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Taxonomic identification and biogeographic analysis of a wild
strain of Morchellain Qilian based on multiple genes
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Abstract: [Background] Qinghai harbors rich wild Morchella resources, whereas studies
remain to be carried out for the species identification and characterization. [Objective] To
identify a wild Morchella strain collected from Qilian, Qinghai and analyze its biogeography.
[Methods] The morphological characteristics were combined with genealogical concordance
phylogenetic species recognition and the phylogenetic analyses to identify the Morchella strain.
Furthermore, species divergence time was analyzed and the geographic ancestral region was rebuilt.
[Results] The strain MQL-1 presented a yellow-brown domed cap and a white hollow stalk, with a
spore size of (21.17#4.33) umx(14.26+3.25) um and a hyphal diameter of (13.954+3.19) pum.
Strain MQL-1 had 99% ITS sequence identity with Esculenta clade of the genus Morchella, and
the genealogical concordance phylogenetic species recognition identified MQL-1 as Morchella
crassipes. The estimated divergence time and reconstructed geographic ancestral region
indicated that M. crassipes MQL-1 diverged from M. crassipes M10 at approximately 12.75 Mya
(million years ago), and its most likely reconstructed geographic ancestral region was India
(52.49%). [Conclusion] We isolated and identified a wild Morchella strain in Qinghai. This
study enriched the information database of Morchella resources in Qinghai, laid a foundation
for the follow-up work, and provided new ideas for fungal research.

Keywords: Morchella; morphotype; genealogical concordance phylogenetic species recognition
(GCPSR); phylogenetic analysis based on multiple genes; divergence time; ancestral region
reconstruction
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ITS+HEZ A 28S KV 3 (ribosomal large subunit,
LSU)+#F4EK AT 1o (translation elongation
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PDA)G I (g/L): R 200.0, % HH
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1.1.3  FZERFIFLEE

2xTaq PCR MasterMix . 4S Gelred #% iR 44k}
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121 FHEFHELEE
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2% i FL K (B R 120180 V)RS, 54 B LAY
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(B 1G). WIHZEE S E M AE R,
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R B RR MQL-1 /9 5 4 FE K (ITS-LSU-TEF1-
RPBI1-RPB2)/7 41 . 4 #2358 £ GenBank %§
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) ITS J¥4I7E NCBI $#&F b1 BLAST L
Xp, o5 HL A 2 i # (Morchella crassipes,
EF081001. )ARUME L 99%, 2B AT fE A HLAH
JH: T o e B 2T 2 I 2R B A M. rufobrunnea
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E1 FEMEFEEHEESEFE A HHECEEEIE AL B: FiBEBERLIE T
WG EE). C: HiFEBEEFIE FEIR(ARET). D: TRMFES. E-G: Htk MQL-1 7£ PDA k%
FeIPREFE 5. 10 130 d A RVEARAE. H: W R R EZES

Figure 1

Morphological characteristics of wild Morchella in Qilian, Qinghai. A: Habitat. B: The fruiting body in

Qilian, Qinghai (fresh). C: Mycospore (natural drying). D: Morphology of ascospore. E-G: Colony characteristics of
strain MQL-1 cultured in PDA medium for 5, 10, and 30 days. H: Mycelial morphology of culturable mycelium.
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A A S A AL B (R HE R T 2 R Bk
7, 5B E 4 iR, ITS+TEF1+RPB1+RPB2
FRICAE MEAL Y 3 D2l PP R KR
i 11500 bp, 5 FAEFEIE 39 RN HFE
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Tree scale: 1 +
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Figure 2 Bayesian inference phylogenetic analyses of the strain MQL-1. The tree scale 1, represented a
hundred out of 1 000 nucleotides were replaced. The sequences obtained in this study are highlighted with a

black bold red background.
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. MQL-1
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Figure 4 Divergence time estimation of the strain MQL-1. The tree topology was derived from BEAST
analysis of 39 Morchella phylospecies based on the combined sequences of 4 genes (ITS+
TEF1+RPB1+RPB2). The middle digit of a node indicates the differentiation time of the node. The blue line

segment represents the 95% highest posterior density of this node. The tree scale 10, represented a thousand
out of 10 000 nucleotides were replaced. The strains obtained in this study are highlighted in red.
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Figure 5 Geographic range evolution of Morchella crassipes by Bayesian Binary MCMC method. The pie chart
for each node shows the possible ancestry distribution. Green circles, blue circles, and yellow circles on the circle
plot represent possible dispersal events, possible vicariance events, and the possible extinction events, respectively.
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