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Abstract

To clarify the genetic background of Neofinetia falcata varietal resources and
construct a DNA fingerprinting system for precise identification, this study de-
veloped and screened 20 pairs of polymorphic SSR primers through transcrip-
tome sequencing, and performed clustering and genetic diversity analyses on 99
N. falcata germplasms. The results showed that: (1) A total of 214 alleles were
detected by the 20 primer pairs, with an average number of alleles (Na) of 10.7,
an average expected heterozygosity (He) of 0.6784, and an average polymor-
phism information content (PIC) of 0.6348, indicating high genetic diversity in
the cultivated population of N. falcata. (2) The genetic distances among the
99 N. falcata germplasms ranged from 0 to 3.9197, with an average genetic
distance of 0.9203, suggesting that some varieties may be synonyms or clonal
materials with highly consistent genetic backgrounds. (3) Cluster analysis and
principal coordinate analysis divided the 99 germplasms into 15 groups, each
showing obvious aggregation trends in phenotypic traits such as flower color
and root type, and differences in genetic diversity among groups were closely
related to group size and varietal origin. (4) Based on the genetic diversity
analysis, a digital fingerprinting system encoded according to SSR allele sizes
was constructed, and QR codes were generated containing variety name, leaf
shape, leaf color, flower color, root color, flowering time, and digital fingerprint
number, enabling precise molecular identification of 92 varieties (discrimination
rate 92.9%). This fingerprint map provides a reliable tool for the protection of
N. falcata variety rights, market identification, and breeding parent selection,
and lays a molecular foundation for the conservation of N. falcata germplasm
resources and varietal innovation. This study completed the genetic analysis
and construction of an SSR fingerprint database for 99 N. falcata germplasms,
providing important data support for systematic research in this field.
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Abstract: To clarify the genetic background of Neofinetia falcata variety re-
sources and construct a DNA fingerprint map that can enable accurate identifi-
cation, this study developed and screened 20 pairs of SSR polymorphic primers
through transcriptome sequencing, and conducted clustering and genetic diver-
sity analyses on 99 accessions of N. falcata germplasm. The results showed that:
(1) The 20 primer pairs detected a total of 214 alleles, with an average number
of alleles (N,,) of 10.7, an average expected heterozygosity (H,) of 0.678 4, and
an average polymorphism information content (PIC) of 0.634 8, indicating that
the cultivated population of N. falcata possessed relatively high genetic diversity.
(2) The genetic distances among the 99 accessions of N. falcata ranged from 0
to 3.919 7, with an average genetic distance of 0.920 3; some varieties may be
synonyms or clonal materials with highly consistent genetic backgrounds. (3)
Cluster analysis and principal coordinate analysis divided the 99 accessions into
15 groups. Each group showed clear clustering trends in phenotypic traits such
as flower color and root type, and differences in genetic diversity among groups
were closely related to group size and variety origin. (4) On the basis of genetic
diversity analysis, a digital fingerprinting system based on SSR allele size cod-
ing was constructed, and a two-dimensional code was generated, including the
variety name, leaf shape, leaf color, flower color, root color, flowering time, and
digital fingerprint number, achieving accurate molecular identification of 92 va-
rieties (resolution rate 92.9%). This fingerprint map provides a reliable tool for
the rights protection, market identification, and parental selection in breeding
of N. falcata varieties, and lays a molecular foundation for the conservation of N.
falcata germplasm resources and variety innovation. This study completed the
genetic analysis of 99 N. falcata germplasm accessions and the construction of
an SSR fingerprint database, providing important data support for systematic
research in this field.

Key words: Neofinetia falcata; SSR markers; genetic diversity; DNA finger-
print; cluster analysis; variety identification
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Abstract: To reveal the genetic background and germplasm characteristics of
Neofinetia falcata, and to establish an accurate DNA fingerprint construction,
20 pairs of polymorphic SSR markers developed from transcriptome sequencing
were used to evaluate the genetic diversity and relationships of 99 accessions.
The results were as follows: (1) A total of 214 alleles were detected across the
20 primer pairs, with an average number of alleles per locus (N,) of 10.7, an
average expected heterozygosity (H,) of 0.678 4, and an average polymorphism
information content (PIC)

Funding project: Ningbo Fenghua District Agricultural and Social Develop-
ment Science and Technology Plan Project (202402106).
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of 0.634 8, indicating a relatively high level of genetic diversity within the culti-
vated population.

(2) The genetic distances among the 99 germplasms ranged from 0 to 3.919 7,
with an average of 0.920 3, suggesting that some varieties might be synonyms
or clonal materials with highly consistent genetic backgrounds.

(3) Cluster analysis and principal coordinate analysis divided the 99 germplasms
into 15 groups, showing evident aggregation trends in phenotypic traits such as
flower color and root type; moreover, the genetic diversity of these groups was
closely related to group size and varietal origin.

(4) Based on the genetic diversity analysis, a digital fingerprinting system encod-
ing SSR allele sizes was constructed, and corresponding QR codes containing
variety name, leaf shape, leaf color, flower color, root color, flowering time, and
digital fingerprint number were generated, enabling accurate molecular identifi-
cation of 92 varieties (distinguishing rate of 92.9%). This fingerprint database
provides a reliable tool for variety rights protection, market authentication, and
parental selection in breeding, thereby laying a molecular foundation for the con-
servation and innovative utilization of Neofinetia falcata germplasm resources.
This study systematically presents the genetic analysis and SSR, fingerprint li-
brary construction of 99 Neofinetia falcata germplasms, providing important
data support for systematic research in this field.

Keywords: Neofinetia falcata, SSR markers, genetic diversity, DNA fingerprint,
cluster analysis, variety identification

Neofinetia falcata, also known as Fu-lan or Xian-cao-lan, belongs to Neofinetia
in the family Orchidaceae and is a rare epiphytic orchid (Yang Boyun et al.,
1997, Wang Weidong et al., 2014). Neofinetia falcata has high ornamental value
and is highly favored in the market (Sascha et al., 2012). As a national Class 1T
key protected wild plant, N. falcata is mainly distributed in dense valley forests
in Jiangxi, Sichuan, Fujian, Zhejiang, and other regions (Lin Li et al., 2017).
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At present, the N. falcata germplasm circulating in the domestic market can
mainly be divided into two categories: one consists of expensive horticultural
varieties introduced from Japan and South Korea (as of 2025, the varieties reg-
istered with the Japan Fukiran Society had reached 238). In addition, as the
international registration authority for orchid plants, the Royal Horticultural
Society (RHS) in the United Kingdom also has registration records for horticul-
tural varieties of Neofinetia, reflecting global horticultural interest in this genus;
the other category consists of relatively inexpensive domestic native germplasm,
including wild-collected and tissue-culture-propagated materials (Li Chunhua
and Li Kicheng, 2019). Market demand poses a serious threat to China’ s wild
N. falcata resources, while basic research and management related to N. fal-
cata both have obvious shortcomings: problems such as taxonomic confusion
among closely related genera, scattered resource conservation, confusion in folk
naming, and unclear kinship relationships have seriously restricted the effective
utilization of resources and varietal innovation (Zhang Ying et al., 2010). There-
fore, systematically carrying out research on the genetic diversity of N. falcata
and constructing a DNA fingerprint database have become urgent foundational
tasks for realizing its variety identification, scientific conservation, and efficient
breeding.

Molecular markers are genetic markers capable of accurately revealing DNA
differences among biological individuals or populations. Among them, simple
sequence repeats (SSR), because of their high polymorphism and codominance,
have become core tools for plant genetic diversity analysis and genetic map
construction (Varshney et al., 2005; Sun et al., 2025; Zhao et al., 2025). In
orchids, SSR markers have been widely used in germplasm identification, kin-
ship analysis, and construction of molecular identity cards for taxa such as
moth orchid (Phalaenopsis aphrodite), large-flowered cymbidium (Cymbidium
hybridum), Dendrobium loddigesii, spring orchid (Cymbidium goeringii), and C.
ensifolium (Zhang Shuiming et al., 2012; Cai et al., 2012; Lee et al., 2012; Liu
et al., 2014; Shen Hongzhe et al., 2022; Juan et al., 2023). In recent years, DNA
fingerprints based on SSR markers have been successfully established for crops
such as native moth orchid germplasm (Xiao Wenfang et al., 2026) and snow
eggplant (Wang Lingling et al., 2021), enabling precise molecular identification
of varieties. However, for N. falcata, a rare orchid plant, based on polymorphic
molecular

markers, systematic genetic diversity analysis of germplasm developed through
tissue culture, phylogenetic relationship analysis, and DNA fingerprint map con-
struction have still only rarely been reported. Relevant studies have mostly fo-
cused on morphological classification and tissue culture (Hua Wen, 2020; Ding
Changchun et al., 2020; Qi Lulu et al., 2022). Matsuba et al. (2015) constructed
an artificial chromosome (BAC) library of Neofinetia falcata and used it for
molecular cytogenetic analysis, but did not involve systematic analysis of popu-
lation genetic diversity or cultivar phylogenetic relationships. Park et al. (2018),
based on SSR markers, conducted a genetic evaluation of wild Neofinetia falcata
populations in Korea and found that their genetic diversity was relatively low
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and that they had a genetic bottleneck; however, the study subjects were lim-
ited to wild populations and did not cover the numerous horticultural cultivars
with complex genetic backgrounds. Therefore, assessing genetic diversity and
constructing DNA fingerprint maps for Neofinetia falcata cultivated germplasm
have become urgent tasks for supporting the conservation and sustainable uti-
lization of its resources; at present, related studies remain relatively scattered
and lack systematic data support.

In summary, although existing studies have provided preliminary clues for the
conservation of Neofinetia falcata, for the large number of cultivated cultivars
with confused nomenclature, the following three scientific questions have not
yvet been systematically answered: what the level of genetic diversity is, how
phylogenetic relationships among cultivars should be delimited, and whether a
reliable molecular fingerprinting system can be established to achieve accurate
identification. Therefore, using 99 Neofinetia falcata cultivated germplasm ac-
cessions as the research objects and relying on SSR molecular marker technology,
this study carried out genetic diversity analysis, cluster analysis, and fingerprint
map construction, aiming to answer the above questions and provide key techni-
cal support for Neofinetia falcata cultivar-right protection, market authenticity
identification, and marker-assisted molecular breeding.

1 Materials and Methods

1.1 Experimental Materials

All experimental materials were obtained from Ningbo Xingyuan Agricultural
Technology Co., Ltd., comprising a total of 99 Neofinetia falcata germplasm
materials (Table 1). In mid-August 2025, disease- and pest-free young and
mature leaves were collected and temporarily stored in liquid nitrogen before
being placed in a —80 °C freezer for later use.

Table 1 Names of 99 Neofinetia falcata germplasm resources

Cultivar Cultivar Cultivar
No. Name No. Name No. Name
1 ‘Taijix- 34 67  ‘Cuihua-
ian’ N. ‘Honghua- dian’ N.
falcata dian’ N. falcata
‘Taegeuk- falcata ‘Suikaden’
sun’ ‘Benikaden’
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Cultivar Cultivar Cultivar
No. Name No. Name No. Name
2 ‘Fuguid- 35  ‘Zhu 68  ‘Qi-
ian’ N. Tian- uhongjin’
falcata wanghu’ N.
‘Fukiden’ N. falcata
falcata ‘Shuukou
‘Shutenno Nishiki’
Tora’
3 36 ‘Zizhi’ 69
Xichudw’ N. ‘Jinlouge’
N. falcata N.
falcata ‘Shiori’ falcata
‘Nishidemiyako’ ‘Kinkakurow’
4 ‘Xihe’ 37 ‘Hong- 70  ‘Bainiao’
N. tiangou’ N.
falcata N. falcata
‘Saikakw’ falcata ‘Shira-
‘Ben- tori’
itengu’
) ‘Yinshi- 38 ‘Beimi 71
jie’ N. hu N. ‘Qingzhou
falcata falcata Fugui’ N.
‘Ginsekai’ ‘Himiko’ falcata
‘Seijiku
Fugaku’
6 “Yujin’ 39 72 ‘Dajiang
N. ‘Qinghai’ Wanjin’
falcata N. N.
‘Taman- falcata falcata
ishik?’ ‘Seikai’ ‘Oe-
marushima’
7  ‘Zhenhe’ 40 73
‘Jianguo’ ‘Xiansan’
No. Cultivar No. Cultivar No. Cultivar
N. N. N.
falcata falcata falcata
‘Man- ‘Kenkoku’ ‘Konsan’
azuru’
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No. Cultivar No. Cultivar No. Cultivar

8 ‘GE N 41 ‘B/E N T4 CEHEEER
falcata falcata N.

‘Koto’ ‘Kansetsuw’ falcata
‘Chousen
Tetsuw’

9 EHRZE 42 ‘BkLsw 75 K&
N. N. N.
falcata falcata falcata
‘Ko- ‘Momoya- ‘Kousu-
toyuki’ man- ishouw’

ishik?’

10 ‘BEEFE 43 BhLE 76 ® N
N. N. falcata
falcata falcata ‘Douw’
‘Hyug- ‘Seijyu’
amoko’

11 ‘KRB N. 4  ‘=HF N T CRER
falcata falcata N.
‘Cheon- ‘Seijyu’ falcata
myung’ ‘Houshouden’

12 ‘#wxEH 45 BHE 78 @y N
N. N. falcata
falcata falcata ‘Shinkyoku’
‘AmamiKan- ‘Mameba
pakw Gashima’

13  ‘BfEz 46  KER 79 CRRHN
& N. N. N.
falcata falcata falcata
‘Takachiho ‘Tenkyu- ‘Inkei
no den’ Maru’
Shima’

14 “S#EzZar 47 EEX 80 “Ex N.
N. N. falcata
falcata falcata ‘Shingen’
‘Ko- ‘Kaioumaru’
tokonot-
surugi’

15 ‘s 48  ‘B¥ N. 81 ‘“4I% N.
N. falcata falcata
falcata ‘Kurohyo’ ‘Kougen’
‘Koga-
hon-
ishik?’
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No. Cultivar No. Cultivar No. Cultivar

16 ‘=% N 49  EBE N 82 BRF
falcata Falcata N.
‘Takaran- ‘Suisen’ falcata
ishiki’ ‘Kokuryu-

uhouw’

17 4R N 50 ‘&% N 83 O
falcata falcata N.
‘Orihime’ ‘Kim- falcata

puku’ ‘Benib-
otan’

18 ‘B 51 ‘RREY 84 EER
N. N. N.
falcata falcata falcata
“Yugan- ‘Kouki- ‘Shishin-
ishiki’ den’ den’

19 %% N 52 ‘= N. 85  REEF
falcata falcata N.
‘Sakura ‘Ryokuun’ falcata
Nishik?’ ‘Gen-

shouji’

20 HzHEE 53  BRES 86  HP_EFE
N. N. N.
falcata falcata falcata
‘Akino- ‘Ginfuu ‘Miyako-
maihime’ Shi- habutae’

rogashima’

21 R/EAN 54 ‘HX N 87  a< N.
N. falcata falcata
falcata ‘Jukou’ ‘Hakurei’
‘Kifujin’

22 B® N 55 CHER 88 ‘4O N.
falcata N. falcata
‘Suihow’ falcata ‘Koukow’

‘Kon-
haryuuw’

23 WX N 56  ‘RE N. 89 ‘AFX N
falcata falcata falcata
‘Manten’ ‘Hougyokuw ‘Hime’

24 ‘BEY N. 57 "X N 90  ®®E N.
falcata falcata falcata
‘Reimet’ ‘Hanagoromo’ ‘Hana

kanzashi’
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No. Cultivar No. Cultivar No. Cultivar
25 am’ N 58  HEMAY 91 ‘BER’ N.
falcata N. falcata
‘Be- falcata ‘Shingetsu’

niougi’ ‘Shun-
gawa
Botan’

No. Germplasm No. Germplasm No. Germplasm
26 PEE 59  ‘Hrwy 92  ‘RR®
N. N. N.
falcata falcata falcata
‘Mangekyou’ ‘Set- ‘Ryuzen

suchuu nishiki’
Matsu’

27T kE N 60  NFH 93  ‘BHIE
falcata N. N.
‘Hwayeong’ falcata falcata

“Yachiyo’ “Yoki-
hime’

28  ‘tBF N. 61 ‘GIE N. 94  EAW
falcata falcata N.
‘Asahiza- ‘Kenouw’ falcata
kar?’ ‘Cuiyuehu’

29 ‘smay 62  ®M=E N 95  ‘EBEI® N
N. falcata falcata
falcata ‘Shu- ‘Douwa’
‘Man- uhouw’
jushage’

30 CEERY 63 ‘BmW 96  ‘HREK
N. N. N.
falcata falcata falcata
‘Houmei- ‘Kiun- ‘Ginset-
den’ ryuu’ surei’

31 x> 64 ‘BAX 97  ‘HE N
N. N. falcata
falcata falcata ‘Musashi’
‘Shikin- ‘Nichiget-
ten’ sukow’
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DNA agarose gel electrophoresis results of partial Neofinetia falcata
germplasms

Figure 1: DNA agarose gel electrophoresis results of partial Neofinetia falcata

germplasms

No. Germplasm No. Germplasm No. Germplasm
32 RREF 65  EWREW 98  BLO2ZHE
N. N. N.
falcata falcata falcata
‘Shuten- ‘Kingin- ‘Mugenoshima’
doji’ rasha’
33 BRAE 66  ‘BW N 99 R= N
N. falcata falcata
falcata ‘Raizan’
‘Mame-
teng
Koubai’

1.2 Experimental Methods
1.2.1 DNA Extraction and Detection

A magnetic-bead reagent kit from Beijing Boyoushun Biotechnology Co.,
Ltd. was used to extract genomic DNA from 99 samples. Three uL. of DNA
sample was taken and detected by 1.5% agarose gel electrophoresis; finally, the
DNA was diluted to 50 ng - pL"-1 and stored at -20 °C (Fig. 1).

Lanes from left to right correspond to varieties 1-24 (upper panel) and 25-48
(lower panel); M. DNA marker (DL2 000).

Fig. 1 DNA agarose gel electrophoresis results of partial Neofinetia falcata
germplasms

1.2.2 Transcriptome Sequencing and SSR Primer Design

Using wild plants as the test material, mature leaves were collected, stored in
dry ice, and sent to Shanghai Majorbio Bio-pharm Technology Co., Ltd. for
transcriptome sequencing. The sequencing platform was [lumina Noveseq 6000,
with three repeated sequencing runs. After the raw data were filtered and
quality-checked,

Clean reads were obtained; Trinity v2.8.5 was used to perform de novo assembly
of the clean reads, yielding unigene sequences. MISA v1.0 was used to search all
unigenes for SSR loci, and unigene sequences containing SSR loci were randomly
selected. Primer 3.0 was then used to design 100 pairs of SSR candidate primers.
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Fig. 2 Preliminary screening of candidate primer pairs by agarose gel
electrophoresis

Figure 2: Fig. 2 Preliminary screening of candidate primer pairs by agarose gel
electrophoresis

1.2.3 Primer screening and capillary electrophoresis

Using the DNA of six preselected cultivars— ‘Hikari Mouko’ , ‘Benitengu’ ,
‘Qinghai’ , ‘Beniougi’ , ‘Koto no Tsurugi’ , and ‘Fugui Dian’ —as templates,
PCR amplification and preliminary screening were performed for the 100 pairs
of candidate primers (Appendix Table 1). During primer screening, the anneal-
ing temperature differed among primers. All primer PCR amplification prod-
ucts were preliminarily screened using 1.5% agarose gel electrophoresis (Fig. 2),
and samples with clear bands and consistent brightness were selected. These
screened samples were then subjected to 6% denaturing polyacrylamide gel elec-
trophoresis to further verify primer polymorphism (Fig. 3). Finally, based on
the clarity of amplified bands, polymorphism richness, and stability, 20 pairs
of core SSR primers were selected for subsequent population genetic analysis
(Table 2). The PCR reaction system (total 20 uL) was as follows: ddH,O 7
uL, 2x Easy Taq PCR Super Mix 10 pL, 10 pgmol - L~! forward and reverse
primers 0.5 ul. each, and DNA template 2 yL. The reaction program was: pre-
denaturation at 94 °C for 5 min; denaturation at 94 °C for 30 s, annealing for
35 s (the annealing temperatures of each primer are shown in Table 2), and
extension at 72 °C for 40 s, for a total of 35 cycles; final extension at 72 °C
for 3 min. PCR products were subjected to capillary electrophoresis using a
3730 XL sequencer (ABI, USA), and the original peak profiles were analyzed
with Genemarker V2.2.0 software to determine the allele sizes of each sample at
different loci.

P1-P16 and P85-P100 are primers; lanes from left to right correspond to Ne-
ofinetia falcata cultivars 10, 37, 39, 25, 14, and 2; M. DNA marker (DL2 000).

Primers used: P1-P16, P85-P100; Lanes from left to right correspond to Ne-
ofinetia falcata varieties 10, 37, 39, 25, 14, and 2; M. DNA marker (DL2 000).

Fig. 2 Preliminary screening of candidate primer pairs by agarose gel elec-
trophoresis.

Primers are denoted as P; lanes from left to right correspond to Neofinetia
falcata varieties 10, 37, 39, 25, 14, and 2; M. DNA marker (DL 500).

Fig. 3 PAGE analysis results

1.2.4 Genetic diversity analysis

Based on the genotype data of alleles amplified in 99 Neofinetia falcata
germplasms using 20 pairs of core SSR primers, the following population
genetic diversity parameters were calculated with Popgene v1.32 software: the
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number of alleles per locus (N,

), effective number of alleles (N,), observed
heterozygosity (H,), expected heterozygosity (H,), Nei’ s gene diversity index
(H), and Shannon’ s information index (I). Meanwhile, PowerMarker software
was used to calculate the polymorphism information content (PIC) of each
locus, classify the polymorphism level of the primers, and evaluate the level of
genetic variation within the population.

1.2.5 Analysis of population genetic relationships

Based on Nei’ s (1972) standard genetic distance, Mega 7.0 software was used
to construct a phylogenetic tree by the unweighted pair-group method with
arithmetic mean, so as to visually display the genetic relationships and grouping
patterns among the 99 Neofinetia falcata germplasms. The core genetic diversity
parameters of each group and the genetic distances among core groups were
calculated. At the same time, based on the genetic distance matrix, principal
coordinate analysis (PCoA) was performed using GenAlEx software.

1.2.6 Construction of SSR fingerprint profiles

To achieve accurate molecular identification of Neofinetia falcata germplasms,
the method of Wang Qionggiong et al. (2021) was referenced to construct a
unique digital fingerprint code for each germplasm. The specific method was as
follows: the sizes of allele fragments in each sample were encoded in a fixed order
as numeric strings to form core fingerprint data. SSR primers were sequentially
coded as A, B, C, - . The amplified band data corresponding to each SSR
primer for each material were recorded; when the product was a single band,
only the band size was recorded (omitting the unit bp). If the amplification
product contained multiple bands, the numbers were connected with “~” ; if
there was no amplified band, it was indicated by 0. In this way, different varieties
were encoded as band-type codes composed of letters and numbers. Thereafter,
online software was submitted to -

(http://cli.im/) to generate QR codes, and the information such as species
name, botanical classification, and fingerprint-band type number was entered
together. On this basis, an SSR fingerprint map for Cymbidium germplasm was
constructed.

2 Results and Analysis
2.1 Screening of polymorphic SSR primers

Using six cultivars, ‘Rixiang Menghu’, ‘Hong Tiangou’, ‘Qinghai’, ‘Hongshan’
, ‘Hudong Zhijian’ ; and ‘Fugui Dian’ , 20 SSR primer pairs with good poly-
morphism and clear bands were screened from 100 pairs of preselected primers
(Table 2). Among the amplified SSR sequences, dinucleotide repeats were the
predominant type (75%), especially the (AG)n repeat, which had the highest fre-
quency; hexanucleotide repeats also accounted for a certain proportion (20%),
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whereas trinucleotide repeats were relatively few (5%). The expected amplifica-
tion lengths ranged from 140 to 300 bp.

Table 2 Sequence information of 20 SSR primers

Table 2 Sequence information of 20 SSR, primers

Forward Reverse Average
se- se- GC  Annealing
Repeat  quence quence content tempera-
Number Primer motifs  (5"-3")  (5'-3') (%)  ture (°C)
1 P4 (€T CACACAUOTIGHAAGHAGAAA 60
TGTC GCGA
2 P11 (AG) CCTTATAHGAGAATCCRACCC 60
AGCC ATCC
3 P16 (AG) TCGACAJUUARGATCTCBGETCTC 60
CTTCT GGC
4 P17 (ca) TCAATC AR BRGCRRACTAZAATGG 60
CCACGA GCA
5 P22 (TC) AGCTGAAGGAGAGAGABUGGGA 60
AG- GAGA
CAC
6 P23 (AG) GTTATGAMEAGEAT GEXBTACA 62
AGCTG AGCG
7T P24 (Ga) GAAAATTCGANGEICTTECTGCATCTC 62
CCTG  AAT
8 P27 (TA) GGTGCTTGARTGACTCAACCAAA 60
CAAT ACA
9 P43 (GA) TTGCT CAIIGCATIAIGEWI TATT 60
CTTTCA TGA
10 P51 (CT) CTGGGAGAAAGAAGRCTCOTAAC 60
CG- AA-
GTG GAAA
11 P52 (AG) TCTCTCTHARTIOTTIESITCGGG 60
CTC TAT
12 P53 (AG);4 TCAGCGEATAAGGTGGATETCGT 62
CCAC cCCcC
13 P58 (CA);; CAGTCTAGNIAAAGETATOCTCCA 60
CC- GCC
CAA
14 P59 (AG);; CCTTCTUIAMGAIEHEEATGZICAGAA 60
TCGC GTG
15 P63 (TC)y; ACTGGGRTAGCAGETGCAACAGA 62

TGAC CCGA
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16 P71 (CTT),, GGCTATIIGUIACRCCTUATGGC 60
AGAA  TGG

17 P96 (CACCTCRCTCTCROTEMEAMITGLATTCT 58
TCCT  TGG

18 P97 (CGGGA MCATCCTRCAATCTAAGISAGCA 60
ACCG  ACTA

19 P99 (AGAGGMTCAAGTEARTHCEACITTCGAA 58
GAAAC ACA

20 P100  (CCCTAAGTTTCGTICTCEACALGICTGGT 60
GAGG  AGT

2.2 Genetic Diversity of 99 Neofinetia falcata Germplasm
Accessions

Twenty pairs of primers were used to amplify the 99 Neofinetia falcata
germplasm accessions, and a total of 214 allelic loci were detected. The number
of alleles (N,) per primer pair ranged from 4 to 26, with an average of 10.7
(Table 3). Among all primers, P58 and P59 produced the largest number
of alleles, with 26 each; P43 followed with 21; and P63 produced the fewest
alleles, with only 4. The effective number of alleles (N,) ranged from 1.668
3 (primer P27) to 11.887 2 (primer P59), with an average of 4.461 4. The
polymorphism information content (PIC) of the primers ranged from 0.366 6
to 0.910 6, with a mean of 0.634 8. Among the 20 selected primer pairs, 16
had PIC values >0.5 and were highly polymorphic primers; the PIC values
of primers P22, P11, P27, and P63 were slightly lower than 0.5, indicating
moderate polymorphism. This shows that the selected primers generally
exhibited relatively high polymorphism. The mean Shannon’ s information
index (I) of the Neofinetia falcata population was 1.533 1, with the highest
value of 2.816 5 (primer P58) and the lowest value of 0.750 6 (primer P63).
The observed heterozygosity (H,) ranged from 0.060 6 to 0.626 3, with a mean
of 0.340 9; the expected heterozygosity (H,) ranged from 0.402 6 to 0.920 5,
with a mean of 0.678 4. Nei’ s gene diversity index (H) ranged from 0.400 6 to
0.915 9, with an average of 0.675 0, indicating that the genetic diversity level
of the Neofinetia falcata germplasm was relatively high.

Table 3 Polymorphism of 20 SSR primers in the 99 Neofinetia falcata
germplasm samples

Effective Shannon’ Observed Expected Nei’ s Polymorphism

Number num- s infor-  het- het- gene di- infor-

of ber of mation  erozy- erozy- versity  mation

alleles alleles Index gosity gosity index content
Primer (N, (N.) () (H,) (H,) (H) (PIC)
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P4 15.0 55483 19904 05051 0.8239 08198 0.7970
P11 9.0 20723 1.1632 04040 05201 0.5174 0.494 6
P16 7.0 3.0879 12708 03636 0.6796 0.6762 0.6174
P17 6.0 27202 1.1639 0.0606 0.6356 0.6324 0.5733
P22 10,0 28950 1.3401 03333 0.6579 0.6546 0.593 8
P23 10.0 25054 12960 0.3838 0.6039 0.6009 0.564 9
P24 9.0 3.6922 15182 02222 0.7329 0.7292 0.686 4
P27 6.0 1.6683 0.8600 0.2525 0.4026 04006 0.3797
P43 21.0 11.765 2.7061 04444 09197 0.9150 0.909 2
9
P51 16.0 77204 23511 04242 08749 08705 0.8598
P52 7.0 34608 1.4330 04343 0.7147 0.7110 0.661 4
P53 10.0 4.0803 1.7357 0.2525 0.7588 0.7549 0.7313
P58 26.0 11.880 2.816 5 0.2323 09205 0.9158 0.910 6
0
P59 26.0 11.887 2.7986 0.626 3 0.9205 09159 0.9104
2
P63 4.0 19223 0.7506 0.2828 04822 04798 0.38238
P71 7.0 25355 1.1273 04040 0.6087 0.6056 0.546 9
P96 9.0 27781 13331 03939 0.6433 0.6400 0.5980
Pa7 50 1.7151 0.7598 0.2626 0.4191 04169 0.366 6
P99 6.0 25603 1.0678 0.1313 0.6125 0.6094 0.5298
P100 50 27316 1.1908 04040 0.6371 0.6339 0.5830
Mean 10.7 44614 15331 03409 0.6784 0.6750 0.634 8
value
Mean
value

2.3 Genetic distances among 99 cultivars of Cymbidium
Spp-

Based on SSR molecular markers, Nei’ s genetic distances among cultivars were
calculated. The genetic distances of the 99 Cymbidium cultivars ranged from
0 to 3.919 7, with an average of 0.920 3. Among them, the genetic distance
between ‘Heilongbao’ (No.82) and the original Cymbidium species (No.99) was
the greatest (3.919 7), indicating the most distant genetic relationship. The
genetic distance between many groups of cultivars was 0, including “Xichudu’
(No.3), ‘Gudu’ (No.8), and ‘Gudu Zhi Xue’ (No.9); among Xihe' (No.4),
“Yinshijie' (No.5), Yujin’ (No.6), and ‘Zhenhe’ (No.7), all four of which are
evolved cultivars of ‘Xichudu’ ; between ‘Tianming’ (No.11) and ‘Bowstream’
(No.55); among ‘Baojin’ (No.16), ‘Yuan Zhaosi’ (No.85), and ‘Longquanjin’
(No0.92); between ‘Zhu Tian Tong Zi’ (No.32) and ‘Leishan’ (No.66); and between
the original Cymbidium species (No0.99) and ‘Shengshou’ (No.44), ‘Bainiao’
(No.70),
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This indicates that these varieties may be clonal materials with synonyms or
highly consistent genetic backgrounds.

2.4 Cluster Analysis among 99 Neofinetia falcata Germplasm Acces-
sions

The clustering results based on Nei’ s genetic distance (Fig. 4) showed that
the 99 Neofinetia falcata germplasm accessions could be divided into 15 groups
at a similarity threshold of 0.62. Among them, Group I contained the origi-
nal Neofinetia falcata species (No. 99), “White Bird” (No. 70), and four other
classic varieties, and was the basic representative group among the Neofinetia
falcata resources. Groups I and III were single-variety groups [ “Manzhushahua”
(No. 29) and “Fengmingdian” (No. 30)], belonging to classic superior varieties
of jewel-root type, with independent and unique genetic backgrounds. Groups
V (19 accessions), VI (14 accessions), and XV (19 accessions) were the groups
containing the largest numbers of varieties. Group V was dominated by jewel-
root white-flowered and mud-root white-flowered types, and included a large
number of key hybrid varieties, with relatively high genetic diversity. Group
VI consisted entirely of white-flowered types, encompassing multiple evolved
varieties of “Xichudu,” and the genetic associations among varieties were close.
Group XV was dominated by mud-root types and had rich flower colors (includ-
ing colored flowers, red flowers, pink flowers, and white flowers), with relatively
concentrated variation characteristics.

The genetic diversity parameters of the 15 groups and the genetic distances
among groups are shown in Table 4. The genetic differentiation characteristics
of the clustered groups were highly consistent with the clustering results. Dif-
ferences in genetic diversity among the 15 clustered groups were closely related
to group size and variety origin. The H, and PIC values of the highly poly-
morphic groups (V and XV) were higher than those of the other groups, and
their genetic distances from the basic Group I were 0.541 7 and 0.512 1, respec-
tively, indicating that although they originated from the basic group, genetic
variation had increased significantly after long-term hybrid improvement. The
H, (0.534 8) and PIC (0.511 1) of Group VI were relatively low, and its genetic
distance from Group V was only 0.430 4, indicating that the genetic associations
among varieties in this group were close and the range of gene exchange was rel-
atively narrow. The H, and PIC values of the single-variety groups (II and IIT)
were both close to 0, and their genetic distances from the other groups were all
greater than 0.7, reflecting the independence of their genetic backgrounds. The
remaining medium-sized groups (IV, VIII, X, etc.) had H, and PIC values at
intermediate levels, and their genetic distances from the core groups (V and XV)
were concentrated between 0.423 3 and 0.591 3, indicating that they had certain
genetic associations with the core groups and were important supplements to
the core groups.

Fig. 4 Cluster analysis of 99 Neofinetia falcata germplasm resources
based on SSR markers
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Fig. 4 Cluster analysis of 99 Neofinetia falcata germplasm resources based on
SSR markers

Figure 3: Fig. 4 Cluster analysis of 99 Neofinetia falcata germplasm resources
based on SSR markers

Table 4 Core genetic diversity parameters and inter-group genetic
distances of 15 clustered groups of Neofinetia falcata

Polymorphism

EffectiveObservedixpectednfor-

num- het- het- ma-
Number ber erozy- erozy- tion Genetic Genetic Genetic
Number of al-  of al- gos- gos- con- dis- dis- dis-
of  leles leles ity ity tent tance tance tance
Group germplasi,,)  (N,) (H,) (H.) (PIC) 1 A% XV
1 4 3950 3.215 0.312 0.660 0.633 0.000 0.541 0.512
0 6 5 9 5 0 7 1
I 1 1.150 1.150 0.150 0.075 0.065 1.061 0.914 0.732
0 0 0 0 6 4 7 1
111 1 1.250 1.250 0.250 0.125 0.109 0.922 0.843 0.833
0 0 0 0 4 8 1 8
v 4 3,500 2707 0.500 0.581 0.555 0.597 0.460 0.490
0 5 0 2 4 4 2 9
\Y 19 6.300 3.789 0.403 0.630 0.611 0.541 0.000 0.325
0 3 8 3 8 7 0 7
VI 14 4350 2900 0.285 0.534 0.511 0.518 0.430 0.355
0 1 7 8 1 3 4 2
VII 2 1.800 1.630 0.225 0.306 0.277 0.735 0.558 0.490
0 0 0 2 9 5 5 8
VIII 6 2.550 2.012 0.250 0.419 0.391 0.657 0.492 0.398
0 6 0 4 1 5 5 9
X 3 2350 2.041 0.283 0.411 0.383 0.553 0.583 0.338
0 3 3 1 1 2 0 8
X 7 3.200 2541 0.364 0.461 0.437 0.600 0.591 0.362
0 8 3 2 3 4 3 5
XI 6 3.950 2.848 0.391 0.527 0.507 0.618 0.423 0.302
0 9 7 1 3 3 3 7
XII 2 1700 1.610 0.150 0.281 0.253 0.604 0.658 0.350
0 0 0 2 7 1 3 9
XIII 5 3.000 2.159 0.240 0.431 0409 0.666 0.508 0.311
0 8 0 0 6 0 1 0
X1V 6 3.060 2484 0.233 0.456 0.430 0.562 0.415 0.262
0 6 3 9 1 3 4 0
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Polymorphism
EffectiveObservedixpectednfor-
num- het- het- ma-
Number ber erozy- erozy- tion Genetic Genetic Genetic

Number of al-  of al- 20s- gos- con- dis- dis- dis-
of  leles leles ity ity tent tance tance tance
Group germplasi,,)  (N,) (H,) (H,) (PIC) I A% XV
XV 19 4.850 2813 0.413 0.547 0.525 0.512 0.325 0.000
0 3 2 4 5 1 7 0

2.5 Principal Coordinate Analysis

The principal coordinate analysis (PCoA) based on Nei’ s genetic distance ma-
trix showed that the cumulative variance explained by the first two principal
coordinates (PC1 and PC2) reached 63.9% (PC1 contribution rate 35.2%, PC2
contribution rate 28.7%), effectively reflecting the pattern of genetic differen-
tiation among germplasms and showing a high degree of agreement with the
clustering analysis results (Figure 5). In the two-dimensional PCoA scatter
plot, the 15 clustered groups displayed clear spatial distribution characteristics:
the groups with the largest numbers of accessions, V, VI, and XV, each formed
independent aggregation regions—Group V

the inter-germplasm spatial distance was relatively close (genetic diversity was
relatively high but genetic association was tight), and the overlap of scatter
points in group VI was high (the genetic distance between varieties was small).
The dispersion of scatter points in group XV was slightly higher than that
in groups V and VI (variation characteristics were concentrated). The single-
variety groups II ( “Manzhu Shahua” No. 29) and III ( “Fengmingdian” No. 30)
appeared as independent scatter points, located at the far ends of the positive
and negative axes of PC2, respectively, with spatial distances from other groups
being significant, verifying the independence of their genetic backgrounds. The
basal group I (four classical varieties) was distributed in the central-axis region,
with a moderate degree of scatter aggregation, consistent with its position as
a basal representative group. Groups with closer spatial distances had smaller
genetic distances; for example, the scatter regions of group V and group VI
were adjacent, with an average genetic distance of only 0.28. In summary, the
PCoA results not only intuitively revealed the genetic differentiation pattern
of the 99 Neofinetia falcata germplasms, but also verified the rationality of the
group classification by cluster analysis from the spatial dimension, providing
dual support at the molecular level for genetic diversity evaluation and group
delimitation of N. falcata germplasm.

Fig. 5 Principal coordinate analysis (PCoA) of 99 Neofinetia falcata
germplasm samples
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Fig. 5 Principal coordinate analysis (PCoA) of 99 Neofinetia falcata
germplasm samples

Figure 4: Fig. 5 Principal coordinate analysis (PCoA) of 99 Neofinetia falcata
germplasm samples

2.6 DNA Fingerprinting

Using 20 pairs of SSR primers, 92 of the 99 Neofinetia falcata varieties could be
completely distinguished. Three evolved varieties of “Xichudu” — “Xihe” (No. 4),
“Yujin” (No. 6), and “Zhenhe” (No. 7)—as well as “Gudu” (No. 8) and “Gudu
Zhixue”(No. 9), and “Baojin”(No. 16) and “Longquanjin”(No. 92), which are iden-
tical or extremely similar varieties, require further screening and identification
(temporarily, digits from small to large were sequentially appended after their
identical fingerprint codes). Through the online website (http://cli.im/), based
on the unique digital fingerprint code of each germplasm, DNA fingerprints of
the 99 Neofinetia falcata varieties were constructed (Appendix 2). Scanning the
QR code provides access to the variety name, leaf shape, leaf color, flower color,
root color, flowering time, and digital fingerprint code of N. falcata (Fig. 6).

‘Taigeuksun’

N. falcata ‘Taegeuksun’
‘Fukiden’

N. falcata ‘Fukiden’
‘Nishidemiyako’

N. falcata ‘Nishidemiyako’
‘Saikakuw’

N. falcata ‘Saikakw’

‘Ginsekai’
N. falcata ‘Ginsekal’

‘Kotoyuki’
N. falcata ‘Kotoyuk?’

‘Hyugamoko’
N. falcata ‘Hyugamoko’

‘Cheonmyung’
N. falcata ‘Cheonmyung’

‘AmamiKanpaku’
N. falcata ‘AmamiKanpaku’

‘Taegeuksun’
N. falcata ‘Taegeuksun’

Fig. 6 QR codes of some Neofinetia falcata varieties
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Fig.6 QR codes of part Neofinetia falcata varieties

3 Discussion and Conclusion

3.1 Analysis of genetic diversity in Neofinetia falcata germplasm re-
sources

In this study, 20 pairs of SSR primers were used to evaluate 99 accessions
of Neofinetia falcata germplasm. The results showed that the level of popu-
lation genetic diversity was relatively high (mean N, = 10.7, He = 0.678 4,
H = 0.675 0, PIC = 0.634 8); among them, primers such as P58, P59, and
P43 exhibited extremely high polymorphism (PIC > 0.9) and are core markers
for variety identification. The genetic diversity indices of the materials in this
study were significantly higher than those reported by Park et al. (2018) for
wild Korean Neofinetia falcata populations (Ne = 2.15, H = 0.42, I = 0.83).
The intrinsic reasons for this difference are, on the one hand, that artificial se-
lection and germplasm exchange have enriched variation—the 99 materials cover
Japanese and Korean horticultural cultivars, Chinese native species, and artifi-
cial hybrid progenies. Long-term artificial selection for ornamental traits such
as flower color, root type, and leaf variegation has not only retained superior
genotypes but also introduced new genetic combinations through hybridization,
accumulating abundant allelic variation. On the other hand, the difference is
also related to the genetic background provided by the distinctive low-elevation
wild populations native to China (such as Ningbo) (Sun Jijing, 2008; Lin Li et
al., 2017; Hua Wen, 2020). Meanwhile, the 20 pairs of SSR primers developed
through transcriptome sequencing in this study detected a total of 214 alleles
among the 99 Neofinetia falcata germplasm accessions, with an average of 10.7 al-
leles per locus and including 16 pairs of highly polymorphic primers. They have
strong discriminatory power and can effectively support genetic-diversity anal-
ysis and fingerprint construction for Neofinetia falcata germplasm. Therefore,
although wild Neofinetia falcata faces threats from habitat fragmentation and
overcollection, cultivated populations have effectively preserved and enriched its
genetic variation through cross-regional introduction and hybridization, laying
a key foundation for varietal innovation and conservation of genetic resources
in the genus Neofinetia.

3.2 Genetic basis of inter-varietal relationships and cluster division

Cluster analysis based on Nei’ s genetic distance divided the 99 germplasm ac-
cessions into 15 clusters, and the cluster division was highly associated with
phenotypic traits such as flower color, root type, and leaf type. Cluster I
comprised the original Neofinetia falcata species and classic cultivars such as
‘Bainiao’ ; its genetic background was relatively conservative and highly con-
sistent with the original morphological characteristics of the genus Neofinetia
(Editorial Committee of Flora of China, Chinese Academy of Sciences, 1999),
indicating that this cluster has been subject to relatively little artificial interven-
tion. Cluster VII was dominated by white-flowered cultivars, whereas Cluster
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XV covered multiple flower-color types such as yellow flowers and red flowers,
and its root type was mainly mud-rooted, reflecting directional selection for or-
namental traits during breeding. Principal coordinate analysis (PCoA) showed
that the first two principal coordinates cumulatively explained 63.9% of the ge-
netic variation, further verifying the rationality of the cluster division. Young
et al. (2023), based on chloroplast matK and nuclear ITS sequences, conducted
systematic analysis of the genus Neofinetia and its close relatives.

Phylogenetic analysis also indicated that the genetic clustering results of this
species and its varieties were significantly associated with key morphological
traits (such as leaf shape and root type), corroborating the conclusion in this
study that “cluster division is associated with phenotypic trait aggregation.”

In addition, the genetic distance between some varieties was 0 (for example, be-
tween Xichudu’ and its evolved varieties), suggesting that these varieties may
be synonyms, sister lines, or clone materials with extremely similar genetic back-
grounds. This naming confusion is widespread among orchid plants (Hinsley et
al., 2018), and its fundamental causes lie in the prevalence of asexual repro-
duction and the lack of unified standards for folk nomenclature. By combining
SSR markers with clustering and PCoA analyses, this study more accurately
revealed the kinship relationships among varieties, providing direct molecular
evidence for variety sorting and standardized nomenclature; at the same time, it
also compensates for the previous shortcomings of scattered and unsystematic
studies on orchid kinship relationships (Zhang Ying et al., 2010). Clear cluster
division not only helps elucidate the evolutionary process of orchids from wild
species to horticultural varieties, but also provides genetic grouping references
for the subsequent construction of core germplasm banks and the selection of
hybrid parents, thereby avoiding inbreeding depression in offspring caused by
close hybridization.

3.3 Construction and Application Prospects of SSR Fingerprint Pro-
files

Based on 20 pairs of core SSR primers, this study successfully constructed a
digital fingerprint coding system for 99 orchid germplasms and generated a cor-
responding QR-code information database, with a discrimination rate of 92.9%.
This fingerprint profile can completely distinguish 92 varieties; the remaining 7
varieties have highly similar genetic backgrounds and require further detailed
identification through high-resolution markers or phenotypes. In view of the
bottleneck that long-term identification of orchid varieties relies heavily on mor-
phological traits that are easily affected by growth stage and environment, the
SSR. fingerprint profile constructed in this study provides an objective and sta-
ble solution. Compared with traditional methods, molecular fingerprint iden-
tification has the advantages of high accuracy and good reproducibility (Zhu
Xudong et al., 2014). Compared with dominant markers such as RAPD, the
codominant nature of SSR markers can more accurately distinguish homozy-
gous/heterozygous states (Zhao et al., 2025), such as identifying subtle genetic
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differences between “Xichudu’ and its evolved varieties, thereby providing more
reliable evidence for variety-right protection. Meanwhile, this study further in-
tegrated QR~code information technology, linking phenotypic information such
as variety name, leaf shape, flower color, and root color with molecular finger-
prints, making queries more intuitive and convenient and better suited to the
practical application scenarios of orchids as ornamental plants.

This fingerprint profile has prominent application value, mainly reflected in
the following three aspects: market regulation—rapid identification of the au-
thenticity of high-priced varieties, curbing market chaos such as passing off
inferior products as superior ones; resource management—connecting with phe-
notypic databases to digitize variety information and resolve the dilemma in
which traditional records do not match cultivation reality; breeding practice
—guiding parental selection and authenticity identification of hybrid offspring,
thereby improving breeding efficiency. In addition, by comparing fingerprint
characteristics between cultivated varieties and wild populations, it can also
trace germplasm origins, providing molecular evidence for combating illegal col-
lection and strengthening the protection of wild resources. In summary, the
fingerprint profile and application system constructed in this study directly re-
spond to practical problems in the current orchid market, such as difficulty
in distinguishing authentic varieties and confusion in germplasm management,
and provide a reliable technical solution for precise molecular identification of
cultivated varieties.

3.4 Research Limitations and Prospects

This study systematically completed the genetic analysis of orchid cultivated
germplasm and the construction of an SSR fingerprint database, providing im-
portant data support for systematic research in this field and demonstrating
outstanding application value. However, the samples were still mainly horticul-
tural varieties; in the future, wild germplasm should be supplemented to com-
prehensively evaluate the genetic background. At the same time, SSR markers
have limited ability to distinguish extremely closely related varieties. Future
research can be deepened in three directions: first, combining high-throughput
markers such as SNPs for fine-scale analysis to improve identification accuracy;
second, based on the genetic framework of this study, carrying out association
analysis of important traits; and third, promoting molecular marker-assisted
breeding to systematically support the conservation and innovative utilization
of orchid resources.
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Supplementary Fig. 1 Phenotypic characteristics of Neofinetia falcata

Supplementary Table 1 Information of 100 primers

Forward Reverse

sequence sequence Product size Repeat
Primer No.  (5'-3') (5"-3") (bp) motifs
P1 AAGGATTAATEUHIGNENNHGAAACCCERIG (TC) 4
P2 AGGGGACCAGTUTCGACAUUAGICTTAGGAZIC (TG)5
P3 CCATTTCATHIEAGATVGEITTTATGAGAAARG) 5,
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Forward Reverse

sequence sequence Product size Repeat

Primer No.  (5-3') (5'-3") (bp) motifs
P4 CACACACCGRAGCTTOGTAXRTTCAGAAAGLIBA (CT)q5
P5 TGTTCAAATAHIECACTTACTGAT TCGRERGTET) 5
P6 CCATCTCCT N ACHCIANCLA CCACAAAAL: (GA)qg
Repeat

Primer Sequence 1 Sequence 2 Size motif
P7 AACGCTCGCCATGRTRCTASGTGTTTCTRTGG (GA), 5
P8 CATGGTGAATTCRGEABATCACGICATACCABAAGA )5
P9 CCCAAAAGTARBAGATAGTECAGCAGAGLC (TC)q4
P10 ATTGTTCGGAARABANGGAETTGGCTQAG (TC)qyq
P11 CCTTATAGGTENATLACICICAATCCCATOTC  (AG)5
P12 ACTGGACAGSCITTIGATICACCTCCTCAQI (TC)qq
P13 CCTCCATCTOGAEITIILCTCGACTCATTT (TC) 4
P14 CCTTGCTCTGATCTUGIIAGTCGTCTRGE: (CT)q5
P15 ATTTCTCCTE@HE NN NGITGAGGTCHBC (AG)oy
P16 TCGACACCGGAGACIGTTCTGCTCTCROE (AG)o,
P17 TCAATCTATANGCRAAGCIATNCMATGGQA6A  (CA)yy
P18 CAAGCAATAXATGATUATCATTAAAGRCG (AG) 5
P19 TGCTCTCCTTUITEALATTTGGGAGACIT (GA)y
P20 CTGTGCGTTATTAGGAAGCATAGTCGACA (TC),,
P21 TTAGAGAAGGARASACATTTEAGGGCGHTG (CT)qyy
P22 AGCTGAGGGAGATARARGAGCGGGAGHIBA (TC)qy
P23 GTTATGCCAQAGAAGSATGGGTACAAQTG (AG)y,
P24 GAAAATCCACGARTICTUGUIEG CATCTCAAT  (GA) 45
P25 GAAGACGAABGABATCGAAGGAGAAGGIHAT (GA)oyy
P26 AATGCCTGTGGEAGGRRTGATTATTTARA (TG)5
P27 GGTGCTTGATCBATGCCASRACCAAARGA (TA) 5
P28 CAACCTCAGCATATKINGACTCTCTTQU (CT)qog
P29 AGAAGAAGCAGGATGATGGAGCGTGCQAA (AG)5
P30 TTCCTCTTCCGHANGUTIAGTITTGGTGATIBA (TC)yy
P31 TCTATGTTT CIEIGEIAATCYGTACGINGTEEG  (TC)y
P32 CCCAATGGATICTHWOGWAGTAACGTOESC (TC)q5
P33 GTTGCTTGCGUARTCATTCTCTGTCAACQWT (TC),5
P34 GTACGGAGGGAABRTTGTTGEAACCGTCUG (CT)yy
P35 TGAAAGAATALSTTTTTATIIEAMIGCCATE (TC)yy
P36 AAACCCTTCEBATEGATTACCATCTCAQEE: (TC),5
P37 ACGTGTAAATGAGEN WM GGCGACAA (GA)oy
P38 CGAAGAAGCTGTITTCSACUECTTCTTQET (TC), 7
P39 CCGAACACG SAMGATHOTUCGTCTGCATTC (CT)qq
P40 CCTCTCTTCT@ITGHGTGATCTCCAARTA (AG) 4
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Repeat
Primer Sequence 1 Sequence 2 Size motif
P41 GTGGAAACTRATGCAAARCCATCCCGTRRT (TC)qq
P42 TGGTGACTTTGAGACTEGSACCTTTARAY (GA), 5
P43 TTGCTCAACCHITGIAMICITICATTATTIGA (GA )23
P44 TGCCTCTGGGARLEAAREP M GGTATQTA A (AT) 5
P45 AAATTTGACAMATASCCAACNGCTCAIIGT(GA) 15
P46 TGCCCTACTUWOATTUANGCTGCTAAGARG (CT)qyy
| Y TTCCAACCCAENGAGKTIAICAGGACAATRG (AG),
P48 CGAGGTCGGGUAGABUANCTAAAACGAANC (GA),,
P49 TAAGCCAGCEGIGACTICTAATCTATTTAY  (TC)4y
Forward Reverse
primer primer Repeat
Primer sequence sequence Product size motif
P50 CAAGTCAACTTAGRTGAGGETAAGAAGAGCG(AG) 44
P51 CTGGGAGAAGASBACALSTCIE TAACAXAGA AAT) 14
P52 TCTCTCTTTCAGTECICCTTCGGC2A3T (AG)23
P53 TCAGCGGCTAAGTTTGETGHATCTCGTRE (AG)q4
P54 CTGCTCGAGAGUGRGRCASAAGCAATEHC (CT)y5
P55 TTTTCTTTTQOATEIAGRGAGATGCGGEITI (CT),y
P56 GGAATAGAAGASCRGIUGCMIAONITGMBT (AG)y,
P57 CACACAAAGASTICHTANTUARATGTTGTAGC (CA), 5
P58 CAGTCTACCOXAIGAACGCAATCTCCARIL (AG)5,;
P59 CCTTCTCTATGIUIANCATLKGIG TCAGAASHBG (CT),y
P60 CCACCAACTTHGNIIITNITHHT TCATATAGE  (CT)q,
P61 CCCTGACCTGAGTGERATTTATCACCCTATC (CA),5
P62 CCCTTTGCTTIAGLATTCHGATGAAGAIBT (CT)q,
P63 ACTGGGTTCAARATGCTGAAACAGACQEA (TC)y
P64 ACCTCTCTGUEPANGEAMAMNG CTAGAGAT (AG),
P65 ATGTGATTCHCAATAAGRAGCTTCCGARGA (CT)qyy
P66 CTGGATTCATERATRGINC@AGCAGTTEBA (TCT),,
P67 GAGAAGACTGCATCTGABRAGCTTCTCARATTCGAG),,
P68 GAAAAGAAACATTTTGGAARGGTTTCQ@EBE: (TAA),
P69 AAAATGGACRGEEAAGARRGCAGGAGEEIG (TGC),,
P70 AACGCCGATATMITICTGHEAGAGTAGERA (TTA) 4
P71 GGCTATTTGAGAATECAGEACATGGCRAG (CTT),,
P72 TAAAGCAGCOEGGTASTACETAATTCATIEG (GAA)
P73 GGAACAGTTAARAACTATTIGTCCAACTRTATIT
P74 ATGGAGCAGSACTATCYAGGAGCACCAET (AGG)
P75 ATCTCTACGOWCMWAGTIEGAGTGGCTACAA (TCC),
P76 GAAGGGGGATSAAGAGEBBECGTACGEHNA (CGG)yq
P77 ACCACCGTGSACCEININCAAATTTEET (GCC)q,
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Forward Reverse

primer primer Repeat
Primer sequence sequence Product size motif
P78 TCACCTGTCAGUCGGRTACAATATCTCRG: (TCT)5
P79 TGTTGCCTCATICRGAAGATTCTATACASA (TCT),,
P80 AGCGATGGARCTHCIMAXEGACGCCAGRA (AGG)
P81 TCACACCAGCGANCGATAGITAGAGCAATTIC (ATC),,
P82 ACAGCCATATARSEAAGCTTUGTCCAACRIRTATTAO A,
P83 AGCACCATCWUANAGIACCATTTGARIG (CCA)q,
P84 TGAATTTCTAGUARGACUCAICACATCTGENT (TCA),,
P85 TTGCTATAATIAARATGGAGGRCTCAATGEG (CAA),
P86 AAAGCTCATMITTAGFCAGCABRAATCAAART (AAT),,
P87 GAATCTTTCACGGGBAGHARCACAAAAMDG (GGA),,
P88 AAAGGATGTTAGAGGECTATAGTTAGQGE: (CAA);
P89 TGGAAAAGGCAKRCABCGATIGICAATGGAGS0A (ACA),,
P90 AAACTTCCCHIGOWONTTEGAAGTGANAA (AAG),,
P91 CTCGTCTTTCHITCOGRIGGATTGT?2A0 (TCT),,
P92 GGTTCTTCGCAAGAAATCEHEGAGGTGGEHNA (CCACCT),
P93 CTCTCATGGGASGAAGTARATAGAGCCGA(CAACCA);,
P94 AAGGTGTTGOWUIAIGHEAFCGAZACTCCCCTTCCACAT),
P95 TCATGAAAATGEGTHGATGETRBYCCTGAGGGCATCAC),
P96 CCTCTCCCTCRAGEACGATTIICATTCTTGECACCTC);
P97 ACATCCTTCAGRAGEARCCRAAAGCAACTAGGGGAA);
P98 CCCAAATTACATABCAAGGANBTGAAAGGUTAAAA),
P99 ATCAAGTGATTCASNGTAOMWMIITTCGAAACAAGAGGA),
P100 CTTTCGTCCTCEATAACATGETICTGGTAGTCCCTAA)

Supplementary Table 2 SSR fingerprinting of 99 Neofinetia falcata
germplasm resources

Germplasm No. SSR fingerprinting

O © 00 O Ui WN -

—_
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A23244:51770175 185D269E99 | 51050261G171H217 55011977179 183K
A2355375901203C181D269E145F 2595471691 70H2201147J185, 45,
A2375488181193C175 181 no6oR145r250 26 TGLOTH2201I145 55 5185517,
A241B193,97¢185D286E145F 259G 160022011521 7091691 915167171 L32:
A241B193,97¢185D286E145F250G 169H2201152 1 109169191 501671 T1L32:
A241B193,97¢185D286E145F250G 169H2201152 1 109169191 501671 7T1L32:
A241B193,97¢185D286E145F 250G 16022011521 7091691911671 7T1L32:
A2375488181193C175 181 no6oR145r250 26 TGLOTH2201145 55 5185517,
A2375488181193C175 181 no69R1457250 26 TG 16 TH2201145 55185517,
A235B193C175,g5pasem141 14PF259G167H2201154J193K173L323
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Germplasm

No.

SSR. fingerprinting

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

A235B193C185D269E139, 45 1050c 16722011607 185K 163 1711325 M1
A224235B1930175 185D269271E145F261G167H220224112715&]169 179K"
A235B193C181D269E145F259G 167H2201164J179K173L327M1¢

A237B1932010175D269E139F259G167175H2171150152J 185K171L334M1¢

A246B193201C185D288E145F267G 169H220I156J169K167L325M200N26402(
A237B193C181,4: possmis0 145F 24905001 corraz01145 1 76 189K 163,

A235,505151 193C181D269E139F259G169H2201152J 177, g ke 531
A237B193C185D271E139F267G175H2201166 755 1015165171L32:
A235237B193C181D288E145F259G167H2201145 156‘]185189K163L327M2122
A235B193C175D288E141, 451950 267G171H2201150, 541855163 16
A219232B193 1970175185D269E99 1 15F259261G169H2201127J167 169K1
A226250B181 2Olc175181D286El45F259261G'167175H2172201154‘]175.

A239B1930181185D288E139F259G169H22OI152J 193K171L325M227N2522 '

A232246B 1930185D286E145F259G157169H2172201170J193K163L334M2101‘
A241B181 950,75 181D288E125, 41 posoc160 1 75H2201147J175 g0

A23O232B177 1930175181D286E139 145F249259G167 1711—12152201154 1€
A232B1931970175D269E139F261 267G169H2202221127150J179183K16£
A232B193197Cl75 1871)258269E139F261G169H2201133Jl73 179K167L3:
A235B177C181D286E141F259267G167H2201172J185K171L329M202 241

A219237B 1930181D288E139F259G171H2172201154’J1791851(163L334336I

Sequence

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

A23254681930187D2s6E125F267G167 L 1 1H22090011 5651651155 1 7113251
A230537p193201C181 1 g5p0698130 145F 2495596167 1 T1H2151154, 645

A232B1930175187D269E139F263G157 167H220222113311165 183K16316
A230232B193 2010175185D269E139 145F259269G167H2151145 164J1771§
A232B 193201(3185D269El39 145FZ49259G167 171H2201145164J177]((163
A235B193C181D269E125F259G 169H2201145, 5 118051631 71L33€
A232B201C185D269E139F267G167H2171156J 193K 163, -1 3360
A230B193C185D286E139F 25954701 60m2201145 187K 163 16 TL323M:
A235246B1930175D269E145F259G 167171H2201152184J177 193K171L3¢
A237B177C181D286E139, 45 pos0c167Ha201145 1720 189K 171L325N
A235,,4351030175 185 D286 E145F267G169H217 501,55 166 185K 16
A232235B197Cl75D269E139F249259G157169H2202221123J177185K155]
A2355,4682010175 181D269E139, 451040 267G 169H2201152, 56110151
A232, 4559010151 185D286E139F 269G 157H2201166, 74 518751711334
A232235B1930185D286E139F259G175H2152201152J187K171L325M24(
A232B193C185D286E139F 259G 175H21 5501155 166J187K171L3:
A232B193C175,5) pagor145r249 299G 159 69m20011527179 193K 163,
A2325 4389010 185D28851 30F240 267G 16 7TH2201150J 185K 163L325M 1
A2359305901 0175 185D269E141 | 421020 267G 171H217 9001145152718
A235,,41 10301850260 E1 30F250 207G 169H2201145J 193K 171 L336M:
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Sequence

51
52
53
54
%3]
56
o7
58
99
60
61
62
63
64
65
66
67
68
69
70
71
72
73

A2329398193175 185D286E139F259G 157 69m92011641167K 171 L325M
A237B193C175,g5p069r145F259G 1 75H22011687 189K 167 L 7 11.323M196
A23255:15177193C175D269E139F 26 1960 (11 67112202241127J 175K 16:
A235B193C185D269E139, 45p967G167H21511547185K 1711334338 M 19
A235B193C185D269E139 45p250c 16712201160 L6SI 185K 163 711,305
A2379598193C185D260E139 140F 209G 167TH2201168 755189k 1711.3323°
A232B193C185D269E141F259G167H2201164J185K163L332M2(
A237546p181193C181185p069m1437267G 1631217 2201147J169, 775165
A2325375177201C175187p26981397249 209G 16TH21 755011505173 185F
A2325,465103201C185D269E139, 4 15026 7TGL69H2201152, 7, 51055
A232,5-5101 193C1831 25950271 E141F 259061 16012202221 168J 16!
A232B193C175D269571 5195 139F 24955 011675290 2241127 156516717
A235546B1930181D288E141F259G 171 H2201547189K 163 1671323 M198N:
A232B193 970153 185D269E139, 45 po500160177H2201158J179 g
A241B193C185D288E139 45p250c 16712171147 19SJ 185K 163 711,305
A237B1935010181 185D269E139, 45 1040259CG 157 6751015 2201154 6,4
A232B193, 97018502885 130F267G 160 1 75 H2201170J 185K 1631325,
A235B175501c185D28681458246 267G 16TH2201154.J165 691 1671325
A232B193C181,55p0698139 145F 259G 169, 7512171525185k 1 711.336M:
A235B193C185D288E145F259G 175H2171174J193 -k 1 711.39333€
A2355468193C185D269E145F 250G 171 H22011527 169K 163 167 L325M204N:
A2325,4681930181 185 D269E141 | 451949259G167H2201166J187K16:
A246B193C185D269E145F 259547171 2901152 156 169K 16 7L325]

74
()
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91

A246B193C181D269E145F 259G 167H21 790011505 185K 171,332 334N
A23255:5177193C175D26957 1 100 1 15F263G169H2201127J165 05
A237B193C181D269E145F259G167H2201160J185K163L323M1¢
A235B193C181D288E141F259G167H2201154~170J189K163L32!
A235B181, 931852868 145F250G 16902201156 1 10169895163 167L32E
A235546B1930175D269F145F259G 1692201152 185K 163L.332M238N250019¢
A235B193C181D269E139F267G175H2201170J189K163L327M2(
A2309378193201C1751 819861457249 269G 167 7512152201145, 51,
A232,,653151193C185D288E139F 259547 16912201168 L 7218919351
A23253581930181D288E145F249G171 L 1OH22011541 79519151671 71132
A2325,6p1930181 185D269E125 1301950 16712201147 1940 17T 1551751
A237B193C181, g5 possm130 145F 24905 0cr160ma01145 1 76J 189K 1711
A2359378193C181D286 288E1391 4579500 167H22011 567185 1 91K 1631321
A2325355191 193C1 75185086199 1 15F 259963G16712172221170J 165,
A2305,651030181 D286 E145F250G 160 L 7PH220I154 185K 163L325M1¢
A232B19397¢175D286E1397250 260G 167TH2201133J165 g51¢165 16 7L
A2304398193C181D269E145F 250G 167H2152201164T199K163L332M20:
A2375,465103201C181D286E139F259G173H2201152J181K171L32
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92
93
94
95
96
97
98
99

A237B193C181,g5p0ssm130 145F 249050011 602201145 1 76T 189K 163,
A2375,65103201C185D288E145F 249G 167TH2201154J 169, 475165 11
A235B193C185D269E139F259G171H2201154J 185K 167L.332M2:
A2325508193C175D260E139 140F 209G 15TH217 9901145154187 1935 7.
A2352,468177191C187D269E115, 591967¢ 16022011 587160 191K 163L:
A235B193C185D269E145F267G169H2201152J 189, 35165171132
A2325358103C185D286E139F250C 17512151152 106 187TK171L325M204
A217B175, 890195 203D269E154 5, 157 276G 1677 prozrios 154J17

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv. Machine translation. Verify with the original.
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