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Abstract 

We designed an allele-specific amplification protocol to optimize Y-chromosome SNP typing, 

which is an unavoidable step for defining the phylogenetic status of paternal lineages. It allows 

the simultaneous highly-specific definition of up to six mutations in a single reaction by 

amplifying products of different size (APLPs) without the need of specialized equipment, at a 

considerably lower cost than that based on single-base primer extension (SNaPshot™) 

technology or PCR-RFPL systems, requiring as little as 0.5 ng DNA and compatible with the small 

fragments characteristic of low-quality DNA.  By designation of 2 primers recognizing the 

derived and ancestral state for each SNP, which can be differentiated by size by the addition of 

a non-complementary nucleotide tail, we could define major Y clades E, F, K, R, Q, and 

subhaplogroups R1, R1a, R1b, R1b1b, R1b1c, J1, J2, G1, G2, I1, Q1a3, and Q1a3a1 through 

amplification fragments that ranged between 60 and 158bp.  
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It is possible to study the origin, dispersal and migration routes into the continents of human 

populations through the analysis of the non-recombining region of the Y chromosome (1,2).  In 

virtue of the uniparental transmission of that region (its mutations are transmitted from father 

to son) researchers can find out the phylogenetic status of a lineage and assign a possible 

geographical origin (2, 3) by defining haplogroups from single nucleotide polymorphisms (SNPs), 

with a specific nomenclature  (4,5).  

There are several ways to analyze SNPs: restriction length polymorphisms (RFLP) (6), 

fluorescence techniques such as SNaPshot (7), and Real-Time PCR (8); however these methods 

are expensive and require specialized equipment. Software predictions from short tandem 

repeats (STRs) combinations (haplotypes) (9) are an alternative strategy to define haplogroups 

in the wet lab, though they have been questioned for their imprecision and high probability of 

wrong assignation (10).  

We present here a new allele-specific amplification method for the identification of 17 Y-

chromosome haplogroups present in America, by amplifying products of different size (PCR-

AFLP) in a multiplex reaction (Table 1, Fig. 1). We have selected these haplogroups following our 

experience in relation with their frequency in human populations from Argentina (11, 12, 13, 

14).  This technique of allele-specific SNPs has been previously applied to mitochondrial DNA 

(15), resulting in a low-cost method with high specificity and sensitivity. 

Our method is based on the modification of a primer that preferably recognizes an allelic 

variant. Under high-specificity conditions, efficient PCR reactions can be achieved when the 

base at 3'hydroxyl end of the primer is complementary with the corresponding nucleotide, 

while the absence of the complementary nucleotide results in the absence or replication 
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deficiency in the other allele. Three primers were designed for each SNP: 2 that specifically 

recognize the nucleotide abutting sequence for derived and ancestral alleles respectively, one of 

which was added a tail of non-complementary nucleotides to distinguish such amplification 

products in the two alleles, and the third oligonucleotide which delimits the size of the 

fragment. 

a) We selected SNPs in order to characterize subhaplogroups  from the most frequent 

haplogroups in human populations from Argentina reported in previous studies from our 

laboratory (R, F, and Q) (11, 12, 13, 14), particularly those with frequency differences between 

European and Middle East populations, i.e.  subhaplogroups G1, G2 (16) , J1, J2 (17), I1 (18), R1, 

R1a1 (19) , R1b, R1b1b, R1b1c (20).  Once the mutation was located 

(http://www.ncbi.nlm.nih.gov/ SNP? Term = 20sapiens homo%), an adjacent fragment of 100 bp 

before and 100 bp after the mutated nucleotide was selected.  The sequence was then 

analyzed, and we determined which of the primers (forward or reverse) included the SNP. 

b) We used Primer3 v0.3.0 software (http://frodo.wi.mit.edu) (21) for the design of 

oligonucleotides. The size was delimited in accordance with the experimental design, taking into 

account the number of markers included in each Multiplex reaction in order to avoid 

overlapping between the fragments.  

c) The allele-specific primers had complementary bases to the variant allele that we wanted to 

amplify at the 3'OH end.  A tail of the non-complementary nucleotide was added to the flanking 

sequence of the primer at the 5 'end. The nucleotide tail generally unbalances the melting 

temperature (Tm) and so, when differences between Tm were high, a mismatch was introduced 

for stabilization. Once the primer was modified, we tested again with Primer3 software in order 
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to confirm the stability of the sequence. We followed the same procedure to design the primer 

that recognizes the other allelic variant, changing the nucleotide at the 3'end and removing the 

tail nucleotides at 5´ end, so as to observe the difference of amplification fragments for each 

allele. 

d) As a last check, we obtained thermodynamic stability values (free energy; ΔGo) using the 

OligoCalc program (http://www.basic.northwestern.edu/biotools/oligocalc.html) (22), which 

allowed us to detect the interactions between primers (formation of hairpins, homodimers, or 

heterodimers) that could cause errors in the PCR reactions. This software allows recognizing 

primer complementarities or other forms of secondary structure. After this, the 

oligonucleotides were ready to be synthesized. 

The Multiplex APLP was used to analyze biological samples from voluntary donors from 

Argentina, who provided informed consent, with the approval of Argentine Ethics Committees. 

Samples were coded and submitted in anonymity for DNA testing. We also searched for positive 

controls in CEPH samples.  

The amplification was tested with varying DNA concentrations from 0.5 to 30ng (Figure 2) to 

check the reliability of the method at low sample concentrations. We amplified the positive 

control of Y23Powerplex Amplification Kit (Promega) at 10ng/uL DNA concentration.  We 

analyzed  Multiplex I in some DNA samples from exhumed human bones that were provided by the 

Forensics Laboratory at our research institute, and from degraded low quality DNA in order to 

check the efficiency of amplification ( Figure 3 and 4 ). We used NanoDrop (Thermo Scientific) 

for quantification of DNA samples. 
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PCR reactions were organized into four Multiplex reactions (Table 1, Figure 1, Multiplex I to IV). 

Each set of primers was mixed in a single reaction tube, and produced fragments between 60 

and 160bp. Concentrations and primer sequences used are shown in Table 1. The final volume 

of the PCR reactions was 10µL, with the following composition: 1ng genomic DNA, 0.025U 

Platinum® Taq DNA Polymerase (Invitrogen), 0.75 mM MgCl2, 1X buffer (Buffer) reaction, 

100µM dNTP, and ultrapure water added to the final volume of each primer (optimum 

concentration) (Table 1). The amplification reaction was run in a Biometra T3000 thermocycler. 

After 4 min denaturation at 94°C, 33 cycles of amplification (1 min 94°C, 1 min 56°C, and 1 min 

72°C) were run, followed by a final extension step end of 72°C for 10 min. 

All samples were amplified for Multiplex I (Fig. 5).  Every time all SNPs from Multiplex I showed 

ancestral state, P152 was analyzed in order to determine E haplogroup. These SNPs could not 

be included in Multiplex I due to size incompatibility with SNP fragments, and lack of 

phylogenetic consistency with any of the other Multiplexes. The finding of the derived state of 

M242 demonstrated the presence of Q haplogroup, in which case we amplified for Multiplex II 

in order to determine Q subhaplogroups Q1a3* or Q1a3a (Fig. 6). When the derived state M89, 

ancestral M9, and M172 indicated the presence of F haplogroup, we amplified Multiplex III in 

order to identify J1, I1, G1, and G2 subhaplogroups (Fig. 7). When derived state from M207 and 

M173 was detected, Multiplex IV was analyzed in order to determine the R1 sub-haplogroup 

status R1, R1a, R1b, R1b1b, or R1b1c (Fig. 8).   

We run 5µl PCR product in 10%  neutral polyacrylamide electrophoresis gel . The DNA bands 

were detected by GelRed staining. Each allele was assigned by comparison of the different sizes 

of PCR products. Figures 5, 6, 7 and 8 show the PCR amplicons obtained (Table 1, Figure 1).  
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APLP analyses started by the amplification of samples acting as controls that had been previously  

analyzed by RT-PCR and published, for example those from the CEPH that were YAP+ (12), and Native 

American origin of haplogroup Q (11). We observed complete concordance of results from both 

methods. Besides, the different amplification fragments inside each Multiplex reaction acted as control 

of the phylogenetic status of lineages (Figure 1). It is a two-step method that requires minimum 

budget and minimum equipment, such as conventional PCR, vertical electrophoresis, and digital 

photography.  
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Figure legends 

Table 1. Sequence of oligonucleotide primers used for Multiplex APLP method. The non-

complementary nucleotides are shown in lower case letters. 

Figure 1. Y chromosome phylogenetic tree; mutation names are indicated on the branches. 

Figure 2. Multiplex I, using gradient concentration of Control DNA from Y23Powerplex 

(Promega)  (Table 1):  lanes 1 to 6, 0.2ng, 0.3ng, 0.5ng, 1ng, 5ng, 10ng; lane M, 25 bp DNA 

ladder (Invitrogen)  

Figure 3. Genomic DNA run in 1% agarose gel. Lines 1-4 low quality and degraded DNA samples; 

line 5, DNA from exhumed human bones (Forensic Lab); line M, 100bp ladder (Invitrogen).   

Figure 4. Multiplex I from low quality DNA samples (S. Fig. 1). Line 1, good quality DNA; lines 2-4, 

low quality DNA; line 5, DNA from exhumed human bones; line M, 25 bp DNA ladder 

(Invitrogen). 

Figure 5. APLPs-Multiplex I (Table 1).   Lanes 1 and 6, Q haplogroup; lane 2, J2 ; lane 3, DE ;  

lanes 4 and 7, R1; lane 5, F(XJ2); lane M, 25 bp DNA (Invitrogen). 
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Figure 6. APLPs-Multiplex II. Q Clade of Y chromosome haplogroups (Table 1), Lanes 1 and  2, 

derivate state for M242, M346, and  M3; lane 3, ancestral state for M242, M346, and M3; lane 

M, 25 bp DNA (Invitrogen). 

Figure 7. APLPs-Multiplex III (Table 1). F Clade of Y chromosome  haplogroups. Lane 1 ancestral 

for all SNP;  lane 2, J1; lane 3, G1; lane 4, I1; lane 5, G2; lane M, 25 bp DNA (Invitrogen). 

Figure 8. APLPs- Multiplex IV (Table 1). R Clade of Y chromosome haplogroups. Lane 1 and 3, 

R1b1b; lane 2, R1a;  lane 4, Q1a3a; lane M, 25 bp DNA ladder (Invitrogen).   

 

Acknowledgements  

Authors thank K Umetsu for technical support. We are also grateful to MC Bortolini, DA 

Demarchi, and LB Vidal Rioja for the provision of control samples for some SNP derivate state 

analyses.  

Grant sponsorship:  CONICET, CICPBA, ANPCyT. G. Bailliet and M. Muzzio are CONICET 

researchers. 

 

Competing interest statement 

The authors declare no competing interests 

 

 

 

Page 11 of 14 ELECTROPHORESIS

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

Table 1. Sequence of oligonucleotide primers used for multiplex APLP method 

 

SNP code. Haplogroup Primer Sequence (5’-3’) 
Concentration  
( pmol/10uL) 

amplicon size 
(pb) 

Multiplex I      

rs2032624 R1 M173F1C                      cCAAGGGCATTgAGAACC 3.75 150 (C) 

  M173F2A          taatgtatTCAAGGGCATaTAGAACA 3.75 158 (A) 

  M173R                 CAGCCTTCAAAGCTTCTCCT 3.75  

rs8179021 Q M242F1C AAAGGTGACCAAGGTGCTC 2.81 131 (C) 

  M242F2T AacaatAAAGGTtACCAAGGTGCTT 3.75 137 (T) 

  M242R TCAGCATAATACCTTACCTAGAACAAC 2.81  

rs2032658 R M207F1G                 CgAGTCAAGCAAGcAATTTAG 5 124 (G) 

  M207F2A      gttcacTAAGTCAAGCAAGAAATcTAA 10 118 (A) 

  M207R              AAAAGCTGAAGGAAAAGTGGA 5  

rs2032604 J2 M172F1G                    AAACCCATTTgGATGCTTG 6.25 96 (G) 

  M172F2T            ctaatAAACCCATTgTGATGCTTT 7.5 101 (T) 

  M172R      TTAAATATCAGCCAGGTACAGAGA 6.25  

rs2032652 F (XK,Q,R) M89R1 CgCAGGCAAAGTGAGAGATA 2 85 (T) 

  M89R2   tttaaTCAGGCAAAGTGAGAGATG 2 89 (C) 

  M89F CACAGAAGGATGCTGCTCA 2  

rs3900 K(x Q,R) M9F1G                  GGCCTAAGATGGTTGgATG 3.75 70 (G) 

  M9F2C              tttgGaCCTAAGATGGTTGAATC 3.75 74 (C) 

  M9R TGTAAGACATTGAACGTTTGgA 3.75  

Multiplex II      

rs8179021 Q M242F1C                  AAAGGTGACCAAGGTGCTC 3.75 131 (C) 

  M242F2T          aacaatAAAGGTtACCAAGGTGCTT 3.75 137 (T) 

  M242R TCAGCATAATACCTTACCTAGAACAAC 3.75  

rs3894 Q1a3a M3R1T cGTACCAGCTCTTCCcAATTA 2.5 115 (T) 

  M3R2C attttaaGTACCAGCTCTTCCTAATTG 2.5 121 (C) 

  M3F AAGGTACATTCGCGGGATA 2.5  

Y-position 2947155 Q1a3 M346R1G   cGCAATTTACAAcGACAAGC 5 160 (G) 

  M346R2C aataatgtGCAATTTACAAAGACAAGG 5 167 (C) 

  M346F   AAGGCCTGAAAATGTGGAAA 5  

Multiplex III      

rs4116820 G2 P287F1G TGACTGACATGGCgTTGG 10 149 (G) 

  P287F2T aaaatatatTGACTGACATtGCCTTGT 2.5 158 (T) 

  P287R AAGGGTAATGAAGCCTATAGTCCA 3.75  

rs9341296 I1 M253R1 TCAATGAAGAACCTGGAGAAA 6.25 132 (A) 

  M253R2 ttattaTCAATGAAGAACCTGGAGAAG 2.5 138 (G) 

  M253F GCTGATCTGTTTCTTTTTGGTG 2.5  

rs9341313 J1 M267F1G ggTGGAAGCATTTTgGTAAATAG 3.75 117 (G) 

  M267F2T taagcaTGGAAGCATTTTTGTAAATAT 3.75 121 (T) 

  M267R CGTAGCTcCAAGCAATCCAC 3.75  

rs13447378 G1 M285F1G CcCATCATCTACATTTCTCCTG 2.5 80 (G) 
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  M285F2C gtacaCTCATCATCTACATTTCTCCTC 2.5 85 (C) 

  M285R ATCGAATCCGCTATCCAGACT 2.5  

Multiplex IV      

rs9786184 R1b M343F1G GAGTGCCaTCGTGTTCCAC 2.5 140 (C) 

  M343F2A attaaattAGTGaCCTCGTGTTCCAA 2.5 147 (A) 

  M343R ATATGCAAATGCCAGCGTTA 2.5  

rs9785702 R1b1b P297R1 GCCAAAGATGTATAAGcGGAAG 2.5 104 (C) 

  P297R2 tctaaGCCAAAGATGTATAAGAGGAAC 2.5 109 (G) 

 
 P297F TGGGAGAGAGAGAGACAGGTG 2.5  

Y-position 21148755 R1a SRY10831.2F1 AggTgAACCTTgAAAATgCTAC 2.5 76 (C) 

  SRY10831.2F2 TCgATggTgAACCTTgTAAATgTTAT 2.5 72 (T) 

  SRY10831.2R CATgggATCATTCAgTATCTgg 2.5  

Y-position 13535789 R1b1c M335R1 ATGCCCTTGAATTGTAAGcAAA 4.5 66 (A) 

  M335R2 gattATGCCCTTGAATTGTAAGAAAT 4.5 62 (T) 

  M335F cCTGTAACTTCCTAGAAAATTGGAAA 4.5  

Single      

rs9786634 E P152F1G GCcCATCCGTTTTCTGAAG 3.75 141 (G) 

  P152F2C ataaatGCTCATCCGTTTTCTGAAC 3.75 147 (C) 

  P152R TCTCaGGGTTTGTGCAGATTT 3.75  
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Figure 1. Y chromosome phylogenetic tree; mutation names are indicated on the branches.  
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