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𝑇𝑚 ∈ argmax
𝑖 ∈ 𝑇

ሻ 𝑓 𝑡𝑖  (1

𝐶 𝑡 = σ𝑘 ∈ 𝐾 max ቊ
𝑓 𝑡𝑘  𝜏 ≤ 𝑓 𝑡𝑘

0 𝑒𝑙𝑠𝑒
 (2)

𝑆𝑘 ∈ argmax
𝑖 ∈ 𝑇𝑚

ሻ 𝐶 𝑡𝑖  (3

Three steps
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WHY?

16.0

blaTEM-101_1_AF495873.fsa

blaTEM-136_1_AY826417.fsa

blaTEM-108_1_AF506748.fsa

blaTEM-133_1_AY528425.fsa

blaTEM-201_1_JX310327.fsa

blaTEM-49_1_Y10281.fsa
blaTEM-71_1_AF203816.fsa

blaTEM-33_1_GU371926.fsa

blaTEM-95_1_AJ308558.fsa

blaTEM-98_1_AF397068.fsa

blaTEM-147_1_DQ279850.fsa

blaTEM-207_1_KC818234.fsa

blaTEM-144_1_AM049400.fsa

blaTEM-93_1_AJ318093.fsa

blaTEM-83_1_AF427129.fsa

blaTEM-215_1_KP050492.fsa

blaTEM-167_1_FJ360884.fsa

blaTEM-187_1_HM246246.fsa

blaTEM-109_1_AY628175.fsa

blaTEM-22_1_Y17583.fsa

blaTEM-17_1_Y14574.fsa

blaTEM-1B_1_AY458016.fsa

blaTEM-194_1_JN935136.fsa

blaTEM-45_1_X95401.fsa

blaTEM-150_1_AM183304.fsa

blaTEM-72_1_AF157553.fsa

blaTEM-10_1_AF093512.fsa

blaTEM-213_1_LJEE02000034.fsa

blaTEM-191_1_KY432484.fsa

blaTEM-152_1_DQ834728.fsa

blaTEM-231_1_MG821378.fsa

blaTEM-35_1_KP860986.fsa

blaTEM-186_1_JN227084.fsa

blaTEM-183_1_HQ529916.fsa

blaTEM-34_1_KC292503.fsa

blaTEM-54_1_AF104442.fsa

blaTEM-2_1_X54606.fsa

blaTEM-28_1_U37195.fsa

blaTEM-146_1_DQ105529.fsa

blaTEM-76_1_AF190694.fsa

blaTEM-47_1_Y10279.fsa

blaTEM-97_1_AF397067.fsa

blaTEM-234_1_MH243353.fsa

blaTEM-185_1_JF795538.fsa

blaTEM-229_1_MG821356.fsa
blaTEM-181_1_KM977568.fsa

blaTEM-105_1_AF516720.fsa

blaTEM-219_1_KM114268.fsa

blaTEM-52B_1_AF027199.fsa

blaTEM-121_1_AY307374.fsa

blaTEM-26_1_LDCJ01000052.fsa

blaTEM-60_1_AF047171.fsa

blaTEM-1D_1_AF188200.fsa

blaTEM-233_1_MH270416.fsa

blaTEM-210_1_KJ484630.fsa

blaTEM-9_1_KY271103.fsa

blaTEM-1A_1_HM749966.fsa

blaTEM-11_1_AY874537.fsa

blaTEM-220_1_KM998962.fsa

blaTEM-212_1_KF481968.fsa

blaTEM-130_1_AJ866988.fsa

blaTEM-67_1_AF091113.fsa

blaTEM-122_1_AY307100.fsa

blaTEM-8_1_X65252.fsa

blaTEM-211_1_KF513179.fsa

blaTEM-128_1_AY368237.fsa

blaTEM-68_1_AJ239002.fsa

blaTEM-138_1_AY853593.fsa

blaTEM-55_1_DQ286729.fsa

blaTEM-178_1_X97254.fsa

blaTEM-197_1_HQ877606.fsa

blaTEM-214_1_KP050491.fsa

blaTEM-86_1_AJ277415.fsa

blaTEM-135_1_GQ896333.fsa

blaTEM-160_1_EF136377.fsa

blaTEM-142_1_DQ388882.fsa

blaTEM-88_1_AY027590.fsa

blaTEM-216_1_KF944358.fsa

blaTEM-110_1_AY072920.fsa

blaTEM-91_1_AB049569.fsa

blaTEM-164_1_EU274580.fsa

blaTEM-36_1_KY305958.fsa

blaTEM-196_1_JQ034306.fsa

blaTEM-209_1_KF240808.fsa

blaTEM-106_1_AY101578.fsa

blaTEM-195_1_JN935137.fsa

blaTEM-63_1_AF332513.fsa

blaTEM-139_1_DQ072853.fsa

blaTEM-126_1_AY628199.fsa

blaTEM-206_1_KC783461.fsa

blaTEM-53_1_AF104441.fsa

blaTEM-230_1_MG821377.fsa

blaTEM-112_1_AY589493.fsa

blaTEM-123_1_AY327539.fsa

blaTEM-90_1_AF351241.fsa

blaTEM-127_1_AY368236.fsa

blaTEM-177_1_FN652295.fsa

blaTEM-43_1_U95363.fsa

blaTEM-190_1_JN416112.fsa

blaTEM-163_1_EU815939.fsa

blaTEM-94_1_AJ318094.fsa

blaTEM-171_1_GQ149347.fsa

blaTEM-6_1_X57972.fsa

blaTEM-134_1_AY574271.fsa

blaTEM-156_1_AM941159.fsa

blaTEM-79_1_AF190692.fsa

blaTEM-224_1_KU664545.fsa

blaTEM-107_1_AY101764.fsa

blaTEM-151_1_DQ834729.fsa

blaTEM-16_1_X65254.fsa

blaTEM-143_1_DQ075245.fsa

blaTEM-87_1_AF250872.fsablaTEM-184_1_FR848831.fsa
blaTEM-131_1_AY436361.fsa

blaTEM-85_1_AJ277414.fsa

blaTEM-81_1_AF427127.fsa

blaTEM-78_1_AF190693.fsa

blaTEM-189_1_JN254627.fsa

blaTEM-57_1_FJ405211.fsa

blaTEM-232_1_MH079593.fsa

blaTEM-148_1_AM087454.fsa

blaTEM-29_1_DQ269440.fsa

blaTEM-1C_1_FJ560503.fsa

blaTEM-129_1_AJ746225.fsa

blaTEM-113_1_AY589494.fsa

blaTEM-159_1_EF136376.fsablaTEM-120_1_AY243512.fsa

blaTEM-40_1_FR717535.fsa

blaTEM-12_1_M88143.fsa

blaTEM-227_1_KY418040.fsa

blaTEM-137_1_AM286274.fsa

blaTEM-52C_2_EF141186.fsa

blaTEM-125_1_AY628176.fsa

blaTEM-30_1_AJ437107.fsa

blaTEM-198_1_AB700703.fsa

blaTEM-80_1_AF347054.fsa

blaTEM-176_1_GU550123.fsa

blaTEM-82_1_AF427128.fsa

blaTEM-111_1_AF468003.fsa

blaTEM-48_1_Y10280.fsa

blaTEM-15_1_AM849805.fsa

blaTEM-4_1_LK391770.fsa
blaTEM-2_2_AJ251946.fsa

blaTEM-162_1_EF468463.fsa

blaTEM-155_1_DQ679961.fsa

blaTEM-157_1_DQ909059.fsa

blaTEM-70_1_AF188199.fsa

blaTEM-154_1_FJ807656.fsa

blaTEM-20_1_EU527189.fsa

blaTEM-225_1_KY432403.fsa

blaTEM-188_1_JN211012.fsa

blaTEM-114_1_AY589495.fsa

blaTEM-124_1_AY327540.fsa

blaTEM-208_1_KC865667.fsa

blaTEM-32_1_CXLQ01000061.fsa

blaTEM-153_1_KC149518.fsa

blaTEM-104_1_AF516719.fsa

blaTEM-169_1_KP012538.fsa

blaTEM-226_1_KY646301.fsa

blaTEM-132_1_AY491682.fsa

blaTEM-217_1_HG934763.fsa

blaTEM-96_1_AY092401.fsa

blaTEM-141_1_AY956335.fsa

blaTEM-3_1_X64523.fsa

blaTEM-149_1_DQ369751.fsa

blaTEM-19_1_JX042489.fsa

blaTEM-158_1_EF534736.fsa

blaTEM-92_1_AF143804.fsa

blaTEM-168_1_FJ919776.fsa

blaTEM-182_1_HQ317449.fsa

blaTEM-99_1_AF397066.fsa

blaTEM-21_1_Y17582.fsa

blaTEM-77_1_AF190695.fsa

blaTEM-205_1_KC900516.fsa

blaTEM-102_1_AY040093.fsa

blaTEM-52_1_Y13612.fsa

blaTEM-166_1_FJ197316.fsa

blaTEM-145_1_DQ105528.fsa

blaTEM-84_1_AF427130.fsa

blaTEM-115_1_AF535127.fsa

blaTEM-24_1_GQ293500.fsa

blaTEM-116_1_AY425988.fsa

blaTEM-193_1_JN935135.fsa

• 183 blaTEM
variants

• Max distance of
38 SNPs

• 150 bp subsequence from the middle of blaTEM-1A:
• GTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTA
ATAGTTTGCGCAACGTTGTTGCCATTGCTGCAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCA

• 131 perfect matches.
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Meat loaf from the FLI canteen

Höper D. et al. 2018

Cannibalism…



CARD/RGI GitHub

Does it work?
 

CARD/RGI test, 7 in 7 out



Limitations

• Sometimes miss-assign between closely related 
references. E.g. assigns all reads to catl instead 
of catB3.

• What if resolution of the reference database is 
higher than the accuracy of the query sequences.



Illumina

• High accuracy

• Usually <= 1 error pr. read

• Okay to assume zero errors in most cases

• Consensus sequences are usually correct, and can be 
used to reassign the hits.



ONT

• High error-rate

• Some say ~1%, usually 5-10%.

• But one read easily covers an entire gene.



ONT implications

• 1% error -> ~10 errors pr. gene

• ResFinder, CARD and AMRFinder has genes placed 1 
SNP apart

• Random errors will match actual alleles -> true 
allele will not be among the best scoring hits!



Proximity scoring

• Consider hits with scores close to the best hit as 
candidate hits too.

• Weigh each hit according to the score they get.
• I.e. higher scoring hits gets a higher weight.

• E.g. A hit with a score of 100 will weigh 100, and a hit 
with a score of 90 will weigh 90.



𝑇𝑚(𝑞ሻ ∈ argmax
𝑡 ∈ 𝑇

ሻ 𝑓 𝑞, 𝑡  (1𝑇𝑚(𝑞ሻ ∈ argmax
𝑡 ∈ 𝑇

min ൞

max
𝑟 ∈ 𝑇

𝑓 𝑞, 𝑟

𝑓 𝑞, 𝑡

𝜖

𝜀 ∈ (0; 1](1ሻ

ConClave Proximity scoring

𝐶 𝑡 ∈ σ𝑞 ∈𝑄 ቊ
𝑓 𝑞, 𝑡 𝜏 ≤ 𝑓 𝑡𝑘 ∧ 𝑡 ∈ 𝑇𝑚(𝑞ሻ

0 𝑒𝑙𝑠𝑒
. (2)

𝑆𝑞 ∈ argmax
𝑡 ∈ 𝑇𝑚(𝑞ሻ

ሻ 𝐶 𝑡  (3



Does it work?

• MLST is at higher 
resolution than ResFinder

• We collected 142 
samples sequenced on 
both Illumina and ONT

• Compared to state of 
the art aligners

Clausen et al. 2025



Is it accurate?

Clausen et al. 2025



But it needs go over the input twice…

Clausen et al. 2025



But it needs go over the input twice…

• All hits needs to be saved.
• One big temporary file.

• Then they need to be sorted.
• Requires multiple smaller temporary files.

• Limitations:
• Not enough space on device.
• High memory consumption when sorting.
• Too many files.



Basics of a computer

• CPU
• Does the computation

• Memory
• Stores what is frequently needed
• Has a limited storage space, but is quick is access.

• Disk
• Stores what is infrequently needed
• Has a large storage space, but is slow to access.



Basics of a computer

• CPU
• Is what you have in your hands

• Memory
• Is what you have at your desk in front of you

• Disk
• Is what you have in the closet at the other end of the 
room



Limitations

• Not enough space on device:
• Default temporary locations usually have limited space.

• Not a problem with small databases.

• Big problem with large databases.

• Solution: Set the “-tmp” option, 
   use local disks if possible.



Limitations

• High memory consumption when sorting.
• Sorting is carried out in chunks which needs to stored in 
memory.

• Decreasing the chunk size decreases memory requirements 
at this step, but increases the number of files.

• Solution: Set the “-mf” option down.



Limitations

• Too many files.
• Might happen when a large query file is searched with 
many hits.

• Or when too many programs create files at the same time.

• Solution: Set the “-mf” option up.



Nebula

• Okay hands (CPU) to work with.

• Desk (memory) is large enough for most stuff.

• Closet is big.
• But it is placed inside a Walmart.

• The highway to it is as undersized as E47 during rush hour.

• And it is not large enough store irrelevant results.



Nebula

• Good computer for compute.
• E.g. great for phylogenies and AMR detection

• Not so good when frequent disk access is required.
• E.g. if too many I/O heavy jobs is running at once, it is like 
accessing that closet within Walmart on Black Friday.

• Running more than one heavy KMA job at once is like splitting 
the bill into hundreds when paying at Walmart.

• Running several assemblies or large BLAST jobs at once is like 
accessing Netto after Mette closed Denmark.

• Reading and writing files without a buffer is like shoping 
without a cart.



In other words.

Not knowing what you are doing Knowing what you are doing



Computerome

• Hands (CPU) like nebula.

• Desk (memory) like nebula.

• Closet is big.
• But with better access compared to Nebula.

• It is a rental.
• I.e. expensive to use.
• Restricted access.



Laptop

• Okay hands (CPU) to work with.
• Usually as fast as the ones on the cluster computers.

• Desk (memory) is small.
• But large enough for smaller things.

• Closet is limited.
• But it is placed closely, with autobahn-like connections.



Results shown earlier where all 
computed on a laptop.



New cluster

• Real handyman hands
• But there is a limit to how many.

• Enough desk space for almost anything
• But not everything.

• Big enough closet for now
• With highway-like connections.

• And autobahn-like connection to scratch disks.



I have tried to make KMA easier

• Presets:
• -ont Preset when analyzing 3rd generation (ONT) data
• -ill Preset when analyzing 2nd generation (Illumina) data
• -asm Preset when analyzing assembly data

• -1t1
• One query sequence should only match one reference sequence

• -mem_mode
• Use mapping scores instead of alignment scores for ConClave, which 
reduces the required memory (smart for large DBs).

• -reassign
• Re-assign imperfect matches, like the catl -> catB3 earlier.



Remember the bi-weekly 
bioinformatics meetings, where 

anyone with computer- or   
bioinformatics-related questions 

can come by.
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