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Table S1: Site characteristics and environmental variables 

Site Coordinates Soil Map Unit 
Coastal 

or 
Inland 

No. 
Samples  

Saturation Levels 
(# of each) 

Soil C (%)    
mean (range) 

Soil N (%)    
mean (range) 

Soil P (mg/kg) 
mean (range) 

Tissue C (%) 
mean (range) 

Tissue N (%) 
mean (range) 

Tissue P (%) 
mean (range) 

Bullard Lake 
Fen (BL) 

42˚38’36”N 
Houghton Muck Inland 12 

Unsaturated (6) 28.37 1.76 16.84 38.00 2.23 0.15 

83˚42’10”W Saturated (6) (18.26 - 38.80) (1.03 - 2.73) (0.37 - 86.84) (12.41 - 43.90) (0.78 - 3.24) (0.05 - 0.20) 

Chelsea 
Farm (CH) 

42˚18’32”N 
Houghton Muck Inland 12 

Unsaturated (9) 10.97 0.60 1.99 41.49 2.32 0.15 

84˚03’25”W Saturated (3) (2.87 - 32.70) (0.08 - 2.13) (0.34 - 5.64) (15.35 - 44.91) (0.88 - 3.54) (0.03 - 0.24) 

Cheboygan 
Marsh (CM) 

45˚39’27”N Histosols and 
Aquents Coastal 6 

Saturated (1) 7.17 0.32 3.73 41.78 2.07 0.11 

84˚28’16”W High Water (5) (1.37 - 12.61) (0 - 0.61) (0.21 - 11.50) (40.20 - 42.90) (1.51 - 2.60) (0.09 - 0.13) 

Cecil Bay 
(CB) 

45˚44’52”N 
Stony Lake Beach Coastal 6 High Water (6) 

4.97 0.23 1.60 42.39 2.01 0.11 

84˚50’57”W (0.88 - 16.54) (0 - 0.85) (0.70 - 4.35) (41.03 - 44.00) (1.66 - 2.56) (0.09 - 0.15) 

Sturgeon 
Bay (SB) 

45˚42’30”N Sandy Lake 
Beach Coastal 2 Saturated (2) 

1.32 0.05 1.74 42.79 1.37 0.07 

84˚56’46”W (0.79 - 1.85) (0.02 - 0.07) (1.47 - 2.01) (42.59 - 43.00) (1.30 - 1.44) (0.06 - 0.07) 

Point Le 
Barb (PLB) 

45˚50’51”N Histosols and 
Aquents Coastal 2 

Saturated (1) 8.35 0.38 1.29 41.78 2.05 0.12 

84˚44’28”W High Water (1) (5.15 - 11.56) (0.20 - 0.55) (1.09 - 1.50) (40.45 - 43.12) (1.70 - 2.40) (0.11 - 0.13) 

Pointe aux 
Chenes 
(Rt2) 

45˚54’46”N Leafriver mucky 
peat Coastal 6 High Water (6) 

0.86 0.02 2.99 43.57 1.69 0.08 

84˚52’20”W (0.46 - 1.74) (0 - 0.07) (1.16 - 6.66) (42.95 - 44.14) (0.69 - 2.24) (0.03 - 0.12) 

Castle Rock 
(CR) 

45˚54’39”N Eastport-Leafriver 
complex Inland 6 Saturated (6) 

12.58 0.63 12.64 32.57 1.59 0.07 

84˚44’18”W (3.68 - 23.41) (0.16 - 1.29) (0.07 - 45.83) (9.88 - 43.59) (0.51 - 2.46) (0.01 - 0.12) 

 

 
 
 
 
 
 
 
 
 



Table S2: PCR Conditions and Primer Sequences 
Primer Set Primer Primer Sequence Barcode 

Length 
PCR Mastermix PCR Conditions Reference 

Fungi 

ITS1F 5’-CTTGGTCATTTAGAGGAAGTAA-3’ 16 bp 

2.5 uL 10x Buffer* 
0.5 uL BSA 
0.5 uL 20uM dNTPs 
0.625 uL 20uM ITS1F 
0.625 uL  20uM ITS4 
0.5 uL Taq* 
2 uL Template DNA** 
17.75 uL H2O 

Initial denaturation: 94 ̊C for 2 
min, 25 cycles, denaturation: 94 C̊ 
for 30 s, annealing: 55 ̊C for 30 s, 
extension: 72 ̊C for 45 s (2 min 
final extension) 

White et al. 
1990, 

Gardes and 
Bruns 1993 

ITS4 5’-TCCTCCGCTTATTGATATGC-3’ 16 bp 

Bacteria 

27F 5’-AGAGTTTGATCMTGGCTCAG-3’ 16 bp 

2.5 uL 10x Buffer* 
0.5 uL BSA 
0.5 uL 20uM dNTPs 
0.5 uL 20uM 27F 
0.5 uL  20uM 519R 
0.5 uL Taq* 
2 uL Template DNA** 
18 uL H2O 

Initial denaturation: 94 ̊C for 5 
min, 25 cycles, denaturation: 94 C̊ 
for 30 s, annealing: 55 ̊C for 60 s, 
extension: 72 ̊C for 90 s (10 min 
final extension) Lane 1991 

519R 5’-GWATTACCGCGGCKGCTG’3’ 16 bp 

Oomycetes 
(First round) 

5.8 SR 5’-TCGATGAAGAACGCAGCG -3’ - 

2.5 uL 10x Buffer* 
0.5 uL BSA 
0.5 uL 20uM dNTPs 
0.625 uL 20uM 5.8 SR 
0.625 uL  20uM LR7 
0.5 uL Taq* 
2 uL Template DNA** 
17.75 uL H2O 

Initial denaturation: 94 ̊C for 5 
min, 30 cycles, denaturation: 94 C̊ 
for 30 s, annealing: 47 ̊C for 90 s, 
extension: 72 ̊C for 60 s (10 min 
final extension) 

Vilgalys 
and Hester 

1990 
LR7 5’-TACTACCACCAAGATCT-3’ - 

Oomycetes 
(Second Round) 

Oom1f 5’-GTGCGAGACCGATAGCGAACA-3’ 16 bp 
2.5 uL 10x Buffer* 
0.5 uL 20uM dNTPs 
0.625 uL 20uM Oom1f 
0.625 uL  20uM Oom1r 
0.5 uL Taq* 
1 uL Template DNA** 
19.25 uL H2O 

Initial denaturation: 94 ̊C for 5 
min, 30 cycles, denaturation: 94 C̊ 
for 30 s, annealing: 58.4 ̊C for 30 
s, extension: 72 ̊C for 30 s (10 min 
final extension) 

Arcate et 
al. 2006 

Oom1r 5’-TCAAAGTCCCGAACAGCAACAA-3’ 16 bp 

*Roche Expand High Fidelity PCR System 
**DNA was diluted to 5-10 ng per reaction 

 



 
 

     

Table S3: comparisons of environmental characteristics of patches by lineage.  

 Native mean Non-native mean Coefficient P-value 

Soil N 0.52 % 0.63 % T = 0.492 0.623 

Soil P 3.45 mg / kg 8.98 mg / kg T = 1.089 0.29 

Soil Saturation -- -- 𝝌𝝌2 = 11.99 0.005 

 



Table S4: Results of 2-way ANOVA (Site x Lineage) for selected fungal response variables. Alpha diversity, community composition, 
phylum relative abundance, and genus relative abundance included. Bold indicates significance at the 𝛼𝛼<0.05 level. Italics indicates 
significance at the 𝛼𝛼<0.1 level. 

  



Table S5: Results of ANCOVA for selected fungal response variables. Variables with a significant site effect in ST3 were included for 
ANCOVA analysis with environmental variables. Bold indicates significance at the 𝛼𝛼<0.05 level. Italics indicates significance at the 
𝛼𝛼<0.1 level.  
 

  



Table S6: Results of 2-way ANOVA (Site x Lineage) for selected bacterial response variables. Alpha diversity, community 
composition, phylum relative abundance, and genus relative abundance included. Bold indicates significance at the 𝛼𝛼<0.05 level. 
Italics indicates significance at the 𝛼𝛼<0.1 level. 

 

  



Table S7: Results of ANCOVA for selected bacterial response variables. Variables with a significant site effect in ST5 were included 
for ANCOVA analysis with environmental variables. Bold indicates significance at the α<0.05 level. Italics indicates significance at 
the α<0.1 level. 

 

 

  



Table S8: Results of 2-way ANOVA (Site x Lineage) for selected oomycete response variables. Alpha diversity, community 
composition, and genus relative abundance included. Bold indicates significance at the 𝛼𝛼<0.05 level. Italics indicates significance at 
the 𝛼𝛼<0.1 level. 

 

  



Table S9: Results of ANCOVA for selected oomycete response variables. Variables with a significant site effect in ST7 were included 
for ANCOVA analysis with environmental variables. Bold indicates significance at the 𝛼𝛼<0.05 level. Italics indicates significance at 
the 𝛼𝛼<0.1 level. 

 

 



SUPPLEMENTAL FIGURES 

 
 

 
Fig. S1: a) Rarefaction curve and b) Good’s Coverage by site for bacteria. Colors represent sites (blue = BL, red = 
CB, green = CH, coral = CM, black = CR, brown = PLB, gray = Rt2, purple = SB). 

a) 

b) 



 

 

Fig. S2: a) Rarefaction curve and b) Good’s Coverage by site for fungi. Colors represent sites (blue = BL, red = CB, 
green = CH, coral = CM, black = CR, brown = PLB, gray = Rt2, purple = SB). 

 

a) 

b) 



 

 
 

 

Fig. S3: a) Rarefaction curve and b) Good’s Coverage by site for oomycetes. Colors represent sites (blue = BL, red 
= CB, green = CH, coral = CM, black = CR, brown = PLB, gray = Rt2, purple = SB). 

a) 

b) 



 

 

 

 
 
 
 
  

Fig. S4: Principle component analysis for environmental variables at all sampling sites Tissue nutrients not shown because there was 
low variability by sample (Supplementary Table 1) .    



Fig. S5: Linear regressions of environmental variable against all Fungal response variables included in 
the ANCOVA analysis. Regression lines indicate significant relationship at the 𝛼𝛼<0.1 level. 

 



Fig. S5 (cont): Linear regressions of environmental variable against all Fungal response variables 
included in the ANCOVA analysis. Regression lines indicate significant relationship at the 
𝛼𝛼<0.1 level. 

 

 

  



Fig. S6: Linear regressions of environmental variable against all bacterial response variables 
included in the ANCOVA analysis. Regression lines indicate significant relationship at the 
𝛼𝛼<0.1 level. 

 



 

Fig. S6 (cont): Linear regressions of environmental variable against all bacterial response 
variables included in the ANCOVA analysis. Regression lines indicate significant relationship at 
the 𝛼𝛼<0.1 level. 

 

 



Fig. S6 (cont): Linear regressions of environmental variable against all bacterial response 
variables included in the ANCOVA analysis. Regression lines indicate significant relationship at 
the 𝛼𝛼<0.1 level. 

 

 



Fig. S6 (cont): Linear regressions of environmental variable against all bacterial response 
variables included in the ANCOVA analysis. Regression lines indicate significant relationship at 
the 𝛼𝛼<0.1 level. 

 

 

 

  



Fig. S7: Linear regressions of environmental variable against all oomycete response variables 
included in the ANCOVA analysis. Regression lines indicate significant relationship at the 
𝛼𝛼<0.1 level. 

 

  



Fig. S8: Relative abundance of bacterial genera by lineage. Significance tested by ANOVA 

  



Fig.S9: Relative abundance of fungal phyla by plant lineage. Significance determined by 

ANOVA 

 

  



Fig.S10: Relative abundance of Fungal genera by plant lineage. Significance determined by 

ANOVA 

 

  



Fig. S11: Relative abundance of Oomycete genera by plant lineage. Significance determined by 

ANOVA 
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