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Association Mapping in Shiitake Mushroom
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TABLE 1 | Statistical characteristics of the 11 agronomic traits of Lentinula edodes.

Trait (unit) Description? Year Minimum Maximum Mean Range sdb CV¢(%) rd H2(°o)
DGR-myg (mm/d)  Mycelium growth rate in MYG medium 2013 1.47 6.32 5.51 4.85 0.77 13.99 / 98.82
DGR-sd (mm/d) Mycelium growth rate in sawdust medium 2013 3.53 4.40 3.96 0.87 0.20 5.08 / 87.84
PD (mm) Average diameter of pileus, determined 2013 29.54 65.48 45.67 35.94 8.92 19.54 0.398*  85.50
as the mean of two perpendicular
diameters 2014 30.81 67.82 53.03 37.02 7.94 14.96
PT (mm) Average thickness of pileus 2013 5.92 15.39 9.81 9.47 2.19 22.30 0.491** 86.91
2014 5.05 13.90 10.56 8.85 2.02 19.10
PW (g) Average weight of pileus 2013 2.80 30.36 11.77 27.56 6.82 57.96 0.420* 84.64
2014 3.88 28.90 14.58 25.01 5.14 35.23
SD (mm) Average diameter of stipe 2013 5.95 17.46 10.03 11.52 2.55 25.43 0.513* 86.96
2014 7.07 15.66 10.70 8.60 1.82 16.99
SL (mm) Average length of stipe 2013 23.09 63.67 38.45 40.58 8.12 21.11 0.544*  89.89
2014 22.09 62.33 41.28 40.25 7.88 19.09
SW (g) Average weight of stipe 2013 0.75 15.34 3.94 14.59 2.89 73.34 0.487**  86.05
2014 0.93 9.37 4.25 8.45 1.73 40.64
NF (per/bag) Average number of total fruiting bodies 2013 2.29 88.25 22.13 85.96  17.39 78.57 0.555** 91.78
per bag during the whole harvest time 2014 1.90 62.14 13.86 60.24 12.33  88.95

WF (g/per)

Ratio of yield to the number of fruiting
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FIGURE 1 | Histograms showing the frequency distribution of 11 agronomic traits in 2013. The y-axis denotes the number of strains, whereas the x-axis

TABLE 2 | A matrix of Pearson correlation coefficients (r) for the 11 agronomic traits in Chinese Lentinula edodes cultivars.

PD PT PW SD SL sw NF WF Y
DGR-myg 0.125 0.211 0.223 0.223 0.142 0.197 -0.11 0.209 —0.208
DGR-sd —0.054 0.004 —0.081 —0.014 —0.108 —0.133 0.07 —0.034 0.091
PD 0.853** 0.927* 0.852** 0.690** 0.756** —0.733** 0.842** —0.389**
PT 0.827* 0.813* 0.677* 0.525* 0.596** —0.615* 0.748** —0.403**
PW 0.884** 0.755** 0.883** 0.688** 0.828** —0.711* 0.921* —0.440**
SD 0.737** 0.753** 0.808** 0.780** 0.915** —0.683** 0.864** —0.275*
SL 0.761** 0.669** 0.654** 0.508** 0.851** —0.629** 0.694** —0.133
SW 0.821** 0.724** 0.864** 0.827* 0.840** —0.601** 0.821** —0.282*
NF —0.850** —0.835** —0.776** —0.737** —0.734* —0.750** —0.767** 0.472**
WF 0.853** 0.746** 0.880** 0.710** 0.713* 0.834** —0.780** —0.475*
Y —0.618** —0.634** —0.579** —0.551* —0.500** —0.561** 0.731* —0.561**

The abbreviations are the same as those in Table 1. *P < 0.05; *P < 0.01.

Pearson correlation coefficients are presented here in pairs for agronomic traits measured in 2013 (upper right triangle) and in 2014 (lower left triangle).
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TABLE 3 | Genetic variability for Lentinula edodes cultivars in China.

Population Na Ne 1 Ho He H PIC PPL%
Total 2.939 1.955 0.734 0.545 0.456 0.454 0.381 100.00
Group A 2.162 1.622 0.500 0.444 0.327 0.319 0.262 85.19
Group B 2.582 1.847 0.672 0.580 0.428 0.424 0.352 99.66

Observed number of alleles (Na), effective number of alleles (Ne), percentage of polymorphic loci (PPL), observed heterozygosity (Ho), expected heterozygosity (He), Shannon’s information

index (I), gene diversity (H), and polymorphism information content (PIC).
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TABLE 4 | Analysis of molecular variance (AMOVA) among and within
populations of Lentinula edodes cultivars in China.

Source df SS MS Est. Var. %var
Among populations 1 1337.155 1337.155 19.955 24.67
Within populations 174  10600.862 60.924 60.924 75.33
Total 175 11938.017 80.880 100.00

df, degree of freedom; SS, sum of squared observations; MS, mean of squared
observations; Est. var., estimated variance; %Var., percentage of total variance.
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TABLE 5 | Associations between agronomic traits and markers in the Chinese Lentinula edodes cultivars.

Year Trait Marker Scaffolds* p* P_FDR R2 (%)
2013 PD $278_ID41? Le_N7_S278 8.58 x 107 0.021 22.90
2013 PD $328_ID5 Le_N7_S328 1.39 x 1074 0.021 21.87
2013 PD $278_ID102 Le_N7_S278 2.95 x 1074 0.024 20.51
2013 PD $278_ID36 Le_N7_S278 4.4 x 1074 0.024 19.32
2013 PD S106_iniD1 Le_N7_S106 47 x 1074 0.024 15.53
2013 PD S473_ID1 Le_N7_S473 5.07 x 1074 0.024 19.25
2013 PD S704_inID12 Le_N7_S704 5.54 x 10~4 0.024 19.30
2013 PW $278_ID41 Le_N7_S278 8.69 x 107° 0.026 22.96
2013 PD S127_ID1 Le_N7_S121 9.59 x 10~4 0.036 27.57
2013 PW $328_ID52 Le_N7_S328 2.4 x 107 0.036 20.79
2013 PW S473_ID1 Le_N7_S473 3.6 x 1074 0.036 20.09
2013 PW $278_ID102 Le_N7_S278 8.38 x 1074 0.044 18.14
2013 PW S127_ID12 Le_N7_S121 8.76 x 1074 0.044 28.02
2013 PW $108_ID1 Le_N7_S108 9.52 x 1074 0.044 20.70
2013 PW S443_iniD1 Le_N7_S443 0.001 0.044 13.69
2013 PW S704_inID12 Le_N7_S704 0.001 0.044 17.37
2013 PW $613_iniD1 Le_N7_S613 0.001 0.044 22.32
2014 WF $278_ID10 Le_N7_S278 7.30 x 1076 0.001 23.75
2014 WF S427_ID1 Le_N7_S427 1.16 x 107 0.001 31.32
2014 WF $560_ID1P Le_N7_S560 1.26 x 107 0.001 25.96
2014 WF S443_iniD1 Le_N7_S443 1.45 x 1075 0.001 22.05
2014 WF $286_SSR3 Le_N7_S286 153 x 107° 0.001 21.85
2014 WF $278_ID36 Le_N7_S278 1.82 x 107 0.001 25.10
2014 WF S458_ID5 Le_N7_S458 2.38 x 1075 0.001 29.95
2014 WF S488_ID1 Le_N7_S488 2.66 x 107° 0.001 27.22
2014 WF S551_iniD1 Le_N7_S551 2.96 x 107° 0.001 24.45
2014 WF S603_ID1 Le_N7_S603 3.30 x 107° 0.001 24.40
2014 WF $267_ID1 Le_N7_S267 3.30 x 107° 0.001 24.40
2014 WF $106_iniD1 Le_N7_S106 4,95 x 107° 0.001 20.22
2014 WF $636_iniD1 Le_N7_S636 8.10 x 1075 0.002 23.38
2014 WF $255_ID1¢ Le_N7_S255 1.04 x 1074 0.002 24.47
2014 WF S48 ID1P Le_N7_S48 1.29 x 1074 0.003 26.54
2014 WF S131_ID1 Le_N7_S131 1.48 x 1074 0.003 26.25
2014 PW $560_ID1P Le_N7_S560 1.67 x 1075 0.005 27.95
2014 PW S704_inID12 Le_N7_S704 483 x 107° 0.005 25.88
2014 PW S211_ID1 Le_N7_S211 6.05 x 107° 0.005 28.03
2014 PW $488_ID1 Le_N7_S488 8.14 x 107° 0.005 27.37
2014 PW S767_ID1 Le_N7_S767 8.51 x 107° 0.005 20.50
2014 PW $255_ID1¢ Le_N7_S255 1.33 x 1074 0.007 26.29
2014 WF S127_ID1 Le_N7_S121 4,03 x 1074 0.007 26.36
2014 WF S95_ID5 Le_N7_S95 5.11 x 1074 0.008 28.33
2014 PW $328_ID52 Le_N7_S328 2.06 x 1074 0.009 22.28
2014 WF S641_SSR1 Le_N7_S641 6.94 x 10~4 0.011 27.25
2014 PW $258_ID5_2 Le_N7_S258 3.10 x 1074 0.011 27.03
2014 PW S126_ID1 Le_N7_S126 3.29 x 1074 0.011 21.08
2014 PW S163_E1°¢ Le_N7_S163 5.19 x 1074 0.015 28.67
2014 PW S534_ID1 Le_N7_S534 5.68 x 10~4 0.015 25.57
2014 WF $206_ID1 Le_N7_S206 0.001 0.017 24.25
2014 PW $278_ID36 Le_N7_S278 8.19 x 1074 0.020 19.12
2014 PW S457_ID1 Le_N7_S457 9.42 x 1074 0.021 29.09

(Continued)
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TABLE 5 | Continued

Year Trait Marker Scaffolds* p* P_FDR R2 (%)
2014 PW S95_ID5 Le_N7_S95 9.80 x 1074 0.021 29.38
2014 SW S127_ID1 Le_N7_S121 3.98 x 1074 0.024 29.51
2014 SW S258 ID5_2 Le_N7_S258 4.00 x 1074 0.024 26.97
2014 SW S90_E1 Le_N7_S90 4.03 x 1074 0.024 17.11
2014 SW S278_ID33 Le _N7_S278 4.03 x 1074 0.024 17.11
2014 SW S553_ID5 Le_N7_S553 4.03 x 1074 0.024 17.11
2014 SwW S108_ID1 Le N7_S108 4.97 x 1074 0.024 23.66
2014 PD S278_ID412 Le N7_S278 1.81 x 1074 0.025 20.71
2014 PD $560_ID1P Le_N7_S560 1.96 x 1074 0.025 20.64
2014 PD S278_ID1G Le_N7_S278 331 x 1074 0.025 16.92
2014 PD S704_iniD12 Le_N7_S704 3.43 x 1074 0.025 20.10
2014 PW S278_1D3 Le_N7_S278 0.001 0.027 23.89
2014 WF S178_ID1 Le_N7_S178 0.002 0.030 13.11
2014 WF S704_inID1 Le_N7_S704 0.002 0.030 16.55
2014 SW S32_E1 Le_N7_S32 7.16 x 1074 0.030 28.04
2014 SW S636_inID1 Le_N7_S636 8.54 x 10~4 0.031 19.22
2014 SW S178_ID1 Le_N7_S178 0.001 0.033 15.25
2014 SW $346_ID1P Le_N7_S346 0.001 0.033 14.73
2014 SwW S470 D1 Le N7_S470 0.001 0.037 14.22
2014 PW S127_ID2# Le_N7_S121 0.002 0.039 24.68
2014 WF S470_ID1 Le_N7_S470 0.003 0.039 12.07
2014 PW S90_E1 Le_N7_S90 0.003 0.039 12.71
2014 PW S278_1D33 Le_N7_S278 0.003 0.039 12.71
2014 PW S553_ID5 Le_N7_S553 0.003 0.039 12.71
2014 PW S278_ID1GR Le_N7_S278 0.003 0.040 12.78
2014 SW S160_ID1 Le_N7_S160 0.002 0.044 13.48
2014 SwW S278_ID10 Le_N7_S278 0.002 0.044 13.75
2014 PW S35 iniD1 Le N7_S35 0.003 0.045 24.87
aMarker detected in both years;

bmarkers detected by Gong et al. (2016);

®markers detected by Xiang (2015);

P_FDR: P value after FDR correction;

R2: Phenotypic variation explained by each marker;

*Scaffolds names are derived from the L54A reference genome.

#Original P values detected by TASSEL 3.0. iy
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TABLE 6 | Markers associated with at least two traits.

Marker Number of Traits?
associated traits
S106_inID1 2 PD (2013); WF (2014)
S108_ID1 2 PW (2013); SW (2014)
S127_ID1 4 PD, PW (2013); WF, SW, PW (2014)
S178_ID1 2 WF, SW (2014)
S255_ID1 2 WF, PW (2014)
$258_ID5_2 2 PW, SW (2014)
$278_ID10 4 PD, PW (2013); WF, PD, PW, SW (2014)
$278_ID33 2 SW, PW (2014)
S278_1D36 3 PD (2013); WF, PW (2014)
S278_1D41 2 PD, PW (2013); PD (2014)
$328_ID5 2 PW, WF (2014)
S443_iniD1 2 PW (2013); WF (2014)
S470_ID1 2 SW, WF (2014)
S473_ID1 2 PD, PW (2013)
S488_ID1 2 WF, PW (2014)
S553_ID5 2 SW, PW (2014)
S560_ID1 3 WF, PW, PD (2014)
$636_iniD1 2 WF, SW (2014)
S704_inID1 3 PD, PW (2013); PW, WF, PD (2014)
S90 _E1 2 SW, PW (2014)
S95_ID5 2 PW, WF (2014)

aNumber in brackets indicates the year when the trait- maikfr associations were detected.
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