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ABSTRACT. To reveal the genetic diversity and genetic relationships of China’s Bergenia germplasm, 28 Bergenia
accessions from different regions in China were analyzed by 24 intersimple sequence repeat (ISSR) markers. The
results showed that 318 sites were amplified in all germplasm, including 307 polymorphic sites, and the percentage of
polymorphic sites was 96.54%. Cluster analysis showed that the 28 accessions were divided into three categories,
with a similarity coefficient of 0.5475. Bergenia purpurascens was clustered into one category; B. scopulosa was clus-
tered into one category; and B. tianquaninsis, B. emeiensis, B. stracheyi, and B. crassifolia were clustered into one cat-
egory. The results of the cluster analysis indicated that the 28 accessions were not completely classified by origin.
Using the ISSR marker technique to analyze the phylogenetic relationship of Bergenia germplasm is helpful for iden-
tifying valuable resources and providing a theoretical basis for the selection of breeding parents.

Bergenia is a perennial herb, a genus included in the family of
Saxifragaceae. It is a wildflower with beautiful foliage, distributed
in high-altitude areas across China, and can be used as a Chinese
herbal medicine (Wang et al., 2006). Studies on diversity within
Bergenia have been mostly limited to B. purpurascens in a narrow
region of China (Li et al., 2006). For example, Jiang et al. (2010a,
2010b) and Zhou et al. (2007) analyzed B. purpurascens in Yun-
nan Province and found there are abundant morphological varia-
tions among different populations, and the content of the a.i.

(mainly bergenin and arbutin) is also significantly different. Wang
et al. (2012) found rich genetic diversity and a high degree of
genetic differentiation in 18 B. purpurascens populations from
different regions of Yunnan Province. However, the pedigree and
genetic relationship of different Bergenia species are still unclear.

Intersimple sequence repeat (ISSR) is a dominant molecular
marker first used by Zietkiewicz et al. (1994). It has many advan-
tages, such as simple operation, low cost, sensitive, high polymor-
phism, small amount of DNA required, and no need to predict the
genome sequence of the research object, and also the stability of sim-
ple sequence repeat. It iswidely used to determine hybridity to evalu-
ate genetic diversity (Andrea et al., 1998; Denduangboripant et al.,
2010; Etminan et al., 2018; Yousefi et al., 2015; Zafar-Pashanezhad
et al., 2020). The objective of our study was to explore the genetic
relationships among Bergenia collected from the main distribution
regions in China, and to provide a theoretical basis for wild resource
conservation and their value for breeding and development.

Materials and Methods

Based on published literature and information provided by
local forestry authorities, 28 Bergenia accessions containing six
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species and five uncertain accessions were collected. The six
species were B. scopulosa (Fig. 1A), B. crassifolia (Fig. 1B), B.
tianquaninsis (Fig. 1C), B. emeiensis (Fig. 1D–F), B. stracheyi
(Fig. 1G), and B. purpurascens (Fig. 1H and I). Codes and origin
information for the 28 accessions are shown in Table 1.

DNA EXTRACTION. About 100 mg/plant of leaf tissue was
used to extract genomic DNA using a modified hexadecyltrime-
thylammonium bromide (CTAB) procedure (Doyle and Doyle,
1987). Integrity and quality of DNA were evaluated by electro-
phoresis on 1.0% agarose gels. Concentrations of DNA were
determined with an ultraviolet spectrophotometer (UV751GD;
Jiang dong Precision Instrument Co., Suzhou, China).

ISSR PRIMER. ISSR primers were synthesized according to
the primer set published by the University of British Columbia
(Vancouver, BC, Canada). A total of 100 ISSR primers were
synthesized, and all primers were tested using four Bergenia
accessions: B. scopulosa (QL1), B. tianquaninsis (TQ1), B.
emeiensis (EMHY), and B. purpurascens (BM1). Twenty-four
primers with a strong amplified signal and good reproducibility
were selected, and all 28 Bergenia accessions were evaluated
with all 24 primers, for a total of 672 primer combinations. To
confirm the reproducibility of the primers, more than two repli-
cates were performed in the selection of the primers, and the
repeatable bands were checked further when testing the Bergenia
samples. The primer sequences are shown in Table 2.

POLYMERASE CHAIN REACTION AMPLIFICATION. Polymerase
chain reactions (PCRs) were performed in a 20-mL reaction vol-
ume including 50 ng genomic DNA, 1 mM primer, 200 mM

deoxyribonucleotide triphosphates, 2 mM MgCl2, 1� Taq buffer,
and 1 U Taq DNA polymerase. The amplifications were per-
formed with the following program: initial denaturation at 95 �C
for 5 min, 38 cycles of 94 �C for 1 min, appropriate annealing

temperature (see Table 2 for details) for 1 min, and 72 �C for 2
min. The last extension was at 72 �C for 10 min. The PCR prod-
ucts were detected by 1.5% agarose gels, and a gel imaging sys-
tem (model 2500; Tanon Technology Co., Shanghai, China) was
used to generate images.

STATISTICAL ANALYSIS. Popgene 32 software (Wang et al.,
2010) was used to calculate various genetic diversity parameters:
number of alleles, number of effective alleles (Ne), the percent-
age of polymorphic bands, Shannon’s information index (I), and
Nei’s genetic diversity index (H). The Dice similarity matrix
(Nei and Li, 1979) was created from the genetic similarity coef-
ficient using the SIMQUAL program of NTSYSpc 2.10 software
(Rohlf, 2000). A dendrogram was drawn from the similarity
matrices using the unweighted pair group method with arith-
metic mean (UPGMA) following the SAHN function of
NTSYSpc 2.10.

Results

AMPLIFICATION RESULTS AND POLYMORPHISM. Twenty-four pri-
mers producing clear bands, a strong signal, and good reproduc-
ibility were selected from 100 ISSR primers for PCR
amplification of the 28 accessions (Table 2). The electrophore-
tograms amplified by primers 880, 854, and 876 are shown in
Fig. 2. The amplified bands ranged from 200 to 3000 bp and
were mostly concentrated between 200 and 500 bp.

A total of 318 DNA bands were amplified by 24 primers
from 28 DNA samples of Bergenia, of which 307 were polymor-
phic, with an average polymorphic rate of 96.54%. The poly-
morphic rate of the 24 primers was more than 75%, indicating
there was a great genetic difference in the accessions of Berge-
nia. The number of bands amplified by the 24 primers was
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Fig. 1. Photos of Bergenia accessions: (A) B. scopulosa (QL1, QL2-1, QL2-2, QL3, QL4, and QL5), (B) B. crassifolia (ALT), (C) B. tianquaninsis (TQ1,
TQ2, TQ3, TQ4, and EM2-1), (D–F) B. emeiensis (EMHY, EM2-2, EM2-3, EM1-1, and EM1-2), (G) B. stracheyi (DB1 and DB2), (H, I) B. purpurascens
(BM1, BM2, BM3, and BM4). QL1, QL2-1, QL2-2, QL3, QL4, and QL5 are the six accessions of B. scopulosa from different sites in Shaanxi Province.
ALT is the accession from Altay, Xinjiang, autonomous region. TQ1, TQ2, TQ3, TQ4, and EM2-1 are the five accessions of B. tianquaninsis from different
sites in Sichuan Province. EMHY, EM2-2, EM2-3, EM1-1, and EM1-2 are the five accessions of B. emeiensis from different sites in Sichuan Province. DB1
and DB2 are the two accessions of B. stracheyi from Nyingchi, Tibet, autonomous region. BM1, BM2, BM3, and BM4 are the four accessions of B. purpur-
ascens from Bomi, Tibet Autonomous Region.
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different, and an average of 13.25 bands were amplified per
primer. The number of bands amplified by primer 881 was the
largest (n = 23), whereas primer 890 amplified the least (n = 4).
Moreover, the polymorphic percentage of the ISSR bands ampli-
fied by 24 primers was also different. Primer 890 showed the
lowest rate (75%) whereas the 14 primers showed the highest
percentages (100%) (Table 2).

GENETIC DIVERSITY. The number of effective alleles of the 28
Bergenia accessions ranged from 1.1217 to 1.6220, and the aver-
age value was 1.3875 (Table 3). The maximum, minimum, and
average values of H were 0.4078, 0.1022, and 0.2455, respec-
tively. The corresponding values of I were 0.5303, 0.1937, and

0.3805, respectively. Our results indicate there were abundant
genetic variations among the 28 accessions.

CLUSTER ANALYSIS. The genetic similarity coefficient of the 28
accessions ranged from 0.4372 to 0.9765, with an average of
0.5767. The coefficient between most accessions was less than
0.55, indicating a large genetic difference among populations.
Among them, the coefficient between QL2-1 and QL2-2, LY1, and
LY2 was the largest, all of which were greater than 0.93, indicating
they were closely related. The coefficient between QL5 and BM1
was the smallest (0.4372), showing the greatest genetic difference.

Based on the genetic similarity coefficient matrices of the 28
accessions, the dendrogram was obtained using the UPGMA

Table 1. The 28 Bergenia accessions surveyed in China and their characteristics, origin, and geographic parameters.

Code Accession Characteristic Origin Latitude, longitude, altitude (m)
QL1 B. scopulosa Rounded leaves with sparsely serrated

margin
Mount Huashan, Shaanxi
Province

34�280N, 110�040E, 2,100

QL2-1 B. scopulosa Serrated leaf margin Mount Cuihua, Shaanxi Province 33�590N, 109�00E, 1,600
QL2-2 B. scopulosa Serrated leaf margin Mount Cuihua, Shaanxi Province 33�590N, 109�00E, 1,600
QL3 B. scopulosa Narrow leaves with smooth margin Qinling, Shaanxi Province 33�420N, 107�100E, 1,502
QL4 B. scopulosa Tender green leaves with sparsely

serrated margin
Meixian, Shaanxi Province 34�160N, 107�440E, 628

QL5 B. scopulosa Tender green leaves with smooth
margin

Mount Taibai, Meixian, Shaanxi
Province

34�160N, 107�440E, 1,120

TQ1 B. tianquaninsis White flowers, slender petals Mount Erlang, Tianquan,
Sichuan Province

29�520N, 102�160E, 1,600

TQ2 B. tianquaninsis Pink petals, 1.5 cm in diameter Mount Erlang, Tianquan,
Sichuan Province

29�520N, 102�160E, 1,600

TQ3 B. tianquaninsis White petals, 1 cm in diameter Mount Erlang, Tianquan,
Sichuan Province

29�520N, 102�160E, 1,600

TQ4 B. tianquaninsis Redder leaves than other species Mount Erlang, Tianquan,
Sichuan Province

29�520N, 102�160E, 1,600

TL — Serrated leaf margin Tieling, Liaoning Province 42�030N, 124�180E, 50
HQT — Slender leaves with reddish margins New Zealand —
LY1 — Serrated leaf margin, high temperature

and humidity resistance
Junan, Shandong Province 35�100N, 118�490E, 320

LY2 — Leaves with sparsely serrated margin,
high temperature and humidity
resistance

Junan, Shandong Province 35�100N, 118�490E, 320

EMHY B. emeiensis Leaves up to 30 cm long, redder all
year round

Hanyuan, Sichuan Province 29�200N, 102�390E, 1,200

EM2-1 B. tianquaninsis pink flowers with connate leaves Wenchuan, Sichuan Province 31�280N, 103�350E, 1325
EM2-2 B. emeiensis Back of leaf particularly red Wenchuan, Sichuan Province 31�280N, 103�350E, 1,325
EM2-3 B. emeiensis Slender willow-shaped leaves Wenchuan, Sichuan Province 31�280N, 103�350E, 1,325
EM1-1 B. emeiensis Pink–white, slender flowers Mount Emei, Sichuan Province 29�340N, 103�200E, 1,800
EM1-2 B. emeiensis Three flowers, two white and one red Mount Emei, Sichuan Province 29�340N, 103�200E, 1,800
DB1 B. stracheyi Flowering in early December, lasting

for 2 mo.
Nyingchi, Tibet Autonomous
Region

29�390N, 94�210E, 3,100

DB2 B. stracheyi Flowering in mid-April Nyingchi, Tibet Autonomous
Region

29�390N, 94�210E, 3,100

BM1 B. purpurascens Fuchsia leaves Bomi, Tibet Autonomous Region 29�510N, 95�460E, 3,100
BM2 B. purpurascens Fuchsia leaves, green new leaves Bomi, Tibet Autonomous Region 95�460E, 29�510N, 3,100
BM3 B. purpurascens Green leaves, pink petals, 1.5 cm in

diameter
Bomi, Tibet Autonomous
Region

29�510N, 95�460E, 3,100

BM4 B. purpurascens Green leaves, pink-purple petals,
1.5 cm in diameter

Bomi, Tibet Autonomous
Region

29�510N, 95�460E, 3,100

RZ — Unresistant to high temperature and
humidity

Rizhao, Shandong Province 35�230N, 119�300E, 100

ALT B. crassifolia Unresistant to high temperature and
humidity

Altay, Xinjiang Autonomous
Region

47�500N, 88�080E, 3,000
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method (Fig. 3). The 28 accessions were divided into three catego-
ries at the genetic similarity coefficient of 0.5475. The first cate-
gory includes B. scopulosa (QL1, QL2-1, QL2-2, QL3, QL4, and
QL5) collected from Qinling Mountain, Shaanxi Province; potted
seedlings collected from Tieling City, Liaoning Province (TL);
and Junan County, Shandong Province (LY1 and LY2); as well as
the cultivar HQT introduced fromNew Zealand. These accessions
had straight and shaped leaves, with slightly shorter petioles, and
they were better adapted to the high temperatures and humidity of
Shanghai. Among them, QL1, QL3, QL4, and QL5 were all from
Qinling Mountain, and they were clustered in a small group. The
altitudes of QL4 and QL5 were 628 and 1120 m, respectively;
QL3 was 1502 m, and QL1 had the highest altitude (2100 m).
QL2-1 and QL2-2 were collected from Qinling Mountain at 1600
m, and the genetic similarity between them was 0.9765. Although
the two accessions were less than 1 km apart geographically, they
were still slightly different at the molecular level. LY1 and LY2
were collected from agricultural households 30 km away from
Junan County, Shandong Province, and were clustered in a small
group with high similarity. LY1 has been potted for more than 30
years, and the margin of its leaves is serrated. LY1 and LY2
showed the strongest adaptability with accession TL from Tieling
City, Liaoning Province. They can survive the hot and humid
summer in Shanghai with proper shade. The similarity of the three
accessions was high. The cultivar HQT, introduced from New
Zealand, was clustered in a single group, and its leaves are red and
more slender than other accessions.

B. tianquaninsis (TQ1, TQ2, TQ3, TQ4, and EM2-1), B.
emeiensis (EMHY, EM2-2, EM2-3, EM1-1, and EM1-2), B.

stracheyi (DB1 and DB2), B. crassifolia [the accession from
Altay, Xinjiang, autonomous region (ALT)], and the accessions
collected from Rizhao City, Shandong Province (RZ), were clus-
tered in the second category. The 12-year-old potted seedlings of
RZ collected from Rizhao City, with a crown of 50 cm, were
clustered with B. crassifolia (Fig. 1B) collected from Altay, Xin-
jiang Uygur Autonomous Region, with a genetic similarity of
0.8142. Both were resistant to cold but not to high temperatures
and humidity, and their appearance was similar. Four Tianquan
accessions (Fig. 1C)—TQ1, TQ2, TQ3, and TQ4—collected
from the same location on Erlang Mountain, Sichuan Province,
were clustered in a group. EM2-1, EM2-2, and EM2-3, collected
from the same location on Mount Emei, were clustered in a
group, of which EM2-3 was unique, with slender willow-shaped
leaves (Fig. 1D), which was significantly different from the other
two accessions. The genetic distance in the cluster analysis was
also relatively long. EMHY, collected from Hanyuan County,
Sichuan Province, has a leaf length of 30 cm, a petiole of less
than 5 cm, and thick leaves (Fig. 1E). It was different from other
Emei accessions in appearance (Fig. 1F) and it was clustered in
a single group. In addition, EM1-1 and EM1-2 collected from
Mount Emei, Sichuan Province, were clustered with DB1 and
DB2 collected from Nyingchi County, Tibet Autonomous
Region (Fig. 1G).

The accessions from Bomi County, Tibet Autonomous
Region (BM1, BM2, BM3, and BM4), were clustered separately
in the third category. Under the same cultivation conditions,
BM1 and BM2 (Fig. 1H), with purple leaves, were clustered
together, whereas BM3 and BM4 (Fig. 1I), with green leaves,

Table 2. Nucleotide sequences of 24 primers and their amplification results of 28 Bergenia accessions.

Primer Sequence of primer (50-30)
Annealing
temp (�C)

Amplified
bands (no.)

Polymorphic
bands (no.)

Polymorphic
bands (%)z

UBC807 AGAGAGAGAGAGAGAGT 48 10 9 90
UBC810 GAGAGAGAGAGAGAGAT 48 10 8 80
UBC815 CTCTCTCTCTCTCTCTG 50 9 8 88.89
UBC824 TCTCTCTCTCTCTCTCG 52 10 10 100
UBC825 ACACACACACACACACT 54 8 8 100
UBC842 GAGAGAGAGAGAGAGAYG 52 11 11 100
UBC845 CTCTCTCTCTCTCTCTRG 52 11 10 90.9
UBC851 GTGTGTGTGTGTGTGTYG 48 12 12 100
UBC852 TCTCTCTCTCTCTCTCRA 51 14 14 100
UBC853 TCTCTCTCTCTCTCTCRT 51 12 11 91.67
UBC854 TCTCTCTCTCTCTCTCRG 53 20 20 100
UBC864 ATGATGATGATGATGATG 47 13 12 92.31
UBC874 CCCTCCCTCCCTCCCT 63 15 15 100
UBC876 GATAGATAGACAGACA 48 18 18 100
UBC878 GGATGGATGGATGGAT 51 21 21 100
UBC880 GGAGAGGAGAGGAGA 52 13 13 100
UBC881 GGGTGGGGTGGGGTG 59 23 23 100
UBC889 DBDACACACACACACAC 52 9 8 88.89
UBC890 VHVGTGTGTGTGTGTGT 48 4 3 75
UBC891 HVHTGTGTGTGTGTGTG 48 12 11 91.67
UBC892 HVHTGTGTGTGTGTGTG 50 19 19 100
UBC895 AGAGTTGGTAGCTCTTGATC 51 11 10 90.91
UBC899 CATGGTGTTGGTCATTGTTCCA 53 13 13 100
UBC900 ACTTCCCCACAGGTTAACACA 57 20 20 100
Total — — 318 307 —
Avg — — 13.25 12.79 96.54
zPolymorphic bands (no.)/amplified bands (no.).
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were clustered in a group. This finding indicates that leaf color
of Bergenia accessions from the same origin is different, and
molecular identification was also divided into two groups.

Discussion

In our study, the ISSR technique was used
to assess genetic diversity of Bergenia taxa
collected from China, and a suitable reaction
system for ISSR-PCR analysis of this genus
was established. The optimized system was
used to screen the polymorphic primers to
ensure clear and accurate amplification
results. Our results indicate that the ISSR
marker had high polymorphism in the 28
Bergenia accessions, which reflected the
genetic relationship among multiple origins
accurately, and was suitable for assessing the
genetic diversity of the genus.

There are 10 species of Bergenia in the
world; seven of them are distributed in China.
Wang et al. (2012) analyzed 18 accessions of
B. purpurascens across Yunnan Province by
ISSR molecular markers. They found that the
Dice similarity coefficient between different
accessions ranged from 0.651 to 0.841, and
the accessions collected from the same origin
were not clustered together completely, indi-
cating that different accessions within the
same species had a high degree of genetic dif-
ferentiation and rich genetic diversity. In our
study, the 28 accessions collected from six
provinces were amplified by 24 primers, and
318 bands were amplified, of which 307 were
polymorphic bands, with a polymorphism
rate of 95.01%. Moreover, the similarity
coefficient ranged from 0.4372 to 0.9765;
and the values of Ne, H, and I were 1.3875,
0.2455, and 0.3805, respectively, which indi-
cates that the collected Bergenia germplasm
have extremely rich genetic diversity at the
molecular level. This is because there is
almost no genetic exchange between different
accessions. Wild Bergenia grows in the inac-
cessible alpine zone; the excavated germ-
plasm is consumed as medicinal materials;
and there is currently no artificial cultivation,
breeding, and hybridization.

There have been many reports on the rela-
tionship among plant germplasm based on
ISSR molecular markers. Li et al. (2011)
assessed the genetic relationship between
Medicago ruthenica germplasm in Inner Mon-
golia and found that germplasm with a close
geographic distance first clustered together,
but Du et al. (2009) found that the germplasm
clustering was not related completely to geo-
graphic distribution when studying Brassica
rapa ssp. pekinensis germplasm. Based on the
ISSR molecular markers, we performed clus-
ter analysis on 28 Bergenia accessions and
found cases when the same species from the

same region were clustered together completely, such as the four
B. tianquaninsis (TQ1, TQ2, TQ3, and TQ4), the two Bergenia
(LY1 and LY2), and the four B. purpurascens (BM1, BM2, BM3,

Fig. 2. The intersimple sequence repeat polymerase chain reaction amplification results of the 28
Bergenia accessions with primers of (A) UBC880, (B) UBC854, and (C) UBC876. M refers to
DNA marker. The standard molecular weight is shown on the left. The 28 Bergenia accessions are
B. scopulosa (nos. 1–6); B. tianquaninsis (nos. 7–10); TL, which is the accession from Tieling,
Liaoning Province; HQT, which is the accession introduced from New Zealand; LY1 and LY2,
which are the accessions with different leaf characteristics from Junan, Shandong Province; B.
emeiensis (no. 15); B. tianquaninsis; B. emeiensis (nos. 17–20); B. stracheyi (nos. 21 and 22); B.
purpurascens (nos. 23–26); RZ, which is the accession from Rizhao, Shandong Province; and B.
crassifolia. Because each gel plate can only hold 22 samples, samples 23 through 28 of each
primer are nested in (D).
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and BM4). However, there were also cases when the same species
from the same region did not cluster together completely, such as
the six B. scopulosa (QL1, QL2-1, QL2-2, QL3, QL4, and QL5)
and the five B. emeiensis (EMHY, EM1-1, EM1-2, EM2-2, and

EM2-3). The reason for this phenomenonmay be the result of spe-
cific microhabitats, leading to obvious genetic differentiation
between different accessions. During the investigation, we found
that although some accessions were collected from the same
region (such as the six B. scopulosa accessions from the Qinling
Mountain, Shaanxi Province), their specific microhabitats (e.g.,
soil condition, slope, aspect, light, altitude, associated plants) were
different, and their morphological characteristics were also signifi-
cantly different. Some accessions showed rounded leaves, some
showed narrower leaves, and some had serrated leaf margins. Cur-
rently, there are relatively few cultivars of Bergenia (Jiang, 2010;
Zhou et al., 2007). The ISSR identification results indicate there is
a huge space for breeding new cultivars in the future.

The unknown accession RZ showed the same adaptability as
B. crassifolia (ALT), and the genetic similarity between the two
was greater than 0.8, which was determined as B. crassifolia.
The age of potted seedlings TL, LY1, and LY2 has exceeded 10
years, but the origin of these accessions cannot be verified.
Through ISSR molecular identification, they clustered together
with species B. scopulosa, and were judged as B. scopulosa.
These accessions can survive the high temperatures and humid-
ity of Shanghai in the summer, showing strong adaptability.
However, the ecological habits and cultivation techniques of
these accessions need to be explored further. Such accessions
can be developed in the future and promoted throughout the
Yangtze River Delta and even across China.

The BM1 (Fig. 1H) collected from Bomi County, Tibet Auton-
omous Region, was extremely cold resistant, and its flowers were
fuchsia. After potting in Shanghai, the flowers and leaves were
fuchsia, and it is expected to develop into colored groundcover,
but BM1 cannot survive the high temperatures and humidity of
Shanghai in the summer. B. scopulosa showed strong adaptability
and can survive the summer easily. Because these two accessions
are the most distantly related among the collected germplasm,
they can be used as breeding parents to cultivate fuchsia acces-
sions that can survive the summer climate. In addition, B. crassifo-

lia had the highest content of bergenin
among all accessions (Wang et al., 2006),
and it was clustered in different categories
with B. scopulosa and B. purpurascens. The
genetic similarity coefficients of the three
accessions were 0.5244, 0.5586, and 0.4372,
respectively. Their selection and application
will not only increase the genetic diversity of
the genus, but also will complement each
other for different purposes. The UPGMA
dendrogram based on ISSR molecular
markers showed the genetic relationship of
the 28 accessions at the molecular level,
which provides a theoretical basis for the
promotion and application of valuable acces-
sions, and the selection of breeding parents,
and thus can effectively avoid the blindness
of valuable accession selection and simplifi-
cation of the genetic basis.
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UBC878 2 1.2854 0.1860 0.3107
UBC880 2 1.3316 0.2202 0.3608
UBC881 2 1.3985 0.2473 0.3908
UBC889 1.8889 1.4078 0.2502 0.3909
UBC890 1.75 1.1217 0.1022 0.1937
UBC891 1.9167 1.2332 0.1754 0.3016
UBC892 2 1.2732 0.1779 0.2998
UBC895 1.9091 1.1609 0.1226 0.2228
UBC899 2 1.1476 0.119 0.2241
UBC900 2 1.2092 0.1768 0.3017
Mean 1.9476 1.3875 0.2455 0.3805
SD 0.1909 0.3257 0.1625 0.2133

Na = number of alleles; Ne = number of effective alleles; H = Nei’s
genetic diversity index; I = Shannon’s information index.

Fig. 3. Depictions of the unweighted pair group method with arithmetic mean clustering analysis of
the 28 Bergenia accessions. The 28 Bergenia accessions are B. scopulosa (nos. 1–6); B. tianquanin-
sis (nos. 7–10); TL, which is the accession from Tieling, Liaoning Province; HQT, which is the
accession introduced from New Zealand; LY1 and LY2, which are the accessions with different leaf
characteristics from Junan, Shandong Province; B. emeiensis (no. 15); B. tianquaninsis; B. emeiensis
(nos. 17–20); B. stracheyi (nos. 21 and 22); B. purpurascens (nos. 23–26); RZ, which is the acces-
sion from Rizhao, Shandong Province; and B. crassifolia.
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