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Introduction 

Methods 

MALDI has been used to identify clinical microorganisms for decades, usually by 

comparing spectra to reference spectra obtained from known strains of 

bacteria.  Meanwhile, other scientists have been sequencing new genomes of bacteria 

at a prodigious rate.  Thirdly, environmental microbiologists have been studying 

environmental samples by sequencing ribosomal RNA encoding DNA leading to tens of 

thousands of operational taxonomic units (OTUs) per sample. The differences between 

these methods lead to some taxonomic confusion. We describe methodology for 

identifying environmental bacterial colonies by MALDI by direct comparison to 

deposited genomic information.  Each identification organizes the NCBI genomes 

centered upon the spectrum obtained, and indicates how similar the isolate is to these 

genomes, regardless of whether the genomes are consistently assigned to species. 

 

Conclusions: 
Most ‘species’ of Pseudomonas are polyphyletic based on ribosomal protein 

sequences. 

MALDI identifies ‘clades’; which are defined by patterns of shared sequences. 

         Much Pseudomonas diversity probably not represented yet in NCBI database. 

Certain ribosomal proteins are more commonly detectable: 

         Matching to these subunits is more credible. 

There is unconvincing evidence of mapping to hybrid ‘species’. 
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Figure 1.  Spectra of Pseudomonas isolates; matches to ribosomal proteins within 500 ppm (internal calibration) 

Defining Pseudomonas Isolates from the environment. 

What is the state of the art? 
 

•2320 Pseudomonas genomes(with proteomes) in database (1/2019). 

•Two prominent pathogens: P. aeruginosa and P. stutzeri. 

•Pseudomonas prominent in environment, microbiomes; aerobic. 

•Corresponds to 178 named species, vs. 191 according to Wikipedia: 

• Genomes in NCBI mapped using 16S RNA- but inconsistently 

• 662 genomes not mapped to species. 

• 219 genomes to well-known P. aeruginosa (monophyletic.) 

• 75 to P.stutzeri  (often a pathogen); monopyletic with distinct sub-clades. 

• 109 to P. fluorescens (polyphyletic). 

• 90 to P. putida (polyphyletic). 

•Many environmental isolates map ~ to P. fluorescens. 

•Translation initiation factor 1  (tif1) nearly invariant in Pseudomonas. 

• Identical sequence in 2241 genomes. 

• Shared only with Azotoformans (out of 40951 genomes). 

• 15 of 178 Pseudomonas species have polymorphisms in TIF1. 

•Next most conserved protein –ribosomal protein L29 (1643 genomes). 

•Pseudomonas prominent in having unmethylated L33. 

•Most ribosomal protein variants map into clades (see Table 6 and 7). 

• Supported by variation in most other proteins. 

• Including class III and class VI secretion systems (not shown). 

Table 5. Peaks shared (500 ppm) 
Pattern somewhat similar to Table 4. 
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Table 2. Matches to 129 peaks 

from ‘brenneri’ spectrum  

(2nd above). 

Table 4. Sequences shared between clades 
•Ribosomal proteins shared between each of the 12 organisms. 

•If all organisms in at least one species belong to the clade: 

•  Species name is listed. 

•If the species in the clade are polyphyletic: 

• The species is followed by a number. 

Protein N

   Species->

csp d 1 1 9964 99 9034 30 9932 46 9990 27

csp d 1(2) 1 4518 84 4942 63 4967 96 4996 56 4602 23

csp d 2 1 7555 114 3764 29

csp 3 3 7596 1 7611 1 7596 1 7511 5
csp 3(2) 4 3799 9 3806 4 3799 89 3799 8 3756 17

csp 4 10 7607 1 7552 54 7540 8 7566 29 7577 10 7593 20 7526 11 7594 1 7577 14 7564 10 7580 3

csp 4(2) 10 3804 5 3771 14 3784 71 3789 27 3797 89 3764 29 3798 2 3789 46 3783 40 3791 6

hu 1 10 9541 9 9556 2 9619 19 9498 3 9567 1 9556 4 9498 4 9556 3 9567 2 9567 6

hu 1(2) 11 4771 27 4779 25 4810 17 4750 14 4784 6 4779 19 4750 6 4779 26 4787 45 4784 8 4784 20

hu 2 11 9107 14 9063 8 9063 20 9107 11 9092 15 9063 18 9063 15 9063 20 9129 9 9092 10 9074 4

hu 2(2) 10 4554 41 4532 46 4532 25 4554 35 4546 45 4532 91 4532 30 4565 39 4547 43 4546 42 4537 21

hu 3 3 9821 52 9809 111 9702 38

hu 3(2) 1 4852 64

ihf a 4 11346 18 11346 32 11346 10 11346 10 11346 26

ihf a(2) 4 5673 45 5673 93 5673 14 5673 56

l03(2) 2 47 11297 11283 17 11281 52

l05(2) 2 10179 73 10187 13

l06(2) 3 9541 9 9548 83 9505 74 9547 3 9533 132 9525 85

l07(2) 1 6171 15 6171 51 6242 45 6250 92 6179 95

l09(2) 1 7713 113

l10(2) 3 8772 39 8759 28 8751 23

l11(2) 2 7379 84 7379 61 7379 95

l13(2) 2 7882 102 7848 50 7926 72

l14 2 13398 110 13411 47 13424 70 13411 129

l14(2) 1 6706 96

l15(2) 3 7591 66 7621 43 7613 43 7596 1 7606 1

l17(2) 2 7229 21 7209 19

l18(2) 1 6344 76

l19(2) 1 6519 31

l20 2 13212 32 13184 64

l20(2) 2 6585 50 6606 88 6599 52

l21 1 11487 103 11487 78
l22 8 11912 49 11912 19 11912 33 11912 53 11912 23 11912 25 11912 44 11898 29

l22(2) 6 5956 109 5956 74 5956 87 5956 61 5956 73 5949 100

l23 8 10946 40 10946 22 10946 38 10946 75 10946 58 10901 33 10946 47 10946 97

l23(2) 5 5473 98 5473 64 5473 88 5473 82 5461 81

l24 8 11336 15 11300 47 11346 18 11345 32 11346 10 11345 10 11345 26 11366 11 11413 14
l24(2) 9 5669 25 5669 53 5651 28 5674 45 5673 93 5674 14 5669 47 5673 57 5673 56 5684 27 5707 46

l27 1 9035 30 9090 18
l28 9 8777 39 8720 26 8849 43 8807 41 8835 31 8778 42 7639 1 8792 43 8849 13 8878 24

l28(2) 6 4389 82 4361 106 4425 36 4404 21 4418 61 3820 3 4440 41

l29 12 7173 2 7173 4 7173 7 7173 5 7173 4 7173 1 7173 5 7173 2 7173 4 7173 4 7173 8 7274 1

l29(2) 12 3587 18 3587 24 3587 9 3587 24 3587 12 3587 15 3587 11 3587 4 3587 14 3587 21 3587 44 3638 5

l30 12 6381 3 6396 5 6396 3 6396 6 6396 5 6396 3 6396 8 6396 5 6350 6 6396 3 6396 2 6464 2

l30(2) 12 3191 20 3198 52 3198 10 3198 25 3198 17 3198 33 3198 41 3198 23 3175 25 3198 19 3198 17 3232 8

l31 9 8225 6 8361 10 8329 13 7873 12 7805 7 8458 30 8458 7 7833 7 7833 6 8211 5 7809 10
l31(2) 10 4113 19 4181 71 4165 22 3937 31 3903 21 4229 83 4265 29 4229 32 3917 23 3917 24 4106 37 3905 22

l32 2 6626 11 6626 18 6626 27 6669 102
l32(2) 1 3314 75 3314 35 3314 57
l33 11 5989 4 6082 18 6082 31 6005 8 6005 9 6082 5 6082 21 5991 8 6005 7 6005 3 5975 13

l33(2) 7 3042 56 3003 49 3003 28 3042 35 3042 62 3003 55 3003 21

l34 2 5068 48 5068 125

l35 5 7238 20 7238 22 7238 21 7238 59 7238 14
l35(2) 2 3619 79 3619 85
l36 9 4435 30 4435 108 4435 70 4435 50 4435 39 4435 28 4435 29 4435 23 4435 19

s04(2) 1 11492 78 11452 138 11525 80

s05(2) 1 8772 39 8748 23 8779 42

s07(2) 1 8759 28

s08 2 13971 107 13962 39 13861 19 13897 17 13869 17

s08(2) 4 6993 37 6958 105 6987 84 6935 72

s09 2 14486 107 14472 86

s09(2) 3 7239 22 7236 21 7238 58 7237 14 7271 1

s10 5 11754 30 11754 42 11754 66 11754 92 11754 39

s10(2) 5 5877 81 5877 87 5877 99 5877 76 5877 99

s11(2) 1 6743 37

s13 4 13210 32 13209 51 13179 64 13140 67 13239 96
s13(2) 1 6606 88 6605 52
s14 8 11304 92 11304 47 11258 63 11274 56 11304 78 11274 60 11274 52 11274 39 11326 28
s14(2) 4 5653 28 5630 112 5638 112 5664 83

s15 12 9988 13 9988 6 9988 44 9870 17 9881 29 9988 11 9958 12 9958 9 9858 13 9881 27 9988 12 10001 9

s15(2) 13 4995 35 4995 36 4995 40 4936 56 4941 63 4995 25 4980 20 4980 58 4930 48 4941 64 4995 34 5001 30

s16 11 9223 11 9209 13 9209 24 9252 16 9237 16 9223 16 9223 14 9223 12 9192 31 9237 18 9202 7

s16(2) 11 4612 28 4605 62 4605 26 4626 46 4619 54 4612 24 4612 26 4612 48 4596 71 4619 35 4601 23

s17 7 9967 99 9985 6 9985 44 9967 39 9985 44 4993 25 9903 86 9985 28 9985 12 9974 113

s17(2) 4 4993 35 4984 112 4984 108 9985 11 4993 57 4993 34

s18(2)Ac 10 4415 47 4415 69 4422 36 4415 91 4415 61 4415 53 4415 23 4420 49 4415 53 4414 36

s18Ac 11 8829 15 8829 12 8843 43 8829 7 8829 31 8829 12 8829 10 8843 34 8839 15 8829 12 8829 80 8827 27

s19 10 10204 16 10204 51 10204 44 10218 36 10204 9 10204 33 10189 13 10218 12 10231 15 10218 9 10163 12

s19(2) 10 5103 38 5103 39 5103 78 5110 92 5103 31 5103 38 5095 55 5110 58 5116 39 5110 30 5082 34

s20 6 9897 53 9955 33 9837 54 9928 46 9955 12 9954 9 9798 121 9798 16
s20(2) 5 4919 94 4964 97 4978 20 4900 36 4943 42
s21 11 8256 67 8256 23 8256 60 8256 19 8256 86 8256 17 8256 32 8240 51 8256 38 8256 15 8272 40

s21(2) 7 4128 84 4128 57 4128 44 4120 91 4128 88 4128 28 4136 52
tif1 10 8172 40 8172 54 8172 53 8172 49 8172 36 8172 22 8172 35 8172 37 8172 38 8172 55
tif1(2) 5 4087 59 4087 57 4087 84 4087 74 4087 54

total 85 44 44 54 54 39 39 64 64 40 40 54 54 26 26 32 32 41 41 53 53 37 37 46 46
hot 29 18
singletons 17

asplenii 1 stutzeri 1

12

fluorescens 1 brenneri gingeri 1 koreensis lurida libanensis poae 1 putida 1 fluorescens 2

6 7 8 9 10 11

lini

1 2 3 4 5

Organisms  colored by clade 

12 Pseudomonas isolates  

from surface water studied here: 

Clades defined by  

shared ribosomal  

protein sequences. 

(see Tables 6 and 7). 

Isolates selected to  

represent 12 different  

clades. 

Small shifts in mass between homologous proteins is typical for any pair of related organisms. 

Black lines are conserved proteins between these two organisms. 

Tables 6 and 7 tabulate # of sequence identities to the top scoring organism for these spectra. 

Table 1. Matching statistics for 12 Pseudomonas isolates 

10400 

I OID Clade Species 1 2 3 4 5 6 7 8 9 10 11 12 I OID 1 2 3 4 5 6 7 8 9 10 11 12
1 1071 1715 brenneri 63 33 27 25 25 25 20 18 18 18 6 2 1 1071 90 34 30 28 18 19 23 16 24 20 17 10
2 1525 1525 fluorescens 1 33 64 36 31 37 25 21 20 18 21 6 2 2 1525 33 134 44 26 39 41 28 22 31 36 24 17
3 3715 1861 lurida 27 36 64 37 33 25 20 23 22 21 6 2 3 3715 30 45 119 31 33 40 30 31 40 34 26 14
4 4337 1819 libanensis 25 31 37 61 34 20 21 21 18 19 4 1 4 4337 28 27 31 69 16 21 13 15 16 19 13 13
5 2871 2087 poae 1 25 37 33 34 60 21 19 18 16 16 4 1 5 2871 18 39 33 16 84 15 14 17 16 15 13 7
6 1827 1507 lini 25 25 25 20 21 62 21 19 19 21 6 2 6 1827 19 42 40 21 15 134 31 35 33 36 26 25
7 1441 3981 asplenii 1 20 21 20 21 19 21 64 34 33 18 5 2 7 1441 23 29 30 13 14 33 108 42 13 40 20 17
8 1537 1791 koreensis 1 18 20 23 21 18 19 34 64 41 20 6 2 8 1537 16 23 31 15 17 35 42 113 46 35 28 18
9 1539 3117 fluorescens 2 18 18 22 18 16 19 33 41 64 20 6 2 9 1539 24 31 40 16 16 33 42 46 138 37 31 15

10 1717 1717 gingeri 1 18 21 21 19 16 21 18 20 20 63 6 2 10 1717 20 36 34 19 15 36 39 35 37 115 20 15
11 3217 3217 putida 1 6 6 6 4 4 6 5 6 6 6 65 2 11 3217 17 25 26 13 13 26 20 28 32 20 106 24
12 4319 4319 stutzeri 1 2 2 2 2 1 1 2 2 2 2 2 61 12 4319 12 17 13 11 10 14 15 18 15 15 12 133

I OID Clade Score Organism 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 1855 1861 7239 P. lurida LMG 21995 63 61 61 61 61 61 61 61 60 53 53 53 51 50 50 50 50 50
2 1557 1861 6601 P. fluorescens MYb12 61 64 64 64 64 64 64 64 60 54 54 54 51 51 51 51 51 51
3 1555 1861 6601 P. fluorescens MYb17 61 64 64 64 64 64 64 64 60 54 54 54 51 51 51 51 51 51
4 1553 1861 6601 P. fluorescens MYb22 61 64 64 64 64 64 64 64 60 54 54 54 51 51 51 51 51 51
5 1861 1861 6601 P. lurida MYb1 61 64 64 64 64 64 64 64 60 54 54 54 51 51 51 51 51 51
6 1857 1861 6601 P. lurida MYb11 61 64 64 64 64 64 64 64 60 54 54 54 51 51 51 51 51 51
7 1859 1861 6601 P. lurida MYb16 61 64 64 64 64 64 64 64 60 54 54 54 51 51 51 51 51 51
8 3715 1861 6601 P. sp. MYb13 61 64 64 64 64 64 64 64 60 54 54 54 51 51 51 51 51 51
9 1513 1861 5742 P. fluorescens L228 60 60 60 60 60 60 60 60 62 53 53 53 51 50 50 50 50 48

10 1005 1005 4650 P. azotoformans F77 53 54 54 54 54 54 54 54 53 64 63 63 52 52 52 52 52 50
11 4013 1005 5237 P. sp. S09F 262 53 54 54 54 54 54 54 54 53 63 64 64 52 52 52 52 52 50
12 4017 1005 5237 P. sp. S10E 269 53 54 54 54 54 54 54 54 53 63 64 64 52 52 52 52 52 50
13 1381 3405 4187 P. extremorientalis 51 51 51 51 51 51 51 51 51 52 52 52 62 55 55 55 55 53
14 3227 3405 2678 P. sp. FW507-F1 50 51 51 51 51 51 51 51 50 52 52 52 55 64 64 64 64 53
15 3389 3405 2678 P. sp. GW460-4 50 51 51 51 51 51 51 51 50 52 52 52 55 64 64 64 64 53
16 3343 3405 2678 P. sp. GW123-5C08 50 51 51 51 51 51 51 51 50 52 52 52 55 64 64 64 64 53
17 3359 3405 2678 P. sp. GW456-12-1-14 50 51 51 51 51 51 51 51 50 52 52 52 55 64 64 64 64 53
18 1009 1009 3379 P. azotoformans 50 51 51 51 51 51 51 51 48 50 50 50 53 53 53 53 53 63

I OID Clade Score Organism 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 1071 1715 6999 P. brenneri BS2771 63 61 61 54 52 50 49 49 49 49 45 44 42 36 35 34 34 34
2 3103 1715 7089 P. sp. FH4 61 64 60 54 52 50 49 50 49 50 45 44 42 37 36 34 34 34
3 2873 1715 6852 P. sp. 25 R 14 61 60 62 53 52 50 49 48 49 49 45 44 42 35 34 33 33 34
4 2185 1715 6985 P. proteolytica 54 54 53 63 60 50 50 51 49 49 46 46 44 35 34 34 34 33
5 2837 1715 7383 P. sp. 06C 126 52 52 52 60 61 50 49 49 49 48 45 45 44 33 32 32 32 32
6 3529 1715 4806 P. sp. ICMP 8385 50 50 50 50 50 61 48 50 59 58 46 48 46 35 34 34 34 34
7 1437 1715 4891 P. fluorescens UK4 49 49 49 50 49 48 61 50 48 48 54 46 45 33 32 31 31 32
8 1587 1715 6702 P. fluorescens PF08 49 50 48 51 49 50 50 64 48 49 47 54 54 37 36 36 36 34
9 1713 1715 5396 P. gessardii 17152 49 49 49 49 49 59 48 48 61 60 46 46 45 35 34 33 33 34

10 1715 1715 5407 P. gessardii BS2982 49 50 49 49 48 58 48 49 60 63 46 46 44 37 36 34 34 35
11 1617 1715 4075 P. fluorescens NCTC10392 45 45 45 46 45 46 54 47 46 46 56 47 44 32 31 30 30 31
12 1619 1715 6076 P. fluorescens NCTC3756 44 44 44 46 45 48 46 54 46 46 47 56 50 32 31 32 32 31
13 1069 1715 4984 P. brenneri RGCB 108 42 42 42 44 44 46 45 54 45 44 44 50 57 31 30 30 30 30
14 3515 3515 3423 P. sp. IB20 36 37 35 35 33 35 33 37 35 37 32 32 31 64 48 44 44 46
15 3613 3613 3523 P. sp. Leaf98 35 36 34 34 32 34 32 36 34 36 31 31 30 48 65 43 43 63
16 2011 2009 2879 P. orientalis R4-35-08 34 34 33 34 32 34 31 36 33 34 30 32 30 44 43 63 63 42
17 2009 2009 2879 P. orientalis R2-66-08W 34 34 33 34 32 34 31 36 33 34 30 32 30 44 43 63 63 42
18 3601 3613 3348 P. sp. Leaf15 34 34 34 33 32 34 32 34 34 35 31 31 30 46 63 42 42 63

Table 6.  # of Sequences shared between top scoring organisms, sorted by 1st, 2nd,3rd ... columns.

Table 7.

Perfect clades are boxed: all organisms within the box are more 

similar to one another than to any (of > 2000) organisms outside the 

box. To visualize some additional clades, recentering is necessary. 

Purpose of this case study:  

To determine how well MALDI is able to map environmental isolates to the > 40,000 

genomes of sequenced bacteria: 

• Given that many species have not been sequenced: 

• Each newly sequence genome ought to be placed in context (into clades). 

Within 500 ppm 
Note inconsistency in peak number:  

Based on inconsistency of peak detection 

parameters (unintended):  

Robust ID -> ~independent of # of peaks. 

Table 3. Ribosomal Xtab for 12 isolates 
Ribosomal masses and intensity ranks shown. 

Proteins in green seen in >=8 of 12 isolates. 

Colored numbers indicate identical masses. 

Black numbers are invariant among these 12. 

Colored cells are from 2nd clade of organisms: 

                 Examples of potential ‘hybrids’. 

I Clade Proteins Matches Score %I %Ch ppm Organism
1 1715 104 49 6479 44 60 78 Pseudomonas sp. FH4
2 1715 103 48 6408 44 60 76 Pseudomonas brenneri BS2771
3 1715 102 47 6304 44 60 77 Pseudomonas sp. 25 R 14
4 1715 100 45 5878 42 59 80 Pseudomonas sp. 06C 126
5 1715 103 45 5394 41 58 80 Pseudomonas proteolytica BS2985
6 1715 104 43 4710 39 55 83 Pseudomonas fluorescens PF08
7 3031 98 39 4661 41 54 86 Pseudomonas sp. CF150
8 1715 90 39 4419 34 57 89 Pseudomonas fluorescens NCTC3756
9 1715 100 39 4378 38 54 82 Pseudomonas gessardii DSM 17152

10 3509 98 37 4286 40 52 89 Pseudomonas fluorescens FH5
11 1715 103 39 4113 39 52 83 Pseudomonas gessardii BS2982
12 3653 102 38 4088 39 51 73 Pseudomonas sp. CFT9
13 1715 100 39 3953 34 54 88 Pseudomonas sp. ICMP 8385
14 1715 100 40 3939 33 54 83 Pseudomonas fluorescens UK4
15 1715 93 37 3890 33 54 90 Pseudomonas brenneri RGCB 108
16 4007 101 37 3468 33 51 101 Pseudomonas fluorescens SS101
17 3501 101 39 3431 33 51 102 Pseudomonas sp. HMWF011
18 3089 104 38 3402 34 51 101 Pseudomonas sp. FDAARGOS_380
19 3637 104 39 3370 34 51 106 Pseudomonas fluorescens TDH5
20 2883 102 36 3339 34 49 87 Pseudomonas sp. 2995-1
21 1811 104 38 3333 34 51 103 Pseudomonas poae PpR24
22 1529 104 35 3288 36 48 72 Pseudomonas fluorescens AH4
23 1005 100 33 3283 36 48 87 Pseudomonas sp. 2588-5
24 4007 100 36 3276 33 51 103 Pseudomonas sp. Root9
25 3637 106 39 3272 34 51 106 Pseudomonas sp. MF6394
26 1811 102 36 3269 33 50 101 Pseudomonas synxantha finPsuedoS
27 1715 90 37 3265 27 55 97 Pseudomonas fluorescens NCTC10392
28 3637 100 35 3262 33 50 95 Pseudomonas sp. AP42
29 3509 102 37 3255 33 50 97 Pseudomonas fluorescens PL5.4
30 4007 100 35 3206 33 50 102 Pseudomonas lactis DSM 29167
31 1525 104 37 3178 34 48 71 Pseudomonas fluorescens E24
32 3509 104 38 3176 33 49 102 Pseudomonas sp. HMWF034
33 1411 97 35 3142 31 50 78 Pseudomonas fluorescens A506
34 1561 102 38 3103 40 51 136 Pseudomonas fluorescens BWKM6
35 1525 101 35 3087 33 48 69 Pseudomonas sp. AP19
36 3509 98 34 3083 32 49 95 Pseudomonas fluorescens Pt14
37 1529 104 36 3082 33 48 80 Pseudomonas fluorescens A3422A
38 1529 104 36 3082 33 48 80 Pseudomonas fluorescens G2Y
39 1529 104 36 3082 33 48 80 Pseudomonas fluorescens TDH40
40 3585 103 35 3054 35 47 77 Pseudomonas sp. LBUM920
41 1007 104 36 3040 33 48 96 Pseudomonas sp. MYb193
42 1007 104 38 3011 40 50 136 Pseudomonas azotoformans SC 14
43 1561 104 38 3011 40 50 136 Pseudomonas fluorescens 74475
44 1561 104 38 3011 40 50 136 Pseudomonas fluorescens 74954
45 3653 102 36 3001 31 49 81 Pseudomonas fluorescens 80446/1
46 3653 102 36 3001 31 49 81 Pseudomonas fluorescens ML11A
47 3653 102 36 3001 31 49 81 Pseudomonas sp. FW300-E2
48 3653 102 36 3001 31 49 81 Pseudomonas sp. FW305-124
49 3237 102 36 3001 31 49 81 Pseudomonas sp. GL93
50 3653 102 36 3001 31 49 81 Pseudomonas sp. GW247-3R2A

N OID Clade Peaks Proteins Matches Score Org
1 1827 1507 134 100 33 3592 lini
2 1525 1525 134 104 53 9802 fluorescens 1
3 1071 1715 90 103 39 4666 brenneri
4 1717 1717 115 102 48 6530 gingeri 1
5 1537 1791 113 104 37 4773 koreensis 1
6 3715 1861 119 104 45 5942 lurida
7 4337 1819 69 101 24 2749 libanensis
8 2871 2087 84 99 29 2405 poae 1
9 3217 3217 106 105 40 6383 putida 1

10 1539 3117 138 104 38 4795 fluorescens 2
11 1441 3981 108 105 32 3717 asplenii 1
12 4319 4319 133 98 47 10900 stutzeri 1


