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Tutorial
https://github.com/clairemerot/Tutorial_SV

IMPORTANT:
-> clone this repository in your working directory
-> open the folder Tutorial_SV
-> run everything from this location (and all 
paths should be ok!)



Outline
01 - Using SNPs & local PCA to detect haploblocks 
putatively representing large rearrangements

02 - Comparing assemblies for large rearrangements

03 - Assessing breakpoints and detecting other SVs 
with long-reads

04 - Using population dataset of short-reads to 
detect SVs

05 - Towards graph-based analysis



Data

Seaweed flies genomes
(Coelopa frigida)

Long-reads
-> 1 sample (fri59)

ONT – Oxford 

Nanopore

~20X

Short-reads
-> 22 samples (illumina PE 150bp)

~10X

1 pair of fastq reads (A_R1, B_R2)

4 bamfiles (A, B, C, D)

1 vcf of SNPs from the 22 samples

(A to V)

Assemblies
-> 2 genomes

(ref.fasta)

(alt.fasta)

Subset of 10Mb



I - PCAs
What do you think? Do we have a region where we could suspect non-recombining blocks revealing a 
putative inversion? How could we do to genotype our individuals for this putative variant?



I - PCAs

Using either information from 
lostruct or winpca, may you 
identify approximative 
coordinates for the suspected 
rearrangement?

from 1Mb to 4,5Mb



https://dgenies.toulouse.inra.fr
/result/7EvbZ_2026011921013
1

What do you think? Do you 
visualise some rearrangements? 
Does it fit what you suspected 
from the PCA analysis?

2 – Assemblies comparison

Yes, a large inversion from 1Mb to 4,5Mb

https://dgenies.toulouse.inra.fr/result/7EvbZ_20260119210131


2 – Assemblies comparison



1,394,133 4,556,499

Position along Chr

LR-inferred
breakpoints

~5Mb

PCA-based block

~1Mb

Coordinates on the alt genome:
367,123 – 3,646,032

Using the paf file and/or the R package, can you extract the breakpoints of the suspected rearrangement? 

How does it compare to the putative breakpoints identified by indirect PCA methods based on recombination suppression?

2 – Assemblies comparison



3 –Using long-reads
-> How many SVs were detected?
-> What are the different pieces of information available for each variant?
-> How does it differ from a vcf of SNPs?
-> What kind of filters or classifications may you want to implement for subsequent analysis?

1845



3 –Using long-reads
-> How many SVs were detected?
-> What are the different pieces of information available for each variant?
-> How does it differ from a vcf of SNPs?
-> What kind of filters or classifications may you want to implement for subsequent analysis?

1845

-> select SV based on length range?
-> filter by type
-> remove SVs that do not « PASS »
-> filter based on read support
-> check IMPRECISE breakpoints….



3 –Using long-reads



3 –Using long-reads
You can also zoom on the breakpoints previously identified 
with the assembly comparison for the very large 
rearrangement.
-> What do they look like here?
-> Are they supported by long-reads?



3 –Using long-reads
-> Which genotype is this individual "fri59“ for our big inversion?



3 –Using long-reads
-> Which genotype is this individual "fri59“ for our big inversion?

heterozygote

grep 'INV.22BAS0' 03_LR/fri59.vcf

Chr1    1394133 Sniffles2.INV.22BAS0    A       <INV>   60      PASS    
PRECISE;SVTYPE=INV;SVLEN=3162327;END=4556460;SUPPORT=15;COVERAGE=34,34,40,24,39;STRAND=+;STDEV_
LEN=0.000;STDEV_POS=0.000;VAF=0.341   GT:GQ:DR:DV     0/1:60:29:15

Also visible with the reads in IGV (some go over the break-points and some are split-reads



4 – SV call with short-reads

No SVLENLack of alt 
sequence for 
most variants

Weird co-
located SVs?

-> What do you think about the information about SVs? 
What differs and does not differ with the vcf produced 
by Sniffles?



4 – SV call with short-reads
-> What do you think about our large inversion? Was it detected by Delly?

Chr1    1393753 INV00011549     A       <INV>   2120    PASS    IMPRECISE;SVTYPE=INV;SVMETHOD=EMBL.DELLYv1.7.2;END=4556341;PE=39;MAPQ=60;
CT=5to5;CIPOS=-50,50;CIEND=-50,50       GT:GL:GQ:FT:RCL:RC:RCR:RDCN:DR:DV:RR:RV 1/1:-98.1971,-5.41565,0:54:PASS:1932910:1817073:901901:1:
0:18:0:0        0/1:-14.3866,0,-50.0868:144:PASS:1384270:1282649:621820:1:9:4:0:0       0/1:-10.7753,0,-118.775:108:PASS:1939344:1999980:
1008238:1:21:3:0:0      1/1:-100.1,-5.41844,0:54:PASS:1655494:1489965:724297:1:0:18:0:0
Chr1    1394089 INV00011550     G       <INV>   1829    PASS    IMPRECISE;SVTYPE=INV;SVMETHOD=EMBL.DELLYv1.7.2;END=4556153;PE=37;MAPQ=60;
CT=3to3;CIPOS=-163,163;CIEND=-163,163   GT:GL:GQ:FT:RCL:RC:RCR:RDCN:DR:DV:RR:RV 0/1:-47.1887,0,-0.689909:8:LowQual:1933048:1816911:901744
:1:1:10:0:0     0/1:-29.1784,0,-83.6784:10000:PASS:1384338:1282553:621712:1:15:6:0:0    0/1:-42.776,0,-72.8757:10000:PASS:1939476:1999794
:1008088:1:14:11:0:0    0/1:-43.2887,0,-2.68995:27:PASS:1655597:1489849:724173:1:1:10:0:0

Maybe…
But it would be lost
among the false 
positives!



4 – SV call with short-reads
-> What do you think of the SVs? Is it readable?

Too many long SV for IGV
Lots of SVs at the same position
=> Probably a sign of lots of false positives!



4 – SV call with short-reads
-> Can you find some deletions well supported by reads ?



-> How many SVs are you analysing in total?

4 – SV call with short-reads

16330

Chr1    5       INV00000000     9396125 0.75    0
Chr1    519     DEL00000001     552     0       0.125
Chr1    958     INS00000002     958     0       0
Chr1    5355    DUP00000003     826732  0       0.5
Chr1    5356    DUP00000004     180476  0       0
Chr1    5356    DUP00000005     616735  0       0.5
Chr1    5373    INV00000006     616199  0       0.5
Chr1    5375    INV00000007     894221  0       0
Chr1    5378    INV00000008     1021738 0       0.5
Chr1    5379    INV00000009     1018396 0       0
Chr1    5382    INV00000010     871395  0       0.5
Chr1    5383    DUP00000011     5547    0       0
Chr1    5383    DUP00000012     604520  0       0
Chr1    5383    DUP00000013     617527  0       0.5
Chr1    5383    INV00000014     816676  0       0
Chr1    5383    INV00000015     1024400 0       0.25
Chr1    5383    INV00000016     1068736 0       0
Chr1    5383    INV00000017     1143801 0       0
Chr1    5383    DUP00000018     1144327 0       0
Chr1    5383    INV00000019     3052463 0       0.25
Chr1    5383    INV00000020     3811013 0       0
Chr1    5383    INV00000021     8676150 0       0
Chr1    5384    DUP00000022     204296  0       0.25
Chr1    5384    INV00000023     4283625 0       0.5
Chr1    5386    INV00000024     968242  0       0
Chr1    5404    DUP00000025     1075475 0       0.125
Chr1    5405    INV00000026     1076829 0       0.125
Chr1    5425    DUP00000027     1021486 0       0.5
Chr1    5486    INV00000028     1096631 0       0
Chr1    5494    INV00000029     1010012 0       0
Chr1    5497    DEL00000030     5278163 0       0.25
Chr1    5503    INV00000031     744468  0       0.125
Chr1    5540    DEL00000032     959246  0       0
Chr1    5546    INV00000033     9567667 0       0.125
Chr1    5555    DEL00000034     8515626 0       0.125
Chr1    5557    DEL00000035     871141  0       0.5
Chr1    5621    DUP00000036     1046565 0       0
Chr1    5622    INV00000037     1046561 0       0.375
Chr1    5679    DUP00000038     6664587 0       0
Chr1    5728    INV00000039     958032  0       0.125
Chr1    5735    INV00000040     888458  0       0.5
Chr1    5757    INV00000041     1021865 0       0.5
Chr1    5776    DEL00000042     814677  0       0

-> What do you think of allelic frequency? And missing data?

Little missing data

BUT : lots of allelic frequency at 0 (and genotypes are 0/0) 
= ref/ref

 Those are not even variants
 Remove them



4 – SV call with short-reads

-> How many SVs are you analysing in total? Same?
-> Do you notice differences with the earlier vcf?

16330 - same

Chr   Start        ID.x End F_missing_before MAF_before ID.y F_missing_after MAF_after
1   Chr1       5 INV00000000 9396125             0.75          0 INV00000000            0.75         0
2   Chr1  113015 DUP00000129 2980316             0.50          0 DUP00000129            0.50         0
3   Chr1  143486 INS00000191  143486             0.75          0 INS00000191            0.75         0
4   Chr1 1060949 INV00010779 4104687             0.25        0.5 INV00010699            0.25       0.5
5   Chr1 1329380 DUP00011490 6847771             0.25        0.5 DUP00011392            0.25       0.5
6   Chr1 1419614 INS00011608 1419614             0.50          0 INS00011507            0.50         0
7   Chr1 1483914 INS00011643 1483914             0.25          0 INS00011541            0.25         0
8   Chr1 1488455 DEL00011646 1488499             0.25        0.5 DEL00011544            0.25       0.5
9   Chr1 1531849 DEL00011677 1532372             0.75          0 DEL00011574            0.75         0
10  Chr1 1537050 DEL00011680 1537103             0.25   0.166667 DEL00011577            0.25  0.166667
11  Chr1 1554194 DEL00011691 1554232             0.25   0.333333 DEL00011587            0.25  0.333333
12  Chr1 1567946 INS00011711 1567946             0.25          0 INS00011606            0.25         0
13  Chr1 1569316 DEL00011712 1569358             0.50          0 DEL00011607            0.50         0
14  Chr1 1584848 DEL00011729 1584932             0.25   0.166667 DEL00011624            0.25  0.166667
15  Chr1 1592686 DEL00011737 1706036             0.25   0.333333 DEL00011632            0.25  0.333333
16  Chr1 1607047 INV00011746 3686296             0.25   0.333333 INV00011640            0.25  0.333333
17  Chr1 1672225 INS00011781 1672225             0.25   0.333333 INS00011674            0.25  0.333333
18  Chr1 1691248 INV00011788 5153424             0.25   0.166667 INV00011681            0.25  0.166667
19  Chr1 1693676 INS00011793 1693676             0.25   0.166667 INS00011686            0.25  0.166667
20  Chr1 1733296 INV00011829 9367617             0.25   0.333333 INV00011720            0.25  0.333333
21  Chr1 1754730 DEL00011846 1754772             0.25   0.166667 DEL00011737            0.25  0.166667
22  Chr1 1796733 DEL00011874 1796793             0.25   0.333333 DEL00011765            0.25  0.333333
23  Chr1 1894880 DEL00011934 8803568             0.50       0.25 DEL00011825            0.50      0.25
24  Chr1 1899396 INS00011939 1899396             0.25   0.333333 INS00011830            0.25  0.333333

Not better for missing data

& re-genotyping has 
renamed the SV… (hard to 
compare!)

But breakpoints should
have been refined (yay!)



5- Towards genome graphs
We get some warnings. Why?

-> open the vcf: how many variants could you genotype? What does the format look like?

The graph needs the 
sequence in the ALT field…

warning:[vg::Constructor] vcflib could not canonicalize some SVs to base-level sequence; skipping variants like: Chr1   129696  Sniffles2.DUP.240S0    A       <DUP>   59      
PASS    PRECISE;SVTYPE=DUP;SVLEN=1390;END=131086;SUPPORT=10;COVERAGE=31,23,662,25,32;STRAND=+-;STDEV_LEN=4.593;STDEV_POS=0.408;VAF=0.312
Warning: deletion END and SVLEN do not agree [canonicalize] Chr1        519626  Sniffles2.DEL.1F9S0     A       <DEL>   51      PASS  PRECISE;SVTYPE=DEL;SVLEN=-
129928;END=649553;SUPPORT=11;COVERAGE=35,37,19,22,21;STRAND=+-;STDEV_LEN=0.000;STDEV_POS=0.000;VAF=0.423;SPAN=129928
END: 649553  SVLEN: 129928

145 out of 170



5- Towards genome graphs



5- Towards genome graphs

Visualisation in Bandage – exemple of a bubble for a large SV



5- Towards (pan)genome graphs

-> What do you observe on the 2D representation?

Our big 
inversion!


