pos[@] =

forim

t_len — 1, nuc_pos = t_e — 1; m »>= 8; —m, —nuc_pos) {

if(nuc_pos < B) {
nue_pes = template_lenmgth - 1;
}

D_ptr[g_len] = (@ < k) 7 @ : (Wl + (t_len — 1 - m) * U);
Q_prev = (t_len + g_len) * (MM + U + W1);

t_nue = getNuc(template, nuc_pos);
for{n = g_len - 1; n >= @; —n) {
E_ptrln] = o;

/#* update @ and P, gap openings */
Q = D_ptrln + 1] + W1;
P_ptrln] = D_prev[n] + Wl;
if(@ < P_ptrlnl) {
D_ptrln] = P_ptrlnl;
e = &;

} else {
D_ptrln] = Q;
e =12;
}
f* update Q and P, gap extensions */

/% mark bit 4 and 5 as possible gap-opennings, if necesarry

thisScore = Q_prev + U;
if(Q < thisScore) {
@ = thisScore;
ifle == 2) {

b_ptrln] =
e = 3;
}
} else {
E_ptrln] |= 16;

}
thisScore = P_previn] + U;
if(P_ptr[n] < thisScore) {
P_ptr[n] = thisScore;
if{D_ptr[n] < thisScore) {
D_ptr[n] = thisScore;
e = 5;
}
} else {
E_ptr[n] |= 32;
¥

/* Update D, match */
thisScore = D_previn + 1] + dlt_nucllquery[nl];
if(D_ptr[n] < thisScore) {
D_ptr[n] = thisScore;
E_ptrln] |= 1;
} else {
E_ptrln] |= e;
¥

Q_prev = Q;
}

E_ptr —= (q_len + 1);

if(k < @ && Stat.score <= *D_ptr) {
Stat.score = *D_ptr;
pos[@] =

}

tmp = D_ptr;
D_ptr = D_prev;
D_prev = tmp;

tmp = P_ptr;
P_ptr = P_prev;
P_prev = tmp;

A updates and
puter-problems

Philip T.L.C. Clausen



Recap



ConClave




Three steps
Tn € argmax{ f(t;) } (1)

LET

c<t>=zk6Kmax{g“k) AU )

else

S, € argmax{ C(t;) } (3)

i €Ty



DlalEM-195 1 _JNO35137.1sa blaTEM-194_1_JN935136.fsa

191 11%5 T_AM286274 fsa == blaTEM-193_1_JN935135.fsa
W3 4 104441 fsa
A blaTEM- 19@@% 0D fdan | oaa
'515-.:5;)' -((Y.Y-(Y‘ % blaTEM-125_1_AY628176.fsa
L R4 AP 0“h" 728.fsa
blaTEM-E4_1AF % .azgr:,; T AF427T
a FEETem. - B L33, 1¥*§Y§§§9é9 fsa
i T
b—_=- A R topg e A blaTEM-60_1_AF047171.fsa
SEna REY et 574371 fsa
o FETE S X GEEMGTOTA ¥091113.fsa
O+d * DS
aTEW o2 RE : 360884 fsa
“,"" 1$¢ IRERAAR 1800 fsa
a’;ﬁ} - Y PG 2587415 1sa
plat M e %ﬁﬁggmzm fsa

_bIaTa PaTEME3§8s1g
blaTEM-19_1_IX04748l8 TR 1b|ﬁFE%5§é—£§aAF495873 fsa
o] +8Y327539.fsa blaTEM-178_1_X97254 fsa

* 183 blaTEM =~

variants

7

29.fsa
blaTEM-157_1_DQ909059 fsa

b _913_81\1&%21356 fsa
AeAih DIaTEM-17_1_Y14574.fsa

NSO
MBS Z A R s 300 45 % 2403.fsa

blaTEM-162_1_EF468463.fsa

e Max distance of
38 SNPs

blaTEM-108_1_AF506748.fsa

— : TENOR: T 050
eviif 5&%%@&5 5528 fsa
GoRSbAIAaa 9518fsa

:’ e““,_;,.,‘.;;' TIYEITY blaTEM-233_1_MH270416.fsa
* 150 bp subsequence from theqmlddlo_ blalEM=1A:

. GTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAAFTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTA
ATAGTTTGCGCAACGTTGTTGCCATTGCTGCAGGCATCGTGG;ETCACGCTCGTCGTTTGGTATGGCTTCATTCAa

e 131 perfect matches.

\HHHH@HH
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YPrinus carpio

Hoper D. et al. 2018



Average MAPQ (Completely Mapped Reads)

194

193 +

192 A

191 A

190 A

Does it work?
CARD/RGI test, 7 in 7 out

KMA

ARO Term
® catl
NDM-1
QnrB1
® AAC(6')-Ib-cr
® OXA-1
® CTX-M-15

determinant of bleomycin resistance
Average Percent Coverage
® 99.22

100.0
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300 350 400 450 500 550
Comnpletelv Manned Reads

Average MAPQ (Completely Mapped Reads)

35 1

301

25 4

20 1

15 A

10 1

Bowtie2

100

150 200 250
Completelv Manpned Reads

300

350

ARO Term
® CTX-M-101
¢ OXA-4
OXA-320
@ catl
® NDM-1
® QnrBl
CTX-M-114
® NDM-9
CTX-M-157
CTX-M-3
@ NDM-3
® AAC(6')-Ib-cr
OXA-1
® CTX-M-15
® NDM-14
® NDM-28
OXA-140
® determinant of bleomycin resistance
NDM-16
NDM-11
Average Percent Coverage
@ 92
94
96
98
100

CARD/RGI GitHub



Limitations

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

* What 1f resolution of the reference database 1s
higher than the accuracy of the query sequences.



I1lumina

* 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
e 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

e 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.



ConClave Proximity scoring

maxif(q,7)}
m@))Earrgmmm iy )} f(q t) e € (0;1](1)

C(t) €Yy eo f(q(;t) T S f(tke)l;\et € Tm(q) (2)

\

Sq € argmax{ C(t) } (3)
t € Tm(q)



Does it work?

* MLST is at higher Lol _
resolution than ResFinder : l
0.8 1 ¢
* We collected 142 9 ‘
samples sequenced on e
both [lumina and ONT S $
§ 0.4 A
* Compared to state of 0.2 1 !
the art aligners ' 1
0.0 -1 | ’

e “ WA prof
K Clausen et al. 2025



Is 1t accurate?

1.00 1= :
|
0.98 A |
|
|
0.96 A |
|
- |
G 0.94- |
>
g |
0.92 A |
|
|
0.90 A |
' —— ONT
| .
0.88 | ONT reasslg.n
| —— ONT proximity
| —— ONT proximityreassign
0-86 1 L 1 1 1 1 /I/
0 50 100 150 200 250 300

Minimum Depth of Coverage Clausen et al. 2025



But it needs

0Q
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over
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input twice..

Clausen et al. 2025



But it needs go over the input twice..

e All hits needs to be saved.
* One big temporary file.

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

e 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 1is frequently needed
* Has a limited storage space, but is quick is access.

* Disk
 Stores what 1is 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.

e 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 1s big.
e 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/0 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.

e Tt is a rental.
e IT.e. expensive to use.
e 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.
e And autobahn-1like connection to scratch disks.



I have tried to make KMA easier

* Presets:

* -ont Preset when analyzing 3" generation (ONT) data
e -ill Preset when analyzing 2" generation (Illumina) data
e -asm Preset when analyzing assembly data

e -1t1

* One query sequence should only match one reference sequence

-mem_mode

* Use mapping scores instead of ali%nment scores for ConClave, which
reduces the required memory (smart for large DBs).

-reassign
e 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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