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Genetic diversity of Ganoderma resinaceum by SRAP, ITS,

TEF1-a and LSU markers

TAN Xiu-Mei'? ADIL-Sattar’ PIAO Chun-Gen' XUE Han' GUO Min-Wei'
WANG Lai-Fa' LI Yong"
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Abstract: [Objective] Genetic diversity and relationship of 45 Ganoderma resinaceum strains from
different areas in China were analyzed. [Methods] We studied clustering analysis and genetic diversity
of these isolates using multi-gene analysis with ITS, TEF1-0, LSU sequences and SRAP technique.
[Results] 8 pairs of primers on 45 strains were selected and amplificated using PCR-SRAP system, and
95 fragments were amplified, the number of polymorphic bands was 79, the average polymorphic rate
was 82.4%. The PIC (polymorphism information content) value of these markers varied from 0.28 to
0.43, averaging 0.38. The results of multi-gene analysis with ITS, TEF1-0, LSU sequences and SRAP
technique showed that part of the strains from the same area were clustered with each other, their
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kinship was close, and some strains with large gaps about the geographical distribution were also
clustered in the same phylogenetic tree branch, their genetic relationship may also be relatively close,
the result above was consistent with SRAP clustering analysis. [Conclusion] The genetic diversity of
45 strains was relatively abundant, and it had some correlation between genetic similarity and
geographical distribution. ITS, TEF1-a and LSU sequences analysis and multi-gene analysis were more
useful for classification and identification of Ganoderma resinaceum, and SRAP technique was more
suitable for the genetic diversity analysis of Ganoderma resinaceum.

Keywords: Ganoderma resinaceum, SRAP, ITS, TEF1-0, LSU, Genetic diversity
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Table 1 The tested strains and their locations

No. Strain Site Origin . No. Strain Site Origin
1 C28 T 24 Cl
2 €29 i 25 C33
3 C30 L26 c6
4 35 27 C2
5 C36 ©28 c3
6 C37 L29 c4
7 C38 L 30 cs
8 Cls o3l c7
9 Cl16 ) C8
10 C17 L33 9
1 CI8 L34 C10
12 C19 P35 cll
13 C20 P36 Cc12
14 21 D37 C13
15 22 P38 Cl4
16 €23 P39 C39
17 C24 L40 C40
18 C25 | c41
19 26 L 42 c42

20  C27 P43 C43

21 C31 P44 C44

22 C32 P45 C45

23 C34

&2 SRAP I HEBAMRKEFT

Table 2 Primers of SRAP employed and their sequence

Forward primer Sequence (5'>3") Size (bp)

Forward primer Mel TGAGTCCAAACCGGATA 17
Me2 TGAGTCCAAACCGGAGC 17
Me3 TGAGTCCAAACCGGAAT 17
Me4 TGAGTCCAAACCGGACC 17
Me5 TGAGTCCAAACCGGAAG 17
Me6 TGAGTCCAAACCGGTAA 17
Me7 TGAGTCCAAACCGGTCC 17
Me8 TGAGTCCAAACCGGTGC 17
Me9 TGAGTCCAAACCGGTGT 17
MelO TGAGTCCAAACCGGTCA 17

Reverse primer Em1 GACTGCGTACGAATTAAT 18
Em2 GACTGCGTACGAATTTGC 18
Em3 GACTGCGTACGAATTGAC 18
Em4 GACTGCGTACGAATTTGA 18
Em5 GACTGCGTACGAATTAAC 18
Em6 GACTGCGTACGAATTGCA 18
Em7 GACTGCGTACGAATTCAA 18
Em8 GACTGCGTACGAATTCTG 18
Em9 GACTGCGTACGAATTCGA 18
Em10 GACTGCGTACGAATTCAG 18
Eml1 GACTGCGTACGAATTCCA 18
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Table 3 Molecular markers produced using different

SRAP primers in the strains of G. resinaceum strains
studied

Primer ) ) PIC

combinations Lotal numbers Polymorphic Polymorphism
of bands bands (%)

Me2/Em5 12 8 66.67 0.28
Me3/Eml 16 15 93.75 0.43
Me3/Emé6 15 13 86.67 0.39
Me4/Em10 9 7 77.78 0.36
Mel0/Em4 12 10 83.33 0.42
Mel0/Em8 10 8 80.00 0.36
Mel0/Em10 11 10 90.90 0.40
Mel0/Eml1 10 8 80.00 0.38
> 95 79 659.10
x 11.88 9.88 82.39 0.38
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Figure 1 Phylogenetic dendrogram of G resinaceum strains based on SRAP markers

Note: Scale length represented similarity coefficient.
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Ganoderma resinaceum C21 (KX371958)
Ganoderma resinaceum C26 (KX371963)
Ganoderma resinaceum C12 (KX371949)
Ganoderma resinaceum C14 (KX371951)
Ganoderma resinaceum C24 (KX371961)
Ganoderma resinaceum C23 (KX371960)
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Ganoderma resinaceum C13 (KX371950)
Ganoderma resinaceum C11 (KX371948)
Ganoderma resinaceum C9 (KX371946)
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Ganoderma resinaceum C6 (KX371943)
Ganoderma resinaceum C8 (KX371945)
Ganoderma resinaceum C27 (KX371964)
Ganoderma resinaceum C28 (KX371965)

Ganoderma resinaceum C29 (KX371966)
Ganoderma resinaceum C30 (KX371967)

Ganoderma resinaceum C32 (KX371969)
Ganoderma resinaceum C33 (KX371970)
Ganoderma resinaceum C34 (KX371971)
64 Ganoderma resinaceum C35 (KX371972)
Ganoderma resinaceum C36 (KX371973)
Ganoderma resinaceum C38 (KX371975)
Ganoderma resinaceum C39 (KX371976)
Ganoderma resinaceum C41 (KX371978)

Ganoderma resinaceum C42 (KX371979)
Ganoderma resinaceum C43 (KX371980)
Ganoderma resinaceum C45 (KX371982)
46 | Ganoderma resinaceum C19 (KX371956)
ﬂ‘| Ganoderma resinaceum C44 (KX371981)

Ganoderma resinaceum C10 (KX371947)
Ganoderma resinaceum C17 (KX371954)
Ganoderma resinaceum C25 (KX371962)
1| Ganoderma resinaceum C31 (KX371968)

Ganoderma resinaceum C37 (KX371974)
\——— Ganoderma resinaceum C40 (KX371977)

Ganoderma resinaceum C16 (KX371953)
Ganoderma.resinaceum (KJ143916)

—
0.002

B2 ETITS FIEEMENTMRAZERRRZLER
Figure 2 Phylogenetic dendrogram of G resinaceum strains based on ITS nucleotide sequence
GenBank (1000 )

Note: GenBank accession numbers are shown in the parentheses. The numbers on the branch points of the phylogenetic tree represented
bootstrap values of the tree (1 000 replicates); Scale length represented genetic distance.
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Ganoderma resinaceum C21 (KX372003)
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Ganoderma resinaceum C23 (KX372005)
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Ganoderma resinaceum C26 (KX372008)
Ganoderma resinaceum C27 (KX372009)
Ganoderma resinaceum C28 (KX372010)
Ganoderma resinaceum C29 (KX372011)
Ganoderma resinaceum C30 (KX372012)
Ganoderma resinaceum C31 (KX372013)
Ganoderma resinaceum C32 (KX372014)
Ganoderma resinaceum C33 (KX372015)
Ganoderma resinaceum C34 (KX372016)
Ganoderma resinaceum C35 (KX372017)
Ganoderma resinaceum C36 (KX372018)
«Ganoderma resinaceum C37 (KX372019)
«Ganoderma resinaceum C38 (KX372020)
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«Ganoderma resinaceum C43 (KX372025)
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0.00
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Figure 3 Phylogenetic dendrogram of G resinaceum strains based on LSU nucleotide sequence
GenBank

Note: GenBank accession numbers are shown in the parentheses; Scale length represented genetic distance.
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Ganoderma resinaceum C22 (KX379873)
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Ganoderma resinaceum C19 (KX379870)
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Ganoderma resinaceum C13 (KX379864)
Ganoderma resinaceum C12 (KX379863)
Ganoderma resinaceum C11 (KX379862)
Ganoderma resinaceum C10 (KX379861)
1«Ganoderma resinaceum C9 (KX379860)
«Ganoderma resinaceum C8 (KX379859)
1«Ganoderma resinaceum C7 (KX379858)
«Ganoderma resinaceum C6 (KX379857)
1«Ganoderma resinaceum C5 (KX379856)
«Ganoderma resinaceum C4 (KX379855)
1«Ganoderma resinaceum C3 (KX379854)
«Ganoderma resinaceum C1 (KX379852)
«Ganoderma resinaceum C2 (KX379853)
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—
0.002
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Figure 4 Phylogenetic dendrogram of G resinaceum strains based on TEF1-a nucleotide sequence
GenBank

Note: GenBank accession numbers are shown in the parentheses; Scale length represented genetic distance.
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—
0.000 05

5 EF ITS+TEF1-0+LSU FIERMENTMRZERRFLEN
Figure 5 Phylogenetic dendrogram of G resinaceum strains based on ITS+TEF1-a +LSU nucleotide sequence
(1 000 )

Note: The numbers on the branch points of the phylogenetic tree represented bootstrap values of the tree (1 000 replicates); Scale length
represented genetic distance.
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