MR

EAAIEEHE B4 Aol WE}t Wurfbainia Giseke S22 A
2535715 3} (de Boer ef al., 2018). ¢ EAAIESH
Aol W, 7]Eel e & (B)eE Fo dd
Amomume HARAZE 22 Z4A vEE B o] oY
2 o8] 22 Yr= B9 AlF (non-monophyletic) L
wolgke AMdel =8Wth 2 5 Clade VIl &ohe $E52
AHDRE  “Amomum—Villosum group”S 2 E&H Fteld],
FEjA] AW olE} 43 EAAME T Amomum &
S 3] FiEE 5HY 252 olF e ASE UEkth
oJAH Clade VIZ} F-ElslAl Eel€ Algelds HE 2=,
A o] FTF AQIE L Ae] 2x0)|R] AUA Wurfbainiath=
= ThA] 3218 02 ARgalof ghthe o] thiFsE Rl
ok B3 Amomums 71EAE BT MR RS,
Alpinia} Elettaria 7+2- W& &E7HA] 37 Aof sk= &
A7F A7, ole AE 5 AAL A W 2ol
=2 o] opehs e AA =k wEbA Clade VI
&8k TS Wurfbainia 2% Aifshe Aol 7HE B
3, o1& &3 Amomum 2] UASA EAE sdsk= 7t
A H2olehs 28S AXAT (de Boer et dl,
2018). wEbA, A ARIS W, villosa (Lour) Skornick. &
A.D.Poulsen?] oz QAR 9Jom, 7129 A villosum
2 HHA ojgog A Ho] 1AH

AR FALE FEIE 7R B U2 9 25T (Aipinia
kwangsiensis TL.Wu & S.J.Chen)= 3573, 3214, TolA
8, T 9 B HEY S5 Akt Ao Fxeh nf
R 2 thdA zEo 7 XS (Tran et al, 2018). ©]
2]E& 9=7] (pseudostem)s EF3F] =o] 1.53.0mel &
shH, A et 2733 25l ddshs AA SME 5

Hoz gt B YYOE e oAby Ex 5y

=2 0
I=EE=1

o]

<

FEE o|FL, £ WAloA ARZAo|n =3 (labellum)

o AN Ee o] FH7F yehdth 3 7t 92 8t
o] 2& w3 glom, AL AtmkE WEsitt (Delin
and Larsen, 2000).

ARIE 53] F=1 & @ AFellM 2-okg A== Al
Hw, A3 dujol Fructus Amomie FE F2stlA 2
Ak X7 e ARgEo] Sith o] T2 Jf (#HX) ©l
A2 8Tt 715 skoH, dAjol= st a3IAl 5
2 iAol o] 8= QUT} (Feng ef al, 2024; Yang et al, 2022;
Zhang et al., 2025). °12 g ARQ19] A4 7A]9} of2H &
& 7FsAdle B, xs 3 Feivt Bisset A4
o) 2FP7h fAIRECR BF] Hoe A o
3] A7t =BT O BokA B AAEe] TE 3
o4 Weld 5go] 2MEAY} okshgel w2k DNA 718t o
7 ol vig- 2aE Ygolct.

olzist wiAdollM = A=A A (chloroplast genome)
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A A
BAo) F 54 2 ATER d7l o 783 == ¥zt
H3 ok GEA fRAE vnE HEE RS 7R,

Insertion/Deletion (InDel), Single Nucleotide Polymorphism
(SNP), Simple Sequence Repeat (SSR) & THJ3F el DNA
A el E8E e 8T A RIS AT
ot} (Li et al, 2020; Song et al, 2022; Zhu et al., 2023;
Wang et al., 2024).

olol] & AelXe A7k 4
AT JSA FAAE A8k 2HekaL, Ak 75
AAE FAstelsl) ol wiEe® kel Al st
A PAE sk, Hel #45 Fal v T TS
W7kl wel 4 A} ER1H 1,635712] o] (SNP-InDel)
+ large single copy (LSC) Gl HFxlo] Yept E1F 2
ol TEY 5t £8% FH bz B8 SFsHol =
o 53] Lscell 323 11770¢] InDel?t 1,02671¢] SNPE=
Mol Wish o B B W AFHY TR A W=
Sl el A Ao DREITH EE SSR B4
A S8 W £ Aelst A ol Wol AnE FUs

ARIZ 25T 5 el

=
<)

W, 7 T8 ¥R AT F e v v Hd 5
o] 7FsE Zo = Helth & A Ay okgAEe] X9 &
HE 98 T8 A ALdE AT, 4. villosum R L
2AF9] &5 v 719k 579 (marker-assisted identification)
< S 712 AR E8E 5 Us Aotk

Rz %
1. A2 Mg 8

A1 (Amomum villosum Lour., -AAL4H S WKU-2-19-
0927)2} 257 (Alpinia kwangsiensis., TFAAFIHST: WKU-
2-18-0459)¢] Ax¥ Gul (Fig. 1)= Ygustw sho|yst
Ex3wA (http:/foramedica.net)ZF-E EYREQUT)

— Al =

2. DNA & ¥ 2jol=eie] XE}
T Fo AAE o 2HoRRH {4 DNAE Kuo er

Amomum villosum

Alpinia kwangsiensis

Fig. 1. Dried fruits of A. villosum and A. kwangsiensis. Photo
by Dr. Hyun Jo Koo).
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al. (2022)°] Big WS 7|vte® 3 8 ¥E CTAB
(cetyltrimethylammonium bromide) W'H<S ARE-3le] FE319
t}. =% DNAQ Fx9 <X+ NanoDrop E3F%A

(Thermo Scientific Inc., Waltham, MA, USA) % 1% o}7}
22 A A719ES B8l IRlskd

Illumina paired-end (PE) R34 lo]B &= AZA] vl
ol uwal NEXTflex® Rapid DNA Sequencing Kit
(Bioo Scientific, Austin, TX, USA)YE o|-&3s}o] Azts}S T,

ol al

3. gSA 7EH =8 2 IS 2

A G5A A AlE2 NextSeq 1000 =&
(Tlumina Inc., San Diego, CA, USA)S o]&3}o] 3]
o AEAE YA HlolE= Trimmomatic v0.39 (Bolger ef
al., 20145 A1&3te] ojfE] AE 2 AFH A71E AAsSH
o ZFZ PE = (read)E FE3AL FHE =&
NOVOPIlasty v4.3.1 (Dierckxsens et al, 2017)% ©]&3}
HIRA| = 2% (de novo assembly)y 33193, ZHE AE
of thall Y AEA B=E TA] w8 self-mapping W
22 Ag3l Kim et al (2015)2] el w} F2joz
A WA

A 54 (annotationy> GeSeq (Tillich et al., 2017)
AMEste] =9, protein-coding genes (PCGs), transfer
RNA (tRNA) genes, ribosomal RNA (rRNA) genesS X3}
g F8 A FAS IIEAAL ed u FEoE F
7F s AE HEE 9FA F3A A €2 GenBank
o TEEASH, ARIL PV669993, ZFT= PV669995S]
TEHEE Fowgton] AHE BioProject, BioSample,
SRA AH= o33 ZAth A1 7% BioProject PRINA
1301522, BioSample SAMNS50446599, SRA SRR34862458
2 5FE] lon 2772 739 BioProject PRINA1301523,
BioSample SAMN50446624, SRA SRR34863081% 550
AT}

A2 ABAT AR 2775 £33t NCBI GenBank
oA grg A Fo AA JEA FAAE FAH T 28F9
ingroup M E& ARESIA AL, T3 AlES] 21 (outgroup)S
2 Zingiber % 2% S G5A FAAE T et

Atk ZE LS MAFFT v7.526 (Katoh et al, 2002)S
ALg-sle] oA G- E (multiple sequence alignment)yg %133

TR

stk JEE AMES 7IHEC2 MEGA v11.0.13 (Tamura et
al, 2021y ©]83}e Maximum Likelihood (ML) WHOo =
AsTE 753t ML E49lA = TamuraNei 29,
Uniform rates, 22|31 BE I= $X| (Ist, 2nd, 3rd) & H]
W K9] (non-coding sites)S g3 A GrMES AL
SN, A1E = AAL 28] 1,0008] bootstrap F49-8 =35}
At

4. HSA| 7oA ¥o| M

T T 7k GEA 1A Ho) £ MUMmer v3 (Kurtz
et al., 20042 AM&3le] S8t Nucmer HH oS S5
71 A= AR FAA BEE TN, AEE delta
A4d Y2 show-snps FHAL} ChT A4S 2 &3he]
SNP % InDets F=3Iitt. 354 Wols

B
LS |

2 7]F (reference)

T= A (query) A8 F 3 gapel EAISREAIE 71
© 2 SNP¢} InDelz #F3ITt.
TS SSR 42 98] misapl Z=IHE (https:/github.

com/cfljam/SSR_marker design/blob/master/misa.pl)S A}-& 3}
2™, mono-, di-, tri-, tetra-, penta-, hexa-nucleotide W=
MEs G

2% ¢ oz
1. GSAl 7 CIOJE] 8k S8 Zog)
ARl A=A A =dS 17 llumina 719t 2= A

2F 2 FE grimming AT dlol8 A4 2 quality 7
ole Table 13+ Zth ARRIS] 749 Q30 ©)d trimmed 2=
NFEOR F 17478334 Bl=rt AT, 250 73
11,016,779 21=7} AY2k=| ATt

Trimmed 2|=5 7902 ZHE ARRIS] ghsh
A= F 164,070 bpe] ZolE 7HKH, G+C TS 36%=
Uelgth AlEAE Bl=E 2HE AEA FHAd 3z
(reference) M EZ AME-31S] self-mapping 412 wlj3F 3}
on, 2 Az et AeAE oF 30581 E I ATH (Fig.
24). 4, 277 HHdE JEA FAAE 162,449 bpol
Zole} 36.1%2] G+C TS Hom, Ha AvRE oF
365H1 = LEFSITH (Fig. 2B).

ARIF 27| JEA FAle BF

=
<

o
-

=2 AR 7

Table 1. Statistics of next generation sequencing data of A. villosum and A. kwangsiensis.

Species - Reads Bases Q30 Ratio Q20 Ratio GC Ratio
Amomum Raw data 18,906,756 2,854,920,156 94.15 98.3 40.6
villosum Trimmed data 17,478,334 2,639,228,434 97 99.3 40.3
Alpinia Raw data 12,090,251 1,825,627,901 92.62 97.81 45.52
kwangsiensis Trimmed data 11,016,779 1,663,533,629 95.8 98.98 47.12
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Fig. 2. Chloroplast genome coverage depth of (A) A. villosum and (B) A. kwangsiensis. Chloroplast genome coverage depth of (A) A.
villosum and (B) A. kwangsiensis. For A. villosum, the maximum, minimum, and average coverage depths are 2,386 %, 16, and

305X, respectively. For A. kwangsiensis, the corresponding values are 1,628%, 7, and 365X, respectively.

Table 2. Details of the complete chloroplast genome of A
villosum and A. kwangsiensis.

(.

M
s ol

29} eFg Al GC S Ho 2 A w7}t Hor
35

7 A 2] Aol F FolH BAH B4 w
o= gaET. o] A7k A4 wol BAle) ur meA

A.villosum  A. kwangsiensis

Aligned reads

T A 88 TFsde Ssl s 280,524 352,648
Genome size (bp) 164,070 162,449
2. Y= M 2= 2M Organelle coverage (x) 258 328
A. villosum?] QEA FHAE F 164,070 bp=, 88,799 LSC length (bp) 88,799 91,537
bpe] LSC 99, 15353 bpe] small single copy (SSC) D4, SSC length (bp) 15,353 19,308
I3 247} 29,959 bpel inverted repeats (IRa % IRb) ¥ IR length (bp) 29,959 25,802
oz Ao} AT} (Fig. 3A). Annotation A3}, # 7 LSC GC content (%) 33.70 36.30
Ae & 1B e £38H, o] S 87H9] PCGs, 38 SSC GC content (7%) 29.90 38.20
el tRNA 4%, 8712 RNA §AAZ A= 9 IR GC content (%) 41.10 32.90
(Table 2). GC content (%) 36.00 36.10
A. kwangsiensis®] BEA A (PV669995) =3+ AR Total number of genes 133 130
TZE HYow, F 162499 bp, LSC 91,537 bp, SSC PCGs 87 86
19308 bp, IRa % IRb 717} 25802 bp= FA=le] Uttt LS 8 8
(Fig. 3B). 319 2 % 1307 542 (86 PCGs, 36 tRNAs, tRNA 38 36
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(A)

Amomum villosum

chloroplast genome
164,070 bp

Jal Tl Tat=l~1"T']
y E

hypotheticalchioroplast reading frames (yc)

Alpinia kwangsiensis

chloroplast genome
162,449 bp

[s] Tl lale]
32322

I other genes
hypotnetical cioropias reacing frames (ych)

Fig. 3. Circular maps of the chloroplast genomes of (A) A. villosum and (B) A. kwangsiensis. Cenes located inside the circle are
transcribed in the counterclockwise direction, whereas those outside are transcribed in the clockwise direction. Gene colors
represent different functional categories. The large single-copy (LSC), small single-copy (SSC), and inverted repeat (IRa and IRb)

regions are also indicated.

8 rRNAsYE X3}l St} (Table 2).
T 39 dEA fdAs AHozm fAket P2E B2
SFoIHAE LSC-SSCIR 77| ZHolok F7A} oA =}
£ Ho E438 wkdshs vMS 23 Holrt
} 7F R8sk

2 =20
, & T
=
[}

235 34L olajshe Hl Fod VA AT, Yot
AEe 918 wo] Yale) AH Ax BD 5 Ak

3. FOAL A Ao}

ARIZ 2] GEA A= Zh2E 13370, 130709 &
AAE E38PH, PCGs 22 8770, 867H, tRNA 4=} zFz+
387, 367, IRNA €42 2% g2 FAEo] Urh (Table

3 and 4). JISE FAAES Y19 715 HEE EFEHIS
™, accD, ccsA, cemA, clpPl, infA, matK, pbfl, rbcL®] 8
FAARE single-copyE, UHA] F-32= EF multi-copy
TAlshs AR UERTE ok&el AR 2] Al
B (Fig. 4ol A2 Wwrfbainia % 165 2 Alpinia
105, 18]35 outgroupl @ AMS-¥El Zingiber < 252 4
A A 271 2 AR ARE ¥ALsSIt) (Table 5).
A3} JZA FHA 2715 160,100 bp~164,069 bp <
, AR = 12570~13970 9ol (AT 2 240 =
AR B 2] GEA A7) F 347 £ ok 2
Helel S gl
ARIF 27 FA7 FAEE 7l

fo w2 |4t Jb Ay b X

F 239 single-

Table 3. Gene annotation of the chloroplast genome of A. villosum.

Category Group of Genes No. of Genes Gene List
Photosynthesis ATP synthase 6 atpA, atpB, atpE, atpF, atpH, atpl
Photosystem | 7 psaA, psaB, psaC, psal, psal, pafl, pafll
psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psb), psbK,
Photosystem II 15 psbL, psbM, psbT, pshZ, pbf1
Cytochrome b6/f complex 6 petA, petB, petD, petC, petl, petN
c-type cytochrome synthesis gene 1 ccsA
Rubisco (large subunit) 1 rbcl
NADH dehydrogenase 19 ndhA, ndhB (x2), ndhC, ndhD, ndhE, ndhF ndhG, ndhH, ndhl,

ndhJ, ndhK
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Table 3. Continued.
Category Group of Genes No. of Genes Gene List
Self-replication RNA polymerase 4 rpoA, rpoB, rpoC1, rpoC2
Large ribosomal proteins (LSU) 11 ml14, rpl16, pl2 (x2), rpl20, mpl22, rpl23 (x2), rpl32, rpl33,
pl36
Small ribosomal proteins (SSU) 15 rps11, rps12 (x2), rps14, rps15, rps16, rps18, rps19 (x2), rps2,
P 1ps3, rps4, rps7 (x2), rps8
Ribosomal RNAs 8 rm16 (x2), rr23 (x2), rrm4.5 (x2), rm5 (x2)
trnA-UGC (x2), trnC-GCA, trnD-GUC, trmE-UUC, trnF-GAA,
trnG-GCC, trG-UCC, trnH-GUG (x2), trnl-CAU (x2), trnl-GAU
Transfer RNAs 38 (x2), trnK-UUU, trl-CAA (x2), trnl-UAA, trnl-UAG, trnM-CAU,

trnN-GUU (x2), trnP-UGG, trnQ-UUG, trnR-ACG (x2), trnR-UCU,
trnS-GCU, trnS-GGA, trnS-UGA, trT-GGU, trnT-UGU, trnV-GAC
(x2), trnV-UAC, trnW-CCA, trnY-GUA, trnfM-CAU

Other genes

Acetyl-CoA carboxylase

Protease

Translation initiation factor
Maturase

Envelope membrane protein
Conserved hypothetical ORFs (ycf)

A 2 4O a4

accD

clpP1

infA

matK

cemA

ycf1 (x2), ycf2 (x2)

Table 4. Gene annotation of the chloroplast genome of A. kwangsiensis.

Category

Group of Genes No. of Genes

Gene List

Photosynthesis

ATP synthase 6

atpA, atpB, atpL, atpF, atpH, atpl

Photosystem | 7 psaA, psaB, psaC, psal, psaJ, pafl, pafll

Photosystem I 15 g zg’é’pfzﬁi 5;5%)5;;%5;[)5 psbf; psbH, psbl, psb), psbK,

Cytochrome b6/f complex 6 petA, petB, petD, petC, petl, petN

c-type cytochrome synthesis gene 1 ccsA

Rubisco (large subunit) 1 rbcl

NADH dehydrogenase 12 ZZZ?”ZI(;IS(B (x2), ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl,

Self-replication RNA polymerase 4 rpoA, rpoB, rpoC1, rpoC2

Large ribosomal proteins (LSU) 11 :ggg, pl16, rpl2 (x2), rpl20, rpl22, rpl23 (x2), rpl32, rpl33,

Small ribosomal proteins (SSU) 15 rps11, rps12 (x2), rps14, rps15, rps16, rps18, rps19 (x2), rps2,
rps3, rps4, rps7 (x2), rps8

Ribosomal RNAs 8 rm16 (x2), 23 (x2), rr4.5 (x2), rr5 (x2)
trnA-UGC (x2), trnC-GCA, trnD-GUC, trnE-UUC, trnF-GAA,
trnG-GCC, trnH-GUG (x2), trnl-GAU (x2), trnK-UUU, trnl-TAG,

W b i
trnS-GCT (x2), trnT-UGU, trnT-GGU, trnV-GAC, trnV-UAC,
trnW-CCA, trnY-GUA

Other genes Acetyl-CoA carboxylase 1 accD

Protease 1 clpP1

Translation initiation factor 1 infA

Maturase 1 matK

Envelope membrane protein 1 cemA

Conserved hypothetical ORFs 3 ycfl, ycf2 (x2)
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Table 5. Summary of the complete chloroplast genomes used in the phylogenetic tree.

Species (Accession) Genome size (bp) Cene (al)  PCGCs rRNA tRNA

Wurfbainia compacta (MG000589.1) 162,176 127 89 8 30
Wurfbainia longiligularis (MK889505.1) 163,608 125 87 8 30
Wurfbainia longiligularis (NC_044774.1) 164,068 133 87 8 38
Wurfbainia longiligularis isolate Y19019 (MN067434.1) 163,608 133 87 8 38
Wurfbainia longiligularis isolate Y19020 (MN067435.1) 163,608 133 87 8 38
Wurfbainia neoaurantiaca (MW145134.1) 163,534 133 87 8 38
Waurfbainia neoaurantiaca voucher Y20180726015 (NC_057208.1) 163,534 133 87 8 38
Wurfbainia villosa (MH161416.1) 164,068 133 87 8 38
Waurfbainia villosa (MH161418.1) 164,069 133 87 8 38
Waurfbainia villosa (MK262730.1) 163,608 133 87 8 38
Wurfbainia villosa (MK389642.1) 163,733 126 88 8 30
Waurfbainia villosa isolate Y19017 (MN067431.1) 164,068 133 87 8 38
Waurfbainia villosa isolate Y19021 (MN067432.1) 164,069 133 87 8 38
Waurfbainia villosa (MN931250.1) 164,069 133 87 8 38
Wurfbainia villosa var. xanthioides (MH161417.1) 163,985 133 87 8 38
Wurfbainia villosa var. xanthioides isolate Y19018 (NC_044747.1) 163,981 133 87 8 38
Alpinia chinensis (NC_050165.1) 163,590 136 91 8 37
Alpinia galanga (MZ066611.1) 160,100 133 87 8 38
Alpinia hainanensis (MK262728.1) 162,387 133 87 8 38
Alpinia japonica (NC_083220.1) 161,906 133 87 8 38
Alpinia katsumadae (NC_048461.1) 162,387 133 87 8 38
Alpinia katsumadai (NC_048461.1) 162,387 133 87 8 38
Alpinia kwangsiensis (MZ066612.1) 162,323 133 87 8 38
Alpinia officinarum (MT254526.1) 162,137 132 86 8 38
Alpinia oxyphylla (KY985237.1) 161,990 139 92 8 39
Alpinia pumila (NC_048462.1) 161,920 133 87 8 38
Zingiber officinale (NC_044775.1) 162,621 133 87 8 38
Zingiber yingjiangense (OP869983.1) 163,623 133 87 8 38
copy A WGOIN & HEAS HolUAME AR 2 & AsAl AR

ol wAIEE ol LERle], ¥ Fo] 92A] $ENM o
BH AR P2E fA5E F 5014 Welg ATk
2 A,

4. AST 2M 2

E AT = Zingiberaceae?} 1 UlE FES XTS5
FAEA FAA 71 ATEAS FHEATE Maximum
Likelihood 7|Ho2 F=¥ AleSg A3, ARIE W, villosa 2
W. longiligularis <=3+ A Wurfbainia 40X =2 AX%k
(bootstrap 7% 100)22 7}3HAl F212EHF =t} (Fig. 4). ©|
= 71 Amomum® Wurfbainia < 7+ 55 Z3A17F HESIA|
th= AYATE X8I (de Boer ef al., 2018), A. villosum
o] A ASHA S 2= Wurfbainia < T 388 /Y
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SHA, 2= A kwangsiensis®t $A| Alpinia 404 St
H Fdol=& B3I} (bootstrap # 100). =79} A.
kwangsiensis= QEA FAA 719 AleT A A =2 A
A%k (bootstrap 100)°0. = FFol= FFAQ] GUAI TS I
stod, = Fol Alpinia < WollA vi-g- 23S 31512 AAI<
S HAFT ol F Fo| Alpinia £° SHE
(monophyletic cladeys gd3tth= 71 EFAAE 73
A5 Aol (Zhang ef al., 2021).
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As B4 A3, F AlE= GenBankol] 558 2AFTEHY]
Fej2EH™YAM 2 Amomum (=Wurfbainia) 43} Alpinia
ol k= Zlog Hes] Rl o= 71ES] AlE &
Fob dAlele A=, AR T4 A g AR
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Fig. 4. Maximum-likelihood phylogenetic tree showing the relationships of A. villosum and A. kwangsiensis (highlighted in bold)
with their close relatives. The analysis was based on complete chloroplast genome sequences of A. villosum, A. kwangsiensis,
and 27 additional accessions from the genera Amomum and Alpinia, using Zingiber yingjiangense and Zingiber officinale as
outgroups. Bootstrap support values based on 1,000 replicates are shown at each node.

t} (de Boer et al, 2018; Liu et al, 2022; Yang et al.,
2021). WA T o] BAH Aol 71E HRAAS d@
P& GO GFA FAA AW AT YRt AY 2
Frsel AsA WAS A2 A e, ok Q4%
o] Fesl & Adolx FE3 27 2 F S-S AXKEITh

5. 28 HOXY 24 Zi}

A. villosum3} A. kwangsiensis®] HSA DNA A€ 7+ A
o] EAS 243}7] 98 SSR, InDel, SNP £4-& 43)51%]

th SSR ¥4 A3, F F ZF AolE Hole SSR WHE
ztol7F EAER ™, A villosumo)X Z 106712] SSRe], A.
kwangsiensisoIAl 697112] SSRe] AZFHUTH F F EFolA
mononucleotide SSRe| 7Fg =2 H| &S A5 oH,
HEE-2 Aro=z v He=z

Ry T W

dinucleotide %! trinucleotide
LERST} (Table 6).

T3 F 1L6357HC] WHol7t AEEHSIICH, o] F 157
InDel, 14787} SNPIT} (Table 7). 123k ®Wol= LSC,
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SSC ¥ IR ¥ we} F3lsh the 2 e BHilor,
LSColA 7 B ®lol7F JF o] YElsTt (Fig. 5). LSC
F9elM= F 117719 InDels} 1,026712] SNP7F HEE RS
), SSC ¥ IR ¥9& X33t 7|e} A E 4070 <]

InDel#} 452711¢] SNP7} £¥3h= Z o2 YUERIt} (Table 8

Table 6. Simple sequence repeats (SSRs) identified in the
chloroplast genomes of A. villosum and A. kwangsiensis.

Repeat motif type A. villosum A. kwangsiensis
Mononucleotide (=10 bp) 91 58
Dinucleotide (=6 repeats) 14 11
Trinucleotide (=5 repeats) 1 0

Total 106 69

Table 7. Summary of sequence variants detected between A.
villosum and A. kwangsiensis.

SNPs Insertions (INS) Deletions (DEL)
1,478 81 76

Total variants
1,635
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Fig. 5. Distribution of sequence variants across the chloroplast genomes of A. villosum and A. kwangsiensis. Single nucleotide
polymorphisms (SNPs) and insertions/deletions (InDels) between A. villosum and A. kwangsiensis were identified using the
complete chloroplast genome of A. kwangsiensis as the reference. Variants are plotted along the genome coordinate axis, with
SNPs shown in orange and InDels in red. The structural regions of the chloroplast genome—the age sindgle-copy (LSO), small
single-copy (SSC), and inverted repeat (IR) regions—are indicated by semi-transparent background shading.

Table 8. Distribution of SNPs and InDels across chloroplast LA Hrksl & E BAS B U Holef E7F Hol|E
genomic regions of A. villosum and A. kwangsiensis. W) wEo 24 ThEES Solalis Ao e Assolol 3 A
Region InDel SNP Total olth. IR S ZE Eoly, Wiz, T tA 5=
LsC 17 1,026 1,143 < ARl B2 AAE £ w7t AYE 24 ok
55€ 12 261 273 NEIA AR e F ol FPERS BIsle] Ko
IRb 13 102 15 2 op A% F 540 H3ta v AlEr} g9 ool
IRa 15 89 104 M wie 71eAx 5o Fed 540 olge A4
Total 157 1,478 1,635 & FAdME PgH o SR F7 welert grE
. . . AL, AEE 2o wEwos 2eE £ Qe Zlolrh EF
e atween A Hlosam and A wangsenss. o 2 018U B BB AR FEHA S99
Position _ , e S wo] fF dEISt T2 B3] AFAQ 7
(A. villosum) Region Varianttype  Base change o= o Qo= A=)
119 LSC SNP A—G B Aelrs AR 2510 984 fHAE &d =¥
204 LSC InDel T—TA afo] PR S v A3 T F BE 2 2R
1,532 LSC SNP C—A T dAE A 58S BeH, AlF EAdXE 7k
32,110 LSC InDel AT— A Wurfbainia 53¢ Alpinia $9) =& AAFLOR SHgzog F
90,215 IRb SNP G—T 2B E o] AR T4 A eFAdo] RIS gt
123,522 SSC InDel A—> ATAT SSR, InDel, SNP ¥4& 53 F & 7F 53518 Ho| Z}o|7}
150,993 IRa SNP T—C EAS s, 53] LSC FYdllr &2 o] dUwvt
HaEo] F7F el f8gh $1 Ho| JAUL AAEITE
and 9). olf3t Blo] ARE nlEgo R T2 FH nAEL FF
£ woliA Az SSR, InDel, SNPA F & 2F WEst W Wlo] AT B FF 5ol Hrie Fall o e dE
ol sjee] I om, 53] LSC el =& ¥l ¥ mRE FgE F 9lon, FFFoE e vhdo] o A
7t Ao} F 7k S S f8e A 24 49 Al #£5 MR AEE 2L F WES Ve sl &
S AAREITE o] Wol B 5 uiA skt oAl F 0 Y-9iWx WA 2 FE e el 7199 Ao R Z|diErt
T AelA] ARl AR E8E 5 Ut
B AFoA =ZE NGS 7|9F SSR-SNP-InDel WAES ZIe] 2
AA| Wolol T vHg Aol fdAFe1A] Ek1st] Qe &
% PCR % Sanger sequencing®Z 75o] HQ3slt} o2 E AFE 20259 % AF oA B -ERFaEe] )
B ENoM w2 A A4 9D 7 T 3R E A Az 9 w7 I8 A1 (22193444191471-3)
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