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� Abstract: Background: The currently available methods for sexing human or mouse cells have weaknesses. 
Therefore, it is necessary to establish new methods.  
Methods: We used bioinformatics approach to identify genes that have alleles on both the X and Y chromo-
somes of mouse and human genomes and have a region showing a significant difference between the X and 
Y alleles. We then used polymerase chain reactions (PCR) followed by visualization of the PCR amplicons 
in agarose gels to establish these genomic regions as genetic sex markers.  
Results: Our bioinformatics analyses identified eight mouse sex markers and 56 human sex markers that are 
new, i.e. are previously unreported. Six of the eight mouse markers and 14 of the 56 human markers were 
verified using PCR and ensuing visualization of the PCR amplicons in agarose gels. Most of the tested and 
untested sex markers possess significant differences in the molecular weight between the X- and Y-derived 
PCR amplicons and are thus much better than most, if not all, previously-reported genetic sex markers. We 
also established several simple and essentially cost-free methods for extraction of crude genomic DNA from 
cultured cells, blood samples, and tissues that could be used as template for PCR amplification.  
Conclusion: We have established new sex genetic markers and methods for extracting genomic DNA and 
for sexing human and mouse cells. Our work may also lend some methodological strategies to the identifica-
tion of new genetic sex markers for other organismal species. 
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1. INTRODUCTION 

 There are many reasons for determining the genetic sex 
of human cells or tissues in biomedical, palaeobiological, 
and archaeological research as well as in forensic practice 
[1, 2]. For instance, cell lines of sex-specific tumors like 
breast, ovarian, or prostate cancer often need to be verified 
[2]. Mouse is the most commonly used animal species in 
genetic engineering for biomedical research; determination 
of the genetic sex of mouse cells, tissues, embryos, and 
young cubs is often essential and typically can only be done 
using genetic markers in the laboratory. There are some so-
phisticated methods for sex identification, such as restriction 
site-associated DNA sequencing (RAD-seq) [3, 4] or even 
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whole genome sequencing. However, for the cells from the 
human, mouse, or other XX/XY species, the most common-
ly used methods are those utilizing Polymerase Chain Reac-
tions (PCR) to amplify a DNA region shared by a Y-linked 
gene and its X-linked counterpart, followed by fractionation 
and visualization of the PCR products, dubbed as ampli-
cons, in an agarose gel [1, 2, 5-8]. Most, if not all, of these 
PCR-involving methods, have a common weakness, i.e. an 
insufficient difference in the molecular weight, namely the 
molecular size, between the X- and Y-derived PCR ampli-
cons. For instance, in a method that is most commonly used 
for determining the sex of mouse cells, the Y- and X-derived 
PCR amplicons differ only by 29 base pairs (bps) in size [5]. 
This size difference is too small, making it difficult to de-
termine whether a PCR amplicon discerned in the agarose 
gel indicates a male or a female, especially when the whole 
panel of samples are all derived from single sex, i.e. are all 
males or all females. In another method that is frequently 
used for determining the sex of human samples, the targeted 
Y allele, i.e., the AMELY gene, is often lost in male cancer-
ous cells [1, 2, 9].  
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 A drawback in the determination of the genetic sex of 
human or mouse cells is the lack of thorough bioinformatics 
analyses to identify additional Y-linked genes that have one 
or more counterparts on the X chromosome and to identify 
the regions in these paired genes that differ significantly 
between the Y and X alleles; thus establishing them as effec-
tive sex markers. Therefore, we thoroughly interrogated the 
relevant literature and the NCBI (National Center for Bio-
technology and Information of the United States) database 
of genes to search for such heterogametologous pairs in the 
mouse and human genomes, and then identified regions in 
the pairs that could be used as effective sex markers in a 
PCR approach. Moreover, because traditional techniques for 
isolation of DNA from cells or tissues involve phenol and 
chloroform and are relatively complicated, we also devel-
oped several simple and nearly cost-free methods for the 
isolation of crude genomic DNA from cultured cells, blood 
samples, and animal tissues that can be used as the template 
for the PCR amplification. 

2. MATERIALS AND METHODS 

2.1. Selection of Target Genes and Targeted Regions of 
the Genes 

 We searched the literature [10-18] and the NCBI database 
to identify genes that have alleles on both the Y and X chro-
mosomes in mouse (Table 1) and human (Table 2) genomes. 
We retrieved the sequences of these paired Y- and X-linked 
genes from the NCBI database and used the CLUSTALW 2.1 

(Multiple Sequence Alignment - CLUSTALW (genome.jp)) 
online software to align the sequences to identify regions that 
differ significantly between the X and Y alleles. Some genes 
were too large and thus were segregated into several parts for 
the online alignments. Three criteria were used for the selec-
tion of a genomic region as a potential sex marker: 1) The 
region should be about 150-1,100 bps in length so that it can 
be easily amplified with PCR while the resultant amplicon 
can still be clearly distinguished from the primer dimer in 
agarose gel. 2) The Y- and X-derived amplicons should have 
a large difference in size in an agarose gel. 3) Both the 5’- and 
3’-flanks of the selected region should have a short sequence 
that is identical between the two alleles and is optimal for 
serving as a PCR primer, in terms of the gene specificity and 
annealing temperature. Examples of such aligned genomic 
regions are illustrated in Figs. (1 and 2). Unfortunately, most 
of the paired mouse and human genes we identified did not 
have a region meeting one or more of these criteria, although 
many of them still have some regions that show certain dif-
ferences between the Y and X alleles. 

2.2. In silico PCR 

 Once a pair of primers were designed, in silico PCR was 
performed using the Insilico PCR Function of the online 
software UCSC.GENOME.BROWSER (https://genome.soe. 
sucs.edu) to preliminarily determine the annealing tempera-
ture of the primers and determine the sequences and sizes of 
the PCR amplicons. Some of the primer pairs we designed 
did not produce results with this online software. 

Table 1. Mouse sex markers. 

X-Linked Y-Lined Primer Amplicon Sizes 

Uba1 Uba1y 
mUba1-F: 5’-GTTGGCCTTGTGTGTCTGG-3’ X=561 bp, 

mUba1-R   5’-TCAAAGCGATCCCACA-3’ Y= 725 and 722 bp 

Uba1 Uba1y-ps1 
mUba1-PS-F: 5’-TGGATGGTGTGGCCAATGC-3’ X=317 bp, 

mUba1-PS-R: 5’-ATGGGGATGGATTTCTC-3’ Y=399-403 bp (5 copies) 

Ddx3x Ddx3y 
mDdx3-F:  5’-GCCCATAACTTTTTACAAAG-3’  X & Chr6 = 332bp,  

mDdx3-R: 5’-CTGTCTTTTGGTCAAGTTTC-3’  Y=489bp 

Slxl1 

Sly 

mSlxy-F1: 5’-CTTAGGAAGATATCATCCAGAT-3’  X=855 bp, 

mSlxy-R1R: 5’-CACATAAAACCAGAGACACTG-3’   Y=384 bp 

mSlxy-F2: 5’-TAGAGAAAACCAATCTA-3’ X=652-656 bp (many) 

mSlxy-R2: 5’-AAAGGAATAGTTTTCCA-3’ Y=248-257 bp 

Slx 

mSlxy-F8-3: 5’-TTTCATGAATTCATTGTTT-3’  X=807 bp, 

mSlxy-R8-3: 5'-CCAGAGACACTGAAACTTAT-3' Y=334 bp 

mSlxy-F3: 5’-TCATTGTTTTTAATAGCTGTGTAGT-3’ X=797 bp,  

mSlxy-R3: 5’-CCAGAGACACTGAAACTTATAGAG-3’ Y=324 bp 

Rbm31x 
(Gm4916) 

Rbm31y 
mRbm31xy-F: 5’-GGGAACATACCCAAATGCTTTAGGAG-3’ X=244 bp, 

mRbm31xy-R: 5’-CTGGCTTGTCCTGAAAACATTTGG-3’ Y=328 bp (2 copies) 

Note: The primer set for the Ddx3x/Ddx2y also amplifies a region of chromosome 6. The primer set for the Uba1/Uba1y-ps1 amplifies 5 regions of the Uba1y-ps1 with the resulting 
amplicons (copies) varying between 399 and 403 bps. The primer set for the Rbm31x(Gm4916)/Rbm31y amplifies 2 regions of the Rbm31y. 
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Table 2. Human sex markers. 

X-Linked Y-Linked Primer Sequence Amplicon Size 

ZFX ZFY 

ZFXY-F1: 5'-TGATCAAAGCAGTGCTTCA-3' 
X=827 bp; Y=703 bp 

ZFXY-R1: 5'-CACTGCACTCCAGCCTGGGC-3' 

ZFXY-F2: 5’-GCACATAGATGAGTCTGCTGGCC-3’ 
X=258 bp; Y=198 bp 

ZFXY-R2: 5’-CATTCATGAATATCACTGAATT-3’ 

ZFXY-F3: 5’-AATTCAGTGATATTCATGAATG-3’ 
X= 1027 bp; Y=664 bp 

ZFXY-R3: 5’-CCATCAGGGCCAATAATTATTGC-3’ 

NLGN4X NLGN4Y 

hNLGN4XY-F1: 5’-ATTGAAGATGAATCTGTACA-3’  
X=354 bp; Y=681 bp 

hNLGN4XY-R1: 5’-ATTTTTATGGATGATATGAC-3’  

hNLGN4XY-F2: 5’-GGTTGCTGGCAATTGGAAAA-3’ 
X=500 bp; Y=189 bp 

hNLGN4XY-R2: 5’-GACAGAGCAAGACCCTGTCTCT-3’  

hNLGN4X-F3: 5’-GCTAAGAAATCTGAAAGCATTTGC-3’ 
X=196 bp; Y=645 bp 

hNLGN4X-R3: 5’-CACTACCATTCAATCTTGGCC-3’  

hNLGN4X-F4: 5’-CTGAAGTCACAGAAT GTTCTC-3’ 
X=174 bp; Y=335 bp 

hNLGN4X-R4: 5’-GACTGCCTGGGAAATGCAAAC-3’ 

DDX3X DDX3Y 

hDDX3-F1: 5’-AAGTAGTTTGGGTGGAAGA-3’  
X=816 bp; Y=369 bp 

hDDX3-R:  5’-TGGTATAAGAAATCCTCCAG-3’  

hDDX3-F3: 5’-CATCACACAGAAAGTAGTTTGGGTGG-3’  
X=833 bp; Y=386 bp 

hDDX3-R3: 5’-CCTTCATGGTATAAGAAATCCTCCAG-3’   

hDDX3-F4: 5’-CAGCAGAGGATTTGGTGGAGG-3’ 
X=277 bp; Y=589 bp 

hDDX3-R4: 5’-ACCAGTCAACCCCCTGGGAGT-3’ 

USP9X USP9Y 

hUSP9XY-F1: 5’-CTCTGCCTCCTGGGTTCA-3’  
X=313 bp; Y=219 bp 

hUSP9XY-R1: 5’-GGCAGGAGAATCGCTTGAA-3’  

hUSP9XY-F2: 5’-TTTGTCTGAAATGATTA-3’  
X=449bp; Y=342 bp 

hUSP9XY-R2: 5’-AATTAGCCAGGCATGGT-3’ 

hUSP9-F3: 5’-TGAAAAAACTGCTTACATGTAATGG-3’ 
X=649 bp; Y=477 bp 

hUSP9-R3: 5’-ATTTCTTCTGCTTCAGGCAACA-3’ 

UTX UTY 
UTXY-F1: 5’-GAGGTTGCGGTGAGC-3’  

X=563 bp; Y=297 bp 
hUTXY-R1: 5’-AGCCTGGGCAACAGAG-3’  

TBL1X TBL1Y  
hTBL1-F1: 5’-AGTAGCTGGGACTACAGGCGC-3’  

X=650 bp; Y=161 bp 
hTBL1-R: 5’-TAATCCCAGCACTTTGGGAGG-3’ 

TBL1X TBL1YP1 
hTBL1XYP1-F: 5’-CCTGAGATTTGGGTGGGG-3’ 

X=620 bp; Y=512 bp 
hTBL1XP1-R: 5’-TTGGACACTAGCCCAGGAGGTC-3’ 

GYG2 GYG2P1 

hGYG2-F: 5’-GACTTAAGAGGCCTAGATATGTG-3’ 
Y=738 bp; X=236 bp 

hGYG2-R: 5’-GACTGCTTGAGCCTAGAAGTTC-3’ 

hGYG2-F2: 5’-GGTAGATGATAGGTGGATAGATGG-3’ 
X=582 bp; Y=476 bp 

hGYG2-R2: 5’-TCATCAGTCCATATCTATCCATCT-3’ 

(Table 2) contd…. 
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X-Linked Y-Linked Primer Sequence Amplicon Size 

ARSE 
(ARSL) 

ARSLP1 

hARSL-F1: 5'-AGGCAGGAGAATCACTTGAACC-3' 
F1/R: X=644 bp; Y=239 bp                 
F2/R: X=609 bp; Y=188 bp 

hARSL-R: 5’-GAACACAGGCGTCACAAAGTGGA-3’ 

hARSL-F2: 5’-TTGCACCACTGCACTCTAGCCTG-3’ 

MXRA5 
(ADLICAN) 

MXRA5Y 
(ADLICANP) 

hMXRA5-F1: 5’-AGGGGGTACTCAAGTGATTCCC-3’ 
X=565 bp; Y=238 bp 

hMXRA5-R1: 5’-CTGGTTGATTTCCCTTCACATCTG-3’ 

hMXRA5-F2: 5’-TTGACATTCAGCTATCCATGGCTT-3’ 
X=760 bp; Y=532 bp 

hMXRA5-R2: 5’-AGGGGCAAACTCATCCATTGTTG-3’ 

hMXRA5-F4: 5’-CACCTTGGCAGGTCCCATGCT-3’ 
X=922 bp; Y=217 bp 

hMXRA5-R4: 5’-CCACCCTCATTTCCAGCCTG-3’ 

hMXRA5-F5: 5’-TCTCACATCTGGCACCCTTGG-3’ 
X=509 bp; Y=174 bp 

hMXRA5-R5: 5’-CTGGTTGATTTCCCTTCACATCTG-3’ 

PRKX PRKY 

hPRK-F1: 5’-GGTTTGCTTTAGTATGAAGGACCCC-3’ 
Y=853 bp; X=539 bp 

hPRK-R1: 5’-ACCAGCCTGGCCAACATGG-3’ 

hPRK-F2: 5’-GTGACTCAGTATGCCCGAGCTCT-3’ 
X=207 bp; Y=486 bp 

hPRK-R2: 5’-ATGACTGGGTGTGGTGGCTCCT-3’ 

hPRK-F3: 5’-GATATTGGCAACTTTGGATGCACA-3’ 
X=522 bp; Y=222 pb 

hPRK-R3: 5’-TTAGCTCTAGTTTGTGCCCAGGG-3’ 

hPRK-F4: 5’-AGGATCACGCTGCAGTACTCCAG-3’ 
X=307 bp; Y=494 pb 

hPRK-R4: 5’-CACTCCAGCCTGGGTGACAGAG-3’ 

hPRK-F5: 5’-CACTGCAGTGTATTGGACAGTTCA-3’ 
X=603 bp; Y=261 bp 

hPRK-R5: 5’-ACATGGGGACAGAGGCAGAGAC-3’ 

hPRK-F6: 5’-GAGACAGGGTCTTGTTCTGTGTCC-3’ 
X=244 bp; Y=515 bp 

hPRK-R6: 5’-AGGAGTTCAAGACCAGCCTGGAC-3’ 

hPRK-F7: 5’-CTGGATGAACAGCTGGCAAGGA-3’ 
X=307 bp; Y= 589 bp 

hPRK-R7: 5’-TTGCCCACCACTTTCCCGGA-3’ 

hPRK-F7b: 5’-AGCCTGGGTGATAGAGCGAGA-3’ 
X=302 bp; Y=692 bp 

hPRK-R7b: 5’-TGAATTACCTCCTTCCTGACAGG-3’ 

hPRK-F8: 5’-CTGATGCCAAGTACTGGACGGG-3’ 
X=432 bp; Y=730 bp 

hPRK-R8: 5’-GCATCCCTTCTCTCAGACCCTC-3’ 

STS STSP1 
hSTS-F1: 5’-TCATTCAGCAGCCCATGTCCTATG-3’ 

X=600 bp; Y=271 bp 
hSTS-R1: 5’-GAGAGCACACTGCATTGCAATACC-3’ 

ANOS1 
(KAL1) 

ANOS2P (KALP) 

hANOS1-F1: 5’-AATAATTAGAAGGAAGATGGGCC-3’ 
X=437 bp; Y=571 bp and 253 bp 

hANOS1-R1: 5’-TGGGCTCATTTGCAGGAGTTGG-3’ 

hANOS1-F2: 5’-CCCCAAGCTTCCCTGTTCCCC-3’ 
X=499 bp; Y=641 bp 

hANOS1-R1: 5’-TGGGCTCATTTGCAGGAGTTGG-3’ 

TMSB4X TMSB4Y 
hTMSB4-F: 5’-CCCCCATCTTTAGAAAGGCTGG-3’ 

X=644 bp; Y=1013 bp 
hTMSB4-R: 5’-TTTCCTTCCCTGCCAGCCAGA-3’ 

(Table 2) contd…. 
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X-Linked Y-Linked Primer Sequence Amplicon Size 

GPR143 GPR143P 
hGPR143-F: 5’-GGGTGGAGGGCTTTGGAGGCT-3’ 

X=1105 bp; Y=497 bp 
hGPR143-R: 5’-TCACATTTTTCTCTTTACTCCCC-3’ 

ARSF ARSP1 

hARSF-F1: 5'-TATGTCTATGAATATATATTCA-3' 
X= 836 bp and 87 bp;   Y=366 bp            

hARSF-R1: 5'-AGGAAACAGAATGAATTCTGCTG-3' 

hARSF-F2: 5'-TGTGCAGTTACCTGCTCTGGG-3' 
X=324 bp; Y=256 bp 

hARSF-R2: 5'-CAGAGAGAGGGAGAGAGAGAGAC-3' 

EIF1AX EIF1AY 
hEIF1A-F: 5'-CCGCCATGCCCAAGAATAAAG-3' 

X=228 bp; Y=187 bp 
hEIF1A-R: 5'-CCACCCCAATGTGACCAAA-3' 

SHROOM2 
(APXL) 

SHROOM2P1 
(APXLP) 

hAPXL-F: 5'-AGTAGGCTGCAGGCCTCTCT-3' 
X=446 bp; Y=282 bp 

hAPXL-R: 5'-CTGGGAGGCTCCTGGGCTCC-3' 

OFD1 OFD1P6Y 

hOFD1-F1: 5’-GCAAACTTTAGTGTTTGAAA-3’ 
X=650 bp; Y=351 bp (2 copies) 

hOFD1-R1: 5’-AAGGCACATGTTCACTGA-3’ 

hOFD1-F2: 5’-CAGTCAACTGTATGAATATTCATGC-3’ 
X=284 bp; Y=605 bp (2 copies) 

hOFD1-R2: 5’-ACAGTTTCTGAAGCCATGGTA-3’ 

OFD1 OFD1P15Y 

hOFD15Y-F1: 5'-ATGGATTTGCTAAGAGGAAGAGAAG-3' 
X=434 bp; Y=515 bp 

hOFD15Y-R1: 5’-AGCTGGTAAAAGCTGCAGG-3’ 

hOFD15Y-F2: 5'-GCTTTTAGCAAATAAGTGGATAATGC-3' 
X=408 bp; Y=742 bp 

hOFD15Y-R2: 5’-CTCTGCTGTGGGGCCCA-3’ 

OFD1 OFD1P10Y 
hORD10Y-F1: 5’-CAGATGGATTACTCTGTCCACTTAAC-3’ 

X=594 bp; Y=320-321 bp (6 copies) 
hORD10Y-R1: 5’-CTTTTCACCTTTTTGTCTTCAA-3’ 

PCDH11X PCDH11Y 

hPCDH11-F1: 5’-GAAAGGTGTGAGGCTCTAGATG-3’ 
X=234 bp; Y=670 bp 

hPCDH11-R1: 5’-CGAACTCCTGGCCTCAAGCGAT-3’ 

hPCDH11-F2: 5’-GTTGTCATTCATCGACTACGGGA-3’ 
X=215 bp; Y=541 bp 

hPCDH11-R2: 5’-TGAGTGCTTGCAGGGGAGAAAGT-3’ 

hPCDH11-F3: 5’-CTTCTTGGCACTTACATTGAAAGC-3’ 
X=256 bp; Y=571 bp 

hPCDH11-R3: 5’-GGAAATGTCTTATCCTAAAGCTGG-3’ 

hPCDH11-F4: 5’-TGGGTCTATTCTGATGACTGAGGT-3’ 
X=438 bp; Y=781 bp 

hPCDH11-R4: 5’-TGCCTGGCTGGAGAACATTGTA-3’ 

hPCDH11-F5: 5’-CCACTCGTTGAGTGATGGGC-3’ 
X=382 bp; Y=232 bp 

hPCDH11-R5: 5’-AGCACTAATGATCAGGGATTCC-3’ 

hPCDH11-F6: 5’-CCTGCACCTGCATTTCTTTTTGC-3’ 
X=239 bp; Y=536 bp 

hPCDH11-R6: 5’-CTCAAACTGTTCATCTGCAGTGTC-3’ 

RBMX RBMY-pseudo# 
hRBM-F1: 5'-GGAGGCAGAGGTTGCAGTGAG-3' 

X=319 bp; Y=714 bp; 710 bp (many) 
hRBM-R: 5’-TGGGAGGCTGAGGCAGGA-3’ 

PUDP PUDPP1 
hPUDP-F: 5’-CCTCCATTGTATCTTGAACAAATCC-3’ 

X=1003 bp; Y=161 bp 
hPUDP-R: 5’-CTCACACCTCTGGAGGCTGGG-3’ 

MED14 MED14P1 
hMED-F: 5’-TCCCAGCTACTTGGGAGGCTGA-3’ 

X=1088 bp; X=431 bp 
hMED-R: 5’-CTGCACTCCAGCCTGGG-3’ 

Note: Some primer sets can amplify multiple regions of the X or Y chromosome, resulting in multiple amplicons (copies). #: RBMY-pseudogenes include the Y-linked RBMY1A1, 
RBMY1B, RBMY1D, RBMY1E, RBMY1F, RBMY1K (RBMY1KP), RBMY1HP, RBMY2DP, RBMY2CP, RBMY1J, and RBMY2VP, as well as a few other unannotated regions 
on the Y chromosome. 
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Fig. (1). Several examples of alignment of PCR-amplified regions of mouse gene pairs to illustrate the primer locations and the differences 
between the X- and Y-derived amplicons. Primer sequences are shaded. Dashes and dashed lines within a sequence indicate the nucleotides 
that are lacked by the allele. Stars below a sequence indicate the nucleotides that are identical between the X and Y alleles, whereas dots and 
other markers below a sequence indicate the nucleotides that differ between the two alleles.  

Uba1/Uba1y:
X  AGGGAAGATCATCCCAGCCATTGCCACAACCACAGCTGCTGTGGTTGGCCTTGTGTGTCTGGAGCTCTACAAGGTAGTTCAAGGGCACCAACAGCTCGATTCCTACAAAAATGGTTTCCT 
Y  AGGCAAGATCATCCCAGCCATTGCAACCACCACATCTGCTATAGTTGGCCTTGTGTGTCTGGAGCTGTACAAGGTGGTTCAGGGCCACCAACAACTGGAGTCTTATAAAAACAGTTTTAT 
   *** ******************** ** ****** ***** * *********************** ******** ***** ** ******** ** ** ** ** *****  ****  * 
X  GAACTTGGCCCTGCCCTTCTTTGGGTTTTCTGAACCTCTTGCTGCACCTCGTCACCAGGTA-GGTGCCCACATGCAAGATAGA------------CCTATAATAAAGT---GTATCTCAA 
Y  CAACTTGGCTCTGCCTTTGTTTAGCTTTTCTGCACCTCTGGCTCCAGAGTGTCATCAGGTATGGGACCTGCAAGAATAGGAAATGTTGATTTTACCATTCAGGGAAGCTGAGTACATCAA 
    ******** ***** ** *** * ******* ****** *** **    **** ****** **  **  ** * *    * *            * *  *   ***    ***  **** 
X  TAGAACTTG----------CTTTG-----------------------GTTTGCAT---TAGACCTGG-------------------------TCAC--TAGGTCAGA-GTTCCA--ATCA 
Y  TACAGTGTGTTTGTGTGTCCTTTGTGTGTGTCTGTGTGTCCGAGCATGTTTGCATGCCTGGGTGTGGGGGGGGGGGGGAGGGGCAGTGTGCTTCACAGCAGATAAGGTGTTACATCACTA 
   ** *   **          *****                       ********   * *   ***                         ****   ** * **  *** **  *  * 
X  AAATATGCCT---GCATCTTTTTTTG-----CAAGAGTACTAAGGAAATAAAAGA----------CAGTAGATCAGAGTGATTGAGA----------AGATAGTGGGTAGAAGATGAGAA 
Y  AGATATATTTTGAATACCTGTGTTCATTCATCAAACGCATGGACAACATAATTGTAGTTCTGGCTCAGGTATTTCGAGAGTGTGAGATTCTGTGTCAACAAAGCAGGAAAAAAACAAAAA 
   * ****   *     * ** * **       ***  * *   *  * ****  *            ***    *  *** *  *****          * * **  ** * ** *  * ** 
X  TG-----------------GGGTTTTC----------CTTGTGGCATACGACCTGTCATTGTAAAGGT------TCAGTGTTTACTCAGTG-ACATGGGAGCCATG------AGAAGGCT 
Y  CAAAACAAAAAAACAGGAAGGGTGCTGACATAAACAGTTCATGGAAAGCTAAGAGGGATGTTAAATGAGGGAAACCAGTGTCTTAGCAGTGCGCGTACGTGTCCTTTTCCTTACAAAGAT 
                      ****  *            *  *** *  * *   *  **  **** *        ****** *   *****  * *  * * * *       * ** * * 
X  TTGAAC-----AAAAAAGGTTATGATCTAACTTAACTGGGTCTGAATGCATCAGGGCAGGG--AAGGCA-----GGGAGGGCAGGGACTTCTGGAATGGACCACATCCTATTCTCTTTCT 
Y  TCAAGCTGCCTAATCATGGTTATGTAATGTTACAAGTGTGTTTTTGATTATTGAGCTATAGTTAATGCACTTGTAATATGTTAAGAACATTTGGGATAGTCCCCTCTTAGCACTTATCTT 
   *  * *     **  * *******   *     ** ** ** *      **   *  *  *  ** ***        * *  * * ** * *** ** * ** *        **  *  *
X  TATTGC--AGTACTATAATCAAGAGTGGACATTGTGGGATCGCTTTGAAGTACAAGGGCTGCAGCCTAATGGTGAGGAGA 
Y  TGTCGTCTAGTACTATGATCAAGAGTGGACACTGTGGGATCGCTTTGATGTGCAAGGACTGCAACCTAGCGGTGAGGAGA 
   * * *   ******** ************** **************** ** ***** ***** ****  ********** 

Ddx3x/Ddx3y
X  --AGGTCATTTGTTATGGTGCTATTTCAATTAGTCTAGGTTTAGGCCCTTGTACATTTTGCCCATAACTTTTTACAAAGTACTTCTTTTATTGCACATTCAGAGAATTTTATATATATGT 
Y  CAAGGTCATTTGTTACGGTGCTATTTCAATTATAGAAGTTTAG------ACTGTACATTGCCCATAACTTTTTACAAAGTACTTATTTTATTGCACATGAAGAGAATTTTATATGTGTAT 
     ************* **************** : :** **:.      : *. * :***************************.*************  **************.*.*.* 
X  CTTGTGTGCGTGTCCTTAAACTTCCAATCTTATTTTGTCTCTTGGAGATTGTTGAACGCAG----------CTTGTCTAGGAAAGGGATGGGACTAGATTCTAAAATTTATTTGGGACCA 
Y  CTTATGTACAAGTCCTTGAAGTTCCAATTGGATATTGTTGATTACAGTGTGTCAAGAACTTGGTTCAGAAAATTTTCCATGGACCATAGAATGATAGTTAAGAAAAACTATTTGCAGCCT 
   ***.***.*.:******.** *******   **:****  .**. **: *** .*...*:             .** ** * *.*. . * .. ..***:*:. ****: ****** ..**: 
X  TGGGAATGATAGTTGGGAAGAAAACTTTGCACACGACAG--------------------------------------------------ATTTCTAG----------------------- 
Y  GAAGTGGTGGCACACGCCTTTAATTGCAGCACTCAGGAGGCAGAGGCAGGTGGATTTCTGAATTTGTGGCCAGCCTGTTCTGCATAGTGAGTTCCAGGACAGCTAGGGCTCTACAGAGAA 
   ...*:.  . .. : * .: :**:   :****:*.. **                                                  * *** ** 
X  ---------------------------------------------------------------------------ATACTTTTTGCTGCTAGTTTTATGTAATATTTATTGAACATTTTG 
Y  ACCTTGTCTCAAAAAACCAAAAAAAAGAAAAAAAAGAAAAAGAAAAAAAAGAAAGAAAAACTATTTGCACATAACAGACTTTTTGCTGCTAGG-TTGTGTAATATTTATTGAACATTTTG 
                                                                              * ***************  **.*********************** 
X  ACAAATATTTATTTTTGTAAGCCTAAAAGTGATTCTTTGAAAGTTTAAAGAAACTTGACCAAAAGACAGTACAAAAACACTGGCACTTGAATGTTGAATGTCACCGTATGCGTGAAATTA 
Y  ACAAATATTTATTTTTGTAAGCCTAAAAATGATTCTTTGAAAGCTTAAAGAAACTTGACCAAAAGACAGTATTAAAAAAAACACTGGT---ATTTGATTGTCACTGTAT--GTGAAATAG 
   ****************************.************** *************************** :****.*.: .*:  *   : ****:****** ****  *******: 

Slxl1/Sly (mSlxy-F1/mSlxy-R1R):
X  TCTTTTGTGATTGGGTTATCTCACTTAGGAAGATATCATCCAGATGCATTCATTTGTCTAAGAATTTCATGAATTCATTATTTTTAATGGCTATGCAGTAATTCATTATGTAAATGTACC 
Y  TTTTTG-TGATTGGGTTAACTCTCTTAGGAAGATATCATCCAGATCCATCCATTTGTATAAAAATTTCATGAATTCATTGTTTTTAATAGCTGTGTAGTAATTCATTAAGTAAATGTGCC 
   * ***  ***********:***:********************** *** *******.***.*****************.********.***.** ************:********.** 
X  ATATTTTCTGTATCCCTTCCTCTGAAGAGGGACATCTGGGTTCTTTTCAGCTACTTGCTATTATAAATAAGGCTGCTATGAACATACTGAAGCATGGGTCATTATAACAAGTTGGAATAT 
Y  ATATTTTCTATATACATTCCTCTAAAGAGAGTCATCTGGGTTCATTTCAGCTTCTTGTTATTATACAAAAGGCTGCTATGGACAAAGTGAAGCATGTTTCCTTATTACAAGTTTGAACTT 
   *********.***.*.*******.*****.*:***********:********:**** *******.*:************.***:* *********  **.****:******* *** :* 
X  CTTCTGGAAATATGCCCAGGAGGAATATTGCTGAATCTTCCAGTAGAACTCTGTCAAATTTTCTGAGGAAACACCAGACTGCTTTCCAGAGTGGTTGTAACAGCTTGCAATCCCACCAGC 
Y  CTGGG------------------------------------------------------------------------------------------------------------------- 
   ** 
X  AATGGAAGAGTGTTCTTCTTTCACCACATTATCACCAGCATGTGCTGTCATCTGAGCTTTAGATCTTAGCCATTCTGACTCGTGTGATGTGGAATCTCACGGTTATTTTGACTTACACTT 
Y  ------------------------------------------------------------------------------------------------------------------------ 

X  CCCTGATAATTAAGGATGTTGAACATTTTTAGGTGTTTCTCAGCCATTCAGAATTCCTTACTTGAGGATTCTTTGCTTAGTTCTGTCCCAAATTTTTAATAGGGTTATTTGATTTTCAGG 
Y  ------------------------------------------------------------------------------------------------------------------------ 
X  AGTCCAGCTTCTTGATATATATATATTGGATATTAGTCCCCTATCTGATTTAGTATTGGTAAAGATTTTTTCCCATCTCTTGGTTGCTGTTTTGTCCTATTGTCAGTGTCCTTTGTCTTA 
Y  ------------------------------------------------------------------------------------------------------------------------ 

X  CAGAAGCTTTGCAATTTTATAAGGTCAAATTTGTCTAATCTTAATCTTATAACACAATCTATTGCTG----TTCTGCTCAGGAATTTCCCCCCTGTGCCCATATCTTCGAAGCTCTTCCC 
Y  TATAACCTTATCAGTTTTATGAGGTCCCATTTGTCCATTTTTAATCTTATAGCACAAGACATTGGTAGTATTTTTTTTCAAGAATATCCCCCCTTTGCCCATGTATTCCAGGCTATTCCC 
    * ** ***: **.******.*****..******* *:* ***********.***** . **** *.    ** *  ***.****:******** *******.*.*** *.***.***** 
X  CACTTACTCCTCTATAAGTTTCAGTGTCTCTGGTTTTATGTGGAGTTCCTTGATCCACTT 
Y  TACTTTCTCCTCTATAAGTTTCAGTGTCTCTGGTTTTATGTGCAGTCCCTTGATCGACTT 

****:************************************ *** ******** **** 

Slx/Sly (mSlxy-F3/ mSlxy-R3): 
X  TTGTCTAAGAATTTCATGAATTCATTGTTTTTAATAGCTGTGTAGTATTTTATTATGCAAATGTACAACATTTTCTGTATCCATTCCACTGAAGAGGGACATCTGGGTTGTTTTCAGCTT 
Y  TTGTATAAAAATTTCATGAATTCATTGTTTTTAATAGCTGTGTAGTAATTCATTAAGTAAATGTGCCATATTTTCTATATACATTCCTCTAAAGAGAGTCATCTGGGTTCATTTCAGCTT 
   ****.***.**************************************:** ****:* ******.*.* *******.***.******:**.*****.*:********** :********* 
X  CTTGCTATTATAAATAAGGATGCTATGAACATAGTGAAGCATG--TCATTATTACAAGTTGGAATATCTTCTGAGAATATGCCCAGGAGGAGTATTGCTGGATCTTCCAGTAGAACTATG 
Y  CTTGTTATTATACAAAAGGCTGCTATGGACAAAGTGAAGCATGTTTCCTTATTACAAGTT---TGAACTTCTGGG--------------------------------------------- 
   **** *******.*:****.*******.***:***********  **.************   : *:******.* 
X  TCCAATTTTCTGAGGAAACACCAGACTGATTTCCAGAGTGGTTTTACCAGCTTGCAATCTCACCAGCAATGGAGGAGTGTTCCTATTTCACCACATTCTCGCCAGCATCTGCTGTCATCT 
Y  ------------------------------------------------------------------------------------------------------------------------ 

X  GAGTTTTAGATCTGAGCCATTCTGACTGGTATGAGGTGGAATCTCAGGTATATTTTGACAGCACTTCCCTGATAATTAAGGATGATGAACATTTTTTAGGTGCTTCTCAGCCATTCGGTT 
Y  ------------------------------------------------------------------------------------------------------------------------ 

X  TTCCTTAGTTGAGAATTCTTTGTTTATCTCTGTCCCCATTTTTTAATGAGGTTATTTGATTTTGTGGAGTCCAGATTCTTGAGCTCTTTATATATATTCGATATTAGTCCCCATCTGATT 
Y  ------------------------------------------------------------------------------------------------------------------------ 

X  TAGGATTGGTAAAGATTTTTTTCCCATGTATTGGTTGCTGTTTTGTCCTATTGACAGTGTCCTTTGACTTATAGAAGCTTTGCAATTTTATAAGGTCACATTTGTCTATTCTTAATCTTA 
Y  -----------------------------------------------------------------------TATAACCTTATCAGTTTTATGAGGTCCCATTTGTCCATTTTTAATCTTA 
                                                                          ** ** ***: **.******.*****.******** *** ********* 
X  CAGCACATGCCATTGCTG----TTCTGTTCAGGAATTTTTCCCCGGTGCCCATGTCTTCGAAGCTCTTCCCCACTTCCTCCTCTATAAGTTTCAGTGTCTCTGGTTTTATGTGGAGTTCC 
Y  TAGCACAAGACATTGGTAGTATTTTTTTTCAAGAATATCCCCCCTTTGCCCATGTATTCCAGGCTATTCCCTACTTTCTCCTCTATAAGTTTCAGTGTCTCTGGTTTTATGTGCAGTCCC 

******:*.***** *.     ** * ****.****:*****    *********.*** *.***.***** **** ************************************ *** ** 

Rbm31x/Rbm31y:
X  AGAACAAGCCAATACACTTTGGGAACATACCCAAATGCTTTAGGAGTAAGCCATTATGCTTTGGCAACATACCCAGATACGTTCGAGATAAACCAATATGCTTTGGGGGCAAACCAAAAT 
Y  AGAACAAGCCAATACACTCTGGGAACATACCCAAATGCTTTAGGAGTAAGCCAGTATGCTTTGGCAGCGTACCCAAATACTTTCGGGATAAACCAATATCCTTTGGAGGCAGATCAAAAT 
   ****************** ********************************** ************ * ****** **** **** ************* ****** **** * ****** 
X  GCTTT------------------------------------------------------------------------------------TGGGGCAAGCCGGTATAGTTTGGGTACAAAC 
Y  GCTTTCTGGACAAACCAGTATCCTTTGGGAACATACTCAGATGCTTTTGGGATCGGCCAATATGCTTCTGGGACAAGTCCAAATGGTTTTGGGGTAAGCCAGTATAGTTTGGGTACAAAC 

   *****                                                                                                     ***** ***** 
*******************
X  TCAGATACTTTCAGTACAAACCGCTATGCTCTTGTGGCAAATCCATACAATATCTGGACAAACCACTACGTTTTAGCGACAAACCCAAATGTTTTCAGGACAAGCCAGTATATTCTTGGG 
Y  GCAGATACCTTCAGAACAAACTGCTTTGCTCTTGTGGCAAATCCATACAATATCTGGACAAACCACTATGTTTTGGCAACAAATCCAAATGTTTTCAGGACAAGCCAGTATGTTCTTGGA 

******* ***** ****** *** ****************************************** ***** ** ***** *************************** ******* 



Novel Sex Markers and DNA Extraction Methods Current Genomics, 2022, Vol. 23, No. 4    281 

 
Fig. (2). Several examples of alignment of PCR-amplified regions of human gene pairs to illustrate the primer locations and the differences 
between the X- and Y-derived amplicons. Primer sequences are shaded. Dashes and dashed lines within a sequence indicate the nucleotides 
that are lacked by the allele. Stars below a sequence indicate the nucleotides that are identical between the X and Y alleles, whereas dots and 
other markers below a sequence indicate the nucleotides that differ between the two alleles.  

PRKX/PRKY (F7/R7; X=307 bp; Y=589 bp): 
X  GGTTTCTGGATGAACAGCTGGCAAGGAAGGCGAGAATATGTTCTTTCCTAAAACCGTATGTCTGTGGTACAGGAAAGGGGTCCCGACCCACACCCCAGCACAGGGTTCTTGGATCTCTCG 
Y  GGTTCCTGGATGAACAGCTGGCAAGGAAGGCAAGAATGTATTCTTTCCTAAAACCCCTGACTTATGTTACCAGGAAGGAGTCCTGATCCAGACCCCAACAGAGGGTTGTAGGATCTCTTG 
   **** ************************** ***** * ***************       * ** ***  * **** **** ** *** ****** ** ****** * ******** *

X  CAATAAAGAATTTGGGGAAAGTCCATA----AAGTGAAAGCAAGTTTATTAAGAA----------------------------------------------------------------- 
Y  CAAGAAAGAATTCAGGGAAAGTCCATAGATCAAGTGAAAGCAAGTTTATTAAGAACGTAATCCTGTAATCCCAGCACTTTGGGAGGCCGAAGAGGGCGGATCACAAAGTCAAGAGATTGA 
   *** ********  *************    ************************ 

X  ------------------------------------------------------------------------------------------------------------------------ 
Y  GATCATCCTGGCCAATGTGGTGAAACCTGTCTCTACTAAAAACACTTAGCTGGGCCTGGTTGGGTGCTCCTGTAGTGCCAGCTACTTAGCAAGCTAGGGCAGGAGAATCGCTTGAACCTG 

X  ---------------------------------------------------------------------------------------------AGTAAAAGAATAAAAGTATGGTTACTC 
Y  GGAGGCGGAGGTTGCAGTGAGCCAAGATGGCACCACTGCACTCCAGCCTGGTGACAGAGTGAGATTCCATCTCAAAAAAAAAAGAAAGTAAAAAGTAAAAGAATAAAAGTATGGTTACTC 

***************************

X  CTTAGGCAGAGCAGCCCTGAGGGCTGCTGTTTGGCTATTTCGATGGTTATTTCTTGACTATATGCTAAACAAGGGGTGGATTTTTCGTGAGTTTTCCGGGAAAGTGGTGGGCAATTCCTG 
Y  ATTAGGCAGAGCAGCCCCAAGGGCTGCTGTTTGGCTATTTTGGTGGTTATTTCTTGACTATATGCTAAACAAGGGGTGGATTTTTCGTGAGTTTTCCGGGAAAGTGGTGGGCAATTCCTG 

****************   ********************* * ***************************************************************************** 

STS/STSP1 (F1/R1; X=600 bp; Y=271 bp):
X  ATCCTGACCCTTTTCTTGGGCTTCCTTCATTACTTCCGGCCCCTGAACTGCTTCATGATGAGGAACTACGAGATCATTCAGCAGCCCATGTCCTATGACAATCTCACCCAGAGGCTAACG 
Y  ATCCTGATC-TTTTCCTGGGCTTCTGTGATTACTTCCAGTCCCTGAACTTCTTCATCATGAGGAACTACCAGATCATTCAGCAGCCCATGTCCTATGGCAATCTCACTCAGAGGCTAATG 
   ******* * ***** ********  * ********* * ********* ****** ************ *************************** ********* ********** * 

X  GTGGAGGCGGCCCAGTTCATACAGCGGTGGGTATTGCCTTGTCCTCTGATGCTGCCTGTTAAAAAACATTCTGGGTTATTTCTCGTGGAGGTGGAAGAACCAACAGGGTTTTGTTGTTGT 
Y  GTGGAGGCAGCCCAGTTCATATAGTGGTGGGTATTGCCTTGACTTCTGATACTGCCTGTAAAAAAAAAT--------------------------------------------------- 
   ******** ************ ** **************** * ****** ******** ****** ** 

X  TGTTGTTTGTGGTTTGTTCGTTTTTTTGAGACAGAGTCTTGCTCTGTCGCCCAGGCTGGAGTGCAGTGGCGTGATCTCGGCTCACTGCAAGCTCTGCCTCCCGAGTTCACGCCATTCTCC 
Y  ----------------------------------------------------------------------------------------------------------------CATTCTG- 
                                                                                                                           ****** 

X  TGCCTCAGCCTCCTGAGTAGCTGGAACTATAGGCGCCCGCCACCACACCTGGCTAATTTTTTGTATTTTTAGTAGAGACGGGGTTTCACCGTGTTAGCCAGGATGGTCTCGATCTCTTGA 
Y  --------------------------------------------------GGTTATTTTTTTGTG------------------------------------------------------- 
                                                     ** ** ******** 

X  CCTCGTGATCCGCCCGCCTCGGCCTCCCAAAGTGCTGGGATTACAGGCGTGAGCCACCACGCCCAGCCAGAACTGGTAGGGTTATTATGCTAGCCACATTTTCCCTTCCATGCCTAACAC 
Y  -------------------------------GAGCTGGAA-----------------------------GAACCAGCAGCGTTATTGTGCTAGCCACATTTTCCCTTCCATACCTAACAT 
                                  * ***** *                               ****  * ** ****** ************************ ******* 

X  ATTTCTTCAGCCAGAGCTCGCCATAGCACATGTTTAATGGCCTTAGAAAGGTATTGCAATGCAGTGTGCTCTCCTTAGAGTCTCTTTGCCAACATTCCCCACATCCTGGGCTGGAAAGGC 
Y  ATTTCTTCATCCAGAGATCTCCATAGCACATGTTTAACAGCTTCAGAAAGGTATTGCAATGCAGTGTGCTCTCCTTAGGGTCTCTTTGCCAACATTCCCCACATCCTGGGCCAGAAAG-T 
   ********* ****** ** *****************  ** * ********************************** ********************************  *****

MXRA5/MXRA5Y (F1/R1; X=565 bp; Y=238 bp): 
X  TGGGTTCTGAGAGGGGGTACTCAAGTGATTCCCTGGGCTTCTGTATGTTCCAGAATATCCG--------CCCCATTCTCACATCTGGCACCCTTGGCATCTGCATCTGCAAGCTCTCTAA 
Y  CGGTTTCTGAAAGGGGGTACTCAAGTGATTCCCCAGGCTTTTGTCTGTTCCAGAATAACCGCCCCTCTCCCCCATTCTCACATCTGGCACCCTTGGAATCTGCATCTGCAAGCTCTCTAA 
    ** ******.********************** .***** ***.************:***        ***************************.*********************** 

X  TGCCCCTTAAAAACAAGCAGGGGGGTCCGGGCACGGTGGCTCATGCCTGTAATCCCAGCACTTTGGGAGGCTGAGGCGGGTGGATCACGAGGTCAGGAGATCGAGACCATCCTGGCTAAC 
Y  TGCCCATTAAAAACAATCGGGGG------------------------------------------------------------------------------------------------- 
   *****.********** *.****

X  ACGGTGAAAGCCCGTCTCTACTAAAAAATTCAAAAACATTAACTGGGCGTGGTGGTGGGCTCCTGTAGTCCCATCTACTTGGGAGGCTGAGGCAGGAGAATGGCGTGAACCTGGGAGGCA 
Y  ------------------------------------------------------------------------------------------------------------------------ 

X  GAGCTTGCAGTGAGCCAAGATCGCGCCACTGCACTCCAGCTTGGGTGACAGAGCGAGACGCCATCTCAAAAAACAAAAAAATAAAACAACAACAACAACAACAAAACAAGCAGGGGCAAG 
Y  ---------------------------------------------------------------------------------------------------------------------AAG 
                                                                                                                            ***

X  ATGACAGGGTCAGGCAGGTTTCTGAGCTGATGTGGAGCCCGTCCCAGACTTTGGGTGCCTTCCTGAAAGGGG-AATTTATTCAGATGTGAAGGGAAATCAACCAGTATT-ATCCTTTGTT 
Y  ATGACAG--TCAGGCACCTTTCTGAGCTGATGTGGAGCCTGTCCCAGACTTTGTGTGCCCTCCCAAATAGGGGGAATTATTCAGATGTGAAGGGAAATCAACCAGTATTGATCCTTTGTT 
   *******  *******  ********************* ************* ***** *** .**:.*** .*:********************************* ********** 

NLGN4X/NLGN4Y (F1/R1; X=354 bp; Y=681 bp): 
X  CTACTTTTATGTTTTTATTGTTAAATTGAAGATGAATCTGTACACTCACCTGCGAATTAAGATGCAACTATATTAAAATTAATTATAATTTTGAAGTTGATTTTATACTTAATTAGAAGA 
Y  CTATTTTTAAGTTTTTATTGTTAAATTGAAGATGAATCTGTACAGTTACTTGTGAATTAAGATGCAGCTAAGTTAAAATCAAGTATAATTTTGAAGCTGATTTTACATTTAACTAGATGA 
   *** *****:********************************** * ** ** *************.***:.******* ** ************* ******** * **** ****:** 

X  TAAAATATATTTCATCAAGGGTCCCATGTGTTTATTCAATTTAAATCACATTTTAGGGTTTGAGCAAAATTTAGGAAATGTGTACTTTACCTAAAACCATTTCTTTTAGTGCTTTAGATA 
Y  TTAAATATATTTTTTCAGG---------TGCTTCTTCAATTTAAATCAAGTTTTATGGTTTCAGCAAAATTTAGAAAATATGTACTTTACCTAAAAACTTTTCTTTTAGTGCTTTGGATA 
   *:********** :***.*         ** **.**************..***** ***** ************.****.****************.*:****************.**** 

X  TATATAGAAGCTTAGATGAGCAGAGTACGCTAAATGTCTGTATGCTTCTTAAAATACCATTTCC-------------------------------------------------------- 
Y  TATACAGAAGCTTAAATGAGTAGAGTATCCCAAACATCCAGATGCTTCTCAAAATAGCATTTCCGGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGG 
   **** *********.***** ******  * *** .** . ******** ****** ******* 

X  ------------------------------------------------------------------------------------------------------------------------ 
Y  CGGATCACGAGGTCAGGAGATCGAGACCATCCCGGCTAAAACGGTGAAACCCCGTCTCTACTAAAAATACAAAAAATTAGCCGGGCGTAGTGGCGGGCGCCTGTAGTCCCAGCTACTTGG 

X  ------------------------------------------------------------------------------------------------------------------------ 
Y  GAGGCTGAGGCAGGAGAATAGCGTGAACCCGGGAGGCGGAGCTTGCAGTGAGCCGAGATCCCGCCACTGCACTCCAGCCTGGGCGACAGAGCGAGACTCCGTCTCAAAAAAAAAAAAAAA 

X  ----------------------------------------ATAAATAGAAAACGTAATAGCATTGATCATTTTCCTTAGACACTCTTATCAAGGGTCATATCATCCATAAAAATAAATGT 
Y  AAAAAAAAAAAAAAAAAAAAAAAAAAAAAATAGCATTTCCAGAAACAGAAAATGTAATAGCATTAGTCAAGTTACTTAGAAACTCTTATCAAGTGTCATATCATCCATAAAAATTAATTT 
                                           * *** ****** ***********..***: **.******.************ ********************:*** * 

DDX3X/DDX3Y (F4/R4; X=277 bp; Y=589 bp): 

X  TAGCAGCAGAGGATTTGGTGGAGGTAGTGTTAATCTGTAACTTCATAG----------------------------CTTTGGGAAGGG-------------------------------- 
Y  CAACAGCAGAGGATTTGGTGGAGGTAATGTTAATTTTTCTTTTAGGAAGGGCTTTTTGTTTTTCTTTTTTTTTTTTTTTTGAGATGGAGTCCCACTCTGTCACTCAAGCTGGAGTGCAGT 
    *.***********************.******* * *.: **.. *.                                  ****.**:**. 

X  ------------------------------------------------------------------------------------------------------------------------ 
Y  GGCCTGATCTCGGCTCACTGGAAGTGACTCTCCTGCCTCAGCCTCCTAAGTAGGTGGGATTACAGGTGGGTGGCAACATGCCCAGCTCATTTTTTTCTATTTTTAATAGAGATGGGGTTT 

X  ---------------------------------------------------------------------------------------------------------------TTTTTTTCC 
Y  CACCATGTTGGCCAGGCTGGTCTCTACCTCCTGACCTCATGATCCACACACCTTGGCCTCCCGAAGTGCTGGGATTACAGGCTTGAGCCACCGTGCCTGGCCTAGGCTCTTTGTTTTTCT 
                                                                                                                          * 
******

X  TTTTAGTCATCTTTTTCAAAGCCTAATTAAACAATTTAAGTTCAGCACTATAG---------------------AAACTTGATGGCAAATTACGTAAGGGAAGGATTGTATTTAATGATG 
Y  TACGAGTTCTCTTTTTCAAAGCATAATTCATTGGGGAGATTTGATTTCTGAGGGACACAAAATCCAACTCTAGATTTCTTTTACTGGTTTTATGTTAAAGTACTTGAGAAAAAAAAGGTA 
   *:  *** .*************.*****.*: ..  :.* ** *  :**.:.*                         :::*** ::   .::*** **:*..*:*  : :*:*:::**:*.*.

X  GATAACTTCATTAATTTCTCTCTCTTTTTAAATCTCTCATTAGGTGGCTATGGAGGCTTTTACAACAGTGATGGATATGGAGGAAATTATAACTCCCAGGGGGTTGACTGGTGGGGTAAC 
Y  TTAACGAATGACTTAATTTCTCTCTAAACATTTTTCTTGATAGGTGGCTATGGAGGCTTCTACAATAGTGATGGATATGGAGGAAATTATAACTCCCAGGGGGTTGACTGGTGGGGCAAC 
    ::*. :: .: ::::* *******::: *::* *** .:******************* ***** ************************************************** *** 
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2.3. Culture and Collection of Cells 

 This study included one male-origin cell line and one 
female-origin cell line, both of which were recently estab-
lished by us from mouse skin tissues for other purposes ir-
relevant to the present study. The cells were cultured in 
flasks at 37˚C in a Dulbecco’s modified eagle medium 
(DMEM) containing 10% fetal bovine serum as routine. 
Cells reaching about 80% confluence were briefly treated 
with DMEM containing 0.25% trypsin-EDTA (Ethylene 
Diamine Tetraacetic Acid) so that they detached from the 
flask. The cells were then collected into a 15-ml tube and 
centrifuged at 5,000 rpm for 5 minutes at room temperature. 
After the supernatant was discarded, the cell pellet was sus-
pended in 150 µl of phosphate-buffered saline (PBS) and 
transferred into a 1.5-ml Eppendorf tube. The tube was then 
centrifuged at the top speed (about 5,000 rpm) of a mini-
centrifuge for 5 minutes at room temperature and the PBS 
was removed as much as possible with a pipette so that it 
would not significantly dilute the to-be-added cell lysis so-
lution. The cell pellet was used for isolation of the nuclear 
DNA, as described below. 

2.4. Isolation of DNA from Cultured Cells and Blood 
Samples 

 Inspired by several methods reported in the literature 
[19-22], we developed two simple solutions, dubbed as “the 
NaCl-SDS working solution” and “the NaCl-NP40 working 
solution”, and developed a simple procedure for using these 
solutions to isolate DNA from cultured cells. To make the 
former solution, we made 1) a 10% SDS (sodium dodecyl 
sulfate) solution (5 ml) and 2) a saturated (about 6 M) NaCl 
solution by adding 2.5 grams of NaCl into 5 ml of H2O [6, 
22]. Both solutions can be stored at room temperature. We 
then sequentially added 730 µl of H2O, 250 µl of the satu-
rated NaCl, and 20 µl of the 10% SDS into a 1.5-ml Eppen-
dorf tube to make 1 ml of the NaCl-SDS working solution, 
which contained 0.2% SDS and about 1.5 M NaCl. It is im-
portant to make the working solution and use it immediately, 
as SDS may form cloudy precipitates in a high concentra-
tion of NaCl. Should precipitates appear, one could use a 
200-µl tip to stir the solution and mix it well. To make the 
latter solution, we first made 1 ml of 10% Nonidet ® P40 
(Cat # A100109-0100, Diamond Sangon Biotech (Shanghai) 
Co. Ltd., China; www.sangon.com) by adding 900 µl of 
H2O and 100 µl of the NP40 into a 1.5-ml tube. Since NP40 
is very sticky, it is best to cut off part of a 200-µl tip to facil-
itate pipetting it and to vortex the tube to dissolve the NP40 
into the water. A NaCl-NP40 working solution was made by 
sequentially adding 730 µl of H2O, 250 µl of the above-
described saturated NaCl, and 20 µl of the 10% NP40 into a 
1.5-ml tube. The solution carried 0.2% NP40 and about 1.5 
M NaCl. 
 The above-described pellet of cultured cells in a 1.5-ml 
tube was added to 100 µl of the NaCl-SDS or the NaCl-
NP40 working solution. A pipette was used to mix the cells 
with the solution, followed by vortexing for tens of seconds 
to break the cells and their nuclei. The tube was then put 
into boiling water for five minutes or into a heating block 
preset at 95˚C for 10 minutes and, during which, was vor-
texed once or twice to release DNA from nuclear proteins 

and to denature the DNA. The tube was then spun in a mini-
centrifuge at the top speed (about 5,000 rpm) for two 
minutes to precipitate proteins. The supernatant, which con-
tained DNA, was transferred into a new 1.5-ml tube, fol-
lowed by the addition of 1.4 ml of 70% ethanol to precipi-
tate the DNA and remove salts from the DNA. The DNA 
was precipitated by centrifuging the tube at 13,000 rpm for 
10 minutes at 4˚C. After the ethanol was discarded as much 
as possible, the tube was spun in a mini-centrifuge for a few 
seconds and the extant ethanol in the tube was aspirated 
using a pipette with a 10-µl tip. The DNA pellet that was 
now basically free of ethanol was dissolved by adding 20-25 
µl of H2O with subsequent vortexing. A volume of 2 to 3 µl 
of this DNA solution should be sufficient as the template for 
a 20-µl volume of PCR system. 
 We also used the above-described methods to extract 
DNA from human blood samples. We collected 100 µl of 
anticoagulated blood samples that were provided by indi-
viduals during their regular health checkups and were dis-
carded leftovers from all clinical uses, with notification to 
and permission from the individuals about this study prior to 
the use of the blood samples. We added 200 µl of distilled 
water into the 100 µl blood in a 1.5-ml tube and stored the 
tube at room temperature for 5 minutes so that the erythro-
cytes were lysed in the hypotonic condition, whereas the 
leucocytes should largely remain intact as they have been 
shown to be more refractory to hypotonic shock than eryth-
rocytes [23-25]. The tube was then centrifuged with a mini-
centrifuge at the top speed (about 5,000 rpm) for 2 minutes 
at room temperature to precipitate the leucocytes, along with 
a small amount of erythrocyte debris. After the supernatant 
(which mostly contained lysed erythrocytes) was discarded, 
100 µl of the above-described NaCl-SDS or NaCl-NP40 
working solution was added into the tube, followed by vor-
texing the tube to break the leucocytes and release their 
DNA from nuclear proteins. The remaining procedure was 
the same as described above for cultured cells. 

2.5. Isolation of DNA from Tissues 

 The above-described procedure entailing the NaCl-SDS 
or NaCl-NP40 working solution could also be used to iso-
late DNA from frozen or fresh tissues; however, the yield of 
DNA was low if the tissue was not well homogenized. Since 
tissue homogenization is relatively complicated and in-
volves additional reagents or equipment such as a polytron, 
we chose to use a proteinase K (PK) approach modified 
from previously described methods [7, 19]. Several milli-
grams of mouse tissue, such as roughly 5 mm of the tail tip 
of a weaning mouse or a piece of liver tissue collected from 
mouse carcasses that were discarded from terminated animal 
studies, were collected and fractioned into small pieces us-
ing a surgical blade. The tissue shreds were put into a 1.5-ml 
tube containing 50 µl of a PK solution that contained 10 
mM Tris (pH 8.0), 1 mM EDTA (pH 8.0), and 0.4 µg /µl of 
PK (Cat. # P1120, the Solarbio Life Sciences, Beijing, Chi-
na; http://www.solarbio.net). The tube was incubated for 4 
to 6 hours at 56˚C in a heating block for the PK to digest 
proteins, followed by incubation of the tube at 95˚C for ad-
ditional 15 minutes to inactivate the PK. A volume of 2 to 3 
µl of this crude DNA solution was directly used as the tem-
plate in a 20-µl volume of PCR system. 
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2.6. PCR and Electrophoresis of PCR Products in Aga-
rose Gels 

 PCR was performed with a volume of 20 µl containing 2 
or 3 µl of crude DNA as the template. The DNA was initial-
ly denatured at 95˚C for 5 minutes, followed by 40 cycles of 
30 seconds at 95˚C (for DNA denaturation), 20 seconds at 
52-58˚C (for primer annealing, varying among different sex 
markers as shown in Table 3), and 30 seconds at 72˚C (for 
elongation). A final extension at 72˚C was set for 3 minutes. 
PCR products were fractionated by electrophoresis in a 1% 
agarose gel containing 0.01% of ExRed, a fluorescent dye 
(Beijing Zoma Biotechnology Co., Ltd, Beijing, China; Cat-
alog# ZS203-1; www.zomabio.com) that visualized the 
DNA during electrophoresis. 

2.7. Sequencing of PCR Amplicons 

 We selected some PCR amplicons, especially those that 
appeared at unanticipated positions on agarose gels and thus 
might be off-targets, for DNA sequencing to determine their 
identities. The DNA band of interest in an agarose gel was 
excised and purified using a simple method we described in 
detail before, in which the DNA-containing gel slice was 
centrifuged to separate the DNA from the agarose [26, 27]. 
The purified DNA was sent (Diamond Sangon Biotech 
(Shanghai) Co. Ltd., China; www.sangon.com) for direct 
sequencing from both ends using the PCR primers. The re-
sulting sequences were analyzed using the BLAT function of 
the online software UCSC.GENOME.BROWSER (https:// 
genome.soe.sucs.edu) to determine which gene the sequence 
belonged to. If the amplified gene was an off-target, the se-
quence would be aligned with the sequences of the targeted 
Y- and X-linked genes using the abovementioned Multiple 

Sequence Alignment function of the online CLUSTALW 
software. This allowed for further analysis of whether the 
gene was mis-amplified due to certain similarities of our 
primers to the gene’s sequence, and whether modification of 
the primer sequences or the PCR conditions would be able 
to solve the off-target issue.  

3. RESULTS 

3.1. Identification of Paired Genes with a Regional Dif-
ference Between the X and Y Alleles 

 Through analysis of the literature and gene sequences in 
the NCBI database, we found a total of 25 pairs of mouse 
genes (Table 1) and 52 pairs of human genes (Table 2) that 
have regional difference(s) between the Y and X alleles. 
Besides these genes, there are many genes that are identical, 
or differ only by single nucleotides (i.e., single nucleotide 
polymorphism; SNP), between the X and Y alleles, howev-
er, these genes could not be used as sex markers and thus 
were not further analyzed. Some genes, such as the mouse 
Slx, Sly, and Rbmy as well as the human RBMX and 
UPS9X, have multiple copies, mostly as pseudogenes, on 
the same (X or Y) chromosome and thus can be paired dif-
ferently. On the other hand, several genes that had previous-
ly been reported in the literature were not included because 
we could not find them in the NCBI database; such as the 
human UBE1Y, which was reported to be the male counter-
part of the X-linked UBE1X (UBA1), and the mouse Sstx, 
which was reported to be the female counterpart of the Y-
linked Ssty1 and Ssty2. We used the BLAT function of the 
UCSC.GENOME.BROWSER software to search for se-
quences similar to these genes on the opposite chromosome 
and were unable to find their counterpart allele.  

Table 3. PCR conditions for the tested genetic sex makers. 

Species Marker Denature Annealing Elongation 

Mouse 

Uba1/Ubaly 95˚C, 30 sec 58˚C, 20 sec 72˚C, 30 sec 

Ddx3x/Ddx3y 95˚C, 30 sec 58˚C, 20 sec 72˚C, 30 sec 

Slxl1/Sly 95˚C, 30 sec #52-57˚C, 20 sec 72˚C, 30 sec 

Slx/Sly 95˚C, 30 sec 62˚C, 20 sec 72˚C, 30 sec 

Rbm31x/Rbm31y 95˚C, 30 sec 58˚C, 20 sec 72˚C, 30 sec 

Human 

NLGN4X/NLGN4Y 95˚C, 30 sec #56-58˚C, 20 sec 72˚C, 30 sec 

DDX3X/DDX3Y 95˚C, 30 sec 58˚C, 20 sec 72˚C, 30 sec 

ARSL/ARSLP1 95˚C, 30 sec 58˚C, 20 sec 72˚C, 30 sec 

MXRA5/MXRA5Y 95˚C, 30 sec 58˚C, 20 sec 72˚C, 30 sec 

PRKX/PRKY 95˚C, 30 sec 58˚C, 20 sec 72˚C, 30 sec 

STS/STSP1 95˚C, 30 sec 58˚C, 20 sec 72˚C, 30 sec 

ANOS1/ANOS2P 95˚C, 30 sec 58˚C, 20 sec 72˚C, 30 sec 

TMSB4X/TMSB4Y 95˚C, 30 sec 58˚C, 20 sec 72˚C, 30 sec 

OFD1/OFD1P10Y 95˚C, 30 sec 58˚C, 20 sec 72˚C, 30 sec 
#: The annealing temperature for these primer sets can be changed with the range without affecting the efficacy and specificity, allowing the marker to be performed together with 
other marker(s) in the same PCR cycler. 
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Fig. (3). PCR verification of six mouse sex markers, with detailed 
information of the primer sequences and amplicon sizes given in 
Table 1 and PCR conditions given in Table 3. “Tail” and “Cell” 
mean that the template DNA was extracted from mouse tail tissues 
or mouse cell lines, respectively. “M” indicates marker of molecu-
lar weights.  

3.2. Identification of Genomic Regions as Sex Markers 

 Of the 25 pairs of mouse genes identified, we were able 
to identify six with one or more regions allowing us to de-
sign primers for PCR amplification to produce X- and Y-

derived amplicons with significant differences in molecular 
weight (size). Because the gene pairs Slxl1/Sly and Slx/Sly 
have several such genomic regions, a total of eight sex 
markers were identified. The sizes of the X and Y amplicons 
of these markers are listed in Table 1, with their sequences 
and primer locations shown in the Supplementary Word 
Document. We performed PCR to verify six of the eight sex 
markers, with the results shown in Fig. (3). Of these tested 
sex markers, the Rbm31x-derived amplicon (244 bps) and 
the Rbm31y-derived amplicon (328 bps) differed by only 84 
bps (Table 1 and Figs. 1 and 3); this size difference is too 
small and requires known male and female samples to be 
included as references to indicate the positions of the X- and 
Y-derived amplicons on the agarose gel. 
 Similarly, we were able to identify regions in 25 of the 
52 pairs of human genes, with regions showing significant 
differences between the X and Y alleles. Because some of 
the gene pairs had several such regions, a total of 56 human 
sex markers were identified, with their PCR amplicon sizes 
and primer sequences listed in Table 2 and their amplicon 
sequences and primer locations shown in the Supplementary 
Word Document. Some of the markers were less optimal 
than the others with regards to the difference in the sizes 
between the X- and Y-derived amplicons or to the PCR 
conditions, particularly the annealing temperature associated 
with the AT to GC ratio in the primer sequence. We per-
formed PCR to verify 14 of the 56 markers, with the results 
shown in Fig. (4). One of the sex markers, F3/R3 of the 
DDX3-DDX3Y, also amplified the X-linked gene FTX as an 
off-target (Fig. 4). 
 Some of the genes have multiple alleles on the X or Y 
chromosome or have multiple sequence repeats within the 
same allele. We were able to design a single primer pair that 

 
Fig. (4). PCR verification of 14 human sex markers, with detailed information of the primer sequences and amplicon sizes given in Table 2 
and PCR conditions given in Table 3. One of the markers, the F3/R3 of DDX3X-DDX3Y, also amplifies the X-linked gene FTX as an off-
target. “F1” and “F2” indicate human blood samples from two different females, whereas “M1” and “M2” indicate blood samples from two 
different males. “M” indicates marker of molecular weights.  
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could amplify two or more of these alleles or these sequence 
repeats. For instance, the primer pair hORD10Y-F1/ 
hORD10Y-R1 could amplify six Y-linked copies (Table 2), 
whereas the primer pair F2/R2 for the mSlxl1/mSly could 
amplify multiple X alleles and multiple Y alleles (Supple-
mentary Word Document).  
 The remaining 19 pairs of the mouse genes and the re-
maining 27 pairs of the human genes from which we were 
unable to select a good sex marker are listed in the Supple-
mentary Tables 1 and 2, respectively. Many of these genes 
still encompass regions that differ between the X and the Y 
alleles and, in certain situations, may still be used as sex 
markers although they are less-optimal than those listed in 
Tables 1 and 2. 

4. DISCUSSION 

 Positive PCR results shown in Figs. (3 and 4) showcase 
that our simple methods for extraction of crude DNA from 
cells, blood samples, or tissues work sufficiently for PCR 
amplification. Our NaCl-SDS and NaCl-NP40 methods for 
cultured cells or blood samples are more simple and more 
cost-effective compared with many methods of this kind. 
SDS is cheaper and more assessable compared to NP40, 
whereas the NaCl-NP40 working solution seems easier to 
make and to use as the NaCl-SDS may form cloudy precipi-
tates. 
 The sex markers we identified, especially those that have 
been verified and shown in Figs. (3 and 4), are preferred 
over most, if not all, of those reported in the literature due to 
their much larger size differences between the X- and Y-
derived PCR amplicons. Most of our sex markers have a 
large enough difference in the amplicon sizes to allow omis-
sion of positive controls, making the performance simpler 
and less expensive. The sizes of the amplicons are less than 
1 kb in most cases, which allows the targeted genomic re-
gions to be amplified easily in a short time. The primers 
(Table 3) we designed allow researchers to use the same 
PCR conditions, mainly the same annealing temperature, to 
amplify several sex markers in a single performance of 
PCR. Some of the genes still have some nucleotides at the 5’ 
and/or the 3’ flanks of a primer that are homologous be-
tween the X and Y alleles, as shown in Figs. (1 and 2) and 
the Supplementary Word Document, which provides re-
searchers with opportunities to modify the primers for dif-
ferent reasons as needed, such as adjusting the annealing 
temperature or the length of the primer. 
 For two reasons we recommend that several markers 
should be simultaneously used for sex determination, with 
those markers that amplify two or more Y-linked alleles as 
the first choices since identification of the Y chromosome is 
the key point of sex determination. First, the efficiency of a 
PCR amplification depends not only on the primer sequence 
but also on the size and sequence of the to-be-amplified 
DNA template. Therefore, a given set of PCR conditions 
that work for both X and Y alleles may be optimal for, and 
thus may preferentially amplify, only one of the two. For 
example, the marker F1/R1 of the ANOS1/ANOS2P should, 
theoretically, also yield a Y-derived 571-pb band (Table 2 
and Supplementary Word Document), but this band is often 
missing (Fig. 4). Second, it is well known that some Y-

linked genes or even the whole Y chromosome may have 
been lost in various pathological conditions [14, 16, 28], 
especially in some cancers [13]. Actually, about 20% of old-
er men have lost the Y chromosome in certain cell types 
[29], and quite a few cell lines in the depository of the 
American Type Cell Culture are known to be derived from 
male patients but test negative for some male marker genes, 
such as the amelogenin [30]. Therefore, use of only one 
marker may result in misleading data. 
 In forensic applications and in palaeobiological or ar-
chaeological research, there are often situations wherein the 
DNA template is so degraded that the sex markers shown in 
Figs. (3 and 4) may not result in positive PCR data. In these 
scenarios, some of the untested sex markers may be tried, 
and new markers may be selected from the gene pairs listed 
in Supplementary Tables 1 and 2. Since DNA degradation 
occurs randomly, some of these untested markers, unselect-
ed genomic regions, or unselected gene pairs may be less 
degraded. PCR can splice fragmented DNA templates [31-
33], and thus less-degraded genomic regions have higher 
chances of being amplified than more severely degraded 
ones. However, the PCR conditions for amplifying intact 
DNA may differ from those for fragmented DNA. For in-
stance, it is likely to require a longer time for a long, intact 
DNA double helix to be denatured at 95˚C. Therefore, re-
searchers who want to use some of the untested markers 
from Tables 1 and 2, or even select new markers from the 
gene pairs in these tables or in the Supplementary Tables 1 
and 2, need to optimize the PCR conditions according to 
their DNA template. 

 Determination of the genetic sex of cells, which usually 
requires identification of new sex markers [3, 34-36], is 
needful in a great variety of areas of not only biology re-
search but also agriculture, industry, etc., and involves a 
large range of species of animals and dioecious plants. For 
example, dairy farms favor female sperms in cow breeding 
because only the females produce milk, and hop farmers try 
hard to eliminate the male plants during hop breeding be-
cause beer brewing industry needs only the female cones 
[34]. Like what we present herein, the determination of ge-
netic sex in all of these organismal species should entail 
huge bioinformatic or computational work: Sex-linked 
gametologous pairs need to be identified first, followed by 
the identification of optimal sequence gap(s) as potential sex 
markers between the two sex alleles of each pair and identi-
fication of sequences as optimal forward and reverse pri-
mers. PCR conditions will then be designed based on the 
amplicon size and primer sequences; optimal methods and 
relevant conditions to visualize the PCR products, such as 
the concentration of the agarose gel, need to be estimated. 
Probably, biology experts and bioinformatics wizards should 
collaborate to establish certain computational tools, like 
those machine learning tools that have been developed for 
chemical docking simulation [37, 38], to facilitate each of 
these lines of bioinformatic work. More importantly, com-
putational work is needed to integrate 1) establishment of 
gametologous pairs, 2) identification of new sex markers, 3) 
primer design, 4) PCR condition estimation, and 5) visuali-
zation of the PCR products into a single bioinformatic tool. 
For instance, the human TSPY has 30-60 tandem repeats on 
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the Y [14, 18]; each of these repeats need to be aligned with 
its X counterpart TSPX (TSPYL2) to identify optimal pairs, 
which may be aided by computer. Moreover, different spe-
cies differ greatly from one another in sexing strategy be-
cause sex chromosomes evolve quickly [39, 40]. Some or-
ganisms are male-heterogametic (XX/XY) species like hu-
mans, mice and plants, whereas some others are female-
heterogametic (ZZ/ZW) species like birds [39, 40]. More 
complicatedly, there are also species of which the haploid 
females have the U chromosome whereas the haploid males 
have the V chromosome [39, 40]. Such a huge organismal 
variation in sex chromosomes may require specialization of 
our work on sex marker identification, including establish-
ment of computational tools, for each particular species.  

CONCLUSION 

 In summary, our bioinformatics analyses have led to the 
identification of new sex markers for the mouse and human 
cells, with some of them verified using PCR. We have also 
established several simple methods for extracting crude 
DNA from cultured cells, blood samples, and animal tissues 
to serve as the templates for PCR amplification. These sex 
markers and DNA extraction methods possess certain ad-
vantages when compared with those reported in the litera-
ture. Our work may lend some methodological strategies to 
other researchers for identification of new genetic sex mark-
ers and ensuing the establishment of new methods for sex 
determination of other organismal species.  
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