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A IR B b 57 T B P 45 HIE 22 T R Ul VS AR
AR BEAL ¥+ 5 i BB i AR X, M b = R AL,
BRI Z1 230 mo %40 DX & B2 Y K i 14 2 R
R I E= SRS RISy N S T W S B TR VA A
R Z (Ganoderma tsugae) , K FIM T AR BT g 1
¥ o AMWFGE 5 BT 2024 4F A T M AT GRESRTAL,
iC M Before, 4ii 5 NLZ01-NLZ03) L } 2025 4 5 H
P2 R 2R OE GRES G 4,38 0 After, 4 5
NLZ04-NLZ06) , 7F [a] — A& 35 X $ul >R 42 4= A i
BB E 3N EY A EE . ARKERIRES R A T
IR AU 3 DX, B 1% J5 R iR FL A AZ R Z IR
WU RS X8, R TR G R2E 0~10 em
F)E L, KRR EY A SRR G 720 1R

S — MR AR . R T B TR 7H 2,
+ R E T IR B AU S i B LR E I
1RAET-80 “C&H .
1.2 H@moWmHE
1.2.1 X3 RIAFLDNA 6932 B

K F CTAB %5 - HEAE i #E 47 2L K 41 DNA 119
FEHC, I Agilent 5400 (Agilent, USA)#5ll DNA fY
1.2.2 X EMESn 5

*H Rapid Plus DNA Lib Prep Kit for Illumina9
(ABclonal, USA, Catalog#: RK20208 ) #4) 7 %7 £ [X 21
R SCHE . B4 K DNA i FH Covaris #8 75 7 7 4%
(LE220R-plus, USA) FfiAIL4T B 2 24 350 bp, Fifi J5 1K
WHEAT AR SAE 2 A R HE I 3k | BEO
e PCR 4" 14 K 4l fb 5¢ U SCE i 45 . PCR ¥4 78
T100 PCR {X (Bio—Rad, USA) b #1475 Fr B i vk 5 4l
A% F AMPure XP #42k & 58 (Beckman Coulter, USA) o
SCHE B By A 5 J5 i fd 1] Agilent 5400 (Agilent,
USA) R 5 SC 9 R F Quibit 3.0(Invitrogen, USA )
K CFX96 5 B 2 ) %E fit PCR & 4t (Bio—Rad , USA)
PEATE (2 1.5 nmol/L) o #R4EA SRR E S H
R B4 B 64T pooling (Echo 550, Labeyte, USA) , #
ZZAE Illumina NovaSeq X Plus SE-4 (USA) % PE150
A I 7 SR s AT LI
123 HESH

XF Mumina 775 75 I 75 3 A5 04 T 1 B0 o 4
& F Trimmomatic (0.39 FUAS ) 44, 24 =4k FRAE FH
Bowtie2 (2.3.5.1 jiA) 47 L ast i, AR EUH T )5 22
I HT A BT A (clean data) , Z5 5 0LF6 1. Ykpia:
B 5 =F BE AL 1R FH Kraken2 (2.0.7-beta B A4S ) Fil [
A R TR B PR (T 8 NCBI NT A% iR 59
RefSeq 4> & K 20 50040 e v )8 T4 T LA ol 78T L
B M T ) B AT B RS o BT 5 A ) ) 0T 5
0, 15 H] Bracken (2.0 JAS ) X FE A v 4 b i 552 PR AH
X2 B AT IR . T reads Y KEGG DI RE I BER
FHHUMARN3 5158 o B s A 1 3 s A AL
J¥ 511 5 UniProt B4 122 H () UniRefo0 85 14 i 545 122
PEATHEXT, FRf ot B 5L T DIAMOND %€ i, B , AR
% UniRef90 ID 5 KEGG Orthology (KO) 4% H B i
KZ B X 2[R — KO 4% H 1Y UniRef90 2 K%+
FE AT ARG RE b KEGG SR BE 5 B B AR
FRER, T RS M Y ied 2= oMt
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FEZA  Raw Reads Raw Base GC/% Raw Q20/% Raw Q30/% Clean Reads  Cleaned/%  Clean Q20/% Clean Q30/%

NLZO1 28019046 8.41 63 99.3 96.36 26532254 94.69 99.71 97.46
NLZ02 28328572 8.5 63 99.3 96.36 26897046 94.95 99.7 97.44
NLZ03 23877331 7.16 63 99.29 96.33 22645368 94.84 99.7 97.42
NLZ04 22679597 6.8 62 99.32 96.41 21542024 94.98 99.71 97.45
NLZ05 22182913 6.65 62 99.31 96.28 21012597 94.72 99.7 97.33
NLZ06 27330361 8.2 63 99.26 96.18 25802758 94.41 99.69 97.34

i : Raw Reads & 77 & 2 T 35 4 32 64 JR 45 M 5 5 5 4 ; Raw Bases R & R4S M F Ak %3, 8454 Gb; GC R FF7) F B2
oA Fo L5 v AR BT & o) Raw Q20 #= Raw Q30 & 31 & = R 44 20 ¥ b s Ik 12 3 A #4 35 3] 99% F» 99.9% #4 sk b 4] 5 Clean
Reads & 7 &4k 5 5] AR 2 590 B A8 % R4nmi 5 9 )G AT 49 #5313 ; Cleaned & 7 0 25 9 30 & R 46 5 3] 2009
et 5 Clean Q20 = Clean Q30 %A £ Jit 45 )5 2% 7 #5832 5 2 74 535 3] 99% A= 99.9% 9 # A8 e sl
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BT EARFR T (PCoA ) , I 18 i B 4 2 o0 )7 2
S BT (PERMANOV A) 6 56 41 1) 22 S {8 25 1 , AT 4
SR R B 2R M. AET] B IKE S
T2 T R T R i 2L, ) P A AR P R s 1
FRHERR - BE A o SR LEfSe 73-# i A 55 i
Jri 22 S A B 40 TR R BT A O e B o B E
LDA score>2.0, 3+ KEGG HU4f /1 B 45 L, %t +
WUV D RE AL AT o0 B o P HE B IR 5 R
7~ KEGG — 2 A = 9% U il 3 38 41 L H Ak 5 %

LEfSe 73 A i 16 8% 15 11 J5 22 5 & 4R 19 KEGG =2 Y)
HEIM % , 0 128 B (H 1% & 4 LDA score>2.0, #F—2%
JH Welch ¢ 46 50 % 22 5 D REd #& #4758 115047, I3l
1 Benjamini—Hochberg 77 ¥: 47 22 51 46 56 K¢ 1, L
FDR IV 22 5 o3 e 45 SR B ] S e
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2.1 FHERETEREY «SHEESH
GERLI (D) MR AR ARS RN E S H A
FEYE a ZFEMEM B 00T . BRI S A0 FEVE 1
Chaol $5 %X . Shannon 8 5% & Simpson 8 5 7E 4% 55 7
G 2R ARIB RN G B E KT (P=0.445 .0.174 Fil
0.102) . [FJFH, FL T HF 7% 19 45 T o 22 FEPE 98 B0 AR
FR S IR RE S (P=0.353.0.992 F10.981) .
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&3 420 n=3, Chaol 3§ A T RAEEE X M AY 3+ % ., Shannon 3§ 3 A= Simpson 38 £ Jf FRAEEK SR FNHE, HEH
PRRKTE 25758 ok, AR TP, ET AR FRELS A EE, L ERTEELMS, PR Welch F 1k 5

AR, P<O0S AT EFRE
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23 BIEHETEGAENMEREESFT
23.1 MAFHZELH

TE K (B 3A) , 320 T R 7% DA S B
I"] (Pseudomonadota ) M £ T ] (Actinomycetota) N
FFAT T AP B E U] (Bacteroidota) |
TR T 18 1] (Acidobacteriota) \ J&BEE T [ ] (Bacillota ) F
P & 1] (Verrucomicrobiota ) %5 o #% 35 1 )5 1 3
WITFELREES R ORMFEEE . EEK
- b CIE3B) 4 B R VR 322 i 18 A iR R
(Bradyrhizobium) | 5% W 1 J& (Variovorax) Fl %5 &
M B J& (Stenotrophomonas ) ¥4 1l ; 3% 35 1 Ji L 5B @
F AR/ N D 2l - 18 A= MR TR H 9.36+4.86% [
2 5.22+0.97%, B F IR m 5 8T R R s A
X, =F ZF AL F (P>0.05) . BUW T H &
(Xenorhabdus ) TEAR S5 AR DK Y, 7EA% 85 5 3 =+
JE TR 5 2.81+4.80% , {H 24 N8 S K, 28 52 R 3k
) BF K-

LEfSe 745 R s (K 4) , M e SRk
04 & £ B AL S Bradyrhizobium (12 A= M IE & ) |
Saccharothrix (W5 22 J& ) . Methylobacterium ( H JEFT

B ) Conexibacter( JEJE A M7 & ) # Bacillus (%7
) e EnRERE E 2O
Rhizobacter (FRFF 1 J& ) « Flavobacterium (B FF & )
Brevundimonas (/5 1 AN JE ) Arthrobacter (i A
J& ) M Massilia(B3EHFE ) o
232 REABFELH

TEN K B (B SA) , IR BRI DL T2 1)
(Ascomycota) A% LPLHEIERE . WA, HF R
(Basidiomycota) EET] (Mucoromycota) Y ENS
BARAYAZ W ] (Chytridiomycota ) WAY L T BEVX A
B Iy MIGHUE I RA NS TR AL R
wESTEE .

1@ /K L (K 5B) , FLIEAER 325 B s
( Cladosporium) ARE)E (Trichoderma) MR E %R
(Rhizophagus) J 5 ¥ ftl J& (Alternaria) 55 ¥4 1% .
WA, B4 AR 2R 5 & (Phaeoclavulina) i 71 T8
J& (Fusarium ) T3 AL & J& (Verticillium ) 258 5 A —
FE LB o g BB B R B R R A T AR
A« TR TR i R I 3 TR 1 0.48+0.83% 34
I Z 12.04+3.34% (P=0.022) , 4 4 76 )8 5 i )] TR
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WA B KR AT After 28 G 2094014 B . LDAscore A K , $LAA % 1 B 2T 40 18] 2 5769 T kAR K

LEfSe /i £ B (K 5C), Cladosporium(ﬁ
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JB ) JE AR L P A 2 e R AR
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KEGG I e vE B R W], 7 — IR K F
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(Metabolism ) i F& A A% O AILH DI RE . 75— HIHEK
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(F6C), 45 KM Hb il L3 4 175 7AW e fin
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degradation) |, Z ¥ 35 1% B f# (Polycyclic aromatic
hydrocarbon degradation) . 4l fifd (&, 2 P450 25 911X 1%
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metabolism) 5 o FHILZ T, #3551 80 & 4 T2
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Effects of Ganoderma tsugae understory cultivation on soil microbial
community structure and functional potential

TIAN Yuhan",ZHAO Haibin>*, YAN Jingqiu', TIAN Jingyi',
LIU Xiaodong'*,HE Xiaolong'”

(1. School of Life Sciences, Yan’an University ;2. College of Physical Education, Yan’an University;
3. Research and Development Centre of Ecological and Sustainable application of Microbial Industry
of the Loess Plateauin Shaanxi Province, Yan an 716000, China)

Abstract: To investigate the effects of understory cultivation of Ganoderma tsugae on soil microbial community
structure and functional potential, soil samples were collected from forest plots before and after cultivation.
Metagenomic sequencing combined with reference—based read annotation was used to analyze differences in bacte-
rial and fungal community composition and KEGG functional pathways. Results showed that understory cultivation of
G. tsugae did not significantly alter a— and B—diversity of soil bacteria and fungi. At the phylum level, Pseudomonadota
and Actinomycetota were dominant among bacteria, while Ascomycota and Basidiomycota were predominant among
fungi, with no significant changes in abundance of dominant phyla. At the genus level, distinct shifts occurred:
genera such as Bradyrhizobium and Bacillus were enriched prior to cultivation, whereas Flavobacterium and
Arthrobacter became enriched afterward. The abundances of Cladosporium and Alternaria increased significantly,
while Trichoderma and Rhizophagus were enriched before cultivation. Overall, KEGG tertiary pathways showed
changes—specifically, the abundance of furfural degradation pathway decreased, while pathways related to protein
synthesis and genetic information processing increased. In summary, understory cultivation of G. tsugae led to
changes in certain microbial compositions and functional potentials, providing theoretical insights for research on
soil microbiomes in understory edible mushroom cultivation.

Key words: Ganoderma tsugae ; metagenomics; soil microorganisms; microbial diversity
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Effects of pollination—insensitive floral longevity on seed production and
pollen removal in Lilium pumilum
WANG Hao", YANG Jiaxuan, GENG Wenhui, FANG min

(Key Laboratory of Applied Ecology of Loess Plateau, School of Life Sciences, Yan’an University,
Yan’an 716000, China)

Abstract: To investigate the adaptive significance of pollination—insensitive floral longevity. Using Lilium pumilum
(Liliaceae) as the experimental material, this study conducted supplemental pollination, pollinator observation
and floral longevity manipulation experiments to monitor pollinator activity and examine the effects of pollination—
insensitive floral longevity on seed number, seed quality and pollen removal efficiency. The results showed that pol-
lination treatment did not significantly affect floral longevity. Field observations identified Aporia crataegi and
Andrena spp. as the primary pollinators, which displayed markedly different foraging behaviors; A. crataegi
exhibited significantly greater abundance, total flower visits and per—flower visitation frequency than Andrena spp.
Furthermore, floral longevity manipulative experiments revealed that extended floral longevity significantly
increased fruit set, seed number, seed set, and pollen removal rate, thereby enhancing female reproductive fitness
and pollen dispersal, although it did not notably improve seed quality. Overall, this study offers valuable insights
into the adaptive role of pollination—insensitive floral longevity and the evolution of floral traits in high-altitude
plants, while also providing critical data for the conservation of wild L. pumilum germplasm resources.

Key words: Lilium pumilum; floral longevity; female fitness; pollen limitation; pollen; seed quality



