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I. Introduction 
Immune Receptor Profiling for FFPE RNA Using MaxiSeq Technology 
The MaxiSeq Human FFPE TCR+BCR (with UMIs) Kit (Cat Nos. 634386, 634387) enables users to analyze 
T-cell and B-cell receptor (TCR and BCR) repertoires from degraded total RNA samples. This kit can generate 
libraries from 200 ng to 1 µg of total RNA from FFPE samples. The kit can be used to generate data for both 
human TCR chains (TRA, TRB, TRG, and TRD) as well as human BCR heavy chains (IgG, IgM, IgA, IgD, and 
IgE) and light chains (IgK and IgL). Using the MaxiSeq Human FFPE TCR+BCR (with UMIs) Unique Dual 
Index Plate, the protocol generates indexed libraries that are ready for sequencing on Illumina® platforms. 

 
 

Figure 1. Protocol overview and timeline. The MaxiSeq Human FFPE TCR+BCR (with UMIs) employs gene-specific RT-PCR 
amplification approach to capture TCR-specific (alpha, beta, gamma, and delta) and BCR-specific (IGH, IGK, and IGL) sequences. First-
strand cDNA synthesis is primed with gene-specific primers, and it also incorporates unique molecular identifiers (UMIs) to facilitate PCR 
error correction and clonotype quantification during data analysis. Unlike SMART-Seq® kits, which employ a 5′ RACE-like approach to 
capture complete V(D)J regions of immune receptor repertoire transcripts, the MaxiSeq approach captures CDR3 regions and is therefore 
effective for amplification of BCR and TCR repertoire sequences from highly degraded RNA samples. For each sample, after cDNA synthesis 
of all mRNAs in the sample, TCR and BCR samples are primed with gene-specific forward primers. All 20 µl of the cDNA synthesis reaction 
are used as input for this step. The samples are then amplified in the first PCR (PCR1) step. Following the PCR1 step, 2 µl of PCR product 
are used as input for PCR2 to add unique dual indexes to each sample. After this final amplification in PCR2, the user may validate each 
product on the Bioanalyzer, Fragment Analyzer, or TapeStation after library purification. Numbers below each step represent estimated 
reaction time. Numbers between parentheses represent estimated hands-on time.  
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Figure 2. MaxiSeq Human FFPE TCR+BCR (with UMIs) technology. The workflow incorporates UMIs during the reverse transcription 
(RT) reaction step, enabling accurate CDR3 sequencing and reducing PCR amplification bias. Gene-specific oligo-primed first-strand cDNA 
synthesis is followed by second strand synthesis and two rounds of successive PCR for amplification of cDNA sequences. PCR was performed 
using primers that are specific for the 5′ and 3′ universal sequences added during cDNA and second-strand synthesis. A second round of PCR 
was performed to add library indexes, ultimately generating a sequencing-ready library with high multiplexing capacity. After post-PCR 
purification, size selection, and quality analysis, the library is ready for sequencing. 
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II. List of Components 
The components of MaxiSeq Human FFPE TCR+BCR (with UMIs) have been designed to work together and are 
optimized for this protocol. Please do not make any substitutions. The substitution of reagents in the kit and/or 
modification of the protocol may lead to unexpected results. The reaction number for each kit specifies the 
number of samples that can be put into RT reactions. There is enough material included in the kit to generate 
sequencing libraries for TCR and BCR, TCR only, or BCR only from each RT reaction. 

Table 1. MaxiSeq Human FFPE TCR+BCR (with UMIs) components. 

MaxiSeq Human FFPE TCR+BCR (with UMIs) Cap label color 634386 
(24 rxns) 

 634387 
(96 rxns) 

  Package 1 (Store at –70°C) 
   Human PBMC RNA* (50 ng/µl) White 5 µl 5 µl 

       

  Package 2 (Store at –20°C)  
   TCR RT-Oligos Green 24 µl 120 µl 

   BCR RT-Oligos Purple 24 µl 120 µl 

   RT Extension Oligos Green 30 µl 120 µl 

   Binding Buffer Yellow 200 µl 800 µl 

   RT Buffer Green 220 µl 880 µl 

   Reverse Transcriptase  Green 30 µl 120 µl 

   dNTPs White 90 µl 360 µl 

   Nuclease-Free Water† White 2.75 ml 11 ml 

   hTCR Forward Primer PCR1  Green 50 µl 200 µl 

   hBCR Forward Primer PCR1    Purple 50 µl 200 µl 

   PCR1 Extension Primer Red 250 µl 1 ml 

   PCR Buffer Red 600 µl 2 x 1.2 ml 

   Exonuclease Orange 80 µl 300 µl 

   DNA Polymerase Red 40 µl 150 µl 

   Forward Sequencing Primer Blue 24 µl 84 µl 

   Reverse Sequencing Primer Blue 24 µl 84 µl 

   Forward Indexing Primer Blue 24 µl 84 µl 

   Reverse Indexing Primer Blue 24 µl 84 µl 

   MaxiSeq Human FFPE TCR+BCR (with 
UMIs) Unique Dual Index Plate – 1 x 96-well plate 

*Control RNA (DV200 >40%) 
†Once thawed, store Nuclease-Free Water at 4°C. 
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III. Additional Materials Required (Not Provided) 
The following reagents and materials are required but not supplied. The named products have been validated to 
work with this protocol. Please do not make any substitutions as you may not obtain the expected results. 

• Single-channel pipettes: 10 µl, 20 µl, and 200 µl 
• Eight-channel pipettes (recommended): 20 µl and 200 µl 
• Filter pipette tips: 2 µl, 20 µl, and 200 µl 
• Clear adhesive films to seal 96-well plates 
• Minicentrifuge  

o 1.5 ml tubes  
o 0.2 ml tubes or strips  

For PCR Amplification & Validation: 

• Thermal cyclers 
o One dedicated for first-strand cDNA synthesis (Protocol V.A) 
o One dedicated for library amplification by PCR (Protocol V.B) 

• For validation  
o Agilent 2100 Bioanalyzer: High Sensitivity DNA Kit (Agilent, Part Number. 5067-4626) (see Protocol V.D) 

or 
 Fragment Analyzer using the NGS Fragment Kit (1-6000 bp), 1000 (Agilent, Part Number 

DNF-473-1000) or 
 Agilent 4150/4200 TapeStation with High Sensitivity D5000 ScreenTape (Agilent, Part 

Number 5067-5592) or High Sensitivity D1000 ScreenTape (Agilent, Part Number 5067-
5584), using the manufacturer’s protocol 

o Qubit dsDNA HS Assay Kit (Thermo Fisher Scientific, Cat. No. Q32851) 
• Nuclease-free thin-wall PCR tubes, 96-well plates, or strips (0.2 ml PCR 8-tube strip; USA Scientific, Item 

No. 1402-4700 or similar) 
• Nuclease-free low-adhesion 1.5 ml tubes (USA Scientific, Item No. 1415-2600), LoBind tubes 

(Eppendorf, Cat. No. 022431021), or similar 

For Bead Purifications (Protocol V.C): 

• NucleoMag NGS Clean-up and Size Select beads (available from Takara Bio; 5 ml size: 
Cat. No. 744970.5, 50 ml size: Cat. No. 744970.50, 500 ml size Takara Bio Cat. No. 744970.500)  
o If the above NucleoMag product is not available, the AMPure XP Beads for DNA Cleanup (Beckman 

Coulter; 5 ml size: Cat. No. A63880; 60 ml size: Cat. No. A63881) is an appropriate substitute  

NOTE: The beads need to come to room temperature before the container is opened. Therefore, we 
recommend aliquoting the beads into 1.5 ml tubes upon receipt and then refrigerating the aliquots. 
Individual tubes can be removed for each experiment, allowing them to come to room temperature more 
quickly (~30 min). This will also decrease the chances of bead contamination. Mix well to disperse the 
beads before adding them to your reactions. The beads are viscous, so pipette slowly. 

• 100% ethanol (molecular biology grade) 
• Magnetic separation device for small volumes—used to purify amplified libraries  

o For 8-tube strips: SMARTer-Seq® Magnetic Separator - PCR Strip (Takara Bio, Cat. No. 635011) 
o For 96-well plates: Magnetic Stand-96 (Thermo Fisher, Cat. No. AM10027) 
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• Optional, depending on the choice of magnetic separation device (96-well format): 
o 96-well V-bottom Plate (500 µl; VWR, Cat. No. 47743-996) 
o MicroAmp Clean Adhesive Film (Thermo Fisher, Cat. No. 4306311) 

• Low-speed benchtop centrifuge for a 96-well plate 

IV. General Considerations 

A. General Recommendations 
• We recommend using two physically separated workstations to minimize contamination:  

o A PCR clean workstation for all pre-PCR experiments that require clean room conditions, e.g., 
cDNA Synthesis (Protocol V.A), Priming with Gene-Specific Forward Primers (Protocol V.B(a)), 
and PCR1: Extension of Target Sequences (Protocol V.B(b)). The PCR clean workstation should 
be in a clean room with positive air flow. 

o A second workstation located in the general laboratory where you will perform PCR2 
(Protocol V.B(c)) and measure library concentration (Protocol V.D). 

• All lab supplies related to pre-PCR experiments should be stored in a closed, DNA-free cabinet. 
Reagents should be stored in a freezer/refrigerator that has not previously been used to store PCR 
amplicons. 

• Add enzymes last to reaction mixtures, and thoroughly incorporate them by gently pipetting the 
reaction mixture up and down. 

• If you are using this protocol for the first time, we strongly recommend that you perform negative and 
positive control reactions to verify that kit components are working properly. 

B. Sample Recommendations 
• Total RNA 

o This protocol has been optimized for 200 ng of FFPE RNA or degraded total RNA. We 
recommend evaluating total RNA quality using the Agilent RNA 6000 Pico Kit (Cat. No. 5067-
1513) or an equivalent platform. Refer to the manufacturer for instructions. 

o RIN values for FFPE RNA validated at ≥4, with a minimum DV200 of ~40%. 
o The success of your experiment depends on the quality of your input RNA. Prior to cDNA 

synthesis, ensure your RNA is in Nuclease-Free Water and is free of contaminants. When 
choosing a purification kit, ensure that it is appropriate for your sample type and input mass, and 
that it includes DNase treatment. 

V. Protocols 

A. Protocol: cDNA Synthesis  
cDNA synthesis (from RNA) is primed by the gene-specific primers (with extension sequence 2) for TCR 
and BCR constant regions. A 14 bp UMI is also incorporated during the cDNA synthesis step. mRNA 
specific for TCR and BCR sequences are captured using bead purification and excess primers are 
removed by an exonuclease step.  
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For this protocol, you will need the following components: 
Nuclease-Free Water, Binding Buffer, TCR RT-Oligos, BCR RT-Oligos, RT Buffer, dNTP Mix, RT 
Extension Oligo, Reverse Transcriptase, NucleoMag NGS Clean-up and Size Select beads, 80% ethanol 
(made fresh), and a magnetic separation device. 
 
1. Thaw the Binding Buffer, TCR RT-Oligos and BCR RT-Oligos at room temperature. Gently vortex 

each reagent to mix, then centrifuge briefly.  
2. On ice, prepare samples and controls in nuclease-free thin-wall PCR tubes, plates, or strips by adding the 

reagents in the order shown below.  

Table 2. Components for sample and control preparation. 

Components Sample Negative 
control 

Positive 
control 

Human PBMC RNA* – – 1–14 µl 
Nuclease-Free Water  Up to 13 µl 14 µl Up to 13 µl 
Binding Buffer 5 µl 5 µl 5 µl 
TCR RT-Oligos† 1 µl 1 µl 1 µl 
BCR RT-Oligos† 1 µl 1 µl 1 µl 
Sample  1–14 µl – – 
Total Volume 21 µl 21 µl 21 µl 

*The Human PBMC RNA (control RNA) is supplied at a concentration of 50 ng/μl. It should be thawed on ice. 
† For exclusive TCR or BCR repertoire analysis, utilize a single primer mix and adjust the total volume to 21 μl 
with Nuclease-Free Water as needed. 

3. Mix the contents of the tubes by pipetting the entire volume up and down 3 times, then briefly 
spinning the samples to collect the contents at the bottom of tube.  

4. Place the tubes in a thermal cycler with a heated lid (105°C). Run the following program:  
70°C 5 min  
60°C 60 min  
25°C forever  

5. Allow NucleoMag beads to come to room temperature before use (~30 min). Add 28 µl of 
NucleoMag beads to each sample.  

NOTE: Mix by vortexing for 5 sec (recommended) or by pipetting the entire volume up and down at 
least 10 times. The beads are viscous; pipette the entire volume up and down slowly. 

6. Incubate at room temperature for 5 min. During this incubation, prepare the RT Master Mix. 

7. At room temperature, prepare RT Master Mix by combining the following in the order shown. 
Table 3. RT Master Mix components.  

Components 1 rxn 12 rxns* 48 rxns* 
RT Buffer (5X) 4.4 μl 57.2 µl  228.8 µl 
dNTP Mix 1.1 μl 14.3 µl 57.2 µl 
RT Extension Oligo 1.1 μl 14.3 µl 57.2 µl 
Nuclease-Free Water 14.3 μl 185.9 µl 743.6 µl 
Reverse Transcriptase 1.1 µl 14.3 µl 57.2 µl 
Total Volume 22 μl 286 µl 1144 µl 

*Includes ~10% overage 
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8. Mix the RT Master Mix well by gently pipetting up and down, then centrifuge briefly. Store on ice 
before use. 

9. Immediately after the 5 min incubation at room temperature (Step 6), briefly spin the sample tubes to 
collect the liquid at the bottom. Place the sample tubes on the magnetic separation device for 5 min or 
longer, until the solution is completely clear. 

10. While the tubes are sitting on the magnetic separation device, remove the supernatant with a pipette 
and discard it. 

11. Keeping the tubes on the magnetic separation device, add 200 µl of freshly made 80% ethanol to each 
sample—without disturbing the beads—to wash away contaminants. Wait for 30 sec, then carefully 
remove and discard the supernatant. cDNA will remain bound to the beads during the washing 
process.  

12. Repeat step 11 once. 

13. Remove the tubes from the magnetic separation device. Briefly spin them (~2,000g) to collect the 
remaining ethanol at the bottom of each tube. Place the tubes back on the magnetic separation device 
for 30 sec, then—with the tubes still on the device—carefully remove any remaining ethanol with a 
pipette, without disturbing the beads. 

14. Let the open sample tubes rest on the magnetic device at room temperature for 3–5 min until the 
pellets appear dry. Immediately proceed to the next step. 

15. Add 22 µl of RT Master Mix from Step 7 to each reaction from Step 14. Remove the tubes from the 
magnetic separation device and mix thoroughly by pipetting up and down until all the beads have 
been washed off the sides of the tubes. 

16. Briefly spin the sample tubes. Place the sample tubes on the magnetic separation device for 1 min or 
longer, until the solution is completely clear.   

 

IMPORTANT: Do not discard the supernatant after centrifugation or magnetic 
separation. 

17. Pipette 20 µl of supernatant from each sample into respective wells of a new 8-well strip or 96-well 
plate. Seal the tubes or well plates before proceeding to Step 18. 

18. Place the tubes in a thermal cycler with a heated lid (105°C). Run the following program:  
50°C 30 min  
72°C 10 min  
4°C forever  

STOPPING POINT: The tubes can be stored at 4°C overnight. 

B. Protocol: TCR + BCR Amplification and Sequencing Library Generation  
This step generates partial V(D)J region and a portion of the constant region of TCR and BCR cDNA(s), 
in addition to incorporating adapters (extension sequence 1) and barcodes for Illumina sequencing 
platforms. Table 4 (next page) provides PCR cycling recommendations, but optimal parameters may vary 
for different sample types, input amounts, and thermal cyclers. We recommend trying a range of cycle 
numbers to determine the minimum number necessary to obtain the desired yield. For more information, 
see Appendix A. 
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Table 4. Cycling guidelines based on the amount of starting material.  

RNA source Input amount Number of  
PCR1 cycles 

Number of  
PCR2 cycles* 

FFPE – High TILs (tumor-
infiltrating lymphocytes) 200 ng 21 8 

FFPE – Medium TILs 200 ng 23 8 
FFPE – Low TILs  200 ng 26 8 
Human PBMC RNA 50 ng 18 8 

*If the number of cycles generates insufficient yield for library sequencing, repeat PCR2 with more cycles. See 
Appendix A for more details.  

NOTE: The number of PCR cycles depends on the lymphocyte content in the RNA sample. For samples 
with a very small number of cells (~1,000 immune cells), 24–26 cycles may be required. The 
recommended number of cycles may need to be optimized and adjusted based on RNA quality, type of 
tissue sample, and level of TCR/BCR mRNA. 

a) Priming with Gene-Specific Forward Primers 
In this section, the PCR1 forward primers (with extension sequence 1 at 5′ ends) produce 
the sense strand of the target amplicons flanked on both sides by extension 1 and 
extension 2 sequences, utilizing the cDNA synthesized in the preceding step as a 
template. 

For this protocol, you will need the following components: 
RT Buffer, hTCR Forward Primer PCR1, hBCR Forward Primer PCR1, DNA 
Polymerase, Nuclease-Free Water. 

1. Thaw all the reagents needed for PCR on ice. Gently vortex each reagent tube to mix, 
and spin down briefly. Store on ice. 

2. Prepare Priming Master Mix by combining the following in the order shown (Table 
5). Gently vortex to mix, and centrifuge briefly. 

Table 5. Priming Master Mix components. 

Components 1 rxn 12 rxns* 48 rxns* 
Nuclease-Free Water 11.6 μl 150.8 μl 603.2 μl 
RT Buffer 4 μl 52 μl 208 μl 
hTCR Forward Primer PCR1† 2 μl 26 μl 104 μl 
hBCR Forward Primer PCR1† 2 μl 26 μl 104 μl 
DNA Polymerase 0.4 μl 5.2 μl 20.8 μl 
Total Volume 20 μl 260 μl 1,040 μl 

*Includes ~10% overage 
†For exclusive TCR or BCR repertoire analysis, utilize a single primer mix and adjust the total 
volume to 20 μl with Nuclease-Free Water as needed. 

3. Add 20 μl of the Priming Master Mix to each tube containing 20 µl of the cDNA 
produced from Section V.A. Seal the tube, mix well, and briefly spin to collect the 
contents at the bottom of the tube(s).  
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4. Place the plate/tube(s) in a preheated thermal cycler with a heated lid (105°C) and 
run the following program: 

98°C  1 min  
68°C  10 min  
4°C  forever 

5. Briefly spin down the sample plate/tube(s) and add 2 µl of exonuclease enzyme to 
each sample tube to remove excess primers. Mix well, and briefly spin to collect the 
contents at the bottom of the tube(s).  

6. Place the plate/tube(s) in a preheated thermal cycler with a heated lid (105°C) and 
run the following program: 

37°C  20 min 
95°C  5 min 
4°C  forever 

NOTE: Immediately proceed to the next step. 

b) PCR1: Extension of Target Sequences 
This PCR reaction amplifies TCR and BCR sequences utilizing extension 1 and extension 
2 sequences incorporated during the previous step.  
 
For this protocol, you will need the following components: 
PCR Buffer, dNTPs, PCR1 Extension Primer, DNA Polymerase, and Nuclease-Free 
Water  

1. Thaw all the reagents needed for PCR on ice. Gently vortex each reagent tube (except 
DNA Polymerase) to mix, and spin down briefly. Store on ice. 

2. Prepare Extension PCR Master Mix by combining the following in the order shown, 
on ice. Gently vortex to mix, and centrifuge briefly. 

Table 6. Extension PCR Master Mix components. 

Components 1 rxn 12 rxns* 48 rxns* 
Nuclease-Free Water  36.2 μl 470.6 μl 1,882.4 μl 
PCR Buffer 12 µl 156 µl 624 µl 
dNTP Mix 1.2 µl 15.6 μl 62.4 µl 
Forward Extension Primer 10 µl 130 μl 520 µl 
DNA Polymerase 0.6 µl 7.8 μl 31.2 µl 
Total Volume 60 μl 780 μl 3,120 μl 

*Includes ~10% overage 

3. To each reaction from Section V.B(a), add 60 μl of Extension PCR Master Mix. The 
total reaction volume will now be around 100 µl. 

4. Gently vortex to mix, and briefly spin to collect the contents at the bottom of the 
tube(s).  
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5. Place the plate/tube(s) in a preheated thermal cycler with a heated lid (105°C) and 
run the following program: 
PCR1  

98°C  30 sec  
16–24 cycles*:   

98°C 20 sec  
65°C 10 sec   
72°C 30 sec  

72°C  30 sec  

4°C  forever  

*Consult Table 4 (above) for PCR cycle number guidelines. 

STOPPING POINT: The tubes may be stored at 4°C overnight. 

c) PCR2: Addition of Illumina Adapters and Indexes 
The indexes (barcodes) that are used to distinguish pooled libraries from each other after 
sequencing are added at this step. Great care must be taken to select the right indexes.  
 
For this protocol, you will need the following components: Nuclease-Free Water, PCR 
Buffer, dNTPs, DNA Polymerase, and MaxiSeq Human FFPE TCR+BCR (with UMIs) 
Unique Dual Index Plate (supplied with the reagent kit). 

NOTE: If library purification in Section V.C will be performed immediately following 
PCR2, remove aliquots of NucleoMag beads from the refrigerator to allow them to reach 
room temperature. 

The UDI (unique dual index) plate contains unique, dual-indexed PCR primers for 
amplification of Illumina- compatible next-generation sequencing (NGS) libraries. The 
primers are supplied in a predispensed, dried-down format in a 96-well plate. 

The dried UDI primers will dissolve upon addition of the PCR Reaction Mix with the 
sample. Each well should be used for a separate sample being sequenced. For the sequences 
of each Forward and Reverse Index combination, refer to Appendix C. 

For 24 samples, use any two rows (e.g., A1–A12, B1–B12) or any 3 columns (e.g., A1–
H3) of wells for the UDI primers. If you are processing less than 24 samples, you can use 
scissors to cut the desired number of wells from the index plate, then store the rest of the 
plate for later use. 

 1 2 3 4 5 6 7 8 9 10 11 12 
A U001 U002 U003 U004 U005 U006 U007 U008 U009 U010 U011 U012 
B U013 U014 U015 U016 U017 U018 U019 U020 U021 U022 U023 U024 
C U025 U026 U027 U028 U029 U030 U031 U032 U033 U034 U035 U036 
D U037 U038 U039 U040 U041 U042 U043 U044 U045 U046 U047 U048 
E U049 U050 U051 U052 U053 U054 U055 U056 U057 U058 U059 U060 
F U061 U062 U063 U064 U065 U066 U067 U068 U069 U070 U071 U072 
G U073 U074 U075 U076 U077 U078 U079 U080 U081 U082 U083 U084 
H U085 U086 U087 U088 U089 U090 U091 U092 U093 U094 U095 U096 
Figure 3. UDI plate layout.  
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1. Prepare Index PCR Master Mix for all reactions. Combine the following reagents in 
the order shown, then mix well and spin the tubes briefly in a microcentrifuge: 

Table 7. Index PCR Master Mix components. 

Components 1 rxn 12 rxns* 48 rxns* 
Nuclease-Free Water  38.5 μl 500.5 μl 2,002 μl 
PCR Buffer 10 µl 130 µl 520 µl 
dNTPs 1 µl 13 µl 52 µl 
DNA Polymerase 0.5 µl 6.5 µl 26 µl 
Total Volume 50 μl 650 μl 2,600 μl 

*Includes ~10% overage 

2. Add 50 µl of Index PCR Master Mix to the appropriate wells of the 96-well UDI 
plate (or cut-off portion of the plate). 

NOTE: Add PCR Master Mix to each UDI well with a new tip, to avoid cross 
contamination. 

3. Add 2 µl of PCR1 product from Section V.B(b) to the appropriate well of the UDI 
plate containing Index PCR Master Mix. Record sample number and UDI well 
number for future reference. 

4. Mix the reaction components by pipetting 3–4 times. Seal the plate and briefly spin 
down to collect the reagents at the bottom. 

5. Place the plate/tube(s) in a preheated thermal cycler with a heated lid (105°C) and 
run the following program: 
PCR2 

98°C  30 sec  
8 cycles*:   

98°C 20 sec  
65°C 10 sec   
72°C 30 sec  

72°C  30 sec  

4°C  forever  

*Increase PCR cycles if the final library concentration is low. 

SAFE STOPPING POINT: The tubes may be stored at 4°C overnight. 

C. Protocol: Purification of Amplified Libraries Using NucleoMag NGS Clean-
up and Size Select Beads 
NOTES:  
- Aliquot NucleoMag beads into 1.5 ml tubes upon receipt in the laboratory. 
- Before each use, bring bead aliquots to room temperature for at least 30 min and mix well to disperse. 
- Prepare fresh 80% ethanol for each experiment. You will need 400 µl per sample. 
- You will need a magnetic separation device for 0.2 ml tubes, strip tubes, or a 96-well plate, and 

elution buffer to elute final libraries. 
1. Before bead cleanup, remove excess primers from the completed PCR reactions by adding 1 µl of 

Exonuclease to each of the indexed libraries. 
2. Mix well and incubate in a preheated thermal cycler with a heated lid (105°C) at 37°C for 30 min. 
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3. After 30 min incubation, vortex NucleoMag beads until evenly mixed, then add 25 µl of the NucleoMag 
beads to each sample. 

4. Mix thoroughly by gently pipetting the entire volume up and down at least 10 times.  

NOTE: The beads are viscous; pipette the entire volume and push it out slowly. Do not vortex. 
Vortexing will generate bubbles, making subsequent handling of the beads difficult. 

5. Incubate at room temperature for 5 min to let the DNA bind to the beads.  
6. Briefly spin the samples to collect any liquid from the side of the tube or sample well. Place the 

samples on the magnetic separation device for ~1 min or longer, until the liquid appears completely 
clear and there are no beads left in the supernatant. The time required for the solution to clear will 
depend on the strength of the magnet.  

NOTE: Ensure that the solution is completely clear, as any bead carryover will decrease the 
efficiency of size selection. There is no disadvantage to separating the samples for longer than  
5 min. 

7. While the tubes are still sitting on the magnetic separation device, remove the supernatant with a 
pipette and discard it (the library is now bound to the beads).  

8. Keep the tubes on the magnetic separation device. Add 200 μl of freshly made 80% ethanol to each 
sample without disturbing the beads, to wash away contaminants. Wait for 30 sec, then use a pipette 
to carefully remove the supernatant containing contaminants. The library will remain bound to the 
beads during the washing process.  

9. Repeat the ethanol wash (Step 8) once more. 
10. Briefly spin the tubes (~2,000g) to collect the remaining liquid at the bottom of each tube. Place the 

tubes on the magnetic separation device for 30 sec, then remove all remaining liquid with a pipette.  
11. Let the open sample tubes rest on the magnetic separation device at room temperature for ~2–2.5 min until 

the pellet appears dry and is no longer shiny. You may see a tiny crack in the pellet.  

NOTE: Be sure to dry the pellet only until it is just dry. The pellet will look matte with no shine.  
− If you under-dry the pellet, ethanol will remain in the sample wells. Ethanol will reduce your 

library recovery rate and, ultimately, your yield. Allow the plate to sit at room temperature until 
the pellet is dry. 

− If you over-dry the pellet, there will be cracks in the pellet. It will take longer than 5 min to 
rehydrate (Steps 12–13) and may reduce library recovery and yield. 

− Visit takarabio.com/rna-seq-tips to view examples of moist, dry, and overly dry pellets. 

12. Once the bead pellet has dried, remove the tubes from the magnetic separation device and add  
20 μl of Nuclease-Free Water to cover the pellet. Mix thoroughly by pipetting up and down to ensure 
complete bead dispersion. 
NOTE: Be sure that the beads are completely resuspended. The beads can sometimes stick to the 
sides of the tube. 

13. Incubate at room temperature for at least 5 min to rehydrate.  
14. Briefly spin the samples to collect the liquid from the side of the tube or sample well. Place the 

samples back on the magnetic separation device for 2 min or longer until the solution is completely 
clear.  

NOTE: There may be a small population of beads that do not pellet against the magnet during incubation. 
Pipette these nonpelleted beads (without disrupting the existing pellet) up and down to resuspend them 
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with the supernatant, and then pipette them towards the magnet where the rest of the beads have already 
pelleted. Continue the incubation until there are no beads left in the supernatant. 

15. Transfer clear supernatant containing purified library from each tube to a nuclease-free, low-adhesion 
tube. Label each tube with sample information and store at –20°C. 

STOPPING POINT: The tubes may be stored at -20°C indefinitely.  

D. Protocol: Library Validation 
To assess the success of library preparation, purification, and size selection, we recommend analyzing and 
validating final libraries using Qubit 2.0 Fluorometer using a Qubit dsDNA HS kit (Thermo Fisher 
Scientific, Cat. No. Q32851) and evaluating the libraries’ size distributions with an Agilent 2100 
Bioanalyzer and the DNA High Sensitivity Kit (Agilent, Cat. No. 5067-4401) or Fragment Analyzer 
DNA/NGS Kits (Agilent, Cat No. DNF-473-1000) or Agilent 4150/4200 TapeStation with High 
Sensitivity D5000 ScreenTape (Agilent, Cat. No. 5067-5592) or High Sensitivity D1000 ScreenTape 
(Agilent, Cat. No. 5067-5584). Please refer to the corresponding user manuals for detailed instructions. 

1. Qubit: Use 1 µl of undiluted library for quantification using a Qubit 2.0 Fluorometer (see 
manufacturer’s instructions for more details). 

2. Bioanalyzer: To validate libraries using the High Sensitivity DNA Kit (Agilent, Part Number. 5067-
4626), dilute libraries to a concentration of 1 ng/µl  

3. Fragment Analyzer: To validate libraries using NGS Fragment Kit (1-6000 bp), 1000 (Agilent, Part 
Number DNF-473-1000), dilute libraries to a concentration of 1ng/µl 

4. Compare the results for your samples with Figure 4 (next page) to determine whether each sample is 
suitable for further processing. High quality libraries should yield no product for negative control 
reactions, and expected peak size for the MaxiSeq library should be between 200 bp–500 bp, with a 
maximum around 300 bp for positive controls and samples containing TCR and BCR RNA. The 
position and shape of electropherogram peaks will vary depending on which chain sequences are 
included in the library, the nature of the RNA sample, and the analysis method. In general, 
electropherogram peaks obtained with the Fragment Analyzer tend to be sharper than those obtained 
with the Bioanalyzer.  

5. Following validation, libraries are ready for sequencing on Illumina platforms. See Appendix B for 
sequencing guidelines.  
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Renal cell carcinoma sample (TCR+BCR)  

 
Human PBMC RNA 

 
A. No-RNA control 

 
Figure 4. Example electropherogram results for TCR+BCR libraries validated using the Agilent 2100 Bioanalyzer high-
sensitivity assay. Libraries containing TCR/BCR sequences were generated using the MaxiSeq Human FFPE TCR+BCR (with 
UMIs) and 200 ng of FFPE RNA from renal cell carcinoma samples (Panel A), control Human PBMC RNA (Panel B), or no-
RNA control (NRC, Panel C). Libraries were produced using a multiplex RT approach, with 20 µl of resulting cDNA used as a 
template for primer extension. 2 μl of product from the primer extension process was used as a template in the indexing PCR 
reaction for 8 cycles. Following purification and size selection, libraries were analyzed on an Agilent 2100 Bioanalyzer. Results 
for Panels A–B show broad peaks between ~200–500 bp and maximal peak at ~280–350 bp. NRC samples (Panel C) show no 
library produced and a flat Bioanalyzer profile within the range of 500–1,200 bp. NRC libraries often show small dimer peaks. 

  

A 

B 

C 
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Appendix A: Guidelines for PCR Cycling and Pooling 

A. PCR Cycling  
The gene expression of each TCR and BCR chain can vary significantly from one cell population to 
another. Therefore, it is challenging to predict how many PCR cycles will amplify sufficient material for 
downstream sequencing without over-amplification that can result in significant off-target PCR products. 
The guidelines provided in Table 4 are a good starting point for determining the number of PCR cycles to 
perform in PCR2, and have been determined by testing a variety of sample types and input amounts. 

It is possible that the suggested number of cycles will not generate enough material for downstream 
sequencing (see Appendix B). In these cases, we recommend increasing the number of cycles.  

Appendix B: Guidelines for Library Sequencing and Data Analysis 
Following library validation by Qubit and Bioanalyzer/Fragment Analyzer/TapeStation, prepare the desired 
library pools for the sequencing run. Prior to pooling, libraries must be carefully quantified. By combining the 
quantification obtained from Qubit with the average library size determined by the Bioanalyzer/Fragment 
Analyzer/TapeStation, the concentration in ng/µl can be converted to nM. The following web tool is convenient 
for the conversion: http://www.molbiol.ru/eng/scripts/01_07.html. The procedure below is based on our 
experience with the NextSeq® 500/550 using the 300-cycle NextSeq 500/550 High Output Kit v2.5 (Illumina, 
Cat. No. 20024908).  

Follow the standard Illumina procedures for cluster generation starting with 10 nM of the purified PCR sample.  

1. Add the following volumes of custom primers in the appropriate position of the Illumina reagent cartridge. 

Table 8. Volumes of custom primers for Illumina reagent cartridge. 

Position Volume Custom primer 

20 6 µl Forward Sequencing Primer (Read 1 Sequencing Primer) 

21 6 µl Reverse Sequencing Primer (Read 2 Sequencing Primer) 

22 6 µl Forward Indexing Primer (Index 1 Sequencing Primer) 

22 6 µl Reverse Indexing Primer (Index 2 Sequencing Primer) 

NOTE: Adding primers to the “Custom” wells of the reagent cartridge is not recommended. As custom 
sequencing primers have already been added into the Illumina premixed primer wells to take advantage of the 
PhiX internal control, adding more sequencing primers will not affect flow cell performance. 

2. Perform the NGS run using 160 bp/136 bp paired-end reads on the NextSeq system (or other compatible 
Illumina platform). Proceed to cluster amplification using the appropriate Illumina PE (Paired-End) Cluster 
kit. For this step, refer to the manufacturer’s instructions. The optimal seeding concentration for cluster 
amplification of indexed libraries is approximately 1.8 pM for NextSeq 500/550. Use the following program 
(Table 9, next page) for the NGS run:  
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Table 9. Program settings for sequencing. 

Read Custom primer Cycles 

Read 1 Forward Sequencing Primer 160 

Index 1 Forward Sequencing Index 10 

Index 2 Reverse Sequencing Index 10 

Read 2 Reverse Sequencing Primer 136 

Most Illumina sequencing library preparation protocols require libraries with a final concentration of 4 nM.  

Prepare a pool of 4 nM as follows: 

1. Dilute each library to 4 nM in Nuclease-Free Water. To avoid pipetting errors, use at least 2 µl of each 
original library for dilution. 

2. Pool the diluted libraries by combining an equal amount of each library in a low-bind 1.5 ml tube. Mix by 
vortexing at low speed or by pipetting up and down. Use at least 2 µl of each diluted library to avoid 
pipetting error. 

3. Use a 5 µl aliquot of the 4 nM pooled libraries. Follow the library denaturation protocol according to the 
latest edition of your Illumina sequencing instrument’s User Guide.  

You should also plan to include a 10–20% PhiX control spike-in (PhiX Control v3, Illumina, Cat. No. FC-
110-3001). The addition of the PhiX control is essential to increase the nucleotide diversity and achieve high-
quality data generation.  

NOTE: Follow Illumina guidelines on how to denature, dilute, and combine a PhiX control library with your 
own pool of libraries. Make sure to use a fresh and reliable stock of the PhiX control library. 

Table 10. Illumina instrument and reagent kit recommendations. 

Sequence Kit Cat. No. 
NextSeq 500  NextSeq High Output Kit v2.5 (300 Cycles) 

NextSeq Mid Output Kit v2.5 (300 Cycles) 
20024908 
20024905 

NextSeq 1000/2000 NextSeq 1000/2000 P1 Reagents (300 Cycles) 
NextSeq 1000/2000 P2 Reagents (300 Cycles) 

20050264 
20046813 

MiSeq® MiSeq Reagent Kit v2 (300-cycles)  
MiSeq Reagent Micro Kit v2 (300-cycles) 
MiSeq Reagent Nano Kit v2 (300-cycles) 

MS-102-2002 
MS-103-1002 
MS-103-1001 

MiniSeq® MiniSeq High Output Reagent Kit (300-cycles)  
MiniSeq Mid Output Kit (300-cycles) 

FC-420-1003 
FC-420-1004 

NovaSeq™ NovaSeq 6000 SP Reagent Kit (300 cycles)  
NovaSeq 6000 S4 Reagent Kit (300 cycles) 

20027465 
20012866 

The complexity of the immune repertoire varies between samples We generally recommend a minimum of 5–
10 million reads from an input of 200 ng FFPE RNA for TCR+BCR libraries. For libraries generated from 
>200 ng FFPE RNA, higher sequencing depth is recommended. However, the optimal conditions may vary 
for different sample types, sample masses, and sample complexities. We recommend trying a higher 

http://www.takarabio.com/


MaxiSeq™ Human FFPE TCR+BCR (with UMIs) User Manual 

(091725) takarabio.com   
Takara Bio USA, Inc. 

Page 19 of 24 
 

 

sequencing depth, then downsampling to determine the minimum number of reads per library for optimal 
sequencing depth.  

Upon completion of a sequencing run, data can be analyzed with our freely available Cogent™ NGS Immune 
Profiler Software. To obtain the Cogent NGS Immune Profiler Software, please visit takarabio.com/ngs-
immune-profiler. As shown in Figure 5, a BCR or TCR+BCR library for MaxiSeq Human FFPE TCR+BCR 
(with UMIs) contains a 14 bp UMI that can be used to remove duplicated sequences and correct errors from 
PCR amplification process. 

  
Figure 5. MaxiSeq Human FFPE TCR+BCR (with UMIs) library structure.  
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Appendix C: List of UDI sequences 
Table 11. MaxiSeq FFPE TCR+BCR (with UMIs) UDI sequences. 

Index name Well ID 
i7 bases for sample 

sheet 

i5 bases for sample sheet in 
forward orientation 

(NovaSeq 6000 with v1.0 
reagent kits, MiSeq, NextSeq 

2000; sample sheet v2) 

i5 bases for sample sheet in 
reverse complement 

orientation 
(NovaSeq 6000 with v1.5 

reagent kits, MiniSeq, 
NextSeq 500/550, NextSeq 

2000; sample sheet v1) 
U001 - MaxiSeq 
TCR/BCR UDI A1 GAACTGAGCG TCGTGGAGCG CGCTCCACGA 
U002 - MaxiSeq 
TCR/BCR UDI A2 AGGTCAGATA CTACAAGATA TATCTTGTAG 
U003 - MaxiSeq 
TCR/BCR UDI A3 CGTCTCATAT TATAGTAGCT AGCTACTATA 
U004 - MaxiSeq 
TCR/BCR UDI A4 ATTCCATAAG TGCCTGGTGG CCACCAGGCA 
U005 - MaxiSeq 
TCR/BCR UDI A5 GACGAGATTA ACATTATCCT AGGATAATGT 
U006 - MaxiSeq 
TCR/BCR UDI A6 AACATCGCGC GTCCACTTGT ACAAGTGGAC 
U007 - MaxiSeq 
TCR/BCR UDI A7 CTAGTGCTCT TGGAACAGTA TACTGTTCCA 
U008 - MaxiSeq 
TCR/BCR UDI A8 GATCAAGGCA CCTTGTTAAT ATTAACAAGG 
U009 - MaxiSeq 
TCR/BCR UDI A9 GACTGAGTAG GTTGATAGTG CACTATCAAC 
U010 - MaxiSeq 
TCR/BCR UDI A10 AGTCAGACGA ACCAGCGACA TGTCGCTGGT 
U011 - MaxiSeq 
TCR/BCR UDI A11 CCGTATGTTC CATACACTGT ACAGTGTATG 
U012 - MaxiSeq 
TCR/BCR UDI A12 GAGTCATAGG GTGTGGCGCT AGCGCCACAC 
U013 - MaxiSeq 
TCR/BCR UDI B1 CTTGCCATTA ATCACGAAGG CCTTCGTGAT 
U014 - MaxiSeq 
TCR/BCR UDI B2 GAAGCGGCAC CGGCTCTACT AGTAGAGCCG 
U015 - MaxiSeq 
TCR/BCR UDI B3 TCCATTGCCG GAATGCACGA TCGTGCATTC 
U016 - MaxiSeq 
TCR/BCR UDI B4 CGGTTACGGC AAGACTATAG CTATAGTCTT 
U017 - MaxiSeq 
TCR/BCR UDI B5 GAGAATGGTT TCGGCAGCAA TTGCTGCCGA 
U018 - MaxiSeq 
TCR/BCR UDI B6 AGAGGCAACC CTAATGATGG CCATCATTAG 
U019 - MaxiSeq 
TCR/BCR UDI B7 CCATCATTAG GGTTGCCTCT AGAGGCAACC 
U020 - MaxiSeq 
TCR/BCR UDI B8 GATAGGCCGA CGCACATGGC GCCATGTGCG 
U021 - MaxiSeq 
TCR/BCR UDI B9 ATGGTTGACT GGCCTGTCCT AGGACAGGCC 
U022 - MaxiSeq 
TCR/BCR UDI B10 TATTGCGCTC CTGTGTTAGG CCTAACACAG 
U023 - MaxiSeq 
TCR/BCR UDI B11 ACGCCTTGTT TAAGGAACGT ACGTTCCTTA 
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U024 - MaxiSeq 
TCR/BCR UDI B12 TTCTACATAC CTAACTGTAA TTACAGTTAG 
U025 - MaxiSeq 
TCR/BCR UDI C1 AACCATAGAA GGCGAGATGG CCATCTCGCC 
U026 - MaxiSeq 
TCR/BCR UDI C2 GGTTGCGAGG AATAGAGCAA TTGCTCTATT 
U027 - MaxiSeq 
TCR/BCR UDI C3 TAAGCATCCA TCAATCCATT AATGGATTGA 
U028 - MaxiSeq 
TCR/BCR UDI C4 ACCACGACAT TCGTATGCGG CCGCATACGA 
U029 - MaxiSeq 
TCR/BCR UDI C5 GCCGCACTCT TCCGACCTCG CGAGGTCGGA 
U030 - MaxiSeq 
TCR/BCR UDI C6 CCACCAGGCA CTTATGGAAT ATTCCATAAG 
U031 - MaxiSeq 
TCR/BCR UDI C7 GTGACACGCA GCTTACGGAC GTCCGTAAGC 
U032 - MaxiSeq 
TCR/BCR UDI C8 ACAGTGTATG GAACATACGG CCGTATGTTC 
U033 - MaxiSeq 
TCR/BCR UDI C9 TGATTATACG GTCGATTACA TGTAATCGAC 
U034 - MaxiSeq 
TCR/BCR UDI C10 CAGCCGCGTA ACTAGCCGTG CACGGCTAGT 
U035 - MaxiSeq 
TCR/BCR UDI C11 GGTAACTCGC AAGTTGGTGA TCACCAACTT 
U036 - MaxiSeq 
TCR/BCR UDI C12 ACCGGCCGTA TGGCAATATT AATATTGCCA 
U037 - MaxiSeq 
TCR/BCR UDI D1 TGTAATCGAC GATCACCGCG CGCGGTGATC 
U038 - MaxiSeq 
TCR/BCR UDI D2 GTGCAGACAG TACCATCCGT ACGGATGGTA 
U039 - MaxiSeq 
TCR/BCR UDI D3 CAATCGGCTG GCTGTAGGAA TTCCTACAGC 
U040 - MaxiSeq 
TCR/BCR UDI D4 TATGTAGTCA CGCACTAATG CATTAGTGCG 
U041 - MaxiSeq 
TCR/BCR UDI D5 ACTCGGCAAT GACAACTGAA TTCAGTTGTC 
U042 - MaxiSeq 
TCR/BCR UDI D6 GTCTAATGGC AGTGGTCAGG CCTGACCACT 
U043 - MaxiSeq 
TCR/BCR UDI D7 CCATCTCGCC TTCTATGGTT AACCATAGAA 
U044 - MaxiSeq 
TCR/BCR UDI D8 CTGCGAGCCA AATCCGGCCA TGGCCGGATT 
U045 - MaxiSeq 
TCR/BCR UDI D9 CGTTATTCTA CCATAAGGTT AACCTTATGG 
U046 - MaxiSeq 
TCR/BCR UDI D10 AGATCCATTA ATCTCTACCA TGGTAGAGAT 
U047 - MaxiSeq 
TCR/BCR UDI D11 GTCCTGGATA CGGTGGCGAA TTCGCCACCG 
U048 - MaxiSeq 
TCR/BCR UDI D12 CAGTGGCACT TAACAATAGG CCTATTGTTA 
U049 - MaxiSeq 
TCR/BCR UDI E1 AGTGTTGCAC CTGGTACACG CGTGTACCAG 
U050 - MaxiSeq 
TCR/BCR UDI E2 GACACCATGT TCAACGTGTA TACACGTTGA 
U051 - MaxiSeq 
TCR/BCR UDI E3 CCTGTCTGTC ACTGTTGTGA TCACAACAGT 
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U052 - MaxiSeq 
TCR/BCR UDI E4 TGATGTAAGA GTGCGTCCTT AAGGACGCAC 
U053 - MaxiSeq 
TCR/BCR UDI E5 GGAATTGTAA AGCACATCCT AGGATGTGCT 
U054 - MaxiSeq 
TCR/BCR UDI E6 GCATAAGCTT TTCCGTCGCA TGCGACGGAA 
U055 - MaxiSeq 
TCR/BCR UDI E7 CTGAGGAATA CTTAACCACT AGTGGTTAAG 
U056 - MaxiSeq 
TCR/BCR UDI E8 AACGCACGAG GCCTCGGATA TATCCGAGGC 
U057 - MaxiSeq 
TCR/BCR UDI E9 TCTATCCTAA CGTCGACTGG CCAGTCGACG 
U058 - MaxiSeq 
TCR/BCR UDI E10 CTCGCTTCGG TACTAGTCAA TTGACTAGTA 
U059 - MaxiSeq 
TCR/BCR UDI E11 CTGTTGGTCC ATAGACCGTT AACGGTCTAT 
U060 - MaxiSeq 
TCR/BCR UDI E12 TTACCTGGAA ACAGTTCCAG CTGGAACTGT 
U061 - MaxiSeq 
TCR/BCR UDI F1 TGGCTAATCA AGGCATGTAG CTACATGCCT 
U062 - MaxiSeq 
TCR/BCR UDI F2 AACACTGTTA GCAAGTCTCA TGAGACTTGC 
U063 - MaxiSeq 
TCR/BCR UDI F3 ATTGCGCGGT TTGGCTCCGC GCGGAGCCAA 
U064 - MaxiSeq 
TCR/BCR UDI F4 TGGCGCGAAC AACTGATACT AGTATCAGTT 
U065 - MaxiSeq 
TCR/BCR UDI F5 TAATGTGTCT GTAAGGCATA TATGCCTTAC 
U066 - MaxiSeq 
TCR/BCR UDI F6 ATACCAACGC AATTGCTGCG CGCAGCAATT 
U067 - MaxiSeq 
TCR/BCR UDI F7 AGGATGTGCT TTACAATTCC GGAATTGTAA 
U068 - MaxiSeq 
TCR/BCR UDI F8 CACGGAACAA AACCTAGCAC GTGCTAGGTT 
U069 - MaxiSeq 
TCR/BCR UDI F9 TGGAGTACTT TCTGTGTGGA TCCACACAGA 
U070 - MaxiSeq 
TCR/BCR UDI F10 GTATTGACGT GGAATTCCAA TTGGAATTCC 
U071 - MaxiSeq 
TCR/BCR UDI F11 CTTGTACACC AAGCGCGCTT AAGCGCGCTT 
U072 - MaxiSeq 
TCR/BCR UDI F12 ACACAGGTGG TGAGCGTTGT ACAACGCTCA 
U073 - MaxiSeq 
TCR/BCR UDI G1 CCTGCGGAAC ATCATAGGCT AGCCTATGAT 
U074 - MaxiSeq 
TCR/BCR UDI G2 TTCATAAGGT TGTTAGAAGG CCTTCTAACA 
U075 - MaxiSeq 
TCR/BCR UDI G3 CTCTGCAGCG GATGGATGTA TACATCCATC 
U076 - MaxiSeq 
TCR/BCR UDI G4 CTGACTCTAC ACGGCCGTCA TGACGGCCGT 
U077 - MaxiSeq 
TCR/BCR UDI G5 TCTGGTATCC CGTTGCTTAC GTAAGCAACG 
U078 - MaxiSeq 
TCR/BCR UDI G6 CATTAGTGCG TGACTACATA TATGTAGTCA 
U079 - MaxiSeq 
TCR/BCR UDI G7 ACGGTCAGGA CGGCCTCGTT AACGAGGCCG 
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U080 - MaxiSeq 
TCR/BCR UDI G8 GGCAAGCCAG CAAGCATCCG CGGATGCTTG 
U081 - MaxiSeq 
TCR/BCR UDI G9 TGTCGCTGGT TCGTCTGACT AGTCAGACGA 
U082 - MaxiSeq 
TCR/BCR UDI G10 ACCGTTACAA CTCATAGCGA TCGCTATGAG 
U083 - MaxiSeq 
TCR/BCR UDI G11 TATGCCTTAC AGACACATTA TAATGTGTCT 
U084 - MaxiSeq 
TCR/BCR UDI G12 ACAAGTGGAC GCGCGATGTT AACATCGCGC 
U085 - MaxiSeq 
TCR/BCR UDI H1 TGGTACCTAA CATGAGTACT AGTACTCATG 
U086 - MaxiSeq 
TCR/BCR UDI H2 TTGGAATTCC ACGTCAATAC GTATTGACGT 
U087 - MaxiSeq 
TCR/BCR UDI H3 CCTCTACATG GATACCTCCT AGGAGGTATC 
U088 - MaxiSeq 
TCR/BCR UDI H4 GGAGCGTGTA ATCCGTAAGT ACTTACGGAT 
U089 - MaxiSeq 
TCR/BCR UDI H5 GTCCGTAAGC CGTGTATCTT AAGATACACG 
U090 - MaxiSeq 
TCR/BCR UDI H6 ACTTCAAGCG GAACCATGAA TTCATGGTTC 
U091 - MaxiSeq 
TCR/BCR UDI H7 TCAGAAGGCG GGCCATCATA TATGATGGCC 
U092 - MaxiSeq 
TCR/BCR UDI H8 GCGTTGGTAT ACATACTTCC GGAAGTATGT 
U093 - MaxiSeq 
TCR/BCR UDI H9 ACATATCCAG TATGTGCAAT ATTGCACATA 
U094 - MaxiSeq 
TCR/BCR UDI H10 TCATAGATTG GATTAAGGTG CACCTTAATC 
U095 - MaxiSeq 
TCR/BCR UDI H11 GTATTCCACC ATGTAGACAA TTGTCTACAT 
U096 - MaxiSeq 
TCR/BCR UDI H12 CCTCCGTCCA CACATCGGTG CACCGATGTG 

NOTE: These UDIs correspond to Illumina Adapter Sequences - IDT for Illumina UD Indexes - Plate A/Set 1 Index 
Adapters: https://teichlab.github.io/scg_lib_structs/data/illumina-adapter-sequences-1000000002694-14.pdf 
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