
Table 1. Final sets of primers and probes by our strategy on different species or subspecies of coronaviridae. 

Notes: HKU1 represents Human coronavirus HKU1; OC43 represents Human coronavirus OC43; NL63 represents Human coronavirus NL63; 229E represents Human coronavirus 229E; MERS represents Middle East respiratory 

syndrome coronavirus; SARS-CoV represents severe acute respiratory syndrome coronavirus; SARS-CoV-2 represents severe acute respiratory syndrome coronavirus 2. 

Degenerate bases: R=A/G，Y=C/T，M=A/C，K=G/T，S=C/G，W= A/T，H= A/C/T，B= C/G/T，V=A/C/G， D=A/G /T,N=A/C/G/T.  

 

Species/ 

Subspeci

es 

Gene 
Forward Primer 

Sequence 

Reference 

ID 

Forward 

Primer 

Position 

Forward 

Primer 

Conserva

tion 

Reverse Primer 

Sequence 

Reference 

ID 

Reverse 

Primer 

Position 

Reverse 

Primer 

Conserva

tion 

Probe  Sequence 
Reference 

ID 

Probe  

Position 

Probe  

Conserva

tion 

HKU1 ORF1ab 
CTGTGAATTAGAA

CTTATTTGTGA 
DQ415907 5649 33.30% 

CAGTCTTTGCT

AATGTACCA 
DQ415907 5743 100.00% 

AACAGCATCAACA

CCAACACGACTT 
DQ415907 5715 100.00% 

OC43 S 
TGGTGTTAATTTC

AATGTAGA 
KX344031 26278 70.60% 

GCAGATCTACT

GGARGC 
KX344031 26367 98.20% 

TACTACATTCGCT

GCCTAGACAACCT 
KX344031 26348 100% 

NL63 

replicase 

polyprotein 

1ab 

GCTGGTTTATGTG

TTGTTTG 
JQ765564 15138 81.70% 

GTACCAAATAC

ATGATCATATG

C 

JQ765564 15244 100.00% 
TAGGCTTACGCAG

ACAATCACCACAA 
JQ765564 15204 98.30% 

229E 

replicase 

polyprotein 

1ab 

TGGTGTTGTGTGY

TAYA 
KT253325 14653 80.00% 

CACCATTCTGA

TAATATAAAGT

RG 

KT253325 14744 56.70% 
ATCAGCAATGTAA

CCAAGTTCAGCAT 
KT253325 14704 100% 

MERS-

CoV 
S 

GGCTAAAGATAA

AGTCAAYGAG 
MF598714 31517 98.70% 

GGGCATTTACA

ACAAARG 
MF598714 31614 98.50% 

TCAAGGCACAATC

CAAGCGTTCTG 
MF598714 31543 98.70% 

SARS-

CoV 
ORF1ab 

CCTCAGGCTGAAG

TAGA 
AY394986 18941 100% 

CCTCTATTTTGT

AAGCTTTGTC 
AY394986 19010 100% 

CATGGCTGAGCAT

CGTAGAACTTCC 
AY394986 18984 100% 

COVID-

19 
ORF1ab 

GTGTCAACCTATA

CTGTTACTA 

EPI_ISL_40

2124 
7959 100% 

GCATCAAACAT

TTTAACTGC 

EPI_ISL_40

2124 
8043 100% 

ACTTCCGCACTAT

CACCAACATCAGA 

EPI_ISL_4

02124 
8022 100% 



Table 2. The performance of our strategy on reducing false negative rate  

for sample sets of identified multi-copy regions compared with known 16S rRNA genes. 

 

Target 

Organisms 

Known 

rRNA 

Genes 

Known 

Copy 

Numbers 

Alignment of sequences between 

De Novo Biomarkers and 

known rRNA Genes 

Distribution of  

Copy Numbers of  

De Novo Biomarkers 

Mycobacterium 

tuberculosis 

IS6110 

10,15 

 

GCA_001652545.1_246_copy:8(8-10)  

0(7)|1(63)|2(43)|3(23)|4(25)|5(4)|6(3)|7(6)|8(

5)|9(11)|10(7)|11(11)|12(14)|13(17)|14(14)|1

5(23)|16(17)|17(13)|18(8)|19(4)|20(1)|21(9)|

22(2)|23(3)|24(4)|25(2)| *

 97.9%[332/339] 8.37463126843658 

Mycobacterium  

Africanum 
20 

Mycobacterium 

bovis 
1,20 



Mycobacterium 

tuberculosis 

IS1081 

5,6 

 

GCA_000658535.1_410_copy:5(2-5) 

0(1)|1(2)|2(6)|3(28)|4(65)|5(236)|7(1)| *

 99.7%[338/339] 4.55752212389381 

Mycobacterium  

Africanum 
5,6 

Mycobacterium 

bovis 
5,6 

Tuberculosis 

complex 
PGRS 26,30 

 

CP054014.1|3361564-3361841|2|copy:5(3-

5)|length:278|1-278 



Bordetella 

pertussis; 

Bordetella 

parapertussis 

IS1002 

6; 

4--8; 

9; 

90 

 

GCA_001509915.1_74_copy:3(3-3) 

0(179)|1(144)|2(15)|3(1)|  

 47.2%[160/339] 0.52212389380531 



Bordetella 

pertussis; 

Bordetella 

holmesii 

IS481 

239; 

100; 

>50; 

8--10 

 

 

GCA_001985665.1_53_copy:26(2-26) 

0(23)|1(229)|2(84)|3(1)|4(2)| *

 93.2%[316/339] 1.20353982300885 



Bordetella 

pertussis 
IS1663 17 

 

 

GCA_001509915.1_17_copy:5(2-6) 

0(1)|15(1)|16(82)| * 98.8%[83/84]

 15.797619047619 



Bordetella 

parapertussis; 

Bordetella 

bronchiseptica 

IS1001 

20; 

22 

1--7; 

0; 

 

 

GCA_004008355_0_copy:8(2-8) 

22(21)|23(1)|24(1)| * 100.0%[23/23]

 22.1304347826087 



Mycoplasma 

pneumoniae 

RepMP

2/3 
10 

 

GCA_002090215.1_89_copy:6(3-7) 

0(1)|1(9)| * 90.0%[9/10] 0.9 



Mycoplasma 

pneumoniae 

RepMP

4 
8 

 

GCA_002128125.1_490_copy:6(2-7) 

1(8)|2(2)| * 100.0%[10/10] 1.2 



Mycoplasma 

pneumoniae 

RepMP

5 
7，9 

 

GCA_002090215.1_316_copy:4(2-4) 

4(10)| * 100.0%[10/10] 4 



Mycoplasma 

pneumoniae 

RepMP

1 
14 

 

GCA_002090215.1_182_copy:8(3-8) 

10(2)|11(8)| * 100.0%[10/10]

 10.8 

Streptococcus 

agalactiae 
GBSi1 2 

 

GCA_002073795.1_71_copy:3(3-3) 

0(5)|3(1)|20(1)|   28.6%[2/7]

 3.28571428571429 



Helicobacter 

pylori 
cagA 1.4-3.7 

 

   

FR666836.1_ copy:2(2-2) 



 

Table 3. The performance of our strategy on reducing false positive rate 

for sample sets of identified newly discovered species or subspecies specific multi-copy regions. 

 

Target Organisms 

Distribution of 

Copy Numbers of 

De Novo Biomarkers 

Sequences of identified newly discovered 

species or subspecies specific multi-copy regions. 

Mycobacterium tuberculosis 

 

 



Bordetella pertussis 

 

 

 



Bordetella parapertussis 

  

 

 



Mycoplasma pneumoniae 

 

  



Streptococcus agalactiae 

 

 

 



Helicobacter pylori 

 

 

 



Legionella pneumophila 

 

 

 



Candida auris 

 

 

 



 


