






































(9) the plurality of oligonucleotide sequences of general formula 

(1) as set forth in SEQ ID NOS: 6067-6191. 

13. The composition as in anyone of claims 1-12, wherein V is a polynucleotide 

comprising at least 30,60,90, 120, 150, 180, or 210 contiguous nucleotides of the adaptive 

immune receptor V region encoding gene sequence, or the complement thereof. 

14. The composition as in anyone of claims 1-13, wherein V is a polynucleotide 

comprising not more than 900, 800, 700, 600 or 500 contiguous nucleotides of an adaptive 

immune receptor V region encoding gene sequence, or the complement thereof. 

15. The composition as in anyone of claims 1-14, wherein J is a polynucleotide 

comprising at least 16-30,31-60,61-90,91-120, or 120-150 contiguous nucleotides of an 

adaptive immune receptor J region encoding gene sequence, or the complement thereof. 

16. The composition as in anyone of claims 1-15, wherein J is a polynucleotide 

comprising not more than 500, 400, 300 or 200 contiguous nucleotides of an adaptive 

immune receptor 1 region encoding gene sequence, or the complement thereof. 

17. The composition as in anyone of claims 1-16, wherein each template 

oligonucleotide is less than 1000, 900, 800, 700, 600, 500, 400, 300 or 200 nucleotides in 

length. 

18. The composition as in anyone of claims 1-17, further comprising: a set of 

oligonucleotide primers that is capable of amplifying rearranged nucleic acid molecules 

encoding one or more adaptive immune receptors comprising a plurality a' of unique V­

segment oligonucleotide primers and a plurality b' of unique J-segment oligonucleotide 

pnmers. 

19. The composition of claim 18, wherein a' ranges from 1 to a number of 

maximum V gene segments in the mammalian genome, and b ' ranges from 1 to a number of 

maximum number of J gene segments in the mammalian genome. 

20. The composition of claim 19, wherein a' is a. 

21. The composition of claim 19, wherein b' is b. 

22. The composition as in anyone of claims 18-21, wherein each V-segment 

oligonucleotide primer and each l-segment oligonucleotide primer in the oligonucleotide 

primer set is capable of specifically hybridizing to at least one template oligonucleotide in the 

plurality of template oligonucleotides. 

23. The composition as in anyone of claims 18-22, wherein each V-segment 

oligonucleotide primer comprises a nucleotide sequence of at least 15 contiguous nucleotides 
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(A) amplifying rearranged nucleic acid molecules in a multiplex 

polymerase chain reaction (PCR) that comprises: 

(1) rearranged nucleic acid molecules from the biological sample 

that comprises lymphoid cells of the mammalian subject, 

(2) the composition as in anyone claims 1-17, wherein a known 

number of each of the plurality of template oligonucleotides having a unique oligonucleotide 

sequence is present, 

(3) an oligonucleotide amplification primer set that is capable of 

amplifying rearranged nucleic acid molecules encoding one or a plurality of adaptive immune 

receptors from the biological sample, the primer set comprising: 

(a) in substantially equimolar amounts, a plurality of V-

segment oligonucleotide primers that are each independently capable of specifically 

hybridizing to at least one polynucleotide encoding an adaptive immune receptor V -region 

polypeptide or to the complement thereof, wherein each V -segment primer comprises a 

nucleotide sequence of at least 15 contiguous nucleotides that is complementary to at least 

one functional adaptive immune receptor V region-encoding gene segment and wherein the 

plurality of V-segment primers specifically hybridize to substantially all functional adaptive 

immune receptor V region-encoding gene segments that are present in the composition, and 

(b) in substantially equimolar amounts, a plurality of J-

segment oligonucleotide primers that are each independently capable of specifically 

hybridizing to at least one polynucleotide encoding an adaptive immune receptor J-region 

polypeptide or to the complement thereof, wherein each J-segment primer comprises a 

nucleotide sequence of at least 15 contiguous nucleotides that is complementary to at least 

one functional adaptive immune receptor J region-encoding gene segment and wherein the 

plurality of J-segment primers specifically hybridize to substantially all functional adaptive 

immune receptor J region-encoding gene segments that are present in the composition, 

wherein the V -segment and J-segment oligonucleotide primers are capable of 

promoting amplification in said multiplex polymerase chain reaction (PCR) of (i) 

substantially all template oligonucleotides in the composition to produce a multiplicity of 

amplified template oligonucleotides, said multiplicity of amplified template nucleic acid 

molecules being sufficient to quantify diversity of the template oligonucleotides in the 

composition, and (ii) substantially all rearranged nucleic acid molecules encoding adaptive 

immune receptors in the biological sample to produce a multiplicity of amplified rearranged 
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oligonucleotide sequence and (ii) a frequency of occurrence of said template oligonucleotide 

sequence; and 

determining said average amplification factor for said multiplex peR reaction 

based on an average number of copies of said plurality of amplified template oligonucleotides 

and said known quantity of said template oligonucleotides. 

38. The method of claim 37, further comprising: 

sequencing said plurality of amplified rearranged nucleic acid molecules from 

lymphoid cells ofthe mammalian subject to determine for each unique rearranged nucleic 

acid molecule comprising said plurality, i) a rearranged nucleic acid molecule sequence and 

(ii) a number of occurrences of said rearranged nucleic acid molecule sequence; and 

determining the number of lymphoid cells in said sample, based on the 

average amplification factor for said multiplex peR reaction and said number of occurrences 

of said rearranged nucleic acid molecules. 

39. The method of claim 38, wherein determining the number of lymphoid cells in 

said sample comprises generating a sum of the number of occurrences of each of said 

amplified rearranged nucleic acid sequences and dividing said sum by said average 

amplification factor. 

40. The method of claim 37, wherein said known quantity is one copy each of said 

template oligonucleotides. 

41. The method of claim 40, wherein 100 ~ a ~ 500. 

42. The method of claim 40, wherein 100 ~ b ~ 500. 

43. A method for correcting for amplification bias in an multiplex peR 

amplification reaction to quantify rearranged nucleic acid molecules encoding one or a 

plurality of adaptive immune receptors in a biological sample that comprises rearranged 

nucleic acid molecules from lymphoid cells of a mammalian subject, comprising: 

( a) contacting said sample with a composition of anyone of claims 18-25 

to generate a template-spiked sample, wherein said templates and said rearranged nucleic 

acid molecules comprise corresponding V and J region sequences; 

(b) amplifying said template-spiked sample in a multiplex peR reaction to 

obtain a plurality of amplified template oligonucleotides and a plurality of amplified 

rearranged nucleic acid molecules encoding a plurality of adaptive immune receptors; 

( c) sequencing said plurality of amplified template oligonucleotides to 

determine, for each unique template oligonucleotide comprising said plurality, (i) a template 
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