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6th IgCLL - Uppsala 

Session II - Practical exercises 

• An Introduction of IMGT / V-QUEST annotation tool 
 get familiar with the sequence submission process 
 review basic parameters and options of the tool 

 
• Hands-on exercises 
 two sets of IGH and IGL rearrangement sequences 
 annotate the sequences and comment on their features 
 and/or their interpretation 
 
 

• Sequence interpretation and results 



6th IgCLL - Uppsala 

Session II - Practical exercises 

Our tool of choice : IMGT / V-QUEST 

Access: http://www.imgt.org/  

Select “human”  
 
on the tab for “immunoglobulin 
(IG) or antibody nucleotide 
sequences” 



6th IgCLL - Uppsala 

Session II - Practical exercises - Submit sequence(s) 

Submit a single or a 
batch of sequences 

(up to 50) 

manual copy/paste 
or file upload 

In FASTA format : : 



6th IgCLL - Uppsala 

Session II - Practical exercises – Retrieve results 

Information about the type of files provided for each option:  
IMGT/V-QUEST Documentation 
http://www.imgt.org/IMGT_vquest/share/textes/imgtvquest.html 



6th IgCLL - Uppsala 

Practical exercises – Solutions – Batch I 

>Sequence A1 
caggtgcagctacagcagtggggcgcaggactgttgaagccttcggagaccctgtc
cctcacctgcgctgtctatggtgggtccttcagtggttactactggagctggatccgcc
agcccccagggaaggggctggagtggattggggaaatcaatcatagtggaagcac
caactacaacccgtccctcaagagtcgagtcaccatatcagtagacacgtccaaga
accagttctccctaaagctgagctctgtgaccgccgcggacacggctgtgtattactg
tgcgagaggtctacctcttttggagtggttattgggtccttactactactactacggta
tggacgtctggggccaagggaccacggtcaccgtctcct 

 



Sequence A1 



Sequence A1 



Sequence A1 

• A single silent mutation 
 

• VH CDR3 anchors and 
VH FR4 GXG motif are 
detected 



 
 

IGHV4-34*01 
IGHD3-3*01 

IGHJ6*02 
identity 99,65% 

in-frame 
VH CDR3 length 22 aa 

 

→ productive, unmutated IGH 

Sequence A1 



Practical exercises – Solutions – Batch I 

>Sequence A2 
caggtgcagctggtgcagtctggagctgaagtgaagaagcctggggcctcagtgaa
ggtctcctgcaaggcttctggttacacctttacgaattatggtatcggctgggtgcga
caggcccctggacaagggcttgagtggatgggatggatcagcggttacaatggtga
tacaaactatgcacagaagttccaggacagagtcaccatgaccacagacacatcca
cgagcacagcctatatggacctggggagcctgagatctgacgacacggccgtgtat
tactgtgcgagagtagtggctacgctcccccccgtctactggggccagggaaccctg
gtcaccgtctcctca 

 



Sequence A2 



Sequence A2 



Sequence A2 

http://www.imgt.org/IMGTeducation/Aide-memoire/_UK/aminoacids/IMGTclasses.html 

Amino acid classification 
 
• Hydropathy 
• Volume 
• Chemical 
• Charge 
• Hydrogen donor/acceptor 
• Polarity 



 
 

IGHV1-18*01 
IGHD5-12*01 

IGHJ4*02 
identity 95,14% 

in-frame 
VH CDR3 length 11 aa 

 
→ productive, mutated IGH 

Sequence A2 



Practical exercises – Solutions – Batch I 

>Sequence A4 
caggtgcagctgcaggagtcgggcccaggactggtgaagccttcggggaccctgtc
cctcacctgcgctgtctctggtggctccatcagcagtactaactggtggagttgggtc
cgccagcccccagggaaggggctggagtggattggagaaatctatcatagtggga
gcaccaactacaacccgtccctcaagagtcgagtcaccatatcaatagacaagtcc
aagaaccagttctcgctgaatctgaggtcagtgaccgccgcggacacggccgtgtat
tactgtgcgagaggttgtagtggtgggagctgccaatttgactactggggccaggga
accctggtcaccgtctcc 

 



Sequence A4 



Sequence A4 
No D-gene has been identified. But the sequence itself is more important 
than gene names  

• IGHV3, mostly IGHV3-21 
• Mostly IGHJ6 
• Mostly mutated 
• VH CDR3 : 9 aa 
• Mostly D or E at position 

VH CDR3-107  

Subset #2 features 

This rearrangement represents a CLL subset#2 case. Thus it is related with 
poor prognosis and this should be stated clearly in the report 



 
 

IGHV3-21*01 
IGHD ND 
IGHJ6*02 

identity 97,57% 
in-frame 

VH CDR3 length 9 aa 

 
→ productive, borderline mutated IGH, 

subset #2 case 

Sequence A4 



Practical exercises – Solutions – Batch I 

>Sequence A5 
gaggtgcagctggtggagtctgggggaggcttggtccagcctggggggtccctgag
actctcctgtgcagcctctggattcaccttcagtagctatgctatgcactgggtccgcc
aggctccagggaagggactggaatatgtttcagctattagtagtaatgggggtagc
acatattatgcaaactctgtgaagggcagattcaccatctccagagacaattccaag
aacacgctgtatcttcaaatgggcagcctgagagctgaggacatggctgtgtattac
tgtgcgagcgctgggagtccttctatggtggccacgagaggactactactactacta
catggacgtctggggccaagggaccctggtcac 

 



Sequence A5 



Sequence A5 

from IMGT scientific chart: 
http://www.imgt.org/IMGTScientificChart/Numbering/IMGTnumbering.html 

In the IMGT unique numbering, the conserved amino acids always 
have the same position, for instance Cystein 23 (1st-CYS), 
Tryptophane 41 (CONSERVED-TRP), Leucine 89, Cystein 104 (2nd-
CYS). The hydrophobic amino acids of the framework regions are also 
found in conserved positions. 



Sequence A5 

What to do when this is the single rearrangement amplified? 
 
The amplification reaction should be repeated: 
 using different sets of primers in order to  
 (i) confirm the presence of the unproductive rearrangement 
 (ii) look for the presence of a second productive rearrangement. 
 



 
 

IGHV3-64*01 
IGHD5-12*01 

IGHJ6*03 
identity 100,00% 

out-of-frame 
VH CDR3 length X 

 
→ unproductive, unmutated IGH 

Sequence A5 



Practical exercises – Solutions – Batch I 

>Sequence A7 
gaggtgcagctggtggagtctgggtgaggcttggtacagcctggagggtccctgag
actctcctgtgcagcctctggattcaccttcagtagctcctggatgcactgggtctgcc
aggctccggagaaggggctggagtgggtggccgacataaagtgtgacggaagtga
caaatactatgtagactctgtgaagggccgattgaccatctccagagacaatgccaa
gaactccctctatctgcaagtgaacagcctgagagctgaggacatgaccgtgtatta
ctgctgggggtcttacgatattttgactggttattacgccgggaccgctcacaactgg
ttcgacccctggggccagggaaccctggtcaccgtctcct 

 



Sequence A7 



Sequence A7 

from IMGT scientific chart discussing functionality: 
http://www.imgt.org/IMGTScientificChart/SequenceDescription/IMGTfunctionality.html 

A V-gene is considered as a pseudogene if: 
 
• there are defects along its Leader region or the V-region 
 
• there is a mutation at the initial codon of the Leader-Part1 region 



Sequence A7 

IGHV3-52*01 is a 
pseudogene because it 
encodes for a stop codon 
at VH FR1-9 position 



Sequence A7 

 
IGHV3-52*01 P 

IGHD3-9*01 
IGHJ5*02 

identity 99,31% 
in-frame 

VH CDR3 length 21 

 
→ unmutated IGH, unproductive due 

to IGHV pseudogene utilization 



Practical exercises – Solutions – Batch I 

>Sequence A9 
gacatccagatgacccagtctccatcctccctgtctgcatctgtaggagacagagtca
ccatcacttgccaggcgagtcaggacattagcaactatttaaattggtatcagcaga
aaccagggaaagcccctaagctcctgatctacgatgcatccaatttggaaacaggg
gtcccatcaaggttcagtggaagtggatctgggacagattttactttcaccatcagca
gcctgcagcctgaagatattgcaacatattactgtcaacagcttggtggttccccgtg
gaccttcggccaagggaccaagctggaaatcaaacgta 



Sequence A9 



The sequence is aligned to both IGKV1-33 and IGKV1D-33 

 
Distal V-CLUSTER: Duplication of proximal V-CLUSTER 

Sequence A9 

P
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Sequence A9 

• All the identified 
mutations are clustered 
at the end of the 
rearrangement, along 
the VK CDR3 region 
 

• (%) percentage of 
identity is evaluated 
from the 1st IGKV 
nucleotide  to the 2nd-
CYS codon plus 15nt of 
the VK CDR3  
 



Sequence A9 

• case of extreme exonuclease activity in the 3’ end of the V gene 
 

 

• after 2nd-CYS codon only 10 nucleotides belong to the V gene 



Sequence A9 



Practical exercises – Solutions – Batch II 

>Sequence B1 
gaggaggaggtgttggagtctgggggaggcttggtacagcctggggggtccctgag
actctcctgtgtagcctctggattcacctttagtaattatgtcatgagttgggtccgcc
aggctccagggaggggactggagtgggtctccgttattactgatagtggtggtcata
catactatgcagactccgtgaagggccggttcaccatctccagagacaattccaaga
acaccctatatcttcaaatgaacagcctgagagtcgaggacacggccagatattact
gtgcgagagactggggggatattgtggggggaggcaccctggtcaccgtctccaca
t 



Sequence B1 

Warning message!! 



Sequence B1 

An overall bad alignment 



IMGT/V-QUEST provides warnings to alert the users, for the possibility that 
potential insertions or deletions are present in the sequence 

Sequence B1 

http://www.imgt.org/IMGT_vquest/share/textes/IMGTvquest-warnings.pdf 

Warning Objective 

V‐GENE and allele: low 
V‐REGION identity 
percentage with the 
closest V germline 

In order to alert users that the sequence has less than 85% of 
identity with the closest germline V‐ GENE and allele: this may 
indicate that the V‐GENE and allele name could be not reliable. 
This could be due to insertion(s) and/or deletion(s). 

V‐GENE and allele: 
2nd‐CYS 104 not 
identified 

In order to alert users that the conserved 2nd‐CYS at position 
104 according to the unique IMGT numbering is not identified. 
This could be due to insertion(s) and/or deletion(s). 

V‐GENE and allele: 
different CDR1‐IMGT 
and/or CDR2‐IMGT 
amino acid lengths 
compared to closest V 
germline 

In order to alert users that the sequence has different lengths of 
CDR1 and/or CDR2 compared with theclosest V germline: this 
may indicate that the V gene and allele name could be not 
reliable. This could be due to insertion(s) and/or deletion(s). 



Sequence B1 

• Back to the submission form 
 

• Enable the option at the “advanced parameters” tab 
 

• Note that now you can simultaneously analyze a batch of 
max. 10 sequences  



Sequence B1 

3nt insertion detected in VH CDR2 region 
 

displayed in capital letters in the 
submitted sequence and is automatically 
removed for this analysis  

not causing frameshift  Potentially 
productive IGH rearranged sequence 
 

% identity to germline in brackets, is 
calculated considering the insertion as 
one mutational event  



Sequence B1 

The alignment starts from 
codon VH FR1-24 



Sequence B1 

From IMGT Repertoires: Alignments of alleles 
http://www.imgt.org/IMGTrepertoire/Proteins/taballeles/human/IGH/IGHV
/Hu_IGHVall.html 

Alleles *01 and *02 differ only the last position of codon VH FR1-9 

Assignment of both *01 and *02 alleles of IGHV6-1 



IGHV6-1*01 
IGHD2-15*01 

IGHJ4*02 
identity 93.48% 

in-frame 
VH CDR3 length 16 

 

→ productive, mutated IGH 
rearrangement 

Sequence B1 



Practical exercises – Solutions – Batch II 

>Sequence B2 
gaggtgcacctggtggagtctgggggaggcctggtcaacccgggggggtccctcag
actctcctgtgcagcctctggattcaccttcagtaattttagcatgacctgggtccgcc
aggctccagggcaggggctggagtgggtctcatccatggagtgggtctcatccatta
gtagtagtagtaattacatatactacgcagactcagtgaagggccgattcaccatct
ccagagacaacgccaagaactcactgtatctgcaattgaacagcctgagaggcga
ggacacggctgtttattactgtgcgagaatggtggcttccaagtacccaccatactac
tttgacttctggggcccgggaaccctggtcaccgtctcctcag 



Sequence B2 



Sequence B2 



Sequence B2 

Assignment of both *01 and *02 alleles of IGHV3-21 

From IMGT Repertoires: Alignments of alleles 
http://www.imgt.org/IMGTrepertoire/Proteins/taballeles/human/IGH/IGHV
/Hu_IGHVall.html 

Alleles *01 and *02 differ only the last position of codon VH FR1-3 



Sequence B2 

Assignment of both *01 and 
*02 alleles of IGHV3-21 
 
 
The position where the alleles 
differ is mutated in this 
rearrangement 
 
 



Sequence B2 



Sequence B2 

IGHV3-21*01 
IGHD5-12*01 

IGHJ4*02 
identity 95.14% 

in-frame 
VH CDR3 length 15 

 

→ productive, mutated IGH 
rearrangement 



Practical exercises – Solutions – Batch II 

>Sequence B3 
gaggtgcacctggtggagtctgggggaggcctggtcaacccgggggggtccctcag
actctcctgtgcagcctctggattcaccttcagtaattttagcatgacctgggtccgcc
aggctccagggcaggggctggagtgggtctcatccatggagtgggtctcatccatta
gtagtagtagtaattacatatactacgcagactcagtgaagggccgattcaccatct
ccagagacaacgccaagaactcactgtatctgcaattgaacagcctgagaggcga
ggacacggctgtttattactgtgcgagaatggtggcttccaagtacccaccatactac
tttgacttctggggcccgggaaccctggtcaccgtctcctcag 



Sequence B3 



Sequence B3 

This rearrangement is productive. 
 
The insertion does not cause frameshift, but its length (45nt) may 
render it non functional 



Sequence B3 

IGHV4-34*01 
IGHD1-26*01 

IGHJ4*02 
identity 91.87% 

in-frame 
VH CDR3 length 14 

 

→ productive, mutated IGH 
rearrangement 



Practical exercises – Solutions – Batch II 

>Sequence B4 
gaggaggaggtgttggagtctgggggaggcttggtacagcctggggggtccctgag
actctcctgtgtagcctctggattcacctttagtaattatgtcatgagttgggtccgcc
aggctccagggaggggactggagtgggtctccgttattactgatagtggtggtcata
catactatgcagactccgtgaagggccggttcaccatctccagagacaattccaaga
acaccctatatcttcaaatgaacagcctgagagtcgaggacacggccagatattact
gtgcgagagactggggggatattgtggggggaggcaccctggtcaccgtctccaca
t 



Sequence B4 

The 2nd VH CDR3 anchor is 
not identified and the VH 
CDR3 length is unusually 

short 



Sequence B4 

Non identification of W118 is owed to extreme 5’-3’ exonuclease activity 



Sequence B4 

The amplification reaction 
should be repeated using 
different sets of primers in an 
attempt to amplify a second 
rearrangement.  
 

However, this mutated codon 
118 is followed by G-Q-G 
motif (IMGT positions 119-
121) in the FR4 encoded by 
the IGHJ5 gene,  
 
The rearrangement is 
assumed to be productive and 
can be used for interpretation 
of the mutational status. 



Sequence B4 

IGHV3-23*01 or IGHV3-23D*01 
IGHD7-27*01 

IGHJ5*01 
identity 91.32% 

in-frame 
VH CDR3 length 7 

 

→ productive, mutated IGH 
rearrangement 



Practical exercises – Solutions – Batch II 

>Sequence B5 
gaggtgcagctggtggagtctgggggaggcttggtccagccgggggggtccctgag
actctcctgtgcagcctctggattcacctttaataggtattggatgagttgggtccgcc
aggctccagggaaggggctggagtgggtggccaacataaaggaagatggaagtg
agaaatactatgtggactctgtgaagggccgattcaccatctccagagacaacgac
aagaactcactgtatctgcaaatgaacagtctgagagtcgaagacacggccgtgta
ctactgtgcgagagtccttttctttggagaggttatttgggggggtcactggttcgacc
cccggggccagggaaccct 



Sequence B5 

The 2nd VH CDR3 anchor is 
not identified 



Sequence B5 

Non identification of W118 is owed to SHM activity 



Sequence B5 

The VH FR4 GXG motif is 
present in the 
rearrangement 
 
The rearrangement is 
assumed to be productive 
and can be used for 
interpretation of the 
mutational status. 
 



Sequence B5 

IGHV3-7*03 
IGHD3-3*01 

IGHJ5*02 
identity 96.53% 

in-frame 
VH CDR3 length 18 

 

→ productive, mutated IGH 
rearrangement 



Practical exercises – Solutions – Batch II 

>Sequence B6 
ctgtgttgacgcagccgccttctgcatcagcctccctgggagcctcggtcacactcac
ctgcaccctgagcagcgactaaagtaattataaagtggactggtaccaagagagac
cagggcagggcccccagtttgtgatgcgagtgggcactggtgggattgtgggatcc
aagggggatggcatccctgatcgcttctcagtcttggactcaggcctgagtcggttgc
tgaccatcaagaacatccaagaagaggatgagagtgactaccactgtggggcaga
ccatggcgatgggaacaacttcgtcccctgggtgttaggcggagggaccaagctga
ccgtcctag 



Sequence B6 

The 2nd VL CDR3 anchor is 
not identified 



Sequence B6 

Non identification of F118 is owed to SHM activity 



Sequence B6 

The rearrangement is 
rendered unproductive 
due to the presence of a 
stop codon in position VL 
CDR1-29 



Sequence B6 

IGLV9-49*01 
IGLJ3*02 

identity 94.74% 
in-frame 

VH CDR3 length 18 
 

→ unproductive, mutated IGL 
rearranged sequence 



Practical exercises – Solutions – Batch II 

>Sequence B7 
cccagactccactctccttgtctatcacccctggagagcaggcctccatgtcctgcag
gtctagtcagagcctcctgcatagtgatggatacacctatttgtattggtttctgcaga
aagccaggccagtctccacagctcctgatctatgaagtttccaaccggttctctggag
tgccagataggttcagtggcagcgggtcagggacagatttcacactgaaaatcagc
cgggtggaggctgaggatgttggagtttattactgcatgcaagatgcacaagatcct
cggctttcggcggagggaccaagctggagatcaaacgt 



Sequence B7 



Sequence B7 

Repeat/check sequencing reaction/output to decide whether the insertion 
is true 
 
If this is the single rearrangement amplified repeat the amplification with 
different sets of primers and/or try to amplify a lamda chain 
rearrangement in order to: 
 (i) confirm the presence of the unproductive rearrangement 
 (ii) look for the presence of a second productive rearrangement 



Sequence B7 

IGKV2D-26*03 
IGKJ4*01 

identity 99.29% 
out-of-frame 

VH CDR3 length X 
 

→ unproductive, unmutated IGK 
rearranged sequence 



Practical exercises – Solutions – Batch II 

>Sequence B8 
cagctgcagctgcaggagtcgggcccaggactggcggagaccctgtccctcacctg
cactgtctctggtggctccatcagctctatcgattactactggggctggatacgccag
cccccagggaaggggctggagtggattgggagtgtctattatagtgggagcaccta
ctacaatccgtccctcaagagtcgagtcaccatgtccgtcgacacgtccaagaacca
gttctccctgaagttgagctctgtgaccgccgcagacacggctgtgtattactgtgtg
agacttccgggtatttcagtgccacaatactacactgtggacgtctggggccaaggg
accacggtcaccgtctcctca 



Sequence B8 

The rearrangement shows 
low V-gene identity but 

doesn’t activate the IMGT 
warning 



Sequence B8 

Poor quality 
alignment at the 
beginning of VH 
FR1 region 
resulting in 
mutational 
imbalance 
compared to the 
remaining V-region 
 
Enable the “search 
for indels” option 



Sequence B8 



Sequence B8 

Gene assignment is 
not altered 
 
The V-gene identity 
score and the 
alignment is 
improved 
 
The 9nt deletion is 
shown in the 
alignment 



IGHV4-39*01 
IGHD6-19*01 

IGHJ6*02 
identity 95.04% 

in-frame 
VH CDR3 length 16 

 

→ productive, mutated IGH 
rearrangement 

Sequence B8 


