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ABSTRACT: The genetic diversity of 40 wild Auricularia polytricha strains within ten natural populations in tropical
China and five cultivated strains were analyzed by using twelve inter-simple sequence repeat (ISSR) primers. At the
species level, the percentage of polymorphic loci (P) = 99.8%, the effective number of alleles (N,) = 1.3569, Nei’s
gene diversity (H) = 0.2398, Shannon information index (I) = 0.3896, and total genetic diversity (H) = 0.2346 indicate
a high level of genetic diversity in wild A. polytricha. At the population level of the wild fungus, P = 43.51%, N, =
1.2675, H = 0.1702, 1 = 0.2504. However, the genetic diversity of cultivated strains was the lowest of all populations
(N, =1.1584, H = 0.0940, | = 0.1440). A moderate degree of genetic differentiation (G, = 0.347) among the sampled
wild populations was detected based on Nei’s gene diversity analysis, suggesting that 65.3% of variation existed
within this population. The high genetic variation level within wild populations may mostly result from a low level of
gene flow (N = 0.9408) and random genetic drift.

KEY WORDS: medicinal mushrooms, Auricularia polytricha, gene flow, genetic differentiation, Nei’s gene diversity,
population, cultivated strains
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repeat; PCOA.: principal coordinate analysis; RAPD: random amplified polymorphic DNA; SRAP: sequence-related
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I. INTRODUCTION

Auricularia polytricha (Mont.) Sacc. belongs to
Auriculariaceae, higher Basidiomycetes, and is
known as wood ear, or red ear.! It is distributed
worldwide in temperate and tropical regions, oc-
curring on living and dead broad-leaved trees, and
decayed stumps or logs.?® A. polytricha is a natu-
ral edible and medicinal mushroom, and is rich in
protein, coarse fiber, carbohydrate, eight kinds of
amino acids, polysaccharides, and many kinds of
microelements. Its amino acids are essential for
humans,* and its polysaccharides are important
medicinal bioactive metabolites.® A. polytricha has
been reported to have several medicinal functions,
such as promoting blood circulation, treating hem-
orrhoids, and having analgesic and antitumor prop-
erties.®° Because of these beneficial characteristics,
A. polytricha is an excellent edible species, and its
consumption has increased year by year. The major
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cultivated areas of the fungus in China are Sichuan,
Henan, and Fujian provinces, and the production
of the three provinces was 929,869 tons in 2007.
This production was 83.5% of the whole produc-
tion in China. Although fungus is widely cultivated
in China, the strains for cultivation were isolated
from limited populations. In fact, natural distribu-
tion of A. polytricha in China is well known, and it
is a common fungus, especially in tropical China.
It is important to establish the genetic diversity of
A. polytricha among natural populations, as this
knowledge is needed for breeding of the fungus for
the mushroom industry.

High genetic variation may increase the abil-
ity of A. polytricha to adapt to changing environ-
ments and improve breeding programs. In nature,
A. polytricha has a wide geographical distribution
and occurs in a range of habitats, and thus it is pos-
sible that the taxon has a rich genetic diversity.

289



HicH GENETIC DIVERSITY IN WILD CULINARY-MEDICINAL W0OD EAR MUSHROOM REVEALED BY ISSR ANALYSIS

u el 2
e

Haikou

®
Danzhou

°
Changjiang °
Qiongzhong

= Wanh
Lingshui

~l n;d 18

°
Ledong

FIGURE 1. Locations of the wild populations of Auricu-
laria polytricha sampled in Hainan Province, southern
China.

Some efforts have been made to study the genetic
diversity of A. polytricha by using random am-
plified polymorphic DNA (RAPD), inter-simple
sequence repeat (ISSR), and sequence-related
amplified polymorphism (SRAP) markers.1%?
Most of these studies, however, used cultivated
strains, and the diversity at the population level
or genetic structure and relationships among wild
A. polytricha are unknown.

ISSR is a powerful tool for investigating ge-
netic variation within closely related species,*? and
it has been widely used in fungal genetic diversity,
population genetics, and strain identification stud-
ies.1 1318 [n the present study, ISSR markers were
used to detect variation at the population level in
40 wild strains collected from Hainan Province
of southern China and five cultivated strains from
Henan, Sichuan, and Hainan provinces. The pur-
pose of this study was to evaluate the levels of ge-
netic variation and relationships among ten wild
populations, to compare the relationship between
the wild and cultivated strains, and to provide
information for further study on cultivation and
breeding programs.

II. MATERIALS AND METHODS

A. Samples

Forty natural strains of Auricularia polytricha from
ten locations (Fig. 1 and Table 1) in Hainan Prov-
ince, southern China, and five cultivated strains
from Henan (41, 42), Sichuan (43, 44) and Hainan
(45) provinces were isolated by tissue isolation and
are deposited at the herbarium of the Institute of
Microbiology, Beijing Forestry University (BJFC).

TABLE 1. Samples of Auricularia polytricha Strains of Different Populations in Hainan Province,

Southern China

Strains
Population  No. Locations Population Strains No. Locations
6 Bawangling Nat. Res. 38 Jianfengling Nat. Res.
2 Bawangling Nat. Res. Lingshui 27 Diaoluoshan Nat. Res.
30 roadside 34 Jiuqujiang
7 roadside 39 Yelin
Changjiang 37 Bawangling Nat. Res. Qionghai 29 Yelin
28 Bawangling Nat. Res. 11 Yelin
4 Bawangling Nat. Res. 12 Yelin
5 Bawangling Nat. Res. . 26 Limushan Nat. Res.
. Qiongzhong
3 Bawangling Nat. Res. 40 Dafeng Farm
22 Danzhou, road side 8 Damao
21 i 1 D
Danzhou roadside Wanning 3 amao
25 Lanyang 9 Damao
36 Lanyang 10 Damao
23 roadside 13 Maihao
. 19 roadside 14 Maihao
Dingan . .
33 roadside 16 Maihao
20 roadside Wenchang 32 Maihao
. 35 Jinniuling Park 15 Maihao
Haikou L :
24 Jinniuling Park 18 Maihao
Ledong 1 Jianfengling Nat. Res. 17 Maihao
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B. DNA Extraction

Strains of each collection were grown in liquid
medium, containing 25 mL malt extract dextrose
broth and incubated at 26°C for 10 days. The myce-
lia were harvested and rinsed with distilled water,
then dried with filter paper at room temperature.
The ZR Fungal/Bacterial DNA Kit™ procedure
was used to extract total genomic DNA. The con-
centration of DNA was estimated by Smart Spec™
Plus (Bio-rad, Hercules, CA, USA) visible spec-
trophotometer and quality was checked by 0.8%
agarose gel electrophoresis.

C. ISSR Amplification and Examination
Forty ISSR primers were designed following
the method of University of British Columbia
(UBC). Of these, 12 produced clear and repro-
ducible bands, and were selected for the subse-
quent experiments. The sequences of 12 primers
from 5’ to 3’ were as follows: P2: GTG(AC),; P3:
GTGACGA(CT),; P10: (GA),C; P12: (AG),GC;
818: C(AC),AG; 823: T(CT),CC, 826: A(CA),CC;
834: (AG), YT, 836: A(GA),GYA, 840: (GA),YT,
841: G(AG),AYC; 856: A(CA).CYA.

ISSR-PCR amplifications were performed in a
Mastercycler PCR System (Eppendorf, Germany)
with the cycling program: 1 min at 94°C, followed
by 35 cycles of 30 s at 94°C, 1 min at 51°C (primer
P2:45°C), 90 s at 72°C, and a last extension at 72°C
for 10 min. PCR amplification was carried out in
25 pL volumes containing 1X PCR buffer, 25 ng
template DNA, 0.9 mM MgC1,, 0.24 mM dNTP
mixture, 2 uM primer, 1 U Taq DNA polymerase
(Promega, Beijing, China), and double-distilled
water. Ten microliters of amplification products
were electrophoretically separated on 1.5% aga-
rose gels with 1X TAE buffer. A DNA ladder was
used as a size standard (D 2000). Gels were stained
with ethidium bromide and bands were visualized
and photographed under ultraviolet light using the
Gel Doc XR system (Bio-rad).

D. Data Analysis

Bands were scored as present (1) or absent (0); the
fragments produced by each primer were numbered
sequentially and entered into a binomial matrix.
ISSR fragments are frequently used without the
need to make assumptions regarding Hardy-Wein-
berg equilibrium.®® The resulting 0, 1 data matrix
was analyzed using POPGENE 32.2° Percentage of
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polymorphic loci, Nei’s gene diversity (H),?* Shan-
non index (1),% observed number of alleles (N ), ef-
fective number of alleles (N,), total gene diversity
(H), the genetic diversity of individuals relative
to their subpopulation (H,), and genetic differen-
tiation relative to the total population (G_) # were
calculated. Gene flow estimates (N ) were calcu-
lated as N_ = 0.5(1-G_)/G . An unbiased genetic
distance (D) matrix** between populations was
generated (POPGENE 32) and used to create an
unweighted pair-group method arithmetic average
(UPGMA) dendrogram (MEGA 3.1). Molecular
variance (AMOVA) described by Excoffier et al.®
was analyzed by using ARLEQUIN 3.1.% Finally,
a principal coordinate analysis (PCOA) was per-
formed based on the genetic similarity matrix of
the tested strains using NTSYS pc version 2.10e
EIGEN programs.?

[Il. RESULTS AND DISCUSSION
A. Population Genetic Variation
Figure 2 presents examples of ISSR electropho-
retic profiles generated by primers 823 and 826.
The size of DNA fragments ranged from 100 to
2000 bp; a few bands were more than 2000 bp. At
the species level, observed number of alleles (N,) =
1.9980, effective number of alleles (N,) = 1.3569,
Nei’s gene diversity (H) = 0.2398, and Shannon
information index (I) = 0.3896 (Table 2) indicate
a high level of genetic diversity in wild A. polytri-
cha. Twelve primers chosen for analysis produced
a total of 499 and 181 ISSR bands in the wild and
cultivated strains, respectively, of which 498 and
155 bands were polymorphic, with the percent-
age of polymorphic loci (P) 99.8% and 85.6%; an
average of 41.6 and 12.9 polymorphic bands were
amplified per primer. The number of genomic char-
acters observed in the wild strains was distinctly
higher than those in cultivated strains, as previous
studies have indicated that the genetic variation of
wild strains of Agaricus bisporus (J.E. Lange) Im-
bach and Lentinus edodes (Berk.) Singer is much
higher than that of cultivated strains.1528-32

At the population level, P = 43.51%, N =
1.3916, N, = 1.2675, H = 0.1702, and | = 0.2504.
Among the ten natural populations examined in
this study, the population from Changjiang had
the highest percentage of polymorphic loci (P =
67.13), followed by the Wenchang population (P =
63.13). The Wenchang site, however, supported the
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43 44 45

FIGURE 2. ISSR profiles of 45 Auricularia polytricha strains using primers 823 (a), 826 (b). Lane M: D 2000 marker.

Lane CK: control.

highest level of genetic diversity (H = 0.2150, | =
0.3273), followed by Changjiang site (H = 0.2081,
I = 0.3232), while Qiongzhong had the lowest
level of variation (P = 23.45%, H = 0.1172, | =
0.1625). Only a single strain was collected from
the Lingshui site, and thus it could not be evalu-
ated. Although the number of individuals was the
same among the Haikou, Ledong, and Qiongzhong
sites, the Ledong site exhibited the highest genetic
diversity among the three populations, indicat-
ing that genetic diversity of A. polytricha from
this nature reserve was higher than that from the
roadside. Humans are more active at the roadside

than in nature reserves, and logging transportation
is frequent along the roadside. therefore, the wild
A. polytricha on different logs may come from a
few original strains, and this seems to be the main
reason for low genetic diversity of the fungus from
the roadside.

Although the five cultivated strains were from
three provinces, based on present analysis their
genetic diversity is the lowest among the studied
populations (Na =1.2972, N, = 1.1584, H = 0.0940,
I = 0.1440) if we consider them as one population.

The total genetic diversity (H, = 0.2346) was
mostly attributed to diversity within populations

TABLE 2. Genetic Diversity Statistics for All Loci within Populations of Auricularia

polytricha in Hainan Province

Nei’s diversity (H)  Shannon index (l)

Polymorphic Percentage of
Population loci No. polymorphic loci (P)
Changjiang 335 67.13
Danzhou 229 45.89
Dingan 230 46.09
Haikou 121 24.25
Ledong 131 26.25
Lingshui — —
Qionghai 265 53.11
Qiongzhong 117 23.45
Wanning 211 42.28
Wenchang 315 63.13
Mean 217 43.51
Total 498 99.8

0.2081 + 0.1725
0.1861 + 0.2056
0.1841 + 0.2021
0.1212 + 0.2145
0.1313 + 0.2202
0.1966 + 0.1926
0.1172 £ 0.2120
0.1721 + 0.2044
0.2150 + 0.1830
0.1702 + 0.2008
0.2398 + 0.1281

0.3232 + 0.2504
0.2727 + 0.2989
0.2710 + 0.2955
0.1681 + 0.2974
0.1820 + 0.3053
0.2945 + 0.2831
0.1625 + 0.2940
0.2519 + 0.2970
0.3273 + 0.2663
0.2504 + 0.2875
0.3896 + 0.1656
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TABLE 3. Analysis of Molecular Variance (AMOVA) for 40 Auricularia polytricha

Samples from Ten Populations

Source of Degrees of Sum of Variance Percent of
variation freedom squares components P value* total variance
Among populations 9 579.713 1.02889 Va <0.001 1.67

Within populations 30 1813.712 60.45706 Vb <0.001 98.33

Total 39 2393.425 61.48595

* P value was calculated by a permutation procedure based on 1023 replicates.

(H,=0.1532) and a moderate degree of genetic dif-
ferentiation among populations (G = 0.347), sug-
gesting that 65.3% of the variation existed within
populations. Wright ® believed that for some loci,
the rates of gene flow could offset population dif-
ferentiation (N_ > 1), whereas for others random
genetic drift could result in population divergence
(N <1). Inthis study, the indirect estimate of gene
flow based on genetic distance was lower (N =
0.9408), indicating that there were low levels of
gene exchange among wild A. polytricha and a
high level of divergence among populations. The
level of gene flow via dispersal of sexual basid-
iospores and fruiting bodies is constrained by the
low migratory capabilities of carriers. In the pres-
ent study, it has been basically concluded that geo-
graphical isolation was probably responsible for
the lower gene flow. Some evidence for higher
gene flow has been found in many basidiomyce-
tous mushrooms, such as Thelephora ganbajun M.
Zang (N_=3.128) and Agaricus bisporus, suggest-
ing that human-aided dispersal was responsible for
such long-distance gene flow.3+-38

In this study, AMOVA analysis (Table 3) in-

dicated that only 1.67% of the variance existed
among populations and most of the variation
(98.33%) was found within populations, which
was lower than that in the result of POPGENE.
Dalgleish and Jacobson® also reported that 86%
of the total variation was accounted for within
Morchella esculenta (L.) Pers. sites. The estimated
genetic differentiation and gene flow suggests that
the high level of genetic variation within popula-
tions of A. polytricha in Hainan Province is due
to the combined effects of limited gene flow and
random genetic drift.

B. Population Genetic Distances and
Relationship

The genetic distance (D) matrix among the ten
populations (Table 4) varied from 0.0287 (the
smallest genetic variation, between Changjiang
and Qionghai) to 0.1908 (the greatest difference,
between Ledong and Lingshui). The UPGMA den-
drogram (Fig. 3) based on Nei’s genetic distances
(1978) among the ten populations showed that all
populations could be classified into two groups
with a genetic distance value of 0.04. Group | de-

TABLE 4. Nei’'s (1978) Original Measures of Genetic Identity (Above Diagonal) and Genetic

Distance (Below Diagonal) between

Populations of Auricularia polytricha

Chang- Dan- Ling- Qiong- Qiong- Wen-
Population jiang zhou Dingan Haikou Ledong shui Hai zhong Wanning chang
Changjiang 0.9587 0.9532 0.9388 0.9522 0.8650 0.9717 0.9473 0.9653 0.9618
Danzhou 0.0422 0.9614 0.9404 0.9300 0.8520 0.9615 0.9264 0.9393 0.96
Dingan 0.0479 0.0393 0.9526 0.9299 0.8519 0.9509 0.9195 0.9405 0.9709
Haikou 0.0632 0.0614 0.0485 0.9205 0.8437 0.9306 0.8983 0.9109 0.9372
Ledong 0.0490 0.0726 0.0727 0.0828 0.8263 0.9346 0.9212 0.9170 0.9350
Lingshui 0.1451 0.1601 0.1602 0.1699 0.1908 0.8650 0.8760 0.8446 0.8550
QiongHai 0.0287 0.0393 0.0504 0.0719 0.0676 0.1450 0.9523 0.9508 0.9643
Qiongzhong 0.0541 0.0765 0.0839 0.1072 0.0821 0.1324 0.0488 0.9141 0.9235
Wanning 0.0353 0.0626 0.0614 0.0934 0.0867 0.1689 0.0504 0.0899 0.9514
Wenchang 0.0389 0.0408 0.0295 0.0649 0.0672 0.1567 0.0363 0.0796 0.0498
Volume 13, Number 3, 2011 293
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FIGURE 3. UPGMA dendrogram based on the genetic distances among ten wild populations of Auricularia polytri-

cha.

lineated two clades, and eight populations consist-
ed of clade 1, demonstrating that the eight popu-
lations were closely related; furthermore, clade 2
composed a single population (Qiongzhong). And
group Il comprised Lingshui alone. Cluster analy-
sis revealed that genetic distance of populations is
not correlated with the geographical distance.

C. Individual Genetic Distances and
Relationship

The genetic distance (D) coefficients among 40
wild strains was also computed using MEGA 3.1
and ranged from 0.148 with the least dissimilar-
ity between strains 28 and 30 (strains from the
Changjiang site showing a close relationship)
to 0.309 with the greatest dissimilarity between
strains 5 (Changjiang) and 16 (Wenchang); 14
(Wenchang) and 23 (Dingan); 14 and 25 (Dan-
zhou). However, the genetic distances were from
0.023 (41 and 42, 43, 44) to 0.159 (45 and 42, 43,
44) among five cultivated strains, so the cultivat-
ed strains seem to be closely related genetically,
especially in the strains from Henan (41, 42) and
Sichuan (43, 44) provinces, which are the two
major cultivated areas of A. polytricha in China.
The cultivated strains in the two provinces were
almost from the same primary strain for cultiva-
tion. The Hainan cultivated strain is distinctly dif-
ferent from Henan and Sichuan cultivated strains
(Fig. 2), and it was closer to the wild strain 38
(D: 0.114) than any other cultivated strains (D:
0.136, 0.159). This means Hainan cultivated
strain may come from the local wild strain, or
otherwise the wild A. polytricha came from culti-
vated strain. So the dispersal of spores from culti-
vation to the environment could increase the gene
flow of the fungus among the wild population.
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The genetic variation of wild A. polytricha was
also much higher than that of some other mush-
rooms, such as Pleurotus eryngii (DC.) Quél (D:
0.178-0.262)* and Agaricus bisporus (D: 0.036—
0.280),% but seems much lower than a closely re-
lated species Auricularia auricula-judae (Bull.)
Quél. (D: 0.09-0.66)* and Lentinus edodes (D:
0.01-0.38).18

C. Cluster Analysis
The dendrogram constructed by UPGMA based on
the genetic distance matrix of 45 Auricularia poly-
tricha strains showed four distinct groups with a
distance coefficient value of 0.125 (Fig. 4): Group
I and Group Il comprising three strains, respective-
ly; Group III including five cultivated strains and
Group IV for the remaining strains. The structure
of the tree is very similar to the one from NTSY'S-
pc analysis (figure not shown). Clustering analysis
of individuals revealed that some strains from dif-
ferent populations intermixed in the dendrogram,
whereas individuals from the same population did
not group together, suggesting that no geographi-
cal pattern occurred in the population genetic vari-
ation.

A principal coordinate analysis (PCOA)
(Fig. 5) was basically consonant with the cluster-
ing data of Fig. 4, and the Hainan cultivated strain
was clustered with wild strains. This indicated that
strain 45 has a unique genotype compared with
other cultivated strains.

People in Hainan usually use cultivated mush-
rooms as food, and few wild Auricularia polytri-
cha resources were collected. It was reported that
different A. polytricha strains vary in not only their
output, cultivation cycle, shape, and taste, but also
in their pharmacological effects.> The evaluation
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FIGURE 4. UPGMA dendrogram based on the genetic distances of 45 Auricularia polytricha strains.

of genetic diversity would promote the efficient
use of genetic variations in the breeding and phar-
macological programs.

In conclusion, this study revealed a relatively
high genetic diversity among wild A. polytricha
within populations in Hainan, so it has a strong
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ability to adapt to changing environmental condi-
tions. The genetic diversity of cultivated strains
was the lowest among the studied populations. The
dispersal of spores from cultivation to the environ-
ment could affect the gene flow of the local wild
population. The information on the genetic relat-

004

053

FIGURE 5. Relationships among the 45 Auricularia polytricha strains visualized by principal coordinate analysis
(PCOA) of ISSR-based genetic similarities. Coordinates 1, 2, and 3 are indicated. m = cultivated strains and o = wild

strains.
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edness among the strains with different genetic
bases will be useful for future breeding programs,
for example, the selection of parent strains of A.
polytricha. Genetic depression is a common phe-
nomenon in cultivated strains of A. polytricha, and
based on the present study genetic diversity could
be improved when more wild strains with good
characteristics are introduced as breeding material
for cultivation.
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