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Figure S1. The variations of TN removal efficiency (%) in different SPD systems 
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Table S1. Primers of target genes used in qPCR analysis 

Target gene Primer Primer sequence (5′-3′) References 

AOB-amoA 
amoA-F GGGGTTTCTACTGGTGGT 

[1] 
amoA-R CCCCTCKGSAAAGCCTTCTTC 

AOA-amoA 
Arch-amoA-F STAATGGTCTGGCTTAGACG 

[2] 
Arch-amoA-R GCGGCCATCCATCTGTATGT 

amx 16S rRNA 
AMX809F GCCGTAAACGATGGGCACT 

[3] 
AMX1066R AACGTCTCACGACACGAGCTG 

nrfA 
6F GAY TGC CAY ATG CCRAAA GT 

[4] 
6R GCB KCT TTY GCT TCRAAG TG 

narG 
1960m2f TA(CT)GT(GC)GGGCAGGA(AG)AAACTG 

[5] 
2050m2r CGTAGAAGAAGCTGGTGCTGTT 

napA 
napAz3F CGCGAACAAGCTGATGAAGG 

[6] 
napAz3R AAGATCATCGGGATGTCGGC 

nirK 
nirK583F TCATGGTGCTGCCGCGKGACGG 

[7] 
nirK909R GAACTTGCCGGTKGCCCAGAC 

nirS 
nirScd3AF GT(C/G)AACGT(C/G)AAGGA(A/G)AC(C/G)GG 

[8] 
nirSR3cd GA(C/G)TTCGG(A/G)TG(C/G)GTCTTGA 

nosZ (clade I) 
nosZ-F CGYTGTTCMTCGACAGCCAG 

[9] 
nosZ1622R CGSACCTTSTTGCCSTYGCG 

nosZ (clade II) 
NosZ II-F CTIGGICCIYTKCAYAC 

[10] 
NosZ II-R GCIGARCARAAITCBGTRC 

16S rRNA 
338F ACTCCTACGGGAGGCAGCAG 

[11] 
518R ATTACCGCGGCTGCTGG 
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Table S2. The results of ANOVA for model (Response: TN removal efficiency) 

Source Sum of Squares Mean Square F-value p-value Note 

Model 14,335.36 1791.92 375.42 < 0.0001 significant 

A: Pretreatment degree 661.92 661.92 138.68 < 0.0001  

B: NO3--N concentration 1.82 1.82 0.3817 0.5539  

C: Temperature 4247.86 4247.86 889.95 < 0.0001  

AB 29.06 29.06 6.09 0.0389  

AC 350.25 350.25 73.38 < 0.0001  

A² 557.87 557.87 116.88 < 0.0001  

C² 45.42 45.42 9.51 0.0150  

A²C 275.49 275.49 57.72 < 0.0001  

Residual 38.19 4.77    

Lack of Fit 19.70 4.92 1.07 0.4763 not significant 

Pure Error 18.49 4.62    
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Table S3. The optimized TN removal efficiency based on RSM  

Number Pretreatment degree 
NO3--N concentration 

(mg L-1) 

Temperature 

(oC) 

TN removal efficiency 

(%) 
Desirability  

1 0.531594841 14.99992049 24.99999492 91.7825482 0.907136944 Selected 

2 0.541566294 14.99995107 24.99999287 91.77972237 0.90710501  

3 0.518194726 14.99996548 24.99998626 91.77798714 0.907085401  

4 0.556408009 14.99984071 24.9999679 91.76549526 0.906944234  

5 0.514431043 14.99975237 24.99695708 91.76101632 0.906893619  

6 0.516930336 14.9515668 24.999996 91.74704895 0.906735777  

7 0.574260425 14.999987 24.99927943 91.7299519 0.906542569  

8 0.527468769 14.91194198 24.99997122 91.72837717 0.906524773  

9 0.54289957 14.84224007 24.99996163 91.68507708 0.906035451  

10 0.602493796 14.99998752 24.99316717 91.61588318 0.905253511  

11 0.581349547 14.77395506 24.99999791 91.59027334 0.904964102  

12 0.54990473 14.6311415 24.99999658 91.55679224 0.904585741  

13 0.643922214 14.99996155 24.99998757 91.44373761 0.903308143  

14 0.556633342 14.99993213 24.92751287 91.43401442 0.903198264  

15 0.538691273 14.37808752 24.99999191 91.40883124 0.902913677  

16 0.571483361 14.14258607 24.99995836 91.25500702 0.901175353  

17 0.571134892 14.08987423 24.99996186 91.22567152 0.900843841  

18 0.521745988 14.99981381 24.86749317 91.17542616 0.900276033  

19 0.547471514 13.59111174 24.99998589 90.94494318 0.897671411  

20 0.545220706 13.48399064 24.99998414 90.88007444 0.896938348  

21 0.562533931 13.38600826 24.99997245 90.82996255 0.896372048  

22 0.40711032 14.99979014 24.8402934 90.64868183 0.894323447  

23 0.737856439 14.99999838 24.99998823 90.64331207 0.894262765  

24 0.536140053 12.68423273 24.99998361 90.38958976 0.891395522  

25 0.588984756 12.44909535 24.99998057 90.29902295 0.890372053  

26 0.625869035 12.29107571 24.99996633 90.16572413 0.888865681  
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27 0.550287797 12.12128899 24.99998998 90.08416199 0.887943971  

28 0.503814944 12.35112249 24.99998863 90.08149896 0.887913877  

29 0.582464377 11.66744719 24.99998512 89.86825469 0.885504065  

30 0.537712775 11.60357795 24.99998916 89.7449247 0.884110348  

31 0.549742663 14.99978399 24.54704018 89.71082378 0.883724983  

32 0.550840692 11.282162 24.99999565 89.59348068 0.882398923  

33 0.610280841 11.09808593 24.99999352 89.56853388 0.882117006  

34 0.595122963 10.9259106 24.99999981 89.47229051 0.881029388  

35 0.569010042 10.77471684 24.99997091 89.34740508 0.879618093  

36 0.609586527 9.929180195 24.99999965 88.95450807 0.875178077  

37 0.423745332 11.33066875 24.99997582 88.84222025 0.873909145  

38 0.676552939 9.602779035 24.99997867 88.75626537 0.872937794  

39 0.539759657 9.786983078 24.99999179 88.66588098 0.871916386  

40 0.170456189 14.9999345 24.99998358 88.30812975 0.867873542  

41 0.689044695 8.41780587 24.99999387 88.19944105 0.866645283  

42 0.670229352 7.933929541 24.99999543 87.99669529 0.864354111  

43 0.594057722 8.063881781 24.99999538 87.921734 0.863506995  

44 0.628188755 7.504604196 24.99999468 87.73744623 0.861424412  

45 0.638490472 7.396737572 24.99999929 87.70757093 0.8610868  

46 0.478358006 8.849949819 24.99999785 87.64351675 0.860362942  

47 0.664457973 6.688452474 24.9999937 87.41265394 0.857754028  

48 0.690335763 6.551281806 24.99999757 87.37215836 0.857296399  

49 0.727193388 6.569808941 24.99999038 87.35178189 0.857066131  

50 0.681372027 6.21929638 24.9999975 87.21812825 0.855555749  

51 0.72439268 5.86375389 24.99998327 87.06915055 0.853872195  

52 0.699363174 5.764720489 24.99997352 87.03154422 0.853447217  

53 0.70553712 5.642505755 24.99998178 86.9819027 0.852886232  

54 0.725226957 5.645578283 24.99999699 86.97986697 0.852863227  

55 0.688104044 5.557073965 24.9999848 86.92964767 0.852295713  

56 0.762518755 5.596190498 24.99998612 86.89848073 0.851943505  
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57 0.724185032 5.262026788 24.99999635 86.82440369 0.851106381  

58 0.726995289 5.146310342 24.99998914 86.77668726 0.850567152  

59 0.694518245 5.135030111 24.99998494 86.75260842 0.850295044  

60 0.52532684 6.694087824 24.99998673 86.69511565 0.849645335  

61 0.760263002 5.000025213 24.98830257 86.63062766 0.848916574  

62 0.070746843 14.9999879 24.99999923 86.12256274 0.843175079  

63 0.239162787 5.000053866 24.99999378 80.4278857 0.778821174  
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Table S4. The actual TN removal efficiency under optimized conditions  

Number Pretreatment degree 
NO3--N concentration 

(mg L-1) 

Temperature 

(oC) 

TN removal efficiency 

(%) 

Average TN removal 

efficiency (%) 

1 1 15 25 90.09 

89.73 

2 1 15 25 88.02 

3 1 15 25 89.72 

4 1 15 25 92.84 

5 1 15 25 88.98 
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Table S5. Functional classification of major genera in bacterial and fungal communities 

Microbial Functions Bacterial community Fungal community 

Denitrification 

Curvibacter [12], Allorhizobium-

Neorhizobium-Pararhizobium-

Rhizobium [13], Kaistia [14], 

Enterobacter [15], Sphingomonas [16], 

Chryseobacterium [17], Selenomonas 

[18], Ralstonia [19], Bosea [20], 

Haliangium [21], Cupriavidus [22], 

Burkholderia-Caballeronia-

Paraburkholderia [23], Variovorax 

[24], Herbaspirillum [25], 

Diaphorobacter [26], Xanthobacter 

[27], Paludibacter [28] 

 

Lignocellulose degradation 

Dysgonomonas [29], Reyranella [30], 

Cellulomonas [31], Propionispira [32], 

Pleomorphomonas [33], 

Novosphingobium [34] 

Chaetomium [35], Fusarium 

[36], Trichoderma [37], 

Paracremonium [38], Humicola 

[39], Apiotrichum [40], 

Staphylotrichum [41], Ascobolus 

[42] 
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