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ABSTRACT

The complete genomic sequence of HLA-DRBI*04:90 was determined using a PacBio sequencing approach conducted in China.

Here, we present the complete genomic sequence of HLA-
DRBI*04:90. This sequence was identified in a volunteer donor
who took part in the China Marrow Donor Program. As of
now, based on the IPD-IMGT/HLA Database Release 3.60 up
to April 2025 [1], a total of 3787 HLA-DRBI alleles have been
identified, with 861 of them classified as DRB1*04 alleles. The
HLA-DRBI*04:90 allele sequence was first submitted to the
IPD-IMGT/HLA Database in 2010. At that time, it only covered
exon 2. Now, we report the 14,465-base-pair (bp) full-length ge-
nomic sequence of DRBI*04:90 obtained via PacBio sequencing,
a third-generation sequencing platform. Briefly, group-specific
amplification was carried out using primers located in the 5’
untranslated (UT) and 3" UT regions. This was followed by
Sanger sequencing using generic primers in both the forward
and reverse directions via cycle sequencing [2]. The HLA-DRB1
sequencing result in this sample is rare. To verify this result, the
third-generation sequencing platform (Pacific BioSciences) was
utilised.

All tests were conducted with the donor's informed consent.
Genomic DNA was then extracted from peripheral—blood leu-
kocytes in accordance with the manufacturer's instructions for
DNA isolation kits (Life Technologies), and further molecular
testing ensued. Briefly, the library was added to the sequencing
chip and sequenced using a PacBio Sequel II high-throughput
gene sequencer. The excitation wavelength of the instrument
enabled the group to emit fluorescence, and the fluorescence
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signal was recorded. Subsequently, we utilised the official
PacBio software, Circular Consensus Sequencing (CCS), to pro-
cess the HiFi data. Next, we partitioned the library according to
the presence or absence of barcodes. Afterward, we performed
back posting, mutation detection, clustering, typing, and hap-
lotype verification of the results [3]. Finally, the full-length se-
quence of the HLA-DRB1*04:90 allele was confirmed.

For the first time, the sequence of DRB1*04:90, with a total length
of 14,465bp, encompassing all exons, introns, the 5’-upstream
region, and the 3’-downstream region, is reported herein. When
compared with DRBI*04:05:01:04, DRB1*04:90 demonstrates
three nucleotide changes at nucleotide positions 8573, 8574, and
8575, where T is converted to G, A to T, and C to G. These alter-
ations lead to a coding modification, with the Tyrosine residue
at position 107 encoded within exon 2 being transformed into a
Histidine. In contrast to DRBI*04:05:01:04, a nucleotide A is in-
serted at position 5262 in the repetitive sequence region of intron
1, and the AGAG fragment is absent after the base at nucleotide
8761 in intron 2, as illustrated in Figure 1. The complete HLA
typing of the donor is presented as follows: HLA-A*02:01, 02:06;
-B*35:01:01G, 51:01:01:01; -C*03:03, 14:02; -DRBI1*04:90, 11:01;
-DQBI#*03:01, 04:01.

The name DRBI*04:90 has been officially assigned by the WHO
Nomenclature Committee for Factors of the HLA System in
April 2010. This follows the agreed policy that, subject to the
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FIGURE1 | Alignment of the full-length sequences of the HLA-DRB1*04:05:01:04 and HLA-DRB1*04:90 alleles. Dashes denote identity with the
DRBI*04:05:01:04 sequence. The nucleotide positions are numbered in accordance with the full-length genomic sequence alignment in the IPD-
IMGT/HLA Database. The DRBI*04:90 allele exhibits three nucleotide changes from the DRBI*04:05:01:04 allele at nucleotide positions 8573, 8574,
and 8575, where TAC is altered to GTG. These changes lead to a coding modification, with the Tyrosine residue at position 107 encoded within exon
2 being converted to a Histidine. When compared to the DRBI1#04:05:01:04 allele, the DRBI1*04:90 allele has a nucleotide A inserted at position 5262
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67
CTCCAACACT AGATTACCCA ATCCACGAGC AAGGAAATCA GTAACTTCTT CCCTATAATT TGGAAT#TGG GTGGAGAGGG
‘Exanl

14
GTCATAGTTC TCCCTGAGTG AGACTCACCT GCTCCTCTGG CCCCTGGTCC TGTCCTGTTC TCCAGC%TGG TGTGTCTGAA

‘ 94
GTTCCCTGOA GGCTCCTGCA TGGCAGCTCT GACAGTGACA CTGATGGTGE TGAGCTCCCC ACTGGCTTTG GCTGGGGACA

Intronl 174
CCCGAdGTAA GTGCACATTG TGGGTGCTGA CCTACTATGG GGTGGGGAAA AAAGGGAGTT GTGTTAACAT TGTGCCCAGG

254
CCATGTCCCT TAAGAAAGTG TGACATTTTC TTCAGGGATT GCCCATCTTT ATCATATGGA TCCCAAATTA TTTCCACCAC

334
AAATGGAACT TGGCTACTTG CCCTATTCAT GAGACTGTGT AAAGGGCCTT TGTACAGGCC ATGTTTTACT TTAAATCTCT

414
ACCAATAAAA CCTTTGCATC ACATGTCCTC AGGGTCTTTA GAGGATTTAG AAATAAGGAT GCTAAAATAA ATTCCTCATA

494
CAGCACTTCC CTTTATCATG TTGACTTATG TCAGACGAAA CAAGGTTTTG TTTTGAAAAT TTTGTGGGAG TCAAAGGAAT

574
TCAAAGGGTC TCTCCTAGAC GATCCTGTGT TGTCCTCCAC AGGACCTGTG GTGTTGGCCC CTCTTCCTCA TATGTGAGGA

654
TGTACCCAGT GGCCTCCCCA TTGTTTCCTT TCTTTTTTTT CTGAACTCCA GTGTTTATAA AGCCTGTATC CCTGTAGCAT

734
ATGTAGGTTC TCTGACAGAA GTTATACTTA GTGCTCTTTC TTTCTTATGG GGAAAAATCC CTGGATCTGA AACTGACATC

814
TTTAGTACTT GGAGTCACCC TACAGGTAAA GACCATTTAT GAGGTATTCA TTGGTGCCTC CTCTTGATCG GTCTCTCAGA

894
CCCCTGAATA CTTGGATACT CCTCAAGAAC TTAAGGCATC CTCTGAAAAA CTGGCCCAGA TTAGTGCTTA TTATTAATCT

974
TTTATAACCT TTCTATACTT GTTTCTCCTG CATGCTCTAA CTAGACATGA CAGAAGAGAT TCAACTAACA TAGGATAAAT

1054
TATATGAAAT TCTATTTTTG TAAGTCAAAA ATAGTCAAAT ACCAGAAAAT TAATAATGTT CAAACTATAT ACTCTGTGTG

1134
GGGTTACCGA GACGACGTGG ACATTGTTCA CATCTAATAG GGCTGAAAGT CAATGAAGAA GTCCTGGAAA CTCCTTGTCT

1214
TACTGGGGTC TTGTCCTAAA TTTCATAGGT TCACCCATCA TGCCCTCAGC TTTCCTTAAT TAGCCATGTC TGCTTATCTC

1294
TACCTCCAGT TTCTCTCTAT TTTTCCCCAG CTATGTTGTC ATCATTTCCA GAAATCTCTA AAACTTGCAA AGATCCTTAG

1374
CACTATGAGA TCCATTGAAA GAGATAATTT TTTTCTTTTT GAGACAGGGC TTGGTTCTGT CACCCAGGCT GTAGTGCAGT

1454
GGTGTGATCT AGGCTCACTG CAACCTCTGC TTCCCACGCT CAAGTGATCC TCCCTCCTCA GCCTCCAGAG TAGCGGAGAC

1534
TACAGGCAGG CAAACATGTG CAGCTAATTT TCATGATTTT GTTAGAGATG AGATTTTGCC ATGTTGCCCA GGCTGTTCTT

1614
AAACTCCTGG ACTCAAGCAA TCCTCCTGCC TTAGCCTCCC AATATGCTAG GATTATAGAT GTGAGCCATT GTGCCCAGGC

1694
AAAAAGAGAT GAACCTTAAT TTAAAAATTT CCTTTTTCTT AAATCACTGT TTCTCTATCT GTGAATTCTT CTTCCAACTA

1774
GAAGGAGGAG AAAGAAGAAG TTTGCCTGTA TTTCTCACCA GGAGGAGGAG TCTAGTGTGA TATCAAAATG AAAGAGTGCT

1854
GGAGCTTGAT CCCCTTCTTG CTTTCCAGGA TCCCTGCAGT GATCAGTTCC CACACCCTGG TTTATTCATG TAAAGCACAC

1934
TTATTTTTTT CAGCAGCTAC TCTTTACTGG GCTCCATTCT AAGTTCAAAT CATTCTATTT GAGTAAGATA GAGAGGGTCT

2014
CGACTCTCAT GGAAGTTACA CAAGAGTAGA GGAGACAGAC ACTAACCCAA TAAGCATTTA ACAAAGAAGA AAATGTTAGA

2094
GAGACATAGT GCACTGAAGA AAAGACATCA GGTTTGTGAA AAAGAGAGAC ATGGATTCAC TTACTTTGGT TCATATGCTT

2174
AGGCAGCTAT AACTGAGAAA GTGACATTCA GCTGAGACAA CAAAATAAAT AGACAGTCGT GAAGATCTAA AGGACGAAAG

54
TTCCAGGGAG AATGAATGGG GGGGAAGCTC TGGTGTGGGA AATTATGTGG AAGGACAGAA AGAAGGCTAG AGGGACTGAA

2334
CTATAGCAAG CAAGGAAATG GAGAGGCAGA AGATGAGGTA GGACACAGAG AGGAAGTCAG GAGCCTCATC ATATTAGACT

2414
CTGATGGCCA TGGTAAAAAA ATTGAATTTT ATTTTATTTT TATTTATTTT TTGAGACGGA GATTTGTTCT TGTTGCCCAG

in the repetitive sequence region of intron 1. In intron 2, the AGAG fragment is absent after the base at nucleotide 8761.
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2494
GCTGGAGTGC AATGGCGCGA TCTCGACTCA CTGCAACCTC TGCCTCCTGG GTTCAAGTGA TTCTCCTGCC TCAGCTTCCC

2574
AAGTAGCTGG GATTACAGGT GCCTGCGACC ATACTCGGCT TATTTTTTTG TATTTTTAGT AGAGACAGGG TATCACCATG

2654
TTGGCCAGGC TGGTCTCAAA CTCCTGACCT CAGATAATCT GCCTGGCTTC CCAAAGTGCT GAGATTACAG GCGTGAGCCA

2734
CCATGCCCAA CCTGAATTTT ATTTGAATAG ATATGAGAAG CTACTGTATG GTTACAAGGA CAGTCAATTT ATATTCGATT

2814
TTTTTTTTTT GAGACAGAGT CTTGCTCTGT TGCCCAGGCT AGATTGCAGT GGTACAATCT CAGCTCACTG CAACCTCTGC

2894
CTCCTGGGTT CCAGCAATTC TCCTGCCTCA GCCTCCCAAG TAGCTGAGAC CACAGGTACA TGCCACTACA CCTGGCTAAT

2974
TTTTTGTATT TTTAGTAGAG ATGGGGTTTC ACCGTGTTAG CCAGGATGGT CTTGATCTCC TGACCTCGTG ATCCACTCCC

3054
CTCGGCCTCC CAAAGTGCTG GGATTACAGG TGTGAGCCAC CACGCCCGGC CTATATTCAA TTATTAAAAT TAATTCTAGC

3134
TACTCTGTGG GGATTGGATT GTTGGGTTTC ACAAGTGGTC AGGAAGACTA TTTAGGATCA CAGCAGGGAA TTCTCCAGGG

3214
AAAACAGGCT TGTGGCTTCA TAGAGTGCAT TAGTGATAAA GACAGTGAAA ACGACAAAGT GGACAGACTA GGCATGTATT

3294
TTTGCTTAGC TTGTTAATGG ATTACTCTAA AGGGGGTAGA AAAATCAAGC TTATTCCTAA GGATTTTGTT TTGACAAATA

3374
AGTGGATGGT GGTGTTTATT GAGATAGGAA AAACTGTGGG AGGAAATGAT TTGAAGTGGG TGGTTGGAAA TAAAAGTTTT

3454
GTTTAAATTT GAGATGATTT ATTGACATTT ATGTGGAGCA ATCCGAAGGT CAATGGCATT TAAGAGACTC ATGGTGAGGT

3534
GAGGCCAGGG CTTCAGGTAT TTATGTTGGC GGCATCAGTA CGTGTAATGT GTTAAATTCC AGGGAGTGGA AGAGGATACA

3614
TAGGGAGATG GATTGTGTGG AGAAAAAAGA AGAGGGTACA GGCCAGCAAA GGGGGCTGAG ACAGAGCCCA GGGATGCTGG

3694
AGAAAACCCA AGAGAACATA ATGGGTGTAA GTCATGGAAA ATAGATTATT TTCAAGGAGA AGGGAGAGGT CAATTGTGGT

3774
GAGTACCACT AAGAGGAGGG GGAAGTGAGA ACGTGACAGA GAAGCAAGTG CTGGGTTTGC TGGAGTTGAT ATTTGCAGTC

3854
AATGGAGTAT CCAGGGAGGA AACTGGATTG GACCATTTGA AGAGCAAGTA GAAGTGAGGA CGAGGTTAAG GGTGACTATT

3934
TTAAGTAGAG AGCTTCAGGG AAGGACTGTG CTCTGGGTTC AGGGAGCCTG CTGGATCTAA AGGAAAAGGG CTGAAGAGGC

4014
TGAAGAGAAG GAGGAGGACC TGTGAACCAG AGATACTGAG TTATTATTAG CAAGGAAATA CTAGAGGGTC CCTGTGTGCA

4094
GTGCTGACTG CTCATGCAAA AGGTCACACA GACAATATTT CACACAGCCA GTATTTATTA GTGACATAGA ATATGCCAGT

4174
TATTACTCTA GGTCATGAGA ATAGAGTGAT AAATAAAATG AATCTGGTCG CCATCGGTAT ATGCCATGTA ACATTTTGCA

4254
GTGACTGTGT ACCAGGCCTA TGAATTTCAG TATGCAATTT CAATAACGAT CCTGTTGTAT CTGTGGTGTT TAAAAACATA

4334
TACATCTCTG GAATCTAAAA TTGAGAGGAT ATAAGTAAAA CCCAGTATTA GAAATTTAGT GCTGGAAATC AGACTGCAGT

4414
TTAAATCTGA GCATATAGAA AGTCCCTTTC TTCTATGTCA GCAGATGCCT TTTGTGTGAG GTTTAGGTAT ACTACATTAT

1494
TAGACATAAA CCAGTGATTC TGCCCTATGT TTTCAGAATG ACAATTCTTT ATGAAACTAA TAGAAGAACA GAAGACAATT

4574
GCAAAATCAT GATGAAGATG CTAGTGGCTT TAGAACCAAG GAATACAAAA AATAATGTGA GCTGCAGTTA TAGGGATTAT

4654
AAAAGTTAAA ATGGGAATGC ATTTGAGTGT TTATTATGTG ATCAGTGCTA ATAAGAGTCA TCATTTAATT TTACACTTAA

4734
CAATAATCCT GTGAGGATTA AGCTATTATT AAATGCATTT GATAGATTAC AAAAAGGCTT ACCGTTGGTA AAAATTGACC

4814
CAAGGGGAAG AGGTCACATT TTTATTCAGA TTTTCTGATT CTAGAGTTTG AGAGTCTGTC CATCATTAGT GAGTAGTGAC

4894
AATACTGTGT CTAAATTATC GACAGAATTT CTGATATTCA TATGTACTAT GTTGTTTCTT AGAGTGTGGG CAGAGATTCA

4974
GGGCTGCTAG TTCCAATGTA TAGGAGAAAC TTTCATTCAT TTTGCATTTA TCATTTTAAA AGTTCTAGGC TGGGCGCGGT

5054
GGCTCATGCC TGTAATCCCA GCACTTTGGG AGGCCAAGGC GGGCAGATCA CGAGGTCAGG AGATGAAGAC CATCCTGGCT
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5134
AACATGGTGA AACCTCGTCT CTACTAAAAA TACAAAAAAT TAGCTGGGCG TGGTGGTGTG CACCTGTAGT CCCAGCTACT

5214
TGGGAGGCTG AGGCAGGAGA ATGGCATGAA CCTGGGAGGC GGAGCTTGCA GTGAGCTGAG ATCGTGCCAC TGCACTCCAG

5293
CTCCACCCTG GGCAAAAGAG CGAAACTCCC TCTCAAAAAA AAAAAAAKGT TCTATATGTC TGTCATGGCA TATGTTGAAG

5373
AACACAAGGA AGTATTAAAT CACTCCTTCT GAGGTTTGTC TAGCAAGTTG GGCTAGGATT GCCAAATAAA ATACAGGTTT

5453
CTAGTTAAAT CTGAATTTCA GATACACAAC TATAATTTAC TGAAAATCCA AATGTAACTT GGCATCCTCT GATTTTATTT

5533
GCCAAATCTG TCAACCCTAC ATGAGACACA TGAGCATGGA TTACGGTGTT ACCCATGGAA GCCACAGCCA CAGTGACAGC

5613
GACTTCACAC ATGTTTATTT TTTAACTTTC TCTCTGTAAA GAAAGTGCTT AGATAATTTA GGGATAAAAA GATAGACATT

5693
GTTTGATCCA GGATGCACTC CTCTCTGCCA TCGTTTCTAA AGGGCAAAGA GAGATTTCCA CAGGTCTTAC TCACAGTCTG

5773
ACTCACAGTC TGGGGACCTG CTCATGCTTT GAAACTGTCT GTATGAGAAT GTCATTTTCT TGGTTTCTCC CTTTCTGAGG

5853
GGACTTGACT ACAAAACTGA GAGTTCTACC TCTGGCCAAG GCTGGAAATT TGATGCCTGC TAGTATTGTT GGGAATGGGA

5933
GACTGAAATA AATGAGTTAG TTGGGGCATT AAACAGGAAT AAAATAGCTG TGGTTGTGAT TCATTACTAC AATTAGTGGA

6013
CTAGTGGCAG AGAAATTAAG AAAGAAGATG ATGTGAGAGA TAAATTATAT GATTTGGTAA GGCAAGGGAA TCAGTAAATC

6093
TTGGTTCTGA ACAAGTTCAT TTTCTGGAAA GATAGCACTG TACTGGGACC AGAATTCTAC AAAACATCCG TTTTATGTAA

6173
GACCAAGATT TTCAACAAAT ATTTTTCAAT GCAGTTCTCA GCTGCTCCAT AACTAATAGT GACTTATTCA ACACAGATAT

6253
TTTCAGATGG TTCACACCCA TGTTTCTTAC CCAGGGACAG TTCACCACCC CTCCCCTTCC CTCCCATCAC TCTTGAGGAA

6333
CATGTGGCAA TGTTAGAATA ATTTTTGGTT GTCACAACAG GGGTTTCTTC TGATATTTAA TGAGCAGAAG CCAGGGACAC

6413
TGCTAGAGAA CCCACAATGT TCAGAATAGA CTCCATCACC AACCAAGATT TATCTCGTCC AAAATGTCAA TAGTGCTGAG

6493
GCTGGAAGCA TTGGTTCACA CTGTGCTCTT TCTGAAAAAT GTAGACTCGC TTTTTTTTTT TTTTTTTGAG ATGGGGTCTT

6573
GCTCTGTCGC CCAGACTGGA GTGCAGTGGC TCCATCTCAG CTCACTACAA CCTCTGCCTC CCAGGTTCAA GCGATTCTCC

6653
TGTCTCAGCC TCCCCAGTAG CTGGGATTAC AGGTGCACCC TGCCATGCCC GGCTAATTTT TTGTATTTTA GTAGAGATGG

6733
GGTTTCACCA TGTTGCCCAG GCTGGTCTCG AACTCCTGAG CTCAGGCAAT CCACCCGCTT TGGTCTCCCA AAGTGCTAGG

6813
ATTACACGCA TGAGCCACCG CGCCCGGCCT AGACTCACAT CTTTTATACA CTTACTGCCC AATTCAGTTC TTTATGGTTT

6893
ATTTTTGCTT GTTTCATTAT AAAAAACTAG ACAGTTGCAT AAATTCAACC ACTTACTTGT TGAATCCATT TAGTCAATGC

6973
AAGCTCAACA TTTTCATATT TATTTTTTGC CTTATGCAAT ATTGTTCAAC ATTTTCATAA GTTGTTGGTC AGCACTATCT

7053
CTATTAACTT TCAACAGTTT GCCCTTCTAA GTCACAAATA GTGATGCTGC TGCAATTATT TTTCACTAAC ATGCCTCAGA

7133
TTTCTGTAGT GATTCTACAT TTGATATTAT TCACAATGTA AAATGCTTCT ATTTATTCAT TTCACTTTTA CCCACAGGAT

7213
TATTTTTAAG TTATTTTTGT CATTTTCACA CTTCAACCAA ACATAAAGAC AAAAACATCA AAAATATGTA CATAGTGTTA

7293
TACATAGGTG TATATTTACA CACATATATG CACATATGTT TATATGTATT GAAACTACAG AAGCACATGT CACCAATAAG

73173
AGCTCTGAGA CACCTTTGAC CACTTACCCT TATCAGATGA GATTTGCCAA ATGAGTTTTG GGAACAAATT TCTTTTAACT

7453
GAATTTCTGA GCTTTGTGGA TTTAGAAATG CAACTGAAAG TTTGTGGACA TTTACGAGGA TCATAGTTTT ATTCTCCTTA

7533
AAACTCTTCA ATACTTTCCC ATTGTCTTTA GTAAATCCAA AATCCTAACA CCACTCACGA GGCTTTTCAA CACCTGGCTT

7613
CTTGTGATTT CTCCAATCTA ACCTTTTACC CTCCTTCCCC TCAGCCTCTC TGCTTTAGTG AACTTTGTTC TAGTTTTTTG

7693
AAGTTCATCA TCAATTCAAG CTTTTGTACA TGGGATTTCC TAAACCTGAA ATGTGCCTCC GGTTTTGTCC AAACAGACAC
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77173
ACAGGCTCCA CTCTGCCCCC TGGCTCACAC CTGCTTAACT TGTTAAGTCA CATCTGTAAC TGTCACTCTT CTCTGGCACC

7853
CTAAAGGAAT TGAGATCATC CTATTATTCT CTGTTCTAGA ACTCCACACT TCTGAAATTT CTCATTCCTG TCTAAGCTCT

7933
TGTGTGTTTG GTTTTTGGCC ATCACTTTCG CTGCTCTTAA AGCTCCCCCA GCGGAGTGGA GAGGTCTGTT TTCCCGTGTT

8013
TGGATTCCTA GAGGCAGCGC AGGCCTGGCA CAAGGTCATC ACTAAGGAAG TGTTCACAGG ATGAAAGCGG TGCGTGCTGT

8093
TTAAGGAAAG GGTAAAGCCT TTAAATGGTA AAGGGTTGAG AGAAGGAGCA AAGTGCCTTT GGGGTGGAGG CTCCCAGGAG

8173
GAGGCGGCGC GGGCTGCGGT GCTGGACGGA TCCTCCTCCA GCTCCTGCCT GGAGGTCTCC AGAACAGGCT GGAGGCAGGG

8253
AGGGGGTCCC AAAAGCCTTG GGATCAGAGG TAGTTTTTCC ACCTGGTCCC CCAGACCCCC GTCCGCCTCA GAAAGACAGA

8333
GGATGAGCCC CTGGGCTGCG TGTTGTCGGG GTTGCGGGTG GGGCCAGATA GTGTCTTCCC CGGAGGCCGC TTCTGTAACC

Exon2 8413
GGATCGTTCT TGTCCCCCCA GkACGTTTCT TGGAGCAGGT TAAACATGAG TGTCATTTCT TCAACGGGAC GGAGCGGGTG

! 8493
CGGTTCCTGG ACAGATACTT CTATCACCAA GAGGAGTACG TGCGCTTCGA CAGCGACGTG GGGGAGTACC GGGCGGTGAC

8573
GGAGCTGGGG CGGCCTAGCG CCGAGTACTG GAACAGCCAG AAGGACCTCC TGGAGCAGAG GCGGGCCGCG GTGGACACCI
U

ntron2

I 8653
ASTGCAGACA CAACTACGGG GTTGGTGAGA GCTTCACAGT GCAGCGGCGA GkTGAGCGCG GCGCGGGGCG GGGCCTGAGT
T

! 8733
CCCTGTGAGC GGAGAATCTG AGTGTGTGTG TGTGTGTGTG TGTGTGTGTG TGTGTGTGTG TGTGAGAGAG AGAGAGAGAG

8893
TGCGGGCACA GGTGTGTGTG TAGAGTGTGG ATTTGTCCGT GTCTGTGAGG CTGTTGTGGG AGGGGAGGCA GGAGGGGGCT

8973
GCTTCTTATT CTTGGAGACT TCTGTGGGGA GGTGACAAGG GAGGTGGGTG CTGGGGGCTG GAGAGAGAGG CGACCTTGAT

9053
TGTCTCGGGT CCTTAGAGAT GCAAGGAAGG GAAATGTATG GGGTGTGTGG TTGGGGTGAA GGTTTAGGGG AGGAGAGCTG

9133
AGGGGTAAGG AAGGTTTGGG ATAATGTGAA GAGGCCAGTT TCAGACTGTC CCTGGCACAC ACCCTTCATG TAATCTCTGA

9213
AATAAAAGTG TGTGCTGTTT GTTTGTAAAA GCATTAGATT AACTTCTAGG GGAATTGAGT AGACCTCTGA GGCACCTCTG

9293
AAGCTTCTTT AGGTATAAAT TTCTTGCTAG TTTTTTGTTT TCTTAGTGTT ATATTTTTAC ATAGTTGAAA TGACTGTGAA

9373
ACTAACTTTT TGAATTAAAG TTTGAAAACA CTGTTACTAT TTTATTATAA TGCTAATAAT TTCATAGTTA CTTTTTAAAT

9453
ATATAATAGT TGTGACACAA ATTACCTCAC TTTCTTTGTT TTTTTTTTTC TTACACTTTA AGTTTTAGGG TACATGTGCA

9533
CAACGTGCAG GTTTGTTACA TATGTATACA TGTGCCATGT TGGTGTGCTG CACCCATTAA CTCGTCATTT AACATTAGGT

9613
ATATCTCCTA ATGCTATCCC TCCCCACCCC CCCACCCCAC AACAGGCCCC AGTGTGTGAT GTTCCCCTTC CTGTGTCCAT

9693
GTGTTCTCAC TGTTCAATTC CCACCTATGA GTGAGAACAT GCGGTGTTCG GTTTTTTGTC CTTGCCATAG TTTGCTGAGA

9773
ATGATGGTTT CCAGCTTCAT CCATGTCCCT ACAAAGGACA TGAACTCATT CTTTTTTGTG GCTGCATAGT ATTCCATAGT

9853
GTATATGTGC CACATTTTCT TAATCCAGTC TATCATTGTT GGACATTTGG GTTGGTTCCA AGTCTTTGCT ATTGTGAATA

9933
GTGCCGCAAT AAACATACAT GTGCATATGT CTTTATAGCA GCATGATTTA TAATCCTTGG GTTATATACC CAGTAATGGG

10013
ATGGCTGGGT CAAATGGTAT TTCTAGTTCT AGATCCCTGA GGAATCGCCA CACTGACTTC CACAATGGTT GAACTAGTTT

10093
AGAGTCCCAC CAACAGGGTA AAAGTGTTCC TATTTCTCCA CATCCTCTCC AGCACCTGTT GCTTCCTGAC TTTTTAATGA

10173
TCGCCATTCT AACTGGTGTG AGATGGTATC TCATTGTGGT TTTGATTTGC AATTCTCTGA TGGCCAGTGA TGATGAGCAT

10253
TTTTTCATGT GTCTTTTGGC TGCATAAATG TCTTCTTTTG AGAAGTGTCT GTTCATGTCC TTTGCCCACT TTTTGATGGG

10333
GTATTTTGTT TTTTTCTTGT AAATTTGTTT GAGTTCATTG CAGATTCTGG ATATTAGCCC TTTGTCATAT GAGTAGATTG

50f7
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10413
CAAAAATTTT CTCCCATTCT GTAGGTTGCC TCTTCACTCT GATGGTAGTT TCTTTTGCTG TGCAGAAGCT CTTTAGTTTA

10493
ATTAGATCCC ATTTGTCCAT TTTGGCTTTT GTTGCCATTG CTTTTGGTGT TTTAGACATG AAGTTCTTGC CCATGCCTAT

10573
GTCCTGAATG GTATTGCCTA GGTTTTCTTC TAGGGTTTTT ATGGTTTCAG GTCTAACATT TAAGTCTTTA ATCCATCTTG

10653
AATTAATTTT TGTATAAGCA AATTACGTCA CTTTCCCCAT TGATGACCTT TATTATGACA TTCACCAATA GTTGAAAATG

10733
TATGTTTCTG GTTAATTTTT GATTTATATT TTTTTGATTT GTAATTATTT TGAATTATTT TGACCTATTT ATTGGCCAGT

10813
TGTAATTACT GCTCTGCTCT ACGAATTACC TGTTGTATTT GGTAGGTAAT GGACAATGAT CTATTGTCTC TTATCTTTAG

10893
GGCTTAGTAT TTTTCTCAGT GACTTTGTGG GTTTGTTGTA CTGTAAGATT ATTAACACTT TATTGATATT TGATTCAGTA

10973
TTTTCTCCAG TTTGTGGTAT GTATATTTTG AAAATTCTTT TCCATGTTAA GAATTTGAAC ATTTTTATTT AATAAAATAT

11053
ATTGCAAAAT GTTAATTAAT GATTCACAAA CTAGCTCAAG TCTACCATTT TGTGGTATTG ATGTCTCCAG GTTTCTCCTT

11133
CCTTCTTAAA AAAAAATGTA TTTATTGAGA GTATGCTAGT GTCAGGGATT TCCCTAGGCA TAAGCACTCC AAGTAATGAG

11213
TCCCAGACAC TGCCTTGATC CAAATGTCAT TCTGGAAAGA AAAATCATTT TACAGTGATA AGCCTAATAA TAGTTATACT

11293
TGTTTTGCCT GGGAGATGCA TTGATCAGCT AAATGTAAAT ATAAGAACTT TCAAAACTAA AATGACGTTC CTTAATCTTT

11373
CTCTCTGCTT TAGGAATCAT GCTTTCTTAG GAACTTAAAG ATTTGGAGAA TCATTTCTGT CTGTCCCACC TTCCCAGGAG

11453
CATAACCATT TCTGTGGTGT TCTAAGGTGT GAGTGCATGG CAGTAGTATT CCTAAAAATC CATATTCAGT TTCCTCATGT

11533
GCCCTACTCC GTCCCTTTCT CTATCCACAT TGCTTTAAAT CATATTTTTC TCTCAAGGTG TACAAGGATG ATAAATAGGT

11613
GCCAAGTGGA GAACCCAAGT GTGACGAGCC CTCTCACAGT AGAATGGAGT GAGAAGCTTT CTGACCTCAT AAATTGAAGG

11693
CTATCGTAAT TCATTCTTTT ATATATTTTA CTTGCATTAA TCCTCATATA ACCTCAAGAG GTAAATTAAT ATAATTATCC

11773
TCCATTATTG GAGAGAAAGT TGAGACACAA AAGAATCAAA AACTCTTCCA GGATCAACCA GTAAAAGGCA GACCTTGGAT

11853
TTGAACCAGG CAACCTGGCT CAGAAGTCAG TTTTAATTAC CACACTCTGT ACTTTCAAAG ATTTGTAAAC GCTTTGACAA

11933
TGCATGTCAA TTTCAAGCTA TGAAGAGCCA AACATAATTT TTCACAATAT CTCTCAAATC TAATGGGTCC CCACTATAAA

12013
GATTAAATTC CAGGCTGATG ACACTGTGAG GCCACATGGC CAGCTGTGCT GGAGGCCTGC TCAAGGCCAG AGCCTAGGTT

12093
TACAGAGAAG CAGACAAAAA GCTAAACAAG GAGACTTACT CTGTCTGCAT GACTTATTCC CTCTACCTTG TTTTCTCCTA

Exon3 12173
4TCTATCCTGAGGTGACTGT‘GTATCCTGCA AAGACCCAGC CCCTGCAGCA CCACAACCTC CTGGTCTGCT CTGTGAATGG

12253
TTTCTATCCA GGCAGCATTG AAGTCAGGTG GTTCCGGAAC GGCCAGGAAG AGAAGACTGG GGTGGTGTCC ACAGGCCTGA

12333
TCCAGAATGG AGACTGGACC TTCCAGACCC TGGTGATGCT GGAAACAGTT CCTCGGAGTG GAGAGGTTTA CACCTGCCAA

Intron3 12413
GTGGAGCACC CAAGCCTGAC GAGCCCTCTC ACAGTGGAAT GGA#TGAGCA GCTTTCTGAC TTCATAAATT TCTCACCCAC

12493
CAAGACGCGA ACTTTACTAA TCCCTGAGTA TCAGGCTTCT CCTATCCCAC ATCCTATTTT CATTTGCTCC ACGTTCTCAT

12573
CTCCATCAGC ACAGGTCACT GGGGGGTAGC CCTGTAATAC TTTCTAGAAA CACCTGTACC CCCTGGGGAA GCAGTCATGC

12653
CTGCCAGGCA GGAGAGGCTG TCCCTCTTTT GAACCTCCCC ATGATGTCAC AAGTCGGGGT CACCTGCTGT CTGTGGGCTC

12733
CAGGCCCTGC CTCTGGGTCT GAGACTGAGT TTCTGGTACT GTTGCTCTGA GTCGTTTGTT GTAATCTGAG AAGAGGAGAA

12813
GTATAGGGAC CTTCCTGACA TGAGGGGAGT CCAATCTCAG CTCCGCCTTT TATTAGATCT GTCACTCTAG GCAACTACTT

12893
AACCTCATTG GGTCTCAGGC TTTCTGTTCA TCAGATGTTG AAGTCCTGTC TTACATCAAG GCTGTAATAT TTGAATGAGT

12973
TTGATGACTG AACCTTGTAA CTGTTCAGTG TGATTTGAAA ACCTTTCTCA AGAAATGGTC AGTTATTTTA GTTCTTGCAG
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DRB1*04:05:01:04
DRB1%04:90

13053
AGCAGCCTTC TTTCTCATTT TCAAAGCTCT GAATCTCAAG GTGTCAATTA AAGAGGTTCC ATTTGGGATA AAAATCACTA

DRB1#04:05:01:04

Exon4 13133
AACCTGGCTTCCTCTCTCAG‘GAGCACGGTC TGAATCTGCA CAGAGCAAGA TGCTGAGTGG AGTCGGGGGC TTCGTGCTGG

DRB1x04:90 ‘

DRB1#04:05:01:04
DRB1*04:90

Intron4 13213
GCCTGCTCTT CCTTGGGGCC GGGCTGTTCA TCTACTTCAG GAATCAGAAA GFTGAGGAGC CTTTGGTAGC TGGCTGTCTC

DRB1*04:05:01:04
DRB1%04:90

| 1

3293
CATACGCTTT TCTGGAGGAG GAACTATGGC TTTGCTGAAG TTGGTTCTCA GCATATGAAT GGCCCTGGAT AAAGCCTCTC

DRB1#04:05:01:04
DRB1:04:90

13373
TACTCCCAAA TGACCTCCAA TGTTCTGCAA ATCCAGAAAT CATCAGTGCA TGGTTGCTAT GTCAAAGCAT AATAGCTTGT

DRB1#04:05:01:04
DRB1*04:90

13453
GGCCTACAGA GATAACAGAA AGATTAACAG GTATAGGTGC TTTGGTTGAG ATCGTGGAGC AAATTAAGGA AGAGCAACTA

DRB1*04:05:01:04
DRB1*04:90

13533
AAGCTAATAC AATTACACTG GATCCTGTGA CAGACACTTC ACACTTCATG GGTCACATGG TCTGTTTCTG CTCCTCTCTG

DRB1#04:05:01:04
DRB1:04:90

13613
CCCTGGCTGG TGTGGGTTGT GGTGTCAGAG AACTCTCAGG TGGGAGATCT GGAGCTGGGA CATTGTGTTG GAGGACAGAT

DRB1#04:05:01:04
DRB1*04:90

TTGCTTCCAT ATCCTTTAAG TGTATATCTT CTCTTTTTCC TAG#ACACTC TGGACTTCAG CCAACAG

13693

Exon5 Intron5
FTA ATACCTTTTC

DRB1*04:05:01:04
DRB1*04:90

[ 1

3773
ATCCTCTTTA AGAAACAGAT TTGGAGGCCA GGCGCAGTGG CTCACGCCTG TAATCCCAGC ACTTTGGGAG GCCGAGGCGG

DRB1#04:05:01:04

13853
GCGAATCATG AGGTCAGGAG TTCGAGACCA GCCTGACCAA CGTGGTGAAA CCCCGTCTCT ACTAAAAATA CAAAAAAAAA

DRB1:04:90
DRB1#04:05:01:04

13933
TCAGTCGGGC GTGGTGGTGT GCGCCTGTAA TCCCAGCTAC TCAGGAGGCC AAGGCAGGAG AATCGCTGGA ACCCGGGAGG

DRB1*04:90
DRB1*04:05:01:04

14013
CAGAGGTTGC AGTGAGCCGA GATTGGGCCA CTGCACTCCA GCCTAGGTGA CAGAGTGAGA CCCCATCTCA AAAAAACAAA

DRB1*04:90
DRB1*04:05:01:04

14093
AAAAAGAAAG AAAGAAACAG ATTTCCTTTC CCTAGAATGA TGGTAGAGGT AATAAGGCAT GAGACAGAAG TAATAGCAAA

DRB1%04:90
DRB1#04:05:01:04

14173
GACATTGGAT CCAAATTTCT GATCAGGCAA TTTACACCAG AACTCCTCCT CTCCACTTAG AAAAGGCCTG TGCTCTGCAG

DRB1*04:90
DRB1*04:05:01:04

14253
GAGTATTGAC TCATGGAGAC TTCAGAACTT GTTTTTCTTC TTCCTGCAGT GCTCTCATCT GAGTCCTTGA AAGAGGGCAA

DRB1*04:90
DRB1#04:05:01:04

Exon6

14322
AATAAACTGT TAGTAGAGCC AGGTCTGAAA ACAACACTTT CTTGCGTCTC TGCA(#GATTC CTGAGCTGA

DRB1*04:90

FIGURE1 | (Continued)

conditions stated in the most recent Nomenclature Report,
names will be assigned to new sequences as they are identified.
Lists of such new names will be published in the following WHO
Nomenclature Report [4].

The full-length nucleotide sequence of this allele was submitted
to the GenBank nucleotide sequence database in January 2025
and was assigned the accession number PQ811754. It was also
submitted to the IPD-IMGT/HLA Database, and the assigned
accession number is HWS10100158.
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