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1. Purpose
1.1. To submit novel alleles to IMGT they must first be submitted to Genbank, ENA or DDBJ.

1.2. This document describes the steps for generating sequences and feature locations for submission to Genbank.

2. Selecting a good allele candidate for submission

2.1. The allele is a good candidate if it is completely phased and homozygous.

oo T
4 Assigns nl

|Ex |Intxo|Ean 2 Intron 2 Expn 3 |In:ron 3 |Exon 4 |Intr|Exon |Intran 5 ||Incran‘E|IntIan ”3' UT
-1z +.1401...... 1411...... 1421. ...Dl‘iSl ...... 1441...... 1451...... l‘lGJ.I HC20232L20180IHW05245 H - Total Read Depth: €162 - Noise: 0.007075

SASGIGATGTATGGCIGCGACKIGGGECCCGACGGECGCTICCTICYGCGGGTATGARCAGYACGCCTACYH Start: 1, 5' UIR 1
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Figure 1. An example of a novel HLA-H allele with fully phased sequence.

2.2. If the sample is partially phased, a good allele candidate should have identical sequence for both alleles in
the region that is not phased.

|E |I:1t,r ‘Exun 2 |In:ron 2 Exon 3 ‘Incron 3 Exon 4 Intro |[Exon |Intron 5 Intron &

....1831...... 1841...... lESl...D.lEEl.. ....1871......1881..... .13% HCO48L028C0O3THW9066TABO8Y9 F - Total Read Depth: 5864 - Noise: 0.011070

IGGCCGCAGTATIGGGAGTGGACCACAGGGTACGCCARGGCCARCGCACAGACTGACCGAGTGGCCCTGA | Start: 760, 5" UIR 7&0
Stop: 5140, 3' UIR 732
Allele 1

Allele 2 Differences

CGCAGTATIGGGAGTGGACCACAGGGTACGT
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Figure 2. An example of a novel HLA-F allele with partially phased sequence. The sequence for exons 4-7 is homozygous.
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2.3. Agood allele candidate may also have complete coverage with a single heterozygous position.

|In |Exon 2 |IntIDn|Exon 3 |IntIDn 3 |Exon & |In |Ex|IntIDn i ||In||Int |3' UTR

..... 3351......3361......3371..[]..3331......3391......3401......34HC048L0283051HW92395HJO E - Total Read Depth: 5832 -
Start: 800, 5' UTR 800

5585, 3' UIR 831

Allele 2

Stop:

E*01:01:02

M.
olo|e|e|le
olo|o|o|lo

E*(01:01:02

Figure 3. An example of a novel HLA-E sample with a single heterozygous position.

3. Check the sequence for errors
3.1. Check for any base call errors and make edits as required.
3.2. Edit any masked positions.
3.2.1. Masked positions are excluded from analysis will report as “N” in the fasta sequence report.

3.2.2. Editing these positions where a clear base call can be made is recommended.

|Ex |Intzo |Exon 2 |Intron 2 |Exon E |Im:zon 3 |Exon 4

B

Full Gene

Figure 4. An example of a masked position. Masked positions are indicated by stars (*) in the sample consensus sequence.
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Figure 5.The sequence after editing the masked base calls.

4. Get the fasta sequence

Once you are satisfied with the accuracy of your sequence, use the fasta report function from Assign to
generate the fasta sequence for submission.

4.1. To generate the fasta sequence from Assign:
4.1.1. Open the reports menu and select the FASTA tab.
4.1.2. Select the sample name from the drop down

4.1.3. Select the group from the dropdown. Choose _All_ to generate the sequence for the full gene, or
cDNA to generate the sequence for exons only.

4.1.4. Click generate report.
4.1.5. Enter the name for the file and chose the location to save the file.

NOTE 1: Selecting the locus from the locus dropdown may generate a blank report for some genes. It is
recommended to select _All_in the locus dropdown and copy the sequence for the desired locus to a new
file.

NOTE 2: When generating the sequence for the full gene, the start and end of the sequence will be
automatically padded with “N’s” due to the masks in the 5’ and 3’ UTRs. These will need to be manually
removed before locating the gene features.

Genbank will not accept non-IUPAC codes.

NOTE 3: It is recommended to submit only cDNA sequence for class Il MICA and MICB due to limited non-
coding sequence available with the AlloSeq Tx 17.1 assay.

4.2. Fasta sequence output from AlloSeq Assign
4.2.1. The fasta file output from Assign should be opened with a text editor such as Notepad.

4.2.2. The fasta file will contain sequences for each sample and gene as selected in standard fasta format,
which consists of the header

>Sampleldentifier_IMGT/gene_Phase #
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And the sequence starting on the following line.
NOTE: Update the header as desired. A suggested format for the novel sequence header is
>SamplelD gene*##:##:new
Where ##:##:new is the local name for the novel allele.
4.2.3. A single sequence will be generated for homozygous loci.
4.2.4. For heterozygous samples 3 sequences will be generated for 1 locus:
1. Master- the sample consensus sequence with insertions expanded.

2. Phase 1- the sequence for phase layer 1, with insertions indicated by “+”, homozygous deletions
indicated as “- “and heterozygous deletions indicated in lowercase. This may correspond to allele
1 or 2, depending on how the phase track has been built.

3. Phase 2- the sequence for phase layer 2, with insertions indicated by “+”, homozygous deletions
indicated as “- “and heterozygous deletions indicated in lowercase. This may correspond to allele
1 or 2, depending on how the phase track has been built.

5. Indels in fasta sequence outputs from Assign

5.1. Due to how indels are handled in Assign, in certain cases it is necessary to edit indel locations in the fasta
sequence outputs.

5.1.1. Figure 6 shows an example of a homozygous deletion in the Assign coverage pane.

. Bt BAG...... C.GT..CACAG.C.....Jd- v v vinrnnnnnns
cecaflecccccnnns T . ..... G.TC..AGACA.T..... |

T

TIGT G TC AGACA T

ACAGACAATTTAGATTTGACCCGC.

HLA.37-3915 (L i

HC20223L20174C02163UCLAT00D |
@ €] 50 Aooly
¥ [AllcIle]] = ] |

Figure 6. Sample with homozygous deletion in Assign.

5.1.2. Figure 7 shows the fasta sequence output for the same sample. Note that the master layer sequence
does not include the deletion, but phase 1 and phase 2 indicate the deletion as three dashes (---).
These dashes will need to be deleted from the fasta sequence before submission.
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>HC28223L20174C02163UCLAIGGE_IMGT,/DQAL
ATGATCCTAAACAAAGCTCTGMTGCTGEGGGCCCTYGCCCTGACCACCATGATGAGCCCYTGTGGAGGTGAAGACATTGTGGCTGACCAYGTTGCCTCTT
AYGGETGTAAACTTGTACCAGTCTTACGGTC CAGTTCACCCATGAATTTGATGRAGACGAGSAGTTCTAYGTGGACCTGGRGARGAAGGAGAC
TGTCTGGWRKTTGCCTSTKYTCMRMMRA ACCCGCAATTTGCACTGACAAACATCGCTGTGMYAAAACAYAACTTGAACATCCTGATTAAA
CGCTCCAACTCTACCRCTGCTACCAATGAGGTTCCTRAGGTCACAGTGT TTTCCAAGTCTCCCATGACRCTGRGTCAGCCCAACACCCTCATCTGTCTTG
TGRACAACATCTTTCCTCCTGTGGRTCAACATCACMTGGCTGAGCAATGGGCACTCAGTCACAGAAGGTGTTTCTGAGACCAGCTTCCTCTCCAAGAGTGA
TCATTCCTTCTTCAAGAT CAGT TACCTCACCTTCCTCCCTTC TG TRATGAGAT TTATGAC TGCAAGGTGRAGCACTGRGGCCTGEAYGAGCCTCTTCTG
AAACACTGGGAGCCTGAGATTCCAGCMCCTATGTCAGAGCTCACAGAGACTGATGGTCTGYGCCCTGGGRTTGTCTGTGGGCCTCGTGRGLCATTGTGGTGG
GSACYGTCTTSATCATCCGAGGCCTGCGTTCAGTTGGTGCTTCCAGACACCAAGGGCCCTTGTGA
>HC28223L20174C02163UCLALG0G_IMGT/DQAL Phase 1
ATGATCCTAAACAAAGCTCTGATGCTGEGGGECCCTCGCCCTGACCACCATGATGAGCCCTTGTGGAGGTGAAGACATTGTGGCTGACCACGTTGCCTCTT
ACGOTGTAAACTTGTACCAGTCTTACGATCCCTCTGGLCAGTTCACCCATGAATTTGATGEAGACGAGRAGTTCTATGTGRACCTGGAGAGGAAGGAGAL
TETCTGEAAGTTGCCTCTATTCCACAGACTRAGA - - - TTTRACCCGCAATTTGCACTGACAAACATCGCTATGCTAAAACATAACTTGAACATCCTGATT
A CGCTCCAACTCTACCRCTGCTACCAATGAGGT TCCTRAGGTCACAGTGTTTTCCAAGTCTCCCRTRACACTGRGTCAGCCCAACACCCTCATCTGTC
TTGTGGACAACATCTTTCCTCCTATGGTCAACATCACCTGGCTGAGCAATGRGCACTCAGTCACAGAAGGTGT TTCTGAGACCAGCTTCCTCTCCAAGAG
TGATCATTCCTTCTTCAAGATCAGTTACCTCACCTTCCTCCCTTCTGCTGATGAGATTTATGACTGCAAGGTGGAGCACTGGGGCCTGGATGAGCCTCTT
CTGAAACACTGGGAGCCTGAGATTCCAGCACCTATGTCAGAGCTCACAGAGACTGTGGTCTGTGCCCTRGRGTTGTCTGTGLGCCTCATGGGCATTGTGG
TGEGRACCGTCTTGATCATCCGAGGCCTGCGTTCAGTTGGTGCTTCCAGACACCAAGGGCCCTTGTGA
»HC282231L20174C02163UCLA1000_IMGT/DQAL_Phase 2
ATGATCCTAAACAAAGCTCTGCTGCTGEGGGRCCCTTGCCCTGACCACCATGATGAGCCCCTGTGEAGGTGAAGACATTGTGGCTGACCATGTTGCCTCTT
ATGETGTAAACTTGTACCAGTCTTACGRTCCCTCTGGLCAGTTCACCCATGAATTTGATGEAGACGAGCAGTTCTACGTGRACCTRGREAAGAAGGAGAL
TGTCTGGTGTTTGCCTGTTCTCAGACAA WACCCGCAATTTGCACTGACAAACATCGCTGTGACAAAACACAACTTGAACATCCTGATT
ARACGCTCCAACTCTACCRCTGCTACCAATGAGGT TCCTRAGGTCACAGTGTTTTCCAAGTCTCCCATRACGCTGRETCAGCCCAACACCCTCATCTGTC
TTGTGGACAACATCTTTCCTCCTATGGTCAACATCACATGGCTGAGCAATGRGCACTCAGTCACAGAAGGTGT TTCTGAGACCAGCTTCCTCTCCAAGAG
TGATCATTCCTTCTTCAAGATCAGTTACCTCACCTTCCTCCCTTCTGCTGATGAGATTTATGACTGCAAGGTGGAGCACTGGGGCCTGGACGAGCCTCTT
CTGAAACACTGGGAGCCTGAGATTCCAGCCCCTATGTCAGAGCTCACAGAGACTGTGGTCTGCGCCCTRGRATTGTCTGTGGGCCTCATGGGCATTGTGG
TGEGCACTGTCTTCATCATCCGAGGCCTGCGTTCAGTTGGTGCTTCCAGACACCAAGGGCCCTTGTGA

Figure 7. Fasta output for Assign indicating the locations of the deletions in the 3 layers.

5.1.3. Figure 8 shows an example of a homozygous insertion in the Assign coverage pane.

200

Read Dept

GGCAGACATTCCATGTTTCTGCTGTTGCTGCTGCTGE GCTGCTATTT
Bra.37-3873 || | | 1 BB
HCD48L028A02IHWS45TUBD
HemE -/l Asply

¥ Bl [c](c][r]a

w  Master

o s i
b

Full Gene

Figure 8. Sample with homozygous insertion in Assign.

5.1.4. Figure 9 shows the fasta sequence output for the same sample. As the sample is homozygous for the
gene, a single fasta sequence is output, and the inserted based are expanded. No edits are required for
this sequence.
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j IHW3045_MICA-009-MEW fasta - Notepad

File Edit View Help

>IHW9@45 MICA*B@9:NEW
ATGEEGCTGEGCCCAETCTTCCTGCTTCTGRCTGGCATCTTCCCTTTTGCACCTCCGGRAGCTAETGCTGAGCCCCACAGTCTTCGTTATAACCTCACGG
TGCTATCCTAGEATGRATCTATACAGTCAGGGTTTCTTGCTGAGGTACATCTGRATGGTCAGCCCTTCCTGCGCTATGACAGGCAGAAATGCAGGGCALA
GCCCCAGGRGACAGTGGGCAGAAGATGTCCTGGGAMATAAGACATGGGACAGAGAGAC CAGGGACTTGACAGGGAACAGAAAGGACCTCAGGATGACCCTG
GCTCATATCAAGGACCAGAAAGAAGGCTTGCATTCCCTCCAGGAGATTAGGGTCTGTGAGATCCATGAAGACAACAGCACCAGGAGCTCCCAGCATTTCT
ACTACGATGGGGAGCTCTTCCTCTCCCAAAACGTGGAGACTGAGGAATGGACAGTGCCCCAGTCCTCCAGAGCTCAGACCTTGGCCATGAACGTCAGGAA
TTTCTTGAAGGAAGATGCCATGAAGACCAAGACACACTATCACGCTATGCATGCAGACTGCCTGCAGGAACTACGGCGATATCTAGAATCCAGCGTAGTC
CTGAGGAGAACAGTGCCCCCCATGGTGAATGTCACCCGCAGCGAGGCCTCAGAGGGCAACATCACCGTRACATGCAGGGCTTCCAGCTTCTATCCCCGRA
ATATCACACTGACCTGGCGTCAGGATGGGGETATCTTTGAGCCACGACACCCAGCAGTGGEGGGEATGTCCTGCCTGATGGEAATGGAACCTACCAGACCTG
GGTGGCCACCAGGATTTGCCAAGGAGAGGAGCAGAGGTTCACCTGCTACATGGAACACAGCGGGAATCACAGCACTCACCCTGTGCCCTCTGGGAAAGTG
CTGGTGCTTCAGAGTCATTGGCAGACATTCCATGTTTCTGCTGTTGCTGCTGCTGCNGCTGCTATTTTGTTATTATTATTTTCTATGTCCGTTGTTGTA
AGAAGAAAACATCAGC TGCAGAGGGTCCAGAGCTCGTGAGCCTGCAGGTCCTGGATCAACAC CCAGTTGGGACGAGTGACCACAGGGATGCCACACAGCT
CGGATTTCAGCCTCTGATGTCAGCTCTTGGGTCCACTGGCTCCACTGAGGGCGCCTAG

Format

Figure 9. Fasta output from Assign indicating the location of the inserted bases.

5.1.5. Figure 10 shows an example of a heterozygous deletion in the Assign coverage pane.

-....3171......3181..F4..3191......3200......3211.....|HC0O48L02BA02IHWO045TUBO A - Tota
FACAGGGGAAGGTCCCTGASGACAGAY Y TCAGGAGGGCERTTGGTCCAGGRCT Start: 1, 5" UTR 1
Stop: 4675, 3" UTR 908
...................... -—=.T.}...ce...GG...ociviuer....|Bllele 1 Allele 2
................. AGA.C.E ..o TR, e i i nnnns
FACAGGGGAAGGTCCCTGAGGH CagaCYTEAGGAGGGCKRTTGGTCCAGGACCCAIA*02 : 354 03:326
LT T T[] jiFo2z01:01:01 %05 - 208
= GG 02:01:01:05 BMA*03:208
C TA 02:01:01:4 A*03:208
2:01:01:6 A*03:208
| 2:01:01: 00 NA*05:208
h" “ 2:01:01:1 A*03:208
il 2:01:01:11 PMA*03:208
Re; epth 02:01:01:22 A*(03:208
I 2:01:01:6 A*03:208
L 02:01:01:70 PMA*03:208
2:0L:01:7 A*03:208
T —— 2:01:01:7 A*03:208
R 2:01:01:1 A*05:208
][ €][2] (] [3188 -] [#] aooly |[@B02:01:143 A*03:208
¥ Bc|c][7]a - B 2:01:156 A*05:208
Full Gone 2l . 2:01:170 A*03:208
A*0D:204 A*05:208

Figure 10. Example of a heterozygous deletion in Assign.

5.1.5.1. Figure 11 shows the fasta output Master layer of the same sample. The heterozygous deletion is
indicated in lowercase.
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>HCO48L828AB2IHWIB45TUB0_IMGT /A

NNNMNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNENNNNINNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNINN NN
NNNNNNNNNNNNNNMNNNNNNNNNN NSNS NN NNNNENNNNINNNNNNNNNNNN NN NNNNN NSNS NNNNNNNN NSNS NN NN NNNNUNN NN
NNNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNENNNNINN NSNS NNNNN NN NNNNNNNNNINNNNINNNNNNNANN NSNS NN NN NNNNINN NN
NNNMNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNENNNNINNNNNNNNNNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNINN NN
NNNMNNNNNNNINNNNNNNNNNNNNNNNN NN NN NNNNNNNNNN NN NN NN NN NNNNN NN NN NN NNNN NN NN NNNNINN NN
NNNNNNNNNNNNNNMNMNNNNNNNNNNNNNNNNNNNENNNNINNNNNNNNNNNNNNNNNNNNNNNCAGRAGCAGAGGGGTCAGGGCGAAGTCCCAGGGCLC
CAGGCGTGGCTCTCAGRGTCTCAGGCCCCGAAGGCGGTGTATGGATTGGGGAGTCCCAGCCTTGGGGATTCCCCAACTCCGCAGTTTCTTTTCTCCCTCT
CCCAACCTAYGTAGGGTCCTTCWTCCTGGATACTCACGACGCGGACCCAGTTCTCACTCCCATTGGGTGTCGGGTTTCCAGAGAAGCCAATCAGTGTCGT
CGCGGETCGCKGTTCTAAAGYCCGCACGCACCCACCGGGACTCAGATTCTCCCCAGACGLCGAGGATGRCCGTCATGGCGCCCCGAACCCTCSTCCTGCTA
CTCTCGGGGECYCTGECCCTEGACCCAGACCTGEECGGATGAGTGCGRGGTCRGLAGGGAAACSGLCCTCTGYGGEGAGAAGCAASGGGCCCKCCTGGCGEE
GGCGCAGGACCSGGERAGCCGCGCCGGEASGAGGGTCGGGCRGGTCTCAGCCACTSCTCGYCCCCAGGCTCYCACTCCATRAGGTATTTCTTCACATCCG
TGTCCCGGCCCGGLCGLAGEEAGCCCCGCTTCATCGCMGTGGGCTACGTGGACGACACGCAGTTCGTGCGGTTCGACAGCRACGCCGCGAGCCAGAGGAT
GGAGCCGCGEGLGLCETAGATAGAGCAGGAGGGKCCGGAGTATTGGGACSRGGAGACACGGAANGTGAAGGCCCASTCACAGACTSACCGAGTGGACCTG
GGGACCCTGCGCGGCTACTACAACCAGAGLCGAGGCCGGTGAGTGACCCCGGLCSGGEGLGCAGGTCASGACCYCTCATCCCCCACGGACGGRCCAGRTCG
CCCACAGTCTCCGGGTCCGAGATCCRCCCCGAAGCCGCGGLACCCCRAGACCCTTGLCCCGERAGAGGCCCAGGCGCCTTTACCCGGTTTCATTTTCAGT
TTAGGCCARAAATCCCCCCRGGTTGGTCGLGLCKGGGLAGEGLTCGRGGEACYGGGCTGACCACGGGAETCSGGECCAGGTTCTCACACCRTCCAGAKRAT
GTATGGCTGCGACGTGGAGTCGRACKGGCGCTTCCTCCGCGGATACCRSCAGKACGCCTACGACGGCAAGGATTACATCGCCCTGAAMGAGGACCTGCGC
TCTTGGACCGCGGCGGACATGGCRGCTCAGAYCACCAAGCRCAAGTGGGAGGCGGCCCATEWGGCGGAGCAGTTGAGAGCCTACCTGGAKGGCRMGTGLG
TGGAGTGGCTCCGCAGATACCTGGAGAACGGGAAGGAGACGCTGCAGCGCACGGGTACCAGGGGCCACGLGLCGCCTCCCTGATCGCCTGTAGATCTCCC
GGGCTGGCCTCCCACAAGGAGGLRGAGACAAT TGGGACCAACACTAGAATATCRCCCTCCCTCTGGTCCTGAGGGAGAGGAATCCTCCTGGGTTLCCAGAT
CCTGTACCAGAGAGTGACTCTGAGGTTCCGCCCTGCTCTCTGACACAATTAAGGGATAAAATCTCTGAAGGARTGACGGGAAGACGATCCCTCGAATALT
GATGAGTGGTTCCCTTTGACACMCACAGGCAGCAGCCTTGGGCCCGTGACTTTTCCTCTCAGGCCTTGTTCTCTGCTTCACACTCAATGTGTGTGGGGET
CTGAGTCCAGCACTTCTGAGTCCYTCAGCCTCCACTCAGGTCAGGACCAGAAGTCGCTGTTCCCTYYTCAGGGAMTAGAATTTTCCACGGAATAGGAGAT
TATCCCAGGTGCCTGTGTCCAGGCTGGTGTCTGRGTTCTGTGCTCYCTTCCCCATCCCRGGTGTCCTGTCCATTCTCAAGATRGCCACATGYGTGCTGEN
GGAGTGTCCCATGACAGATGCAAAATGCCTGAATKWTCTGACTCTTCCYGWCAGACSCCCCCAARACRCATATGACY CACCACSCYRTCTCTGACCATGA
RGCCACCCTGAGGTGCTGGGCCCTGRGCTTCTACCCTGCGRAGATCACACTGACCTGGLAGCAGRATGGLGAGGACCAGACCCAGGACACGRAGCTCGTG
GAGACCAGGCCTGCAGGGGATGGRAACCTTCCAGAAGTGRGCGGCTGTGGTGETGCCTTCTGGASAGGAGCAGAGATACACCTGCCATGTGCAGCATGAGG
GTYTGCCCAAGCCCCTCACCCTRAGATGGLGTAAGGAGGGAGAYGGRGGTGTCATGTCTY TTAGGGAAAGCAGGAGCCTCTCTGgagACCTTTAGCAGGG
TCAGGGCCCCTCACCTTCCCCTCTTTTCCCAGAGCYGTCTTCCCAGCCCACCATCCCCATCGTGGGCATCATTGCTGGCCTGGTTCTCYTTGGAGCTGTG
ATCACTGGAGCTGTGETCGCTGLYGTGATGTGGAGGAGGAAGAGCTCAGGTGGRGAAGGGGTGAAGGGTGGGETCTGAGATTTCTTGTCTCACTGAGGET
TCCAAGMCCCAGSTAGAARTGTGCCCTGYCTCRTTACTGGGAAGCACCRYCCACAATYATGGRCCTACCCAGYCTGGGCCCTGTGTGCCAGCACTTACTC
TTTTGTAAAGCACCTGTTAAAATGAAGGACAGATTTATCACCTTGATTACRGCGGTGATGGGACCTGATCCCAGCAGTCACAAGTCACAGGGGAAGGTCC

CTGAGGACELEEICYTCAGGAGGGCKRTTGGTCCAGGACCCACACCTGCTTTCTTCATGTTTCCTGATCCCGCCCTGRGTCTECAGTCACACATTTCTGGAA

Figure 11. Fasta sequence for the master layer indicating the location of the heterozygous deletion.

5.1.5.2. Figure 12 shows the fasta output for phase 1. The view in Assign indicates that phase 1 matches

allele 1, so it is expected that the deletion belongs to allele 1. Note that due to how Assign

phases deletions, the first base of the deletion is not displayed. If this allele was to be submitted
to 2 bases indicated would need to be deleted to make the sequence consistent with the Assign

coverage display.
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>HCB48L028AB2IHWIB45TUBO_IMGT/A_Phase 1

NN NI ANNE ANNE INNNCAGAAGCAGAGGGGTCAGGGCGAAGTCCCAGGGCCC
CAGGCGTGGCTCTCAGGGTCTCAGGCCCCGAAGGCGGTGTATGRATTGGGGAGTCCCAGCCTTRGRGATTCCCCAACTCCGCAGTTTCTTTTCTCCCTCT
CCCAACCTATGTAGGGTCCTTCTTCCTGRATACTCACGACGCGRACCCAGTTCTCACTCCCATTGRGTGTCGGGTTTCCAGAGAAGCCAATCAGTGTCGT
CGCGRTCGCGGTTCTAAAGTCCGCACGCACCCACCGRGACTCAGATTCTCCCCAGACGCCGAGRATGRCCGTCATGGCGCCCCRAACCCTCGTCCTGETA
CTCTCGRGGGCTCTGGCCCTGACCCARACCTGRGLGEATGAGTGCGGAETCGLGAGGGAAACGRCLTCTGTGGGEGAGAAGCAACGRGLCLGLCTGGCGRG
GGCGCAGGACCCGEGAAGCCGLGLCGRGAGRAGGGTCGGRGCAGETCTCAGCCACTCCTCGTCCCCAGRCTCTCACTCCATGAGGTATTTCTTCACATCCG
TGTCCCGGLCCRRLCACAGRGAGCCCCGLTTCATCGCAGTGRGCTACGTGGACGACACGCAGTTCATGCGGTTCGACAGCGACGCCGLGAGCCAGAGGAT
GGAGCCGCGEEACACCATARATAGAGCAGRAGGGTCCGGAGTATTGGGACGLGLAGACACGGAAAGTGAAGGCCCACTCACAGACTCACCRAGTGGACCTG
GGRACCCTGCGCGGCTACTACAACCAGAGCRAGGCCGATGAGTGACCCCAGCCCGALACACAGRTCACGACCTCTCATCCCCCACGGACGGRCCAGGTCG
CCCACAGTCTCCGGGTCCGAGATCCGLCCCRAAGCCGCGLGACCCCGAGACCCTTRLCCCGRGAGAGRCCCAGGCGLCTTTACCCGGTTTCATTTTCAGT
TTAGGCCAAAAATCCCCCCAGRTTRGTCGRGRGLGGEECAEEECTCGEAGEACCALACTGACCGLGRGATCCGGGCCAGGTTCTCACACCATCCAGAGGAT
GTATGGCTGCGACGTGGEGTCAGACTRGLGCTTCCTCCGCGGGTACCACCAGTACGCCTACGACGRCAAGGATTACATCGCCCTGAAAGAGRACCTGECGE
TCTTGGACCGCGGCGRACATGGCAGCTCAGACCACCAAGCACAAGTGGRGAGGLGGCCCATGTGRCAGAGCAGTTGAGAGCCTACCTGRAGGGCRAGTGCG
TGRAGTGGCTCCGCAGATACCTGGAGAACGRGAAGGAGACGCTGCAGCGCACGGGTACCAGGGGRCCACGRGRCGCCTCCCTGATCGCCTGTAGATCTCCC
GGGECTGGRCCTCCCACAAGGAGGGGAGACAATTGGGACCAACACTAGAATATCGCCCTCCCTCTRGTCCTGAGGGAGAGGAATCCTCCTGRGTTTCCAGAT
CCTGTACCAGAGAGTGACTCTGAGGTTCCGLCCTGCTCTCTGACACAATTAAGGGATAAAATCTCTGAAGGAATGACGGGAAGACGATCCCTCGAATACT
GATGAGTGGTTCCCTTTGACACACACAGGCAGCAGCCTTGGGCCCATGACTTTTCCTCTCAGGCCTTGTTCTCTGCTTCACACTCAATGTGTGTGGGGGET
CTGAGTCCAGCACTTCTGAGTCCTTCAGCCTCCACTCAGGTCAGGACCAGAAGTCGCTGTTCCCTCTTCAGGGACTAGAATTTTCCACGRAATAGGAGAT
TATCCCAGGTGCCTGTGTCCAGGCTGRTGTCTGGGTTCTGTGCTCCCTTCCCCATCCCAGGTGTCCTGTCCATTCTCAAGATAGCCACATGTGTGCTGGA
GGAGTGTCCCATGACAGATGCAAAATGCCTGAATGATCTGACTCTTCCTGACAGACGCCCCCAAAACGCATATGACTCACCACGCTGTCTCTGACCATGA
AGCCACCCTGAGGTGCTRGRCCCTGAGCTTCTACCCTGCGGAGATCACACTGACCTGGCAGCGLGATGEGGAGGACCAGACCCAGGACACGLAGCTCGTG
GAGACCAGGCCTGCAGGGGATGGAACCTTCCAGAAGTGGGCAGCTATGETGGTGLCTTCTGRACAGGAGCAGAGATACACCTGCCATGTGCAGCATGAGG
GTTTGCCCAAGCCCCTCACCCTGAGATGRGATAAGGAGGGAGACGGGGGTGTCATGTCTTTTAGGGAAAGCAGGAGCCTCTCTGagACCTTTAGCAGGGT
CAGGGCCCCTCACCTTCCCCTCTTTTCCCAGAGCCGTCTTCCCAGCCCACCATCCCCATCGTGRGCATCATTGCTGGCCTGGTTCTCTTTGRAGCTGTGA
TCACTGRAGCTGTGGTCGCTGCTGTGATATGGAGGAGGAAGAGCTCAGGTGGLGAAGGGGTGAAGGGTGGGTCTGAGATTTCTTGTCTCACTGAGGGTTC
CAAGACCCAGGTAGAAGTGTGCCCTGCCTCATTACTGGGAAGCACCACCCACAATTATGGGCCTACCCAGCCTGGGCCCTAGTGTGCCAGCACTTACTCTT
TTGTAAAGCACCTGTTAAAATGAAGGACAGATTTATCACCTTGATTACAGCGGTGATGGGACCTGATCCCAGCAGTCACAAGTCACAGGRGAAGGTCCCT
GﬁGGﬁCEﬂCTTC&GG&GGGCGGTTGGTCCﬁGGﬁCCCﬁCﬁCCTGCTTTCTTC&TGTTTCCTGﬁTCCCGCCCTGGGTCTGCﬁGTCﬁCﬁCﬁTTTCTGGﬁﬁﬁCT

Figure 12. Fasta sequence output for phase 1 indicating the location of the deletion.

5.1.5.3. Figure 13 shows the fasta output for phase 2. Note that the bases indicated match the sequence
for allele 2 in Assign. These bases would need to be capitalised before submitting this allele.

>»HCB48L828A02THWI845TUBO_IMGT/A_Phase 2

NMHNHNNNHNNNNNNNNNNNNNNNNENE NN NNNNNENNNNNNNNNN NN NSNS NN NENN NSNS NNNNNNN NN NN NN NN NENN NN NN NNNNNNNNNNN
NMHNHNNNHNNNNNNNNNNNNNNNNENE NN NNNNNENNNNNNNNNN NN NSNS NN NENN NSNS NNNNNNN NN NN NN NN NENN NN NN NNNNNNNNNNN
NNHNHNNNHNNNNNNNNNNNNNNNNE NN NNNNNENNNNNNNNNN NN NSNS NN NNNNNNNNNNNNNNNN NN N NN NN NN NENN NSNS NNNNNNNNNNN
NNHNHNNNHNNNNNNNNNNNNNNNNE NN NNNNNENNNNNNNNNN NN NSNS NN NNNNNNNNNNNNNNNN NN N NN NN NN NENN NSNS NNNNNNNNNNN
NNHNHNNNHNNNNNNNNNNNNNNNNE NN NNNNNENNNNNNNNNN NN NSNS NN NNNNNNNNNNNNNNNN NN N NN NN NN NENN NSNS NNNNNNNNNNN
NMHNHNNNHNNNNNNNNNNNNNNNNE NN NNNENNNNNNNNNNNN NN NSNS NN NNNNNNNNN CAGGAGC AGAGGGGETCAGGGCGAAGTCCCAGGGLCC
CAGGCGTGRCTCTCAGAGTCTCAGGCCCCRAAGRCGATATATGRAT TGRGEAGTCCCAGCCTTAREGATTCCCCAACTCCGCAGTTTCTTTTCTCCCTCT
CCCAACCTACGTAGGATCCTTCATCCTGGATACTCACGACGCGRACCCAGTTCTCACTCCCATTGRGTAGTCAGATTTCCAGAGAAGCCAATCAGTGTCGT
CGCGETCGCTATTCTAAAGCCCGCACGCACCCACCOORACTCAGATTCTCCCCAGACGLCRAGGATGRCCATCATGGCGCCCCRAACCCTCCTCCTGLTA
CTCTCGGGEECCCTGRCCCTGACCCAGACCTOOECAEATEAGTGCGAEATCGAGAGLGAAACCGCCTCTACGOGEAGAAGCAAGGLGCCCTCCTAGLGRG
GGCGCAGGACCOLGELEAGCCGCGLCGAERACGAGGETCGAGCAGGTCTCAGCCACTGCTCGCCCCCAGGCTCCCACTCCATGAGGTATTTCTTCACATCCG
TGTCCCGGCCCAGCCaCaaGEEAGCCCCACTTCATCGCCATALACTACGTGRACGACACGCAGTTCATGCGGTTCGACAGCGACGCCGLGAGLCAGAGGAT
GEAGCCGCGEECACCATARATAGAGCAGGAGGGGCCGRAGTATTGGRACCAGGRAGACACGLAATGTGAAGGCCCAGTCACAGACTGACCGAGTGRACCTG
GGEACCCTGCGCGACTACTACAACCAGAGCGAGGCCOGTEAGTGACCCCGGLCGGGLGLGCAGGTCAGRACCCCTCATCCCCCACGRACGRGLCAGGTCG
CCCACAGTCTCCGGGRTCCGAGATCCACCCCGAAGCCRCGARACCCCGAGACCCTTRCCCCGAGAGAGGCCCAGGCGCCTTTACCCGGTTTCATTTTCAGT
TTAGGCCAAAAATCCCCCCGGATTGRTCAGEACTERGRCGAELGLTCAGRGEACTEGRCTEACCGCGAGHRATCAGGRGCCAGGTTCTCACACCATCCAGATAAT
GTATGGCTGCGACGTGGRGTCGGACGGGCGCTTCCTCCGCAGATACCGGCAGGACGCCTACGACGGLAAGGATTACATCGCCCTGAACGAGRACCTGEGC
TCTTGGACCGCGGCAGACATGGCGGCTCAGATCACCAAGCGCAAGTGRGAGGCAGLCCATGAGGCGRAGCAGTTGAGAGCCTACCTGGATGGCACGTGLG
TGGAGTGGCTCCGCAGATACCTGRAGAACGGGAAGGAGACGCTGCAGCGCACGRGTACCAGGGGCCACGGLGLGCCTCCCTGATCGCCTGTAGATCTCCC
GGGCTGRCCTCCCACAAGGAGGGLAGACAATTGGRACCAACACTAGAATATCACCCTCCCTCTAGRTCCTGAGRGAGAGGAATCCTCCTGGGTTCCAGATC
CTGTACCAGAGAGTGACTCTGAGGTTCCGCCCTGCTCTCTGACACAATTAAGGRATAAAATCTCTGAAGGAGTGACGGRAAGACGATCCCTCGAATACTG
ATGAGTGGTTCCCTTTGACACCGGCAGCAGCCTTGRGCCCATGACTTTTCCTCTCAGGCCTTGTTCTCTGCTTCACACTCAATGTGTGTGGGGGETCTGAG
TCCAGCACTTCTGAGTCCCTCAGCCTCCACTCAGGTCAGGACCAGAAGTCGCTGTTCCCTTCTCAGGGAATAGAAGATTATCCCAGGTGCCTGTGTCCAG
GCTGGTGATCTGGGTTCTGTGCTCTCTTCCCCATCCCRGRTATCCTGTCCATTCTCAAGATGGCCACATGCATGCTGGTGGAGTGTCCCATGACAGATGCA
AAATGCCTGAATTTTCTGACTCTTCCCGTCAGACCCCCCCAAGACACATATGACCCACCACCCCATCTCTGACCATGAGGCCACCCTGAGGTGCTGRGLC
CTGGGCTTCTACCCTGCGGAGATCACACTGACCTRGLAGCGGRATGGEGAGGACCAGACCCAGGACACGGAGLTCGTGRAGACCAGGLCTGLAGGGGATG
GAACCTTCCAGAAGTGGRCGGCTGTGETGGTGCCTTCTGGAGAGGAGCAGAGATACACCTGCCATGTGCAGCATGAGGGTCTGCCCAAGCCCCTCACCCT
GAGATGGGGETAAGGAGGGRAGATGLGGEGTGTCATGTCTCTTAGGGAAAGCAGGAGCCTCTCTGGagACCTTTAGCAGGGTCAGGGCCCCTCACCTTCCCCT
CTTTTCCCAGAGCTGTCTTCCCAGCCCACCATCCCCATCGTGRGCATCATTGCTGRCCTGGTTCTCCTTGRAGCTGTGATCACTGGAGCTGTGGTCGCTG
CCGTGATGTGGAGGAGGAAGAGCTCAGGTGGAGAAGLRGGTGAAGGGTGGGGETCTGAGATTTCTTGTCTCACTGAGGGTTCCAAGCCCCAGCTAGAAATGT
GCCCTGTCTCATTACTGGGAAGCACCGTCCACAATCATGGGCCTACCCAGTCTGGRCCCTGTGTGCCAGCACTTACTCTTTTGTAAAGCACCTGTTAAAA
TGAAGGACAGATTTATCACCTTG&TT&CGGCGGTGATGGGACCTGATCCC&GCAGTCﬂCﬁAGTCAC&GGGGAAGGTCCCTGAGG&CHBECCTC&GGAGGG

Figure 13. Fasta sequence output for phase 2 indicating the location of the deletion.

5.1.6. Figure 14 shows an example of a heterozygous insertion in the Assign coverage pane.
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leivaass 3631.....4 3641.uusa .El ...... 366l..uuas 3671.cuaas: 3(HC20232L20180IHW09245 H - Total Read
TGTGACTTGARGAACCCTGACTTTCTCARAGGCACCTGAATGTGTCTGTGTTCCTGTAG Start: 1, 5' UTR 1
Stop: 4760, 3' UTR 1191

TGTGACTTGAAGAACCCTGACTTTCT+CAARGGCACCTGAATGTGTCTGTGTTCCTGTA!
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Figure 14. Example of a heterozygous insertion in Assign.

5.1.7. Figure 15 shows the fasta output for the master layer for the same sample. The R indicates the A+G at
position 3648, the inserted bases are expanded.

»>HC20232120188IHW@9245_IMGT/H

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNN NN NNNNNNNNNNNNNNNNNNNNNN NN NNNNNNNNN NN NNNNNNNNNNN NN
NNNNNNNNNNNNNNNNNNNNNNNNNNN NN NSRS NN NSNS NN NNNNNNNNN NN NNNNNNNNN NN NN NNNNNNNNN NN NNNNNNNNNNN NN
NNNNNNNNNNNNNNNNNNNNNNNNSNNNNNNNNANNNN NN NNNNANNNN NN NNNNINNNN NN NNNNINNNN NN SN NNANNNNNN SN NNNNNNNNNNNNNN
NNNNNNANNNNINNNNNANNNNINSNN NN NNNNANNNN N NNNNAINNNN N NNNNNNNNNNNNNNNINNNNGCAC AGGAGGAGCGGGGTCAGGGCGAAGT
CCCAGGGCCCCAGLCGTGGCTCTCAGGGTCTCAGGCCCCGAAGGLGGTGTATGGATTGGEGGAKGCCCCGLCTTRGGGATTCGLCACCTCCGCAGTTTCTC
TTCTTCTCACAACCTGCGACGGGTCCTTYTTCCTKGATACTCACGAAGCGGRCACAGTTCTCATTCCCACTAGGTGTCGGGTTTCTAGAGAAGCCAATCG
GTGCCGCCGCGGTCCCGGTTCTAAAGTCCCCACGCACCCACCGGGACTCAGATTCTCCCCAGACGCCRAGGATGGTGCTCATGGCGCCCCGRACCCTCCT
CCTGCTGCTCTCAGGGGCCCTGECCCTGACCCTGACCCAGACCTGGGCGCGTGAGTGCAGGGTCTGCAGGGAAATGGTCGLRGAGGAGCGAGGGGCLCGLC
CGGCSGLGGCGLAGGACCCRGGLAKCCGCGCAGGGAGGAGGGTCGGGCSGGTCTCAGCTCCTCCTCGCTCCCAGGCTCCCACTCCATGAGGTATTTCTAC
ACCACCATGTCCCGRGLCCAGLCGLRGEGAGCCCCGCTTCATCTCCGTCGGCTACGTGGACGATACGCAGTTCGTGCGGTTCGACAGCGACGACGCGAGTC
CGAGAGAGGAGLCGCGGGCGLCLTERATGEAGCGGEAGGGGCCRGAGTATTGGRACCGRAACACACAGATCTGCAAGGCCCARGCACRGACTGAACGAGA
GAACCTGCGGATCGCGCTCCGCTACTACAACCAGAGCGAGGGLGGTGAGTGACCCCGGRLCCGRGGCGCAGGTCACGACCCCTCCCCATCCCCCACGGAGG
GCCGLGTCGCCTCRAGTCTCTGGGTCCGAGATCCWCCCCGAAACCGLGGGACCCCGAGACCCTTRACCTGGEAGAGGCCCAGGCGCCTTTACCCGRTTTC
ATTTTCAGTTTAGGCCAAAAYCCCCGLGGATTGETCGEGGCAGGECAGEGCTCGGEEEACCERGLTGACCGLGRGEGELGEALGLCAGGTTCTCACACCATG
CAGGTGATGTATGGCTGCGACKTGGGGCCCGACGGRCGCTTCCTCCGCGGGTATGAACAGCACGCCTACGACGGCAAGGATTACATCGCYCTGAACGAGG
ACCTGCGCTCCTGRACCGCGGCGGACATGGCAGCTCAGATCACCAAGCGCAAGTGGRAGGLGRCCCATCLGLCRGAGCAGCKGAGAGYCTACCTGRAGGG
CGAGTTCGTGGAGTGGCTCCGCAGATACCTGRAGAACGGGAAGGAGACGCTGCAGCGLGCGGGTACCAGGGGCCACAGGGLGLCTCCCGEATSGYCTGTA
GATCTCCGGGGCTGGCCTCCCACAAGAAAGGGAGACAAATGGGACCAACACTATAATATCGCCCTCCCTCTGGTCYTGAGGGAGAAGAATCCTCCTGGGET
TTCCAGAGAGTGACTCTGAGGGTCCGCCSTGCTCTCTGACACAATTAAGGGATGAAATCTSTRAGGAAATGAAGGGAAGACAATCCCTGRAATACTGATG
AGTGGTTCCCTTTGACACACACYGGCAGCAGCCTTGGGCCCCGTGACTTTTCCTCTCAGGCCTTGTTCTCTGCTTCACACTCAATGTGCSTGGGGGTCTG
AGTCCAGCTCTTCTGAGTCCCTCAGCCTCCACTCAGGT CAGGACCAGAAGTCGLTGTTCCCTCYTCAGGGACTAGAATTTTCCACGGAATAGGAGATTAT
CCCAGGTGCCTGTGTCCAGGCTGTTGTCTGGGTTCTGTGCTCCCTTCCCCACCCCAGGCRTCCTGTCCATTCTCAAGATGGCCACATGCGTGCTGGHGEA
GTGTCCCATGACAGATGCAAAATGCCTGAATTTTCTGACTCTTCCCGTCAGACCCCCCCCAAGACACATATGACCCACCACCCCATCTCTGACCATGAGG
CCACCCTGAGGTGCTGGGCCCTGGGCTTCTACCCTGCAGAGATCACACTGACCTGGCAGCGGGATGGEEGAGHACCAGACCCASGACACGEAGCTCGTGEA
GACCAGGCCTGCAGGGGATGGAACCTTCCAGAAGTGGGCGRCTGTGRTGGTGCCTTCTGGAGAGGAGCAGAGATACACCTGCCATGTGCAGCATGAGGGT
CTGCCMGAGCCCCTCACCCTRAGATGAGGTAAGGAGGGAGATGGGGETGTCATGTCYCTTAGGGAAAGCCRGAGCCTCTCTGRAGAGCTTTAGCAGGGTC
AGGGTCCCTCACCTTCCCCCCTTTTCCCAGAGCCATCTTCCCAGCCCAMCRTCCCCATCGTGRGCATCGTTGCTGGCCTGGTTCTACTTGTAGCTGTGGT
CACTGGAGCTGTGGTCGCTGCTGTAATGTGGAGGAAGAAGAGCTCAGGTAAGGAAGGGGETGAGGAGTGTGGTCTGAGATTTCTTGTCTCACTGAGAGTTC
CAAGCCCCAGGTAGAAGTGCCCTGCCTGGTTACTGGGAAGCACCATCCACACTCATGGGECCTACCCAGCCTGGGCCSTGTGTGCCAGCACTTACTCTTTT
GTAAAGCACCTGTTACAATGAGGGACAGATTTATCACCTTGATGACTGTGGTGATGGGACCTGATCCCAGCAGTCACAAGTCACAGGGGAAGGTCCCCRA
GGACAGACCTCAGAAGGGCGGTTGATCCAGGACCCAYATCTGCTTTCYTCATGTTTCCTGATCCCRCCCTGGGTCTGCAGTTGCACATTTCTGGAAACTT
CTCTGGGGTCCRAGACTTGGAGGTTCCTCTAGGACCTTATGGCCCTGGRCTTCTTTCTGGCATCTCACAGRACATTTTCTTCCCACAGATAGAAMAGGAGG
GAGCTACTCTCAGGCTGCAAGTAAGTATGAAGGAGGCTGATCCCTGAAATCCTTTGGATATTGTGTTTGLGAGCCCATGGGGGAGCTCACCCACCCCACA
ATTCTTCCTCTAGCCACATCTACTGTGGGATCTGACCAGGTCCTGTTTTTATTCTACTCSAGGCRGCAACAGTGCCCAGGGCTCTGATGTGTCTCTCACG
GCKTGAAAGGTGAGACCTTGGGEGECCTGATGTGTGGGGGRTGTTGAGGGGEAACAGTGGACACAGCTGTGCTATGGGGTTCTTTGAATTTGATGTTTTG
AGCRTGCGATGGGCTGCCAAAGTGTCATCCATTACTGGGACAGATATGAATTTGTTCATGAATATTTTTTCTATAGTGTGAGACAGCTGCCTTGTGTGGG
A[TGﬂEAGGCﬂAGAKTTGTTCHYRC[TTCCCTTTGTGACTTG&&GAACCCTGACTTTCTTTCTEkﬂﬁﬂGGCACCTGAATGTGTCTGTGTTCCTGTAGGCA
TAATGTGTGGAGGAGGGGAGACCAACCCACCCTCATGTCCACCATGACCCTCTTCCCCACGCTGATCTGTGTTCCCTCCCCAATCATCTTTCCTGTTCCA

Figure 15. Fasta sequence output for the master layer indicating the location of the insertion.

5.1.8. Figure 16 shows the fasta output for phase 1. From the Assign coverage pane it can be determined that
the insertions belongs to phase 1, so this sequence would require editing to include the inserted bases
before submission.
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»>HC28232120180IHWA9245_IMGT/H_Phase 1

NMNNNNMNNNNNNNNNNNNNN NSNS NN NN NN NN NN NN NN NN NN NNNN NN NS NSNS NSNS NN NSNS NN
NMNNHNMNNNNNNNNNNNNNNNNNNNNNN NSNS NSNS NN NSNS NN NNNNNNNNNNNNNNNENNNNNNNNNNNNNNNNNENNNNN NN NN
NMHNNNMNNNNNNNNNNNNNNNNNSNNNN NN NN NNNAN NN NSNS NN NN NN NN NN NSNS NN NNUNENNNNNNIN NN NN NN
NMNNNNMNNNNNNNNNNNNNN NSNS NSNS NSNS NSNS NN NN NN NN NN NN NNNNNNNNNNNNNNNNGCACAGGAGGAGCGGGGTCAGGGCGAAGT
CCCAGGGCCCCAGLCGTGRCTCTCAGGGTCTCAGGCCCCGAAGGCGATGTATGEATTGGGGATGCCCCGCCTTAGGGATTCGCCACCTCCGCAGTTTCTC
TTCTTCTCACAACCTGCGACGGGTCCTTCTTCCTTGATACTCACGAAGCGGACACAGTTCTCATTCCCACTAGGTGTCGGRTTTCTAGAGAAGCCAATCG
GTGCCGCCGLGATCCCGGTTCTAAAGTCCCCACGCACCCACCGGGACTCAGATTCTCCCCAGACGLCGAGGATGGTGCTCATGGLGCCCCGRAACCCTCCT
CCTGCTGCTCTCAGGGGCCCTGLCCCTGACCCTGACCCAGACCTGRECGCGTGAGTGCAGGGTCTGCAGGGAAATGGTCGRGAGGAGCGAGLRGGCLCGLC
CGGCGGGEGCGLAGGACCCGLGLATCCGCGCAGLGAGGAGGGTCGGGCCGGTCTCAGCTCCTCCTCGCTCCCAGGCTCCCACTCCATGAGGTATTTCTAC
ACCACCATGTCCCGGLCCGALCGLRGEGAGCCCCGCTTCATCTCCGTCGGCTACGTGGACGATACGCAGTTCGTGCGGTTCGACAGCGACGACGCGAGTC
CGAGAGAGGAGLCGCGGGCGLCATGRATGRAGCGGGAGGGGCCAGAGTATTGGEACCGGAACACACAGATCTGCAAGGCCCAGGCACAGACTGAACGAGA
GAACCTGCGGATCGCGCTCCGCTACTACAACCAGAGCGAGGGLGGTGAGTGACCCCGGLCCGEGRCGCAGGTCACGACCCCTCCCCATCCCCCACGGAGG
GCCGLGTCGCCTCHAGTCTCTGGGTCCGAGATCCACCCCGAAACCGLGGGACCCCGAGACCCTTRACCTGEEAGAGGCCCAGGCGCCTTTACCCGETTTC
ATTTTCAGTTTAGGCCAAAACCCCCGLGGGTTGATCGGGECAGGGECGGGECTCRGGGEACCGRGLTEACCGLGLGEELGGLGLCAGGTTCTCACACCATG
CAGGTGATGTATGGCTGCGACGTGGGGCCCGACGGACGCTTCCTCCGCGGGTATGAACAGCACGCCTACGACGGCAAGGATTACATCGCCCTGAACGAGG
ACCTGCGCTCCTGGACCGCGGCGRACATGGCAGCTCAGATCACCAAGCGCAAGTGEGAGGCGRCCCATCRGRCGGAGCAGLTEAGAGCCTACCTGGAGEG
CGAGTTCGTGGAGTGGCTCCGCAGATACCTGLAGAACGGGAAGGAGACGCTGCAGCGCGCLGETACCAGLGGCCACAGGGCGCCTCCCGRATCGCCTGTA
GATCTCCGGGGCTGGCCTCCCACAAGAAAGGLAGACAAATGGGACCAACACTATAATATCGCCCTCCCTCTGGTCTTGAGGGAGAAGAATCCTCCTGGET
TTCCAGAGAGTGACTCTGAGGGTCCGCCCTGCTCTCTGACACAATTAAGGGATGAAATCTGTGAGGAAATGAAGGGAAGACAATCCCTGRAATACTGATG
AGTGGTTCCCTTTGACAC+GGCAGCAGCCTTGGGCCCCGTGACTTTTCCTCTCAGGCCTTGTTCTCTGCTTCACACTCAATGTGCGTGGGGGTCTGAGTC
CAGCTCTTCTGAGTCCCTCAGCCTCCACTCAGGTCAGGACCAGAAGTCGCTGTTCCCTCTTCAGGGACTAGAATTTTCCACGGAATAGGAGATTATCCCA
GGTGCCTGTGTCCAGGCTGTTGTCTGGGTTCTGTGCTCCCTTCCCCACCCCAGGCATCCTGTCCATTCTCAAGATGGCCACATGCGTGCTGRAGGAGTGT
CCCATGACAGATGCAAAATGCCTGAATTTTCTGACTCTTCCCGTCAGACCCCCCCCAAGACACATATGACCCACCACCCCATCTCTGACCATGAGGCCAC
CCTGAGGTGCTGGLCCCTGGECTTCTACCCTGCGGAGATCACACTGACCTGLCAGCGGGATGEGRAGGACCAGACCCAGGACACGGAGCTCGTGGAGACC
AGGCCTGCAGGGGATGGAACCTTCCAGAAGTGGECGGCTGTGATGGTGCCTTCTGRAGAGGAGCAGAGATACACCTGCCATGTGCAGCATGAGGGTCTGC
CCGAGCCCCTCACCCTGAGATGLGETAAGGAGGGAGATGGGGGTGTCATGTCTCTTAGGGAAAGCCGGAGCCTCTCTGGAGAGCTTTAGCAGGGTCAGRG
TCCCTCACCTTCCCCCCTTTTCCCAGAGCCATCTTCCCAGCCCAACGTCCCCATCATGGGCATCATTGCTGGCCTGGTTCTACTTGTAGCTGTGGTCACT
GGAGCTGTGETCGLTGCTGTAATGTGGAGGAAGAAGAGCTCAGGTAAGGAAGGGGTGAGGAGTGTGGTCTGAGATTTCTTGTCTCACTGAGAGTTCCAAG
CCCCAGGTAGAAGTGCCCTGCCTGGTTACTGLGAAGCACCATCCACACTCATGGGCCTACCCAGCCTGGGCCGTGTGTGCCAGCACTTACTCTTTTGTAA
AGCACCTGTTACAATGAGGGACAGATTTATCACCTTGATGACTGTGGTGATGGRACCTGATCCCAGCAGTCACAAGTCACAGGGGAAGGTCCCCAAGGAC
AGACCTCAGAAGGGCGGTTGGTCCAGGACCCATATCTGCTTTCTTCATGTTTCCTGATCCCACCCTGGGTCTGCAGTTGCACATTTCTGGAAACTTCTCT
GGGGTCCRAGACTTGGAGGTTCCTCTAGGACCTTATGGCCCTGGCTTCTTTCTGGCATCTCACAGGACATTTTCTTCCCACAGATAGAAAAGGAGGGAGC
TACTCTCAGGCTGCAAGTAAGTATGAAGGAGGCTGATCCCTGAAATCCTTTGGATATTGTGTTTGGGAGCCCATGGGGGAGCTCACCCACCCCACAATTC
TTCCTCTAGCCACATCTACTGTGGGATCTGACCAGGTCCTGTTTTTATTCTACTCGAGGCAGCAACAGTGCCCAGGGCTCTGATGTGTCTCTCACGGCTT
GAAAGGTGAGACCTTGGGGGGCCTGATGTGTGGGGGATGTTGLGGGEGAACAGTGGACACAGCTGTGCTATGGGGTTCTTTGAATTTGATGTTTTGAGCA
TGCGATGGGCTGCCAAAGTGTCATCCATTACTGGGACAGATATGAATTTGT TCATGAATATTTTTTCTATAGTGTGAGACAGCTGCCTTGTGTGGGACTG
ﬂGAGGCﬁﬁGﬂGTTGTTCCTGCCTTCCCTTTGTG&CTTG&&G&&CCCTGﬂCTTTCTﬂ(ﬁﬁﬂGGCﬂCCTGﬂﬁTGTGTCTGTGTTCCTGTﬂGGCﬂTAﬂTGTGT

Figure 16. Fasta sequence output for phase 1 indicating the location of the insertion.

5.1.9. Figure 17 shows the fasta output for phase 2. The nucleotide at the indicated position requires editing
before submitting the sequence. From the Assign coverage pane, it can be determined that the
correction call is “G”.
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>HC28232L26180IHWE9245_IMGT/H_Phase 2
HNMNMHNNHNNNNNNNNE
NNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNE INNNN NN NN il ANNE ANNE N N
HNMNMHNNHNNNNNNNNNENNNNI NSNS NN NSNS NSNS NSNS NN NN NN NN NN NN NN GCACAGGAGGAGCGGRETCAGGGLGAAGT
CCCAGGGCCCCAGRCATAGCTCTCAGGGTCTCAGGCCCCRAAGGCAGTGTATGGATTGGGEAGGCCCCGCCTTGRGRATTCGCCACCTCCGLAGTTTCTC
TTCTTCTCACAACCTGCGACGGGTCCTTTTTCCTGRATACTCACGAAGCGGRGCACAGTTCTCATTCCCACTAGGTGTCAGGATTTCTAGAGAAGCCAATCG
GTGCCGCCGCGATCCCAGTTCTAAAGTCCCCACGCACCCACCOGRACTCAGATTCTCCCCAGACGLCGAGRATGRTGCTCATGRCGCCCCGAACCCTCCT
CCTGCTGCTCTCAGGRGCCCTARCCCTGACCCAGACCTGRGLGCGTGAGTGCAGRGTCTGCAGRGAAATGGTCGLGAGRAGCGAGGGGCLCGCLCGGCLG
GGGCGCAGGACCCAGRGAGCCACGCARGRAGGAGGGTCGRGLGRGTCTCAGCTCCTCCTCGCTCCCAGGCTCCCACTCCATGAGGTATTTCTACACCACC
ATGTCCCGGLCCGGLCACAREGAGCCCCGCTTCATCTCCATCAACTACGTGRACGATACGCAGTTCATGCGATTCGACAGCGACGACGCGAGTCCGAGAG
AGGAGCCGLGEGCGCCGTGRATGRAGCGLGAGGGGCCGGAGTATTGGRACCGLAACACACAGATCTGCAAGGCCCAAGCACGRACTGAACGAGAGAACCT
GCGGATCGCGCTCCGLCTACTACAACCAGAGCGAGGGCGRGTGAGTGACCCCAGLCLGAGRCGCAGGTCACGACCCCTCCCCATCCCCCACRGAGRGLLGGG
TCRCCTCGAGTCTCTGRGTCCRAGATCCTCCCCGAAACCGCGRGACCCCRAGACCCTTRACCTOLRAGAGGCCCAGGCGCCTTTACCCGGTTTCATTTTL
AGTTTAGGCCAAAATCCCCRCGGATTGATCRGLGCAGGGLGLGLCTCGGAEEACCGRGLTRACCGLGLGLGLGEGGECCAGGTTCTCACACCATGCAGGTG
ATGTATGGCTGCGACTTGGGRGCCCRACGLGLGLTTCCTCCGLGRGTATGAACAGCACGCCTACGACGGCAAGGATTACATCGCTCTGAACGAGGACCTGE
GCTCCTAEACCALGALGEACATGRCAGCTCAGATCACCAAGCGCAAGTGGEAGGLGGCCCATCAEACEEAGCAGCGRAGAGT CTACCTGRAGGGCGAGTT
CGTGRAGTGGCTCCGLCAGATACCTGGAGAACGGGAAGRAGACGCTGCAGCGCACAGATACCAGRGRCCACAGGGCGLCTCCCAGATGGTCTGTAGATCTC
CGGGGECTGRCCTCCCACAAGAAAGGRGAGACAAATGGRGACCAACACTATAATATCGCCCTCCCTCTRGTCCTGAGGGAGAAGAATCCTCCTGRGTTTCCAG
AGAGTGACTCTGAGGGTCCACCGTGCTCTCTGACACAATTAAGGGATGAAATCTCTGAGGAAATGAAGGGAAGACAATCCCTGGAATACTGATGAGTGGT
TCCCTTTGACAC+GGCAGCAGCCTTGRGCCCCATGACTTTTCCTCTCAGGCCTTGTTCTCTGCTTCACACTCAATGTGCCTGAGAGTCTRGAGTCCAGCTC
TTCTGAGTCCCTCAGCCTCCACTCAGGTCAGGACCAGAAGTCGCTGTTCCCTCCTCAGGGACTAGAATTTTCCACGRAATAGGAGATTATCCCAGGTGCC
TGTGTCCAGGCTGTTATCTGGGTTCTGTGCTCCCTTCCCCACCCCAGGCGTCCTATCCATTCTCAAGATGGCCACATGLGTGCTGGTGGAGTGTCCCATG
ACAGATGCAAAATGCCTGAATTTTCTGACTCTTCCCGTCAGACCCCCCCAAGACACATATGACCCACCACCCCATCTCTGACCATGAGGCCACCCTGAGG
TGCTGGGCCCTRGRCTTCTACCCTGCGGAGATCACACTGACCTGGCAGCGRGATGGEGAGGACCAGACCCACACACGGAGLTCGTGGAGACCAGGCLCTGC
AGGGRATGGAACCTTCCAGAAGTGGGCGLCTGTGAETGETGCCTTCTGRAGAGGAGCAGAGATACACCTGCCATGTGCAGCATGAGGGTCTGLCAGAGCCC
CTCACCCTGAGATGGRGTAAGGAGGGAGATGGEGETGTCATGTCCCTTAGGGAAAGCCAGAGCCTCTCTGGAGAGCTTTAGCAGGGTCAGGGTCCCTCAC
CTTCCCCCCTTTTCCCAGAGCCATCTTCCCAGCCCACCATCCCCATCGTGRGCATCATTGCTGRCCTGGTTCTACTTGTAGCTGTGGTCACTGGAGCTGT
GGTCGCTGCTGTAATGTGGAGGAAGAAGAGCTCAGGTAAGGAAGGGGTGAGGAGTGTGGTCTGAGATTTCTTGTCTCACTGAGAGTTCCAAGCCCCAGGT
AGAAGTGCCCTGCCTGGTTACTGGGAAGCACCATCCACACTCATGGRGCCTACCCAGCCTGGGCCCTGTGTGCCAGCACTTACTCTTTTGTAAAGCACCTG
TTACAATGAGGGACAGATTTATCACCTTGATGACTGTGGTGATGGGACCTGATCCCAGCAGTCACAAGT CACAGGGRAAGGTCCCCGAGRACAGACCTCA
GAAGGGCGATTGGTCCAGGACCCACATCTGCTTTCCTCATGTTTCCTGATCCCGLCCTGGGTCTGCAGTTGCACATTTCTGGAAACTTCTCTGGGGTCCA
AGACTTGGAGGTTCCTCTAGGACCTTATGGCCCTGGCTTCTTTCTGGCATCTCACAGGACATTTTCTTCCCACAGATAGAAAAGGAGGGAGCTACTCTCA
GGCTGCAAGTAAGTATGAAGGAGGCTGATCCCTGAAATCCTTTGGATATTGTGTTTGGGAGCCCATGGGAGAGCTCACCCACCCCACAATTCTTCCTCTA
GCCACATCTACTGTGGGATCTGACCAGGTCCTGTTTTTATTCTACTCCAGGCGGCAACAGTGCCCAGRGCTCTGATGTGTCTCTCACGGLGTGAAAGGTG
AGACCTTGGGEGECCTGATATGTGLEEEETATTGEEEEEGAACAGTGGACACAGCTGTGCTATGGGGTTCTTTGAATTTGATGTTTTGAGCGTGCGATGG
GCTGCCAAAGTGTCATCCATTACTGGRACAGATATGAATTTGTTCATGAATATTTTTTCTATAGTGTGAGACAGCTGCCTTGTGTGGRACTGAGAGGCAA
GATTTGTTCﬂCACCTTCCCTTTGTGACTTGAAGAACCCTGACTTTCTHCAAAGGC&CCTGAATGTGTCTGTGTTCCTGTAGGCATAATGTGTGGAGGAGG
GGAGACCAACCCACCCTCATGTCCACCATGACCCTCTTCCCCACGCTGATCTGTGTTCCCTCCCCAATCATCTTTCCTGTTCCAGAGAGGCGGGGLTGAG

Figure 17. Fasta sequence output for phase 2 indicating the location of the insertion.

5.1.10.0nce the fasta file has been edited and verified for accuracy, copy the phase layer of the novel allele
including the header and paste into a new text editor. Save the file as a .fasta file. This is the file that
will be used in the GenBank submission.

June 2022 13 of 26



6. Locate the gene features
Gene features include the locations of the start and end of the exons in the context of the fasta sequence.
6.1. cDNA sequence
6.1.1. In IMGT, align the closest matched allele to the novel. https://www.ebi.ac.uk/ipd/imgt/hla/align.html

6.1.2. For best results, use the closest allele as the reference sequence and align a single allele. Align in blocks
of 10 bases.

6.1.3. follow the steps in the alignment tool.

STEP 1 - Select the locus and features to align
Locus:

MICA

Features:

Nuclectide - CDS

STEP 2 - Specify reference and required sequences
Reference sequence:

009:01:07

Specific sequences required (separated by a new line or a comma):

009:01:06

Figure 18. Alignment form in IMGT.
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cDNE 10 20 30 40 50 &0 70
MICA*005:01:07 ATGEEECTGE GOCCEETCTT CCIGCTITCTE GCTGEGECATCT TCOCCTITIGC ACCTCCOEGEGR GCTECTGCTG

130 1440 150 1e0 170 180 150 200

GCIGCRGTCRE GCTTICTICC TGREGTRS

cDNE 1140
MICA*005:01:07 IECTEICCTE

MICR*005:00:08 mmmmmmmmmm mmmmmmm o o e e

420

GGACCTCITIC

510
ITICTIGLAG

GCTTC TATCCCOCGGR

MICE*005:01:07 CTGRCGRGAR CRG|TGCCCCC CATGGTGRAT CGICRCO

MICR*005:00108 —mmmmmmmmm mmm | mmmmmm e o e

T10 720 730

LATATCACLCT GRCCTGCCGT CRGGRTCGGE

210
GEICECCL

cDNE 510 5e0
MICA*005:01:07 CTGETGCTTIC R TECTECTECT
1040 1050 10&0 a7o

RCCCRGITGE G2

RECTCETERG CCTGCRGETC C

1120 1130
=07 CCICTGATGT CRGCTCTIGE GIC

08

Figure 19. Alignment of MICA alleles in IMGT.

6.1.4. Use the numbering in the alignment to determine the feature locations. The vertical lines (Pipes)
indicate the exon boundaries.

Table 1. Feature locations for MICA as determined from the alignment.

Feature Location

Exon 1 1-70

Exon 2 71-325

Exon 3 326-613

Exon 4 614-892

Exon 5 893-1030

Exon 6 1031-1150
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6.2. gDNA sequence

6.2.1. To determine the feature locations, BLAST the fasta sequence output from Assign using IMGT BLAST
https://www.ebi.ac.uk/Tools/services/web _ncbhiblast/toolform.ebi?tool=ncbiblast&context=nucleotide
&database=imgthlagen/

6.2.2. Select the appropriate IMGT database to search. i.e., for a full gene sequence select IMGT> IMGT/HLA
(genomic).

6.2.3. Paste the fasta nucleotide sequence for the novel allele into IMGT Nucleotide BLAST and submit the

job.
Muclectide Help & Documentation Bicinformatics Tools FAG ® Feedback =< Share
Tools = Seguence Similarity Searching = NCBI BLAST
Results for job nchiblast-120210819-035416-0884-15002771-p2m
L) ERED S | Tool Output || Visual Output || Funclional Predictions | Result Summary || Submission Details
Selection: Score Identities Positives
Align. « DB:ID #  Source & |Length & __ * % & El#
Selectall | Invart | Claar (Bits) = =
[/} IMGTHLAgen:HLADDE34 | E*01:01:01:01 3822 bp 3822 7589.1 100.0 1000 0.0
Apply to selection: I TR -
Annotations: "
Show | | Hide
/K IMGTHLAgen:HLADDR3S 3822 75812 0.9 geg| 00
Alignments:
Show | | Hide
Entries: /1] IMGTHLAgenHLADDZIT 3822 75533 20.0 o 00
Download | in
[fasta v
/1 IMGTHLAgenHLADZZ24 3822 75453 0.9 geg| 00
format
Tools:
Launch s IMGTHLAgen:HLADSE13 3822 75453 0.9 e 00
[ Clustal Omega v © snd relsted
G IMGTHLAgenHLADZZ26 3785 74798 0.9 geg| 00
Gr IMGTHLAgen:HLADZZ2S 3785 74778 0.9 e oo
/13 IMGTHLAgenHLADZ450 73 73847 0.9 geg| 00
i
N

Figure 20. Summary table of hits for novel HLA-E sequence.

6.2.4. IMGT BLAST will then display the matches for the sequence.
6.2.5. By default, all the matches will be selected. Click Clear under Selection to deselect all matches.

6.2.6. Select the top result, then click show under Annotations and show under Alignments to review the
results for the top result.

6.2.7. If the length of the Subject sequence is the same length as the novel fasta sequence (or query) then the
annotations will correspond to the novel sequence. Check the length in the alignment and locate the
novel position(s).
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>»IMGTHLAEEN :HLABE934 E*81:91:81:81 3822 bp
Length=3822

Score = 7569 bits (3818), Expect = 8.8
Identities = 3821/3822 (99%), Gaps = ©/3822 (&%)

Strand=Plus/Plus
Query 1 CAAAGTGCTGAGATTACAGECGTGAGCCACCGOGCCCAGCCAGRACTAATTTCTAAGAGT &8
) FEEEEETTETEE T e e e e e e et e e e e e e e
Shjct 1 CAAAGTGCTGAGATTACAGECGTRAGCCACCGOGCCCAGCCAGRACTAATTTCTAAGAGT &8
Figure 21. The start of the alignment for the novel HLA-E sequence and top match E¥*01:01:01:01 matches.
Query 3781 GGLAGAGTGCGGCAGCTCATGLCTGTAATCCCAGCACTTAGG 3822
) R EETT TR R e ey 1l
Shbjct 37831 GGLAGAGTECGGCAGCTCATGCCTGTAATCCCAGCACTTAGG 3822
Figure 22. The end of the alignment for the novel HLA-E sequence and top match E*01:01:01:01 matches.

2181 TEETGCCTTCTEEARAGEAGCAGAGATACACGTGCCATGTGC AGAA TGS

TEETGCCTTCTERARAGEAGCAGAGATACACGTGOCATGTACAGCA

2181

sbict

0GGCTACCCG 2168

GQAGGEECTACCCG 2168

Figure 23. The location of the novel SNP as indicated by the absence of the pipe in the alignment for a novel HLA-E sequence and

top match E*¥01:01:01:01.

6.2.8. The alignment will also highlight any errors in the fasta sequence due to N’s or “+”. If any errors are

identified these can be edited in the fasta sequence.

The screenshot below shows an example of an HLA-H sequence error due to “+

and there is missing sequence in the fasta file.

”. The “+” has been converted to N,

Query 3241 TTGTTCCTGCCTTCCCTTTGTGACT TRANGAACCLTGA-- --L TTTOTNLAAAGECACCT
CELPRRLEREEEEEY PR TR e e e LLENE TEETTEEEnY
Shjct 3241 TTGTTCCTGECTTCCCTTTGTGACT TRAAGAACCE TGACT TTETTTCT ALAAAGEEACET

3296

33ad

Figure 24. Alignment of novel HLA-H*02:04:new sequence and H*02:04:01.
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6.2.9. Error! Reference source not found. shows that at the position where Assign has put a “+” there is an A
and 4nt insertion TTCT, matching the A*02:04:01 allele.

| liwanas 3631..... 364l...... 3651. D L3861l 3671..... 368l...... S HCZ20232L20150IHW09245 H - Total ERead Dept
Start: 1, 5' UIR 1

Stop: 47e€0, 3" UIR 1131

Allele 1 Allele 2

TTGTGACTTGAAGAACCCTGACTTTCTHC AR AGECACCTGARATGTGTICTGIGTITCCIGTAGGCATARTCTGTHE 1 [
I AN ARRRRNRRAARNAL P
T 1 «

2 C

2 <

| 2 C

! 2 C

I 2 ¢

*02:04:02 *02:05:01 2 C

. *¥02:04:02 *02:05:01 2 C

=00 1202321201 30IHW0S245 *02:04:02 #02:05:01 2 C
HERR= pe=m £+ 02:05:01:00|E"02:13 2 <
*02:05:01 {%02:13 2 C

. ER=A+G = Elm V||4 | *¥02:05:01 {%02:13 2 C

g ClrEsE e *02:05:01 5502:13 z C
[ R RN NN NN NN RN S 02:01:01: T 02:08:01 3 1

Figure 25. Alignment of a novel HLA-H sample in Assign highlighting the insertion.

6.2.10. This position can be edited in the fasta sequence to match the display in Assign, by locating the
“+” in the fasta sequence, then replacing it with “TTCTA”.
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>IHW@9245 IMGT/H_Phase 1

NMNNNNMNNNNNNNNNNNNNNNNNENNNNENNNNENNNNNNNN NN NN NN NENENNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNENNNNENN NN
NMNNNNMNNNNNNNNNNNNNNNNNENNNNENNNNENNNNNNNN NN NN NN NENENNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNENNNNENN NN
NMNNNNMNNNNNNNNNNNNNNNNNENNNNENNNNENNNNNNNN NN NN NN NENENNNNENNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNENNNNENN NN
NMMNNMNMNNNNNNNNENMNNNNNNENNNNENENNENNE NN NN NN NSNS NSNS NN NNN NN NN NN NNGCACAGGAGGAGCGLGGETCAGGGCGAAGT
CCCAGGRGCCCCAGGLGTGRETCTCAGGGTCTCAGGLCCCGAAGGCGGTGTATGRATTGGGGATGCCCCGCCTTAGGGATTCGCCACCTCCGCAGTTTCTC
TTCTTCTCACAACCTGCGACGGGTCCTTCTTCCTTGATACTCACGAAGCGGACACAGTTCTCATTCCCACTAGGTGTCGGGTTTCTAGAGAAGCCAATCG
GTGCCGCCGCGGTCCCGETTCTAAAGTCCCCACGCACCCACCOGGACTCAGATTCTCCCCAGACGLCGAGGATGGTGCTCATGGCGCCCCGAACCCTCCT
CCTRCTGCTCTCAGGGGCCCTRECCCTGACCCTGACCCAGACCTGGRGCGCATGAGTGCAGGGTCTGCAGGGAAATGGTCGLGAGGAGCGAGGGGCCLGLL
CGGCGEGEECECAGGACCCAGEEATCCGCGLAGGRAGGAGGGTCGGGCCGATCTCAGCTCCTCCTCACTCCCAGGCTCCCACTCCATGAGGTATTTCTAC
ACCACCATGTCCCGGRCCCRGLCRCGAGEAGCCCCACTTCATCTCCGTCGRETACGTGGACGATACGCAGTTCGTGCGGTTCGACAGCGACGACGCGAGTC
CGAGAGAGGAGCCGLGGECACCATAGATEGRAGCGAGAGGGGCCAGAGTATTGEEACCGGAACACACAGATCTGCAAGGCCCAGGCACAGACTGAACGAGA
GAACCTGCGGATCGCGCTCCGCTACTACAACCAGAGCGAGGGCGGTGAGTGACCCCGGCCCGERRCACAGGTCACGACCCCTCCCCATCCCCCACGGAGG
GCCGGATCGCCTCGAGTCTCTGEATCCGAGATCCACCCCGAAACCGCAGGACCCCGAGACCCTTRACCTAGRAGAGGCCCAGGCGCCTTTACCCGGTTTC
ATTTTCAGTTTAGGCCAAAACCCCCGCGRGTTGATCAEGGCAGGGCGGEACTCGAGGEACCGAGCTGACCGLGEGEGECAEGACCAGATTCTCACACCATG
CAGGTGATGTATGGCTGCGACGTGGGGCCCGACGRACGCTTCCTCCGCGGATATGAACAGCACGCCTACGACGGCAAGGATTACATCGCCCTGAACGAGG
ACCTACGCTCCTGRACCGCGACGEACATGGCAGCTCAGATCACCAAGCGCAAGTAGGAGGCGGCCCAGTCGAGCAEAGCAGCTGAGAGCCTACCTGGAGGG
CGAGTTCGTGGAGTGGCTCCGCAGATACCTGGAGAACGGGAAGGAGACGCTGCAGCGCGCGGGTACCAGGGGCCACAGGRLGLCTCCCGGATCGCCTGTA
GATCTCCGGRGGCTGGCCTCCCACAAGARAAGGGAGACARATGGGACCAACACTATAATATCGCCCTCCCTCTGGTCTTGAGGGAGAAGAATCCTCCTGGET
TTCCAGAGAGTGACTCTGAGGGTCCGCCCTGCTCTCTGACACAATTAAGGGATGAAATCTGTGAGGAAATGAAGGGAAGACAATCCCTGGAATACTGATG
AGTGGATTCCCTTTGACAC+GGRCAGCAGCCTTGGGCCCCGTGACTTTTCCTCTCAGGCCTTGTTCTCTGCTTCACACTCAATGTGCGTGGGGATCTGAGTC
CAGCTCTTCTGAGTCCCTCAGCCTCCACTCAGGTCAGGACCAGAAGTCGCTGTTCCCTCTTCAGGGACTAGAATTTTCCACGGAATAGGAGATTATCCCA
GETGECCTATGTCCAGGCTRTTATCTGGGTTCTGTGETCCCTTCCCCACCCCAGRCATCCTGTCCATTCTCAAGATGGCCACATGCGTGCTGGAGGAGTGT
CCCATGACAGATGCAAAATGCCTGAATTTTCTGACTCTTCCCGTCAGACCCCCCCCAAGACACATATGACCCACCACCCCATCTCTGACCATGAGGCCAC
CCTRAGGTGCTGGGECCCTRRGCTTCTACCCTGCGRAGATCACACTGACCTAGCAGCGGRATGEEEAGGACCAGACCCAGGACACGLRAGCTCGTGEAGACC
AGGCCTGCAGGGGATGGAACCTTCCAGAAGTGGGLGECTATGGTGGTGCCTTCTARAGAGGAGCAGAGATACACCTGCCATATGCAGCATGAGGGTCTGC
CCGAGCCCCTCACCCTGAGATGLGGTAAGGAGGGAGATGGGGGETGTCATGTCTCTTAGGGAAAGCCGGAGCCTCTCTGGAGAGCTTTAGCAGGGTCAGGG
TCCCTCACCTTCCCCCCTTTTCCCAGAGCCATCTTCCCAGCCCAACGTCCCCATCATGRGCATCATTGCTGGCCTGGTTCTACTTGTAGCTGTGGTCACT
GEAGCTGTGGTCGCTGCTGTAATGTGGAGGAAGAAGAGCTCAGGTAAGGAAGGGGTGAGGAGTGTGGTCTGAGATTTCTTGTCTCACTGAGAGTTCCAAG
CCCCAGGTAGAAGTGCCCTECCTGGTTACTGGGAAGCACCATCCACACTCATGRGCCTACCCAGCCTGRECCATGTGTGCCAGCACTTACTCTTTTGTAA
AGCACCTGTTACAATGAGGGACAGATTTATCACCTTGATGACTGTGGTGATGGGACCTGATCCCAGCAGTCACAAGT CACAGGGGAAGGTCCCCAAGGAC
AGACCTCAGAAGGGCGGTTGRTCCAGGACCCATATCTGCTTTCTTCATGTTTCCTGATCCCACCCTGRGETCTGCAGTTGCACATTTCTGGARACTTCTCT
GEELTCCGAGACTTGGAGGTTCCTCTAGGACCTTATGGCCCTGGCTTCTTTCTGGCATCTCACAGGACATTTTCTTCCCACAGATAGAAAAGGAGGGAGC
TACTCTCAGGCTGCAAGTAAGTATGAAGGAGGCTEATCCCTGARATCCTTTGGATATTGTGTTTGGGRAGCCCATGGGGGAGCTCACCCACCCCACAATTC
TTCCTCTAGCCACATCTACTGTGGGATCTGACCAGGTCCTGTTTTTATTCTACTCGAGGCAGCAACAGTGCCCAGGGCTCTGATGTGTCTCTCACGGCTT
GAAAGGTGAGACCTTGGRERGGCCTGATGTATGREAGATGTTGEEGEGEAACAGTGGACACAGCTGTGCTATGGGGTTCTTTGAATTTGATGTTTTGAGCA
TGCGATGEECTGCCAAAGTGTCATCCATTACTGGRACAGATATGAATTTGTTCATGAATATTTTTTCTATAGTGTGAGACAGCTGCCTTGTGTGGRACTG
ﬁGﬁGGCﬁﬁGhGTTGTTCCTGCCTTCCCTTTGTGﬁCTTGﬁhGﬂﬁCCCTGﬁCTTTCTHCﬂﬁﬁGGCﬁCCTGﬁﬁTGTGTCTGTGTTCCTGT&GGC&T&&TGTGT
GEAGGAGGGGAGACCAACCCACCCTCATGTCCACCATGACCCTCTTCCCCACGCTGATCTGTGTTCCCTCCCCAATCATCTTTCCTGTTCCAGAGAGGAG
GEGCTGAGATGTCTCCATCTTTTTCTCAACTTTATGTGCACTGAGCTGTAACTTCTTACTTCCCTCT TAAMATTAGANNNNNNMNNNNMNNNNNNNNINN

Figure 26. Location of the “+” in the fasta sequence output from Assign for novel HLA-H*02:04:New allele.

6.2.11. It is recommended to BLAST the edited sequence in IMGT BLAST to confirm the edits.
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>IHW@9245_IMGT/H_Phase 1
MNNNNNHNNNNNNNNNMAINNNNNNNNNNANNNNSNNNNNNNNSNNNNINNNNNANSNNIN NN N NNNNIN NN NN NNNNNNNNINN NN N NNNNANN
MNNNNNHNNNNNNNNNMAINNNNNNNNNNANNNNSNNN NN NSNS NN NSNS IN NN N NSNS NN NNNNNNNINN NN N NNNNANN
HNNMNNNNNNNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNENSNNNNNNNNNNSNNNN NN NN NNNNNNNNNNN NN NNNNNNNNNNN NN NN NNNNNNN
MNNMNNNNNNNNNNNNMANNNN NN NN NN NN NN NN NN NNN NN NN NN NN NNNNNNGCACAGGAGGAGC GGG TCAGGGCGAAGT
CCCAGGGCCCCAGGCRTGGCTCTCAGGGTCTCAGGCCCCGAAGGCGGTGTATGRATTGGGGATGCCCCGCCTTAGGGATTCGCCACCTCCGCAGTTTCTC
TTCTTCTCACAACCTGCGACGGGTCCTTCTTCCTTGATACTCACGAAGCGGACACAGTTCTCATTCCCACTAGGTGTCGGGTTTCTAGAGAAGCCAATCG
GTGCCGCCGCGGTCCCGGTTCTAAAGTCCCCACGCACCCACCRGLACTCAGATTCTCCCCAGACGCCGAGGATGGTGCTCATGGCGCCCCGAACCCTCCT
CCTGCTGCTCTCAGGGGCCCTGLCCCTGACCCTRACCCAGACCTGRGCGCGTGAGTGCAGGGTCTGCAGGGAAATGGTCGLEGAGGAGCGAGGGGCCCGLC
CGGCAGLGGCGLAGGACCCGRAELATCCGCGCAGLGAGGAGGGTCGRGCCGGTCTCAGCTCCTCCTCGCTCCCAGGCTCCCACTCCATGAGGTATTTCTAC
ACCACCATGTCCCGRGLCCGRLCGCRGLGAGCCCCGLTTCATCTCCGTCGGCTACGTGGACGATACGCAGTTCGTGCGGTTCGACAGCGACGACGCGAGTC
CGAGAGAGGAGLCGCAGECGLCATGRATGEAGCHGLAGGGGCCAGAGTATTGGEACCGGAACACACAGATCTGCAAGGCCCAGGCACAGACTGAACGAGA
GAACCTGCGGATCGCGCTCCGCTACTACAACCAGAGCGAGGGLGGTGAGTGACCCCGGLCCGAGECGCAGGTCACGACCCCTCCCCATCCCCCACGGAGG
GCCGRGTCGCCTCGAGTCTCTGLGTCCGAGATCCACCCCGAAACCGLGGAGACCCCGAGACCCTTRACCTGGEAGAGGCCCAGGCGCCTTTACCCGRTTTC
ATTTTCAGTTTAGGCCAAAACCCCCGLGGETTGGTCGGGRGLAGGGCGRGLAECTCGEEEEACCGLGLTGACCGLGLGLACGGLGLCAGGTTCTCACACCATG
CAGGTGATGTATGGCTGCGACGTGGGGCCCGACGGACGCTTCLTCCGCGGGTATGAACAGCACGCCTACGACGGCAAGGATTACATCGCCCTGAACGAGG
ACCTGCGCTCCTGRACCGCGLCGGACATGGCAGCTCAGATCACCAAGCGCAAGTGEGAGGCGECCCATCAGRCGGAGCAGCTGAGAGCCTACCTGRAGGG
CGAGTTCGTGGAGTGGCTCCGCAGATACCTGRAGAACGGGAAGGAGACGLTGCAGCGCGCGGETACCAGGGGCCACAGGGLGLCTCCCGRATCGCCTGTA
GATCTCCGGGRGCTGGCCTCCCACAAGAAAGGRAGACAAATGGRACCAACACTATAATATCGCCCTCCCTCTGGTCTTGAGGGAGAAGAATCCTCCTGGGET
TTCCAGAGAGTGACTCTGAGGGTCCGCCCTGLTCTCTGACACAATTAAGGGATGARATCTGTGAGGAAATGAAGGGAAGACAATCCCTGRAATACTGATG
AGTGGTTCCCTTTGACAC+GGCAGCAGCCTTGGGCCCCGTRACTTTTCCTCTCAGGCCTTGTTCTCTGCTTCACACTCAATGTGCGTGGGGGTCTGAGTC
CAGCTCTTCTGAGTCCCTCAGCCTCCACTCAGGTCAGGACCAGAAGTCGLTGTTCCCTCTTCAGGGACTAGAATTTTCCACGGAATAGGAGATTATCCCA
GGTGCCTGTGTCCAGGCTGTTGTCTGRGTTCTGTGCTCCCTTCCCCACCCCAGGCATCCTGTCCATTCTCAAGATGGCCACATGCGTGCTGRAGGAGTGT
CCCATGACAGATGCAAAATGCCTGAATTTTCTGACTCTTCCCGTCAGACCCCCCCCAAGACACATATGACCCACCACCCCATCTCTGACCATGAGGCCAC
CCTGAGGTGCTGGGCCCTGGRCTTCTACCCTRCGGAGATCACACTGACCTGLCAGCGGLATGEGEAGGACCAGACCCAGGACACGGAGCTCGTGRAGACC
AGGCCTGCAGGGGATGGAACCTTCCAGAAGTGGGCGGCTGTGETGGTGCCTTCTGEAGAGGAGCAGAGATACACCTGCCATGTGCAGCATGAGGGTCTGC
CCGAGCCCCTCACCCTGAGATGLGOTAAGGAGGLAGATGGGGETGTCATGTCTCTTAGGGAAAGC CGGAGCCTCTCTGRAGAGCTTTAGCAGGGTCAGGG
TCCCTCACCTTCCCCCCTTTTCCCAGAGCCATCTTCCCAGCCCAACGTCCCCATCGTGRGCATCGTTGCTGGCCTGGTTCTACTTGTAGCTGTGGTCACT
GGAGCTGTGGETCGCTGCTGTAATGTGRAGGAAGRAAGAGCTCAGGTAAGGAAGGGRGTGAGGAGTGTGGTCTGAGATTTCTTGTCTCACTGAGAGTTCCAAG
CCCCAGGTAGAAGTGCCCTGLCTGGTTACTGGRGAAGCACCATCCACACTCATGGGCCTACCCAGCCTGGLCCGTGTGTGCCAGCACTTACTCTTTTGTAA
AGCACCTGTTACAATGAGGGACAGATTTATCACCTTGATGACTGTGGTGATGGGACCTGATCCCAGCAGTCACAAGTCACAGGGGAAGGTCCCCAAGGAC
AGACCTCAGAAGGGCGGTTGGTCCAGGACCCATATCTGCTTTCTTCATGTTTCCTGATCCCACCCTGGGTCTGCAGTTGCACATTTCTGGARACTTCTCT
GGGGETCCGAGACTTGRAGGTTCCTCTAGGACCTTATGGCCCTRGCTTCTTTCTGGCATCTCACAGGACATTTTCTTCCCACAGATAGAAAAGGAGGGAGC
TACTCTCAGGCTGCAAGTAAGTATGAAGGAGGCTGATCCCTGAAATCCTTTGGATATTGTGTTTGGGAGCCCATGGGGRAGCTCACCCACCCCACAATTC
TTCCTCTAGCCACATCTACTGTGGGATCTGACCAGGTCCTGTTTTTATTCTACTCGAGGCAGCAACAGTGCCCAGGGCTCTGATGTGTCTCTCACGGCTT
GAAAGGTGAGACCTTGGGGGECCTGATGTGTEGLGEATGTTGEGGEGEAACAGTGGACACAGCTGTGCTATGGGGTTCTTTGAATTTGATGTTTTGAGCA
TGCGATGGGCTGCCAAAGTGTCATCCATTACTGGGACAGATATGAATTTGTTCATGAATATTTTTTCTATAGTGTGAGACAGCTGCCTTGTGTGGGRACTG
AGAGGCAAGAGTTGTTCCTGCCTTCCCTTTGTGACTTGAAGAACCCTGACTTTC Tm:AN-‘LG GCACCTGAATGTGTCTGTGTTCCTGTAGGCATAATGTGT
GGAGGAGGGGAGACCAACCCACCCTCATGTCCACCATGACCCTCTTCCCCACGCTGATCTGTGTTCCCTCCCCAATCATCTTTCCTGTTCCAGAGAGGAG
GGGCTGAGATGTCTCCATCTTTTTCTCAACTTTATGTGCACTGAGCTGTAACTTCTTACTTCCCTCT TAAAATTAGANNNNNNNNNNNNNNNNNNNMNNN

Figure 27. The sequence edited to include the inserted bases in the novel HLA-H*02:04:New allele.

6.2.12. Once satisfied that the annotation locations match the novel allele sequence, they can be used to create
the 5-column feature table if submitting to Genbank.

7. Genbank submission
7.1. the 5-column feature table for Genbank submission

7.1.1. The Genbank Bankit tool has 2 functions- manual entry using a form or upload a 5-column feature
table- for adding gene feature locations to a sequence, but the same information is required for each.

7.1.2. Creating a 5-column feature table allows the inclusion of exons, CDS and details of the gene, as well as
other features described in the help links below from Genbank.

7.1.3. This page https://www.ncbi.nlm.nih.gov/WebSub/html/help/feature-table.htm| describes the
requirements for creating the feature table.

7.1.4. This page https://www.insdc.org/files/feature_table.html contains detailed information on the feature
table.

7.1.5. 5-column feature tables are saved as .tbl or .txt format and may be edited with notepad.
7.1.6. Some examples of feature table files have been included with this SOP.

7.1.7. Key features of the 5-column feature table:
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Example HLA-E

Figure 28. 5-column feature table example for HLA-E

a

File
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1986
2386
3173
331@
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Edit
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364 CcDs
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2181 exon
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2422 exon
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Figure 29. 5-column feature table with columns indicated.

The 5-column feature table as
viewed in notepad.

Column descriptions:
1.Sequence Identifier
Line 1

2. Column 1: Start location
(first nucleotide) of a feature

3. Column 2: Stop location (last
nucleotide) of a feature

4. Column 3: Feature name (for
example, 'CDS' or 'mRNA' or
'rRNA' or 'gene’' or 'exon')

Line 2

5. Column 4: Qualifier name
(for example, 'product' or
'number’ or 'gene' or 'note’)

6. Column 5: Qualifier value

21 of 26



Feature examples:

1.Gene Feature

File Edit Format View Help
»Feature Example E*81:NEW 2.CDS Feature
1 3822 gene

o 1.

B 3.Exon Features

3el 364 cDs
495 7ed
1889 1284
1986 2181 e 2.
2306 2422

3173 3285

3318 3358
product HLA-E
codon_start 1

381 364 exon

label Exon 1

495 764 exon
label Exon 2

1089 1284 exon
label Exon 3

1986 2181 exon

label Exon 4

2306 2422 exon ﬂ

label Exon 5 il
3173 3285 exon b
label Exon 6 Il
331e 3352 exon b
label Exon 7 [
3518 3522 exon y

label Exon 8

7.1.8.

Figure 30. 5-column feature table with features indicated.

Tab stops are used to separate each column in the feature table.

7.2. Create the 5-column feature table

7.2.1.
7.2.2.
7.2.3.
7.2.4.

7.2.5.
7.2.6.

7.2.7.

7.2.8.

For cDNA sequences- feature table and gapped sequence
Use the template TEC745-1_Create feature table cDNA.xIsx to create the 5-column feature table.
Enter the feature locations into the first tab- exon_locations.

Copy the cDNA fasta sequence output for the novel allele including the header and paste into the
paste_fasta tab.

The template will add a string of N’s (gaps) to the fasta sequence to represent to introns.

The updated sequence can then be copied and pasted to a new text document and saved as .fasta
or.txt file.

The template will generate the 5-column feature table with updated exon locations and gap locations
in the tab tbl_output.

The feature table can then be copied and pasted into a new text document and saved as .tbl or .txt file.

7.2.9. For gDNA sequences- feature table
7.2.10. Use the template TEC745-2_Create feature table gDNA.xlsx to create the 5-column feature table.
7.2.11. In the first tab exon_locations, select the gene name from the list to populate the default exon

June 2022

locations, or manually enter the exon locations in the table.

NOTE: the default exon locations have been calculated based on common alleles and will not be
suitable for all sequences. It is recommended to carefully check the feature locations for each novel
sequence.

22 of 26



7.2.12. Copy the gDNA fasta sequence output including the header and paste into the paste_fasta tab.

NOTE: the fasta sequence is used for creating the feature table only and is not modified.

7.2.13. The template will generate the 5-column feature table in the tbl_output tab.
7.2.14. The feature table can then be copied and pasted into a new text document and saved as .tbl or
txt file.

7.3. NCBI account

7.3.1. Go to https://www.ncbi.nIm.nih.gov/ and follow the instructions to set up an account.

7.4. Submit with Bankit

7.4.1. Click submit on the NCBI homepage and follow the prompts for submission or go directly to Bankit
https://submit.ncbi.nlm.nih.gov/about/bankit/

7.4.2. Follow the prompts on the Bankit forms to enter contact information and references.

7.4.3. In the Sequencing Technology form, select “Other” for Method, and enter “AlloSeq Tx17.1 Hybrid
Capture”. Select assembled sequences and enter “AlloSeq Assign” for the Assembly program and
enter the version of AlloSeq Assign used.

7.4.4. In the Nucleotide form, enter the desired release date. Select genomic DNA for the molecule type,
Linear topology and No to complete sequence submission. Either paste the fasta sequence for the
novel allele or upload the file.

7.4.5. Enter the Organism name (homo sapiens), Submission category and Source modifiers as appropriate.

7.4.6. In the Features form, select Add features by uploading 5 column feature table. Choose the file, then
upload. Once uploaded the features will populate.

7.4.7. Review the Submission and Submit.

8. IMGT submission

8.1. To submit to IMGT the following are required:

8.1.1. Accession number for the sequence.

8.1.1.1. This will be provided via email by Genbank once they have performed initial processing of the
submitted sequence.

8.1.2. Fasta sequence
8.1.2.1. use the sequence prepared for the Genbank/ENA/DDBJ submission.

8.1.3. The name of the closest known allele

8.1.3.1. The top result as determined by the IMGT BLAST search.

8.1.4. The locations of the differences to the closest known allele.

8.1.4.1. The location of the differences to the closest known allele can be determined using the
IMGT BLAST alignment, or by performing a sequence alignment of the closest known allele
https.//www.ebi.ac.uk/ipd/imgt/hla/align.htm|
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Figure 31. Top result for H¥*02:04:NEW from the IMGT BLAST search.

Query 1821 CACACCATGCAGGTGATGTATGGCTGCGACGTGGGGECCCGACRGACYCTTCCTCCGIRGG 188D
CERPELEETTEEEE PR e Er e e e e e ey Egrr et
TGATGTA CTTC

Sbjct 1821 CACACCATGOAGG TGO TOCGACG TOGhHGICLGATLGGT] CTCCGLo0G  1BEd

Figure 32. Alignment from the HLA-H*02:04:NEW BLAST search indicating the novel position at nt 1065.

8.1.5. The genotypes of other HLA loci such as A, B and DRB1.

8.2. Use the submission tool on the IMGT website to submit the novel allele.

8.2.1. https://www.ebi.ac.uk/ipd/imqt/hla/subs/submit.html|

8.2.2. Once the novel sequence has been accepted and processed, IMGT will email the official name for
the novel sequence.
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10. Resources

DDBJ Nucleotide Sequence Submission System (NSSS)
https://www.ddbj.nig.ac.jp/assets/files/pdf/ddbj/websubHelp full-e.pdf

Submissions to GenBank

https://www.ncbi.nlm.nih.gov/genbank/submit/

General Guide on ENA Data Submission

https://ena-docs.readthedocs.io/en/latest/submit/general-guide.html#

AlloSeq Assign Instructions for Use

https://labproducts.caredx.com/software/assign/alloseq-assign/manuals/

11.Customer Support

Website: https://labproducts.caredx.com/
For Technical Support please email: techsupport-global@caredx.com

For ordering details, please refer to the CareDx website: https://labproducts.caredx.com/
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12.Appendix

Table 2. Amino acids

Amino Acid DNA codons Amino Acid DNA codons
Ala A GCT, GCC, GCA, GCG Lys K AAG, AAA
ArgR CGT, CGC, CGA, CGG, AGA, AGG Met M ATG
Asn N AAT, AAC Phe F TTT, TTC
Asp D GAT, GAC Pro P CCT, CCC, CCA, CCG
CysC TGT, TGC Ser S TCT, TCC, TCA, TCG, AGT, AGC
Gln Q CAA, CAG ThrT ACT, ACC, ACA, ACG
Glu E GAA, GAG Trp W TGG
GlyG GGT, GGC, GGA, GGG TyrY TAT, TAC
His H CAT, CAC ValVv GTT, GTC, GTA, GTG
lle | ATT, ATC, ATA Start ATG
Leu L TTA, TTG, CTT, CTC, CTA, CTG Stop TAA, TGA, TAG
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