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Establishment of molecular markers in the whole genome of
Ganoderma lingzhi elite varieties

LIU Yiting, JIANG Xiaohan, YANG Chunyan, CHEN Jianhui, WANG Chezhao,
LU Xiaomeng, YANG Zhikang, DENG Youjin', WU Xiaoping”

College of Life Sciences, Fujian Agriculture and Forestry University, Fuzhou 350012, Fujian, China

Abstract: Ganoderma lingzhi 13 is an excellent cultivated variety with superior agronomic
character. The mononucleate strain, G. lingzhi 13-5, as assembled into a complete genome by
three-generation HiFi sequencing and Hi-C sequencing, and five replicated bi-nucleate strains
were subjected to high throughput sequencing by Illumina, and then the genome of G. lingzhi
13-5 was used as a reference for SNP calling to establish the molecular markers based on the
whole genome of G. lingzhi 13. The genome contains 13 chromosomes with a total of 45.73 Mb.
After the SNP calling of five replicate strains were de-emphasized and merged, 319 074 shared
heterokaryotic allelic difference sites were obtained as a molecular marker library for the
identification of G. lingzhi 13 strains. Seven post-fruiting strains were randomly selected from the
strain library. It was found that the percentage of allelic difference sites of the post-fruiting strains
shared with G. lingzhi 13 ranged from 22.20% to 45.18%, being far inferior to threshold value,
indicating that these strains were different from G. lingzhi 13 and they were not the same strains.
In this study, molecular markers based on the whole genome of G. lingzhi 13 and its
heterokaryotic allelic differentiation sites were established, which can accurately differentiate G.
lingzhi 13, a superior cultivated variety.

Keywords: three generations of HiFi sequencing; SNP calling; variety identification; variety
protection
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1.1 R
1.1.1 SIS

RZ 102 5 119(83)i i M- LI AT | 44 28
TRZ 13,
1.1.2 EHHE

B B EHRE(1 000 mL): TH4AE 200 g, %k
B 20 g, MMAGE /K5 48 35— [R5 5 th
UE, EAZE 1000 mL, FREBEIA 20 g 31
fREI R, KAIMA 20 ¢ HAEWE, i
Ja HEATr%5, 121 °CK & 30 min,
1.2 BEHEREBEZUREE

415 A G 1 T R T 42 2 R AR B R A T
EkRBARRE SR, 30 °C. 150 r/min $EIRRE 55
3-4do HrffEWIARE 25 A 50 mL .08, B
FEE T, 4 500 r/min &0 20 min, 7EH 5T
Ve B LB B, FH 30 mL 0.7 mol/L KCI,
10 mmol/L CaCl,-H,O ZZ ik ik, 4 500 r/min
B0 10 min, 3 FIF. WRZE THEA 10 mL i
W (02 g FhEEREE. 0.7 mol/L KCl, 10 mmol/L
CaCl,y H,O ZEmil, UEKi8)AY 50 mL Bl
B, 28°C, 150 r/min IR AEM# 3 ho WHUR

R R BT, AR AR S O B,
0.7 mol/L KC1. 10 mmol/L CaCl,-H,O %% ik
S, BT 3 2 KE4SE, HH 0.7 mol/L
KC1.10 mmol/L CaCl,-H,O 2% i th ¥k 1-2 %,
Frki, WEIERT 50 mL B0 E T, 4 °C,
2 500 r/min B> 10 min, F FWE. HidEE
0.7 mol/L KC1, 10 mmol/L CaCl,-H,O & i i
e, BUEIRSEHRBEE 2 mL B0, 4°C,
2 500 r/min &5.0> 10 min, 3 7. /i 300 pL
I1xSTC 7%, T, M AE B fAk A3 10°4~/mL,
WATE] 90 mm FRAE R FRIESE IR, 30 °CHE 5%
2-3 d, PRGN AR RS R ETE S
R R )G , 76 B TR e
MAERUIRER S 451, A BRI G254 , Ui
Ji A AR A AL R )
1.3 S REREANF

PG R Z 13 A5 RE bR Mot R A
FRBpAZ AT B BRI MR R 2 13-5 SR
WA BEEEACAY 90 mm K K F-ARH, 30 °CRREH:
FREWZWBG KW, WEFHZZEL 03 g,
—80 °CLRAF. AR MR A B 41 =48 HiFi Il
FFJe Hi-C M FRITLHEA A d e, =R
HiFi U530 100%, %54 & 10 G, Hi-C il
FEREE N 100, i 20 Go AR BEREIR
B EGHE SAEEFRIN, Al 225 /E R SAEE
5, BIALROERBEAYE BRHCABRA A
P47 Tlumina Hiseq Xl /3, W 5 I & K
100x, %dlifEHl 4 G,
1.4 HERFHAR

{#i | bamtools (Barnett et al. 2011)H 1
bam2fastq T4 MR 2 13-5 B R A AT P4
P bam XA PRI fastq ¥4 {4 ] HiFiasm %X
f:(Cheng et al. 2021)%F HEHUARAS A0 =5 EFE HiFi
reads PEATLH%% , % B Hi-C #a0, HASEEIA.
1E Hi-C #i50F , HiFiasm 23847 all-vs-all H.XT,
IR ENTZ B EE X, 24 reads Z )71
Bkt 2= S, HiFiasm S48 32 RF1% 22 5 1 reads
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Fr—m 7 tDNA JFFIIF) 2 4> contigs F4%i%EE
&k, W — 25K “Fp8-rDNA [X-F#51]”
Y scaffold, #iid HiFi reads AN IR 8 FlIFE R
ZH PR DL XS PP R BE T rDNA X
AT ER N EL, f ] Hi-C Pro (Servant et al.
2015) THAG MR AR EZART 100 kb HYK A B
contigs Z[BIMIEFERR, IR NN %A% 1
contigs FEHLELKIE AL scaffolds, #x)5 M| HiFi
reads IE - scaffolds H A HE T
1.5 EFEAERFTEMFERMTIEIE

i o PR 2 2 2 o B A i BUSCO
v5.6.1 (Seppey et al. 2019)%f R 2 13-5 FEH 414
R BNMEHAT VAN, SR AR R 56 R
(basidiomycota_0db10.2020-09-10), 4 f&{4 Py Fii
e R Z B ) BAE ARG — 2 B R [ —2%
e Ry 2 AN, BE R G L E VR R
s ARG R Z B 2 AFEHE P AR R —
FEART W — Qe AR N AR, AR B PE T

i H Hi-C Pro #f4:(Servant et al. 2015)3815 44,
REAESHGSE, BIERZ 13-5 Yeta iRy BeHELL
FHERRPE
1.6 HZR 7T

R EZHCE TR AN G AR 22 b B HAE
TR A RE A, 0 % B TR (Varoquaux et al.
2015) . /INAZ B9 K [Q 85 T4 (Sperschneider et al.
2021)% , {#iff] Hi-C Pro #f4:, A3y ok H AR
o, U LR 2 454> 40 kb Bin Z ]y
Hi-C BARES, BAROK ARG S RIRMNL
BRI R AL B
1.7 EREFMFS 4

ffi ' Funannotate %X {4:(https:/funannotate.
readthedocs.io/en/latest/) X} R 2 13-5 KL ZH i 4T
HRE, HRZHEARAENEAIERE, ZE
Augustus SEEIR K B, BHRZ 13-5 1)
A JFH150 BN R 100 kb BYE 1T, St
BAE O SAMERNEE, HEERREKRR
FEPR B BE A ARG B o
1.8 EEFIISH

{& F 145 RepeatMasker (Chen 2004), tandem
Repeat Finder (Benson 1999) % TE classify Z{4:X}
RZ13-5 BRI A L P 5T R A
3. WMRZ 13 WERA T EI KN N
100 kb WMEH, SiHEI MEHEHZPERF
G, RS AR T E G E R A A S B
1.9 ENFHELIEREERFA D FHRIC
2 4vi

AR Y 13-5 BLNHPTRE, LR
FREITIEIEASH NG, [ GATK i
LS EENAEN TR, # S EE KRN A
P ECE O RIS I, Al SAM 3L
85 HEP A BAM U, X0 HGH#HAT PCR
Zhric, 4 MarkDup.bam; X} MarkDup.bam
#ArRKG|JF R F SNP 2277 5, #E4T SNP
calling J5 4 B gVCF (5 A S MEHEER
PRI gVCFs, AR VCF SCHF. FEMCIERS b, 0
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I IEF BT FFRIC I

DIFE R IE 5 DNEE Wk S0 25
LA e, IR AR RS A
FZEN AL 25 S B, T SR/ 5 AR 2 A
22 11 B S TR MR 1) S5 A 25 S R B0 B LV Sk
W I (B . A PO B AR A RS GS<BIME, NWIIAE N
ST APERE Y GS>BIERT, W]
INER MR (GS=RI kS R 2 13 4t
A S 22 T B 4 FE AL 2 TR C 55
25 57 15D
1.10 £EREEB D FHrciiE

JNEE R P BEHLME. 7 B R 2
R AT ZARE I, S H RN R
13-5)%F 7 ATk B H DT 282547 SNP calling
J5, KGRI RE SNP A 5 R 13 PRS2

LR — B EERAE N T, O TARE R AR
(E 22 5L BB 7 B, IR E . 3
{11585 e o8 S E SR v b e g i Ay (RE Y U T R

2 HEREHN

21 EFPERER

1t PacBio M1 F X i SR A o R B
AT B W AR TR R 22 13-5 SEFT3E D 41
J¥o RZ13-5 WHRINTF TS 62.91 714~ HiFi
reads, FL N50 KJEH 19 179 bp, GC FEH
53%, L3845 11.54 G MFEURE .

i F HiFiasm B 4%} R 2 13-5 1 HiFi reads
W Td%e, HRRIEE N Hi-C #at, IR Y
13-5 [ Hi-C 08l , AR L 5l . JED 4
A 789 4 contigs, AEK/NEIS 77.33 Mb
(# 1), FEiXLL contigs F1, tigdl. tigd2. tig03.
tig04 . tig05. tig06. tig07. tig08, tig09.

1 RZT135EFARER

Table 1 Genomic information of Ganoderma lingzhi 13-5

PHERR R/ 5 3" Ui L FERG Ok R

gl Size Telomere at Telomere at  Complete Notes

Contig (Mb) 5’end 3’ end chromosome

tig01 476  + + +

tig02 334+ + +

tig03 414 + + +

tig04 3.14 + + +

tig05 455 + + +

tig06 3.41 + + +

tig07 260 + + +

tig08 319+ + +

tig09 339+ + +

tigl0 253 + TE D) — A Y rDNA X I
Linked rDNA region on the other end

tigll 5.31 + + +

tigl2 250 + + +

tigl3 3.32 +

tigl4 0.30 +

Others 32.67 775 A/NFS, 114 BT 1DNA X, 500 & T
LORARTE D 21
Small contigs totaled 775, including 114 belonging to rDNA
region and 500 belonging to mitochondrial genome

e RN A AL, SR ik

Note: + indicates the presence of telomeres and is the complete chromosome.
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tighl . tigl2 3 11 255 51 0 W g 15 A Sk 17 51
ILIA A EATR R gk tiglo., tigl3.,
tigld 3t 3 %751, Hoh—imiii A by

AFEHHH A~ DNA X, it
Blastn HXT i & PR tigl0 Y 3w #EH A rDNA X
BN, ¥ tiglo i 5T 815 R 2 13 19 HiFi
reads JEHEAT HUXT, B IHIER 7 168 bp, I
Uik, tDNA MEEHITH 10 150 bp, WEHT
A 18S rRNA FE[H | ITS1 J¥%1 . 5.8S rRNA
FEH L OITS2 JE5H 258 tRNA L . i
HiC-Pro X[ FI4x 2 K 5 BOFHIEAT 000, &I
tigl3 19 5" A5 tigld K m) HAMNT A 3 A v A
—B& 21 486 bp WE Xk, X —iEHIR1S HiFi
K Bt reads SHF

AT PR 20 7 22 B A 5 IR AT LA Y, AT fi]
— SR YL B R P R I SCBR AT 5 AN E I i ) B
(EI1A), LRI R 2 HEZR A IR Y o i1
B BUSCO X R 2 13-5 KLPH 2H 20 55 5 d g i
Pl FEHFHE 1764 DNEARFEEY T, K}
hapl SER&[RIVEIL K 1 675 4~( 1B, 94.9%),
Hrp AP DL RI PRI 1664 1~(94.3%), 284 11
[FJRFEE A 11 14(0.6%), X—ZERUEH T hapl
DR £ 2H 28 1 v A A S e
2.2 EHLRWRIEFE

Hi-C /31 B FL(E 1A), B2 13-5 KL
B YOI 2 220 2 A LA B ) SR 5
HRHE I RRAIE , 4% Hh S R 2 rh 45 SR e B iR 2 22k
LR E (E 2): Chr04, Chrll, Chrl12 I Chrl3
4 YO AR A 2R R SR X 5 BR Chr05 1Y%
2R T e R ] X 3, HoAy 8 SRyl E
227 35 g 1) G £ 1R — i

o 38 T Y IR = A G AR B R TC I
Yt iR R R MA AL E . N TS
220 I REAE RIS 220 AC B AR 5 B 1Y
40 kb bin M AT 40 kb ¥, 13 &Y fk
BRWMEZFHI G ESRE, T
29.50%-91.55%2 [A]; B& Chr04 F1 Chr09 4b, H4x

Yt ik ok BB RS Ll 50% (& 3).
Chr06 & 2Rt S HE TR, h 514,
ChrOl iz 2, Wik 108 N(F 2), RZ 13-5 HH
g rp AL E] 272 AN~EE TS md-1_family-0
FW, Hp 116 MEEG LR X, i

A

C13
400 b e ! AP LTS, cib
"y v vl S Cl1
Fan & N N CI10
30.0 FRISERSEES & 5 LNC09
S T R LD
20,0 FRSESS ,'/4£%.. _
‘%&COS
10.0 03
_C02 j
CO[ 1 L I 1
10.0 20.0 30.0 40.0
Chromosome genome mb (resolution: 20 kb)
[ , : — ]
0.0 2.0 4.0 6.0 8.0 10.0

B

m Complete (C) and single-copy (S)
M Complete (C) and duplicated (D)

Fragmented (F)
W Missing (M)
hapl| € 764 I
0 20 40 60 80 100
BUSCO (%)

1 RZ 135 EFRETEEFERMEITMHER
A: Hi-C ZZBAIE ;BB R BIR R R BAR
FREERYSE I, BB EAE R s AR R R Ak
PR R HAEFEF 4L B N * bin {7 ; B: BUSCO
VAL C: SERERIJRIE ; S: s DL [w] PR Ak
Wi D: ZHEIEERER; F: BN ; M. 6t
RAHEH

Fig. 1 Evaluation results of genome completeness
and accuracy of Ganoderma lingzhi 13-5. A:
Heatmap of the Hi-C crosslinking. The color in the
figure increases with the intensity of interaction; The
coordinate and ordinate indicate the N * bin position
on the genome; B: Results of the BUSCO
assessment. C: Intact orthologous genes; S: Single

copy orthologous genes; D: Multiple copy ortholog
genes; F: Fragmented genes; M: Missing genes.
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Fig. 2 Location information of centromere of each chromosome in the genome. Abscissa: Length of each
chromosome; Ordinate: Hi-C interaction value, higher value indicates stronger cross-link signal.
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Fig. 3 Proportion of centromere repeats.

42.65% - rnd-1_family-0 . rmnd-3 family-15 .
md-1_family-8 ZFR T #F Chr04 % 22k h A7
e, BUBREAR TS T HAb R —AE 22 ki, Badh
1-174>. BEAh, #5474 md-1_family-2 KR &
YR 1145 HEHF md-4 family-1322 KGR E
2z kA 10 4 #AF A md-1_family-20 |
md-4_family-276 ZRIE 22R4H 9 4> i
A md-1_family-3, GA-rich, md-1_family-146 .
md-1_family-1 FIERE 22000 8 4 #FA
(CCTCAT)n KIEHE LR HH 714
2.3 ERFEmm

FEPIA LTI 13 383 NIEH, HpE N
FIKHE 13 1794, (RNA JEH 204 4, HH
FEIRFE K 1 652.64 bp, -1 CDS K&
1 323.79 bp, WETFKEN 327.61; FHEA

R E 4.81 MNET, BAINE T K E
274.84 bp (3 3),

HE TR 20 45 2 Y (o AR5 AT R 9% B UL IR 4,
Chr04 100 kb J3 51 - 24 485 45 K Al Ay
41.47 4, BB ROR; HAp 12 F a0
HEHEEEMEAK, +F 30.90-37.07 4>, H
H1 Chr02 % 100 kb J341 - 2445 21 5 A A i
30.90 1>, HEPRIE R RN
24 EEEFS

HERATKIME 14 213 DNEEFH A
Bt, At 5.63 Mb, HIEEATFIIN 12.32%
(F 4, HEREREFIIN, SHREEF 42974,
&1 4.45Mb, (5 78.90%; A DNA F5HET
1 149 4, 411 0.56 Mb, G 9.97%; &AH
BCEAE P 7 881 4, &1t 0.55 Mb, itk
9.74%., LEEHET Gypsy Ml LINE B il
K, SR 31.41%F1 12.72%.

R 13-5 BHAKFROAREL TSR
(B1'5), Chr04 TEEJFH &b K, 4 23.89%,
HWK K Chr09, (5K 17.62%; Chr03 B & T
e, A 7.60%; HAy 10 FZ kR E
B G WA ZEAR R, 7E 8.50%—12.47%Z [H]
2.5 SNP calling Z£ER N 1R

PIBR AL RE R 2 13-5 (R Z 13 A
BIHA) WS HILFA, XF 5 MEEREEN
REIFEAE AT SNP calling, ZEHEAIFEIR
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*2 BERARFREHELRHE

Table 2 Centromere characteristics of each chromosome in the genome

EIC-L 2P 1% 2% 3% 4% 5% 6% 7% 8% 9% 10% 1% 12% 13% it
The family Jufn,  Hfn gefn dufa ufn e ufa e Qi gufn s et (4 Total
of repeat 23 23 * e 23 23 (S N 23 {E [EN (E [EN

sequences Ccolr C02 C03 Co4 CoO5 €06 cCco7 cCco8 cCco9 c1o Cl1 C12 Cl13
rmd-1_family-0 13 11 14 0 13 8 8 14 6 8 3 7 11 116
rnd-3_family-15 14 9 8 0 10 1 9 17 6 6 8 10 13 111
rnd-1_family-8 17 3 7 0 9 2 2 8 10 2 4 14 7 85
rnd-4_family-276 5 0 7 0 0 0 7 6 3 6 2 6 6 48
rnd-1_family-2 16 4 2 0 1 3 2 3 0 3 3 2 7 46
rnd-4 family-1322 3 0 2 0 1 0 4 4 1 2 2 3 3 25
rnd-1_family-20 3 1 2 0 0 0 1 3 2 3 4 1 0 20
rnd-1_family-3 3 1 3 0 1 0 0 3 0 1 2 0 3 17
rnd-1_family-146 1 1 1 0 1 1 0 0 4 0 0 2 3 14
rnd-1_family-1 0 2 1 0 0 1 2 2 3 0 0 1 1 13
(CCTCAT)n 2 3 0 0 1 2 0 2 0 1 0 2 0 13
GA-rich 1 1 1 1 2 0 0 0 0 0 3 1 1 11
Total number 108 60 57 65 60 51 58 81 62 71 81 70 74 898
Percent (%) 2.07 2.01 210 0.87 239 177 258 258 171 255 251 284 3.07

e G R Y OREE 22RE X 35, 120 kb %115 )8, ; The family of repeat sequences: 7 [FIH HEITE 6 ScUe O35 224 X 35k 1)

family; Total number: il 120 kb XIRAY family E5L; Percent: #H 22k H & JFHIHE & X R Ye K B H(E

Note: 120 kb sequence information of centromere region of each chromosome was collected. The family of repeat sequences: Family
that appear simultaneously in the centromere region of 6 chromosomes. Total number: The total number of family in the 120 kb
area. Percent: The ratio of centromere repeat sequence length to corresponding chromosome length.

F=3 HRETNER 45.00 -

Table 3 Results of genome prediction gggg

BE PR Tt 45 R PRI 30.00 |

Results of genome prediction Genome size (bp) 25.00 F

M FEA Predicted genes 13 383 %(5)83 i

HEAFgmSILH Protein conding genes 13 179 10.00 -

tRNA JE[H (RNA genes 204 500

SEHFERK B Average gene length 1 652.64 0.00

X CDS KJ¥ Average CDS length 1323.79 Q@@\é\.\% S c}‘ o 0@0\33\ §®@®“

(S SIS IR S SPINTE 4.81

Average exons per gene (1)

B4 ERARBEFHERZEESHE

EHHMNE F B Average exon length 274.84 Fig. 4 Genome chromosome average gene density
SIS FJE Average intron length  327.61 distribution map.

R, AERFADLAM AR S R 13 &5 AR
WARE T H

PEARE I IRAE 5 TR Y 319 074 1> SNP
frsifEEEE, LZ1 (EEE R DA 361 003 4

5379 887 > SNP fii fi, HfaE tﬂf%ﬁ 54
IEIHEEPE@ SNP i 54 319 074 (K 6), XLk
SNP i s LA R 2 13 19 A IR A RS H 75,
K AL RTS8 3kAs, Bk B #

FHFAE A BIERAFAEE TR L2 A0
B, BRSNS, AT RY 13
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Table 4 Information about genome repeat sequence

3k Bt KB e
Classification Number Length (Mb) Per. (%)
T EFH R BL Total repeat fraction 14213 5.63 12.32
AR RFSERT %1t Total 4297 4.45 9.72
Class I: Retroelement LTR S st B 41t Total 2106 3.40 7.44
LTR Retrotransposon Tyl/Copia 276 0.58 1.28
Ty3/Gypsy 670 1.77 3.87
Others 1160 1.05 2.29
4 LTR S5 kb i+ %t Total 1283 0.75 1.64
non-LTR Retrotransposon LINE 1 039 0.72 1.57
SINE 244 0.03 0.07
RAMEIN R T Unclassified retroelement 908 0.30 0.65
/PRI DNA #GE+ 4iit Total 1149 0.56 1.23
Class II: DNA Transposon TIR CMC 57 0.06 0.12
Tcl/Mariner 63 0.05 0.12
Others 966 0.40 0.87
HREEH B ¥4 Tandem repeats 7 881 0.55 1.20
A Unkown 169 0.14 0.31
30.00 “FHIF SRR o K 5 ANTEPR SNP calling Y45 REZ:
2500 A BE LR P, LASS— e Gtk (I 7)),
=, 2040 MUEHX 5 MEEILFEe—8, W R
= i . T b -
£ 1500 SNP %% J [ £ 5E et e 4] I P TR 2 75 R ) 1Y
S 1000} vk
5.00 b
0.00

O NA D IPHENDI DN LID
SRR SRR

5 REBFERESFIISEDHE
Fig. 5 Distribution of chromosome repeat content
in the genome.
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A 332 000 4~ SNP fii s, SEMEMHZERD, N
12 926 M i o B8 SHEMEMZERZ M 41 9294~
SNP 1/ £5(41 929/361 003x100%=11.61%), ik
DL LZ1 5REA B 55 A 25 S s8R A
W 15 {5 (319 074/361 003x100%~88.39%), #r
P B BR8] A9 GS<88.39%, WMIIAZE R “/NI[F i
Pl s AFPITEARIEIG GS>88.39%0}, MITAE N

LZ3

LZ4

B 6 5 NMEEEKRZENFEE
SRR 1-5

Fig. 6 Venn diagram between five repeating strains.
LZ1-5: Duplicate strain 1-5.
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Fig. 7 SNP calling results of the first chromosome of five repeating strains.
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Table 5 Number of allelic difference sites shared
between Ganoderma lingzhi 13 and seven
post-fruiting strains to be tested

GRllEli= e LA S A7 25 5207 B filt

The strain to Number of shared allelic ~ Proportion
be tested difference loci (%)

SL9 75174 23.56
G.10069 75429 23.64

HZ G.japonicum 144 157 45.18
G.10051 76 450 23.96
G.10064 70 834 22.20
G.10081 76 865 24.09
AL F 12 89 500 28.05

Hybridons 12

G10064 HRZ 13 MydtAy 547 22 5 5 B
B, R 708344, HH22.20%, HES5RY 13
AN 22 AR R Z, H 144 157 4,
fi bt 45.18%, A T[] — b A (B ) 1 199
(88.39%), WHIEMHIAETRE 13 X—F
Flo X 7 ARG SNP I ER SR 2 13
KIRABRZER(E8), Wi R2 13 5ix 741
FRRAS I R —A bk
3 it

ARMFFE X R BRAL R AR R 2 13-5 4T
=X HiFi M, B Hi-C a7 R A
B B KN 45.73 Mb, AL 13 L4
&, K/ME 2.49-5.31 Mb Z[f], Kf2H 247 )5
A — LM kB, B 22000] LhorAi 46 30 Ui
RLIX, B E AR E] K 2 ) G R Y —
Uit o A 22 R0 S K R T A AR Z
—, 13 Yk b EE TS AT
29.50%-91.55% 2 ] o4& A~ 5 PR 241 o A i) 2]
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1423 AEEIFH B, A1 5.63Mb, 3R
HIFFIN 12.32%. FEELIFIIN, 56 R
F 4297 1~(78.90%); A DNA % JEF 11494~
(9.97%); A RIKERETFH 7 881 1~(9.74%).
fifi /] funannotate #4-XF L RIZH A 7T, SLF3000)
3|13 383 MR, Hrp i ARAHER 13 1791,
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LZ1 5 He LA 10 55 07 22 50 s B84 Ry 40 i 15
{H(319 074/361 003x100%~88.39%), 7MW TkIA]
1) GS<88.39%, WIEN “AEFP” 5 AW
PRIE] ) GS>88.39% M}, WA R “MH[EMA” .

RZ 13 BAFEEAM RN 45.73 Mb,
SNP calling Y 319 074 M7 (B 2 51056
A3y, AL FERZHE 0.70%, BIHA 99.30%AY X
WA RN, HIL AL HAKE,
11.61%JETEFE N 0.70% A KRl A 25, ¢
PR L e AN BE PR A B 22 S 4 0.08%,
DRRR TR (R AR LB AR R 1 o ASHIF 98 72 B S A
WA H A E A TR, I DL 88.39%1E K
BT HERY

H 1 [ B R0 A 2R I A BRAR 4 4h 37 2]
TR, JREATE T EME AN, BT RN
HEN B FIRCETER 2 13 T AA
AT AR S S RE, EB R A S
Sl FR AL E, el AR R AT
“AREDMF, SNP calling J5 55 ThricEdEFT
Fext, BB = 2w N R — R (E 9),
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Fig. 8 SNP calling results of the first chromosome of Ganoderma lingzhi 13 and seven post-fruiting strains.
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