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1. FaEmiER®R

Figure 1. Wild 1. cicadae. A, B, C: I. cicadae distributed
in evergreen broad-leaf forest (Pop ICKGS); D: I
cicadae distributed in bamboo forest (Pop ICYTS).
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R 15 MHEERBERFRIR
Table 1. Locality of 15 populations of /. cicadae
No. of populations No. of strains Location
ICLHH ICLHH (1,2,6,7,8) Hedongqing, Hexi, Lanping, Yunnan Province ( )
ICKGS ICKGS Yeyahu, Gelezi, Shuanglongxiang, Kunming, Yunnan Province (
(9,10,11,13,14) )
ICYTS ICYTS (1,2,3,18,20)  Sanzhoushan, Taihua, Yixing, Jiangsu Province ( )
ICIMP ICIMP (1,2,3,4,5) Mopanshan, Jurong, Jiangsu Province ( )
ICHTM ICHTM (1,3.,4,5,6) Tianmushan, Hangzhou, Zhejiang Province ( )
ICWYD ICWYD (1,3,5,6,7) Yandangshan, Wenzhou, Zhejiang Province ( )
ICZLH ICZLH (1,2,3,4,5) Linhai, Taizhou, Zhejiang Province ( )
IC1JT 1CJ1J (1,2,3,4,5) Taiping, Pengze, Jiujiang, Jiangxi Province ( )
ICAHS ICAHS (1,2,4,5,6) Huangshan, Anhui Province ( )
ICAHU ICAHU (2,3,7,8,10)  Taoyuan, Zhufoan, Huoshan, Anhui Province ( )
ICATL ICATL (1,5,8,9,11) Jinshan, Zhongming, Tongling, Anhui Province ( )
ICACZ ICACZ (1,2,3,5,7) Guichi, Chizhou, Anhui Province ( )
ICFZC ICFZC (3,4,6,9,11) Chengxi, Longhai, Zhangzhou, Fujian Province ( )
ICFSM ICFSM (2,3,4,5,6) Zhongcun, Zhongcun, Sanyuan, Sanming, Fujian Province (
)
ICGHY ICGHY (1,2,3,4,5) Luoguiao, Shangling, Heping, Heyuan, Guangdong Province (
)
1.2 ITS
PDA ) EasyPureTM Quick Gel Extraction Kit
CTAB "
DNA White (ITS4 Bioedit — ABI
5-TCCTCCGCTTATTGATATGC-3" ITS5 5'-GG
AAGTAAAAGTCGTAACAAGG-3/)3" Lasergene 7.1 EditSeq
50 uL 33 4L 10% ( ITS GenBank ITS
2 mmol/L Mg®) 5 uL 2.5 mmol/L dNTPs 4 uL
(dimethyl sulfoxid DMSO) 2.5 uL. 10 pmol/L 1.3
2 ul 5U Tagq 0.5 uL PDA 25 °C
(20 ng/uL) 1 uL. PCR 95 °C 4 min
94°C50s 52°C50s 72°C50s 30 1 U
72°C 10 min 12 °C 1% PDA
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Figure 2. The morphology of the asexual conidium of /. cicadae. A: the large and small asexual conidium in /.
cicadae (ICKGS 9); B: cylindrical conidium of /. cicadae (ICKGS 11); C: elliptical conidium of /. cicadae (ICKGS
13). Bar=10 pm.

®2. MERMBEMASEMERESRITH

Table 2. The number of morphological traits of /. cicadae

No. of morphological characters

Name of morphological characters

JSK
BzZC
BZK
HYC
HYK
JHC
JHK
PGC
PGK1
PGK2
PGK3
HLC
HLK1
HLK2
HLK3
HLK4
HLKS5

The width of hyphae

The length of the small cylindrical conidium

The width of the small cylindrical conidium

The length of chlamydospores

The width of chlamydospores

The length of fusion hyphae

The width of fusion hyphae

The length of bottle-shaped conidiogenous cells

The width of the basal part of bottle-shaped conidiogenous cells

The width of the middle part of bottle-shaped conidiogenous cells

The width of the neck part of bottle-shaped conidiogenous cells

The length of gourd-shaped conidiogenous cells

The width of the basal part of the bottom half of gourd-shaped conidiogenous cells
The width of the middle part of the bottom half of gourd-shaped conidiogenous cells
The width of the middle part of gourd-shaped conidiogenous cells

The width of the middle part of the top half of gourd-shaped conidiogenous cells
The width of the neck part of gourd-shaped conidiogenous cells
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3. HERMEITS F5
Table 3. The sequences of ITS in /. cicadae
Sequence names Sequences

ITS1

5.8S rDNA

ITS2

CCAGAGTTTTACAACTCCCAACCCTTCTGTGAACCTACCCATCGTTGCTTCGGCGGACTCGCCCCAG
CGTCCGGACGGCCCTGCGCCGGCCCGCGACCTGGACCCAGGCGGCCGCCGGAGACCACGCAACCC

TGTATCCATCAGTCTCTCTGAATCCGCCGCAAGGCAACACAAATGAATCAA

AACTTTCAACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATACGTAATG
TGAATTGCAGAATTCCGTGAATCATCGAATCTTTGAACGCACATTGCGCCCGCCAGCATTCTGGCGG

GCATGCCTGTTCGAGCGTCATTTC

AACCCTCGACGTCCCCTGGGACGTCGGCCTTGGGGACCGGCAGCACCCCGCCGGCCCTGAAATAGA
GTGGCGGCCCGTCCGCGGCGACCTCTGCGCAGTACAACCACTCGCACCGGGAACCCGACGCGGCC

CGCCGTGAAACCCCCAACCTCTGAACG
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4. tEBRMEERT

Figure 4. Chlamydospores of /. cicadae (ICFZC 3). A:
a very large numbers of chlamydospores of /. cicadae
were easy to form in PDA medium; B, C: different
shaped chlamydospores; D: lipid droplets in
chlamydospore. Bar=10 pm.

2.3
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3. HEEERIE - RAHAR
Figure 3. The morphology of the conidiogenous cells
of I. cicadae. A, B: gourd-shaped conidiogenous cells
(ICZLH 4); C: bottle terrier prolification (ICAHS 5); D:
renju shape conidiogenous cells (ICWYD 6); E, F:
bottle-shaped conidiogenous cells (ICATL 9). Bar=10 um.

2.23

PDA 2d
4
(4.60-33.91) pm*(2.23-11.53) pum &S5 wEERMCHEMESEL
1-3 Figure 5. H type fusion hyphae of I. cicadae. A, B, C:
224 H type fusion hyphae formed between the hypha (ICFSM

2); D: the fusion hyphae between conidiogenous cells
H (ICGHY 4). Bar=10 pm.
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2.4 Figure 7. The formation of conidiogenous cells in /.
cicadae. A: the beginning of the formation of

24.1 17 conidiogenous cells (ICJMP 1); B, C: the formation of
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Figure 6. Germination and growth of asexual conidium
in I. cicadae (ICKGS 14). Bars=10 um. A, B: germination
of asexual conidium; C, D, E: mycelial growth of .
cicadae; F: H type fusion hyphae formed between the
hypha derived from two spores.
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conidiogenous cells neck (ICJMP 1); D: the beginning of
the formation of asexual conidium (ICJMP 1). Bar=10 pm.
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F 4. BERBEMESHERIITER
Table 4. The analysis of morphologic traits of /. cicadae

No. of variable Number of observations ~ Mean/um  Std Dev ~ Minimum/pm  Maximum/um Coefficient of variation/%
JSK 750 2.34 0.59 0.84 5.70 25.27

BZC 750 7.40 0.97 4.42 14.48 13.07

BZK 750 3.45 0.55 2.08 5.25 15.82

HYC 750 15.63 3.57 4.60 33.91 22.85

HYK 750 6.13 1.17 2.23 11.53 19.03

JHC 750 7.57 7.88 0.88 71.49 104.09

JHK 750 1.94 0.56 0.64 9.79 29.01

PGC 750 8.34 2.16 4.68 19.32 25.89

PGK1 750 2.58 0.55 1.24 5.39 21.21

PGK2 750 3.67 0.53 1.63 5.53 14.57

PGK3 750 1.25 0.34 0.44 2.45 27.16

HLC 750 12.37 2.07 7.14 25.83 16.77

HLKI 750 2.92 0.63 1.42 6.27 21.49
HLK2 750 3.96 0.72 1.77 10.16 18.18

HLK3 750 2.32 0.49 0.73 4.39 21.19
HLK4 750 3.65 0.59 1.48 7.93 16.31

HLKS5 750 1.22 0.34 0.39 2.31 28.03

x5 HERBISMER1TMEREXFESH
Table 5. Nested analysis of 17 morphological variance among populations of /. cicadae

Percent of total

Percent of population

Percent of individual

Percent of observation

No. offvariable variance/% variance/% variance/% variance/% FValue - Pr>F
JSK 100.00 9.14 11.08 79.78 2.39 <0.0001
BZC 100.00 7.17 29.51 63.33 5.66 <0.0001
BZK 100.00 21.93 30.46 47.61 7.40 <0.0001
HYC 100.00 10.84 13.76 75.41 2.82 0.2917
HYK 100.00 11.11 28.69 60.20 5.77 <0.0001
JHC 100.00 1.66 6.07 92.27 1.66 0.0019
JHK 100.00 5.49 6.43 88.08 1.73 0.0008
PGC 100.00 5.69 15.20 79.12 2.92 0.0032
PGK1 100.00 8.40 18.12 73.48 3.47 <0.0001
PGK2 100.00 12.96 13.40 73.64 2.82 <0.0001
PGK3 100.00 10.07 19.59 70.35 3.78 <0.0001
HLC 100.00 11.23 10.31 78.46 2.31 <0.0001
HLK1 100.00 11.93 11.93 76.14 2.57 <0.0001
HLK?2 100.00 14.91 3.90 81.20 1.48 0.0131
HLK3 100.00 19.71 14.51 65.78 3.21 <0.0001
HLK4 100.00 17.30 10.40 72.29 2.44 <0.0001
HLKS5 100.00 12.34 16.23 71.43 3.27 <0.0001
Mean 100.00 11.29 15.27 73.44 — —
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Figure 8. Q-cluster of 17 morphological traits assayed in 15 populations of /. cicadae sampled with average

linkage method.
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Micro-morphological variation pattern of Isaria cicadae

Wenbo Zeng'??, Chenxin Chang’, Jianping Li', Yuanbing Wang®, Yongdong Dai’,
Hong Yu®’

! College of Environment and Resources, Wenshan University, Wenshan 663099, Yunnan Province, China
2Yunnan Herbal Laboratory, Institute of Herb Biotic Resources, Yunnan University, Kunming 650091, Yunnan Province, China
* Wenshan Biological Resources Development and Research Center, Wenshan 663099, Yunnan Province, China

Abstract: [Objective] To reveal the morphological pattern of Isaria cicadae. [Methods] We observed 17
morphological characters and measured 75 strains of 15 populations in /. cicadae. Statistical analysis system (SAS)
8.1 was used to analyze the morphological data, the morphological pattern was analyzed in 15 populations of /.
cicadae, using the descriptive statistical analysis, nested analysis and Q cluster analysis. [Results] Two types of
asexual conidium (large and small conidium) were observed in /. cicadae. The gourd-shaped and bottle-shaped
conidiogenous cells were observed in /. cicadae. Many chlamydospores of /. cicadae were easy to form in PDA
medium. Many fusion hyphae were generated between hyphae, and some fusion hyphae between hypha and
chlamydospore, the fusion hyphae between conidiogenous cells were also observed. The CV of 17 morphological
characters was from 13.07 to 104.09% in I. cicadae, indicating an ample morphological diversity at the species
level. The nested variation analysis of the 17 morphological characters indicated that about 11.29% of the
variability was attributable to the differentiation among populations, the rest 15.27% of the variability was derived
from individual strains, and the remaining 73.44% was resided in the observations in the same strain. [Conclusion]
The phenotypic variation within strain was the main morphological variation of /. cicadae. The morphological

characters had no significant relationship with geographical origin in /. cicadae.

Keywords: Isaria cicadae, population, mycelium, morphological variation
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