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REAL-TIME PCR TECHNOLOGY FOR CATTLE GENOTYPING
BY A AND B KAPPA-CASEIN GENE ALLELES

Abstract. The main goal of the study was to develop and test an effective technology for cattle genotyping by
the CSN3 gene based on real-time PCR with hybridization-fluorescence detection. There was developed a method for
real-time PCR for cattle genotyping by 4 and B alleles of the CSN3 gene in the format of hybridization-fluorescence
detection, involving the use of two 5'-fluorescence-labeled forward allele-specific primers, one reverse common
primer, and one anti-primer labeled with a fluorescence quencher at the 3'-end of the oligonucleotide. As a result of
practical studies aimed at testing the developed method, we obtained the technical result provided by the proposed
technology, expressed in the effective identification of the desired genotypes due to correct interpretation of these
curves of increasing fluorescence intensity, the results reliability of which was also confirmed by the well-known
PCR-RFLP analysis technique for Bos taurus genotyping for similar allelic variants of the kappa-casein gene.

Key words: Bos taurus, PCR, RFLP, genotyping, allele, genotype, CSN3.

Introduction. The kappa-casein gene (CSN3) is one of the few known genes that is uniquely
associated with the milk protein characteristics and milk technological properties. The B-allele of the
CSN3 gene in cattle is associated with a higher protein content in milk, a higher yield of cottage cheese
and cheese, and better milk coagulation properties. Practice shows that high quality hard cheeses can only
be made from milk obtained from cows with the BB kappa-casein genotype [1-5].

Along with the widely used method for assessing the allelic polymorphism of the CSN3 gene in cattle
based on PCR-RFLP analysis [6-8], SSCP-analysis [9-11], ARMS-PCR [12,13], allele-specific PCR
(AS-PCR) [14,15], HRM analysis [16-18], and TagMan real-time PCR [19,20].

Studies on the development of molecular genetic approaches to assessing the CSN3 allelic
polymorphism are relevant, are of scientific and practical interest due to the established economic value of
the studied gene [21-23].

The develop and test an effective technology for cattle genotyping for the CSN3 gene based on real-
time PCR with hybridization-fluorescence detection is the main goal of the study.

Material and research methods. Testing of the developed method of real-time PCR for cattle
genotyping for 4 and B alleles of the CSN3 gene was carried out on DNA samples from 70 servicing bulls
of the Elita in the Vysokogorsk region of the Republic of Tatarstan of the Russian Federation.

Nucleic acid extraction from cattle whole blood samples preserved with 10 mM EDTA-Na2 was
carried out by the sorption method using a set of reagents for DNA isolation from clinical material "DNA-
sorb B" (Central Research Institute of Epidemiology, Russia).

The technology of real-time PCR for cattle genotyping for 4 and B alleles of the CSN3 gene was
performed on a Rotor Gene 6000 amplifier (Corbett Research, Australia) according to the protocol shown
in table 1.
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Table 1 — Real-time PCR protocol for cattle genotyping for 4 and B alleles of the CSN3 gene

Reagents Initial concentration Working concentration 1 sample 10 samples
dH20 13.6 136
dNTPs 2.5 mM 0.25 mM 2 20
Buffer 10x 1x 2 20
Taq DNA polymerase 5 units 1 units 0.2 2
CSN3-A 25 uM 0.25 uM 0.2 2
CSN3-B 25 M 0.25 uM 0.2 2
CSN3-R 25 uM 0.5 uM 0.4 4
CSN3-S 25 uM 0.5 uM 0.4 4
DNA sample 1
TOTAL 20

Name and sequence of oligonucleotide primers:

5/-fluorescently-labeled forward 4-allele-specific primer

CSN3-A: 5-FAM-ACT-GTA-GCT-ACT-CTA-GAC-GA-3 (20 nt.)
5'-fluorescently-labeled forward B-allele-specific primer

CSN3-B: 5-VIC-ACT-GTA-GCT-ACT-CTA-GAT-GC-3/ (20 nt.)
Reverse common primer

CSN3-R: 5-GCT-CTC-AAT-AAC-TTC-TGG-AGA-A-3/ (22 nt.)
Anti-primer labeled with a fluorescence quencher at the 3’-end of the oligonucleotide
CSN3-S: 5-TCT-AGA-GTA-GCT-ACA-GT-3-BHQI (17 nt.)
Amplification Mode / [Hybridization Fluorescence Detection]:

x1: 94 °C — 4 min. x30: 94 °C — 10 sec. 61 °C — 10 sec. 72 °C — 10 sec. 51 °C — 10 sec [Green detection channel for

FAM fluorophore / Yellow detection channel for VIC fluorophore].

The well-known technique of PCR-RFLP for cattle genotyping for 4 and B alleles of the CSN3 gene

[8] was carried out according to the presented in table 2 protocol.

Table 2 — PCR-RFLP protocol for Bos taurus genotyping for 4 and B alleles of the CSN3 gene

PCR
Reagents Initial concentration Working concentration 1 sample 10 samples
dH20 14 140
dNTP 2.5 mM 0.25 mM 2 20
Buffer 10x 1% 2 20
Taq DNA polymerase 5 units 1 units 0.2 2
JK5 25 M 0.5 uM 0.4 4
JK3 25 uM 0.5 uM 0.4 4
DNA sample 1
TOTAL 20
Name and sequence of oligonucleotide primers:
Forward primer JK5: 5-ATC-ATT-TAT-GGC-CAT-TCC-ACC-AAA-G-3/ (25 nt.)
Reverse primer JK3: 5-GCC-CAT-TTC-GCC-TTC-TCT-GTA-ACA-GA-3/ (26 nt.)
Amplification Mode:
x1: 94 °C — 4 min. x40: 94 °C — 10 sec. 63 °C — 10 sec. 72 °C — 10 sec. x1: 72 °C — 7 min.
RFLP
Reagents Initial concentration Working concentration 1 sample 10 samples
dH20 2.25 22.5
SE-buffer O 10x% 1x 2.5 25
Hinfl 20 units S units 0.25 2.5
PCR product 20
TOTAL 25

Incubation at 37 °C for 3 hours.
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Detection of the PCR-RFLP result was carried out by horizontal electrophoresis in 2.5% agarose gel
in TBE buffer (pH 8.0) containing ethidium bromide at a concentration of 0.5 pg/ml, followed by
visualization of amplified products in an ultraviolet transilluminator (A=310 nm), while hybridization-
fluorescent detection of the PCR result with primers CSN3-A + CSN3-B + CSN3-R + CSN3-S is
implemented in real time.

in silico PCR-RFLP profiles modeling: NEBcutter V2.0.

We also used reagents for molecular biological research produced by "SibEnzyme OOO" (Limited
Liability Company) (Russia), "DNA-synthesis OOO" (Limited Liability Company) (Russia) and "Helikon
OOQ" (Limited Liability Company) (Russia).

Results and discussion. A technology was developed for real-time PCR for cattle genotyping for
A and B alleles of the CSN3 gene in the format of hybridization-fluorescence detection, involving the use
of two 5'-fluorescently-labeled forward allele-specific primers (CSN3-A + SCN3-B), one reverse common
primer (CSN3-R) and one anti-primer (CSN3-S), labeled with a fluorescence quencher from the 3'-end of
the oligonucleotide.

The analysis of alignment of the nucleotide sequences of 4 and B alleles of the Bos taurus CSN3
gene, flanked with the primers CSN3-A + CSN3-B + CSN3-R is shown in figure 1.

CSN3-A: 5/-FAM-ACTGTAGCTACTCTAGACGA-3/ PCR-
CSN3-B: 5/-VIC-ACTGTAGCTACTCTAGATGC-3/ product
Allele A: 01 5/-ACTGTAGCTACTCTAGAAGATTCTCCAGAAGTTATTGAGAGC-3/ 42 bp
Allele B: 01 5/—. ..o irinninnnnnnnn. (o -3/ 42 bp
Anti-primer NERERRRNARE RN RN AR ARE RN RRRRRRERE!

CSN3-S5: 3/-BHQ1-TGACATCGATGAGATCT-5/ AAGAGGTCTTCAATAACTCTCG-5’ :CSN3-R

Figure 1 — Alignment of the nucleotide sequences of 4 and B alleles of the CSN3 gene Bos taurus, flanked
with the primers CSN3-A + CSN3-B + CSN3-R

A clear result of testing the proposed method for carrying out PCR in "real time" is shown in figure 2.
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Figure 2 — The result of the developed technology of real-time PCR for cattle genotyping
for A and B alleles of the CSN3 gene (CSN3-A + CSN3-B + CSN3-R primers and CSN3-S anti-primer)
Designations. Left - Green detection channel, Right - Yellow detection channel, Fluorescence growth curves
for A4 genotypes (blue lines), AB (black lines) and BB (red lines). OKO (pink lines).

As a result of practical research aimed at testing the developed technology of real-time PCR for cattle
genotyping for 4 and B alleles of the CSN3 gene in the format of hybridization-fluorescence detection, a
technical result was obtained provided by the proposed method, expressed in the effective identification of
the desired genotypes (44, BB, AB) in view of the correct interpretation of these curves of increasing
fluorescence intensity (figure 2).
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The reliability of the obtained results was confirmed by the PCR-RFLP technique for cattle
genotyping for 4 and B alleles of the CSN3 gene.

The result of alignment and Hinfl-restriction mapping of the nucleotide sequences of 4 and B alleles
of the Bos taurus CSN3 gene locus flanked with primers JK5 and JK3 is shown in figure 3, where the
amplified area of the DNA-target for the developed method of real-time PCR is highlighted in gray.

Gene/Allele Primer JK5

CSN3/A ATCATTTATG GCCATTCCAC CAAAGAAARAA TCAGGATAAA ACAGAAATCC CTACCATCARA

CENT/B. BO0L: cesemsemmeme o meress  wree e ey S e TR T PR T e T e
*FhEEFEEEEEE FTEFEEFEITEIEE FEFFEEFEETE FTEFEIEFEEEEEE FEFEEIEEEEE KX EEEETEEEE

Gene/Allele

CSN3/A TACCATTGCT AGTGGTGAGC CTACAAGTAC ACCTACCACC GAAGCAGTAG AGAGCACTGT

CENSAE 0 D61 popororand aaaranan SR v T daiadadans =aa.- A
*ThEEFEEEEEE FEFEFEFIETEET FEFTFTEEFEFTE FTEFEIEFEEEET K OFEFFEFEFEAEFEEE FEEFEFEEEE

Gene/Allele HinfI

CSN3/A AGCTACTCTA GAAGATTCTC CAGAAGTTAT TGAGAGCCCA CCTGAGATCA ACACAGTCCA

CSN3/B 121 ieeeewnnns L < = = = = = == s=2ss =22s22ss2snss
*hEFEEEEEEE FEEE FEFEEE O FTEETEFFXEEEEE FEAEIEEEEEIEE O FEFEFFEEEEEE O FEXEEEEEEEE

Gene/Allele

CSN3/A AGTTACTTCA ACTGCAGTCT AAAAACTCTA AGGAGACATC AAAGAAGACA ACGCAGGTAA

CENI/B. 8L e s Gavurasn  wvavenlierammseres Daeeaurasarserase  Wrasraserasaseres T e
*hkEEFEEEEEE FEFEE FEFEEF OEFEFE O FEEFEFE FTEFEIEFEEEIEE FEFEFEIEEEEE KX EEFEETEEEE

Gene/Allele HinfI

CSN3/A ATAAGCAAAA TGAATAACAG CCAAGATTCA TGGACTTATT AATAAAATCG TAACATCTAA

CENSAE 0 2L popcrorors IROrerannl  Dhrhninasny e Se e s
*ThEEEEEEEE FEEFEFFEIEIEE FEFTFIFEFEEE FTEFEIEFEEFEFTEE FEEFEFEFEAEEEE O FEEEEFTEEEE

PCR-

Gene/Allele Primer JK3 product

CSN3/A ACTAGCGTAG ATGGATAAAT TAAATCTGTT ACAGAGAAGG CGARATGGGC 350 bp

CENIPE SO0 sespvensns Dupveieies SeieReiene SLERELeReE ReReReteie 350 bp
FThEEFEEEELEE FTEFEFFEFIEETE FEFTFEFEFEE FTEFEFEEEEIEEE FEEEEEEEEFE

Gene/Allele GenBank A/N HinfI-restriction mapping HinfI-RFLP-profile

CSN3/A AY380228 1-134/135-265/266-350 n. 134/131/85 bp

CSN3/B AY380229 1-265/266-350 n. 265/85 bp

Figure 3 — Alignment and Hinfl-restriction mapping of nucleotide sequences of 4 and B alleles
of the CSN3 gene locus Bos taurus flanked with primers JKS and JK3

The corresponding PCR-RFLP profiles generated as a result of in silico modeling are shown in figure 4.

narker 1 2 3 4

narker

1000 - 1000

500 - - 500

100 - 100

Figure 4 — CNS3-PCR-RFLP-Hinfl Bos taurus profiles (JK5 and JK3 primers)
Designations: 1) PCR product (350 bp); 2) A4 genotype (134/131/85 bp [Hinfl]);
3) BB genotype (265/85 bp [Hinfl]); 4) AB genotype (265/134/131/85 bp [Hinfl]).
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The electrophoretic picture of the well-known technique of PCR-RFLP for cattle genotyping for A4
and B alleles of the CSN3 gene is shown in figure 5.

M 1 2 3

4 5 060 7

Figure 5 — Electropherogram of the PCR-RFLP result for cattle genotyping for 4 and B alleles
of the CSN3 gene with JK5 + JK3 primers and Hinfl endonuclease digestion with restriction enzyme
Designations: M) DNA markers 100 bp (SibEnzyme); 1) PCR product (350 bp); 2-7) generated Hinfl RFLP profiles:
2-3) AB genotype (265/134/131/84 bp); 4-5) AA genotype (134/131/85 bp); 6-7) BB genotype (265/85 bp).

As can be seen from Figure 5, JK5 and JK3 primers effectively initiate PCR amplification of the
350 bp Bos taurus CSN3 gene locus, and subsequent Hinfl RFLP analysis of the generated genotype-
specific fragments (44 = 134/131/85 bp, BB = 265/85 bp and 4B = 265/134/131/84 bp) provides a correct
genotyping procedure, which is justified by the calculated data of alignment, restriction mapping, and in
silico modeling of the corresponding PCR-RFLP profiles.

The developed technology for real-time PCR for cattle genotyping for 4 and B alleles of the CSN3
gene in the format of hybridization-fluorescence detection belongs to a variety of anti-primer-mediated
quantitative real-time PCR, aQRT-PCR), proposed by J. Li & G.M. Makrigiorgos (2009) [24], capable of
efficiently identifying single nucleotide polymorphisms.

The main difference between the proposed method and the closest analogue [25] is the design feature
of 5'-fluorescently-labeled forward allele-specific primers, consisting entirely of gene-specific sequences,
also competitively hybridizing with a complementary anti-primer of a shorter length, labeled with a
fluorescence quencher with 3/-end of the oligonucleotide.

For the described technology of carrying out PCR, the introduction into each allele-specific primer of
an unpaired nucleotide in the 3rd position from the 3'-end of the oligonucleotide is provided, which is
typical for a variety of allele-specific PCR.

Conclusion. The technology of real-time PCR tested in this work for cattle genotyping for 4 and
B alleles of the CSN3 gene correctly identified the analyzed genotypes, the reliability of the results of
which was confirmed by the well-known technique of PCR-RFLP analysis for Bos taurus genotyping for
similar allelic variants of the kappa-casein gene. The proposed method is an express test that does not
require time-consuming endonuclease cleavage procedures and subsequent electrophoretic separation of
the generated fragments.

P. P. Bapun, X. X. 'niibmanoB
Byxinpeceiiiik cyT eHaipici FRIIBIMHU-3epTTEY HHCTUTYTHI, Mackey, Peceit
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TEXHOJIOI'HSI REAL-TIME IIIP-'EHOTUIIMPOBAHUS BOS TAURUS
O BAPUAHTAM AJUIEJIENA A U B TEHA KATIIA-KA3SEUHA

AnHoTanusi. OCHOBHOW ILIEJIBIO MCCIICIOBAHUS SIBIIIACH pa3paboTKa u arnpodanus 3GGEKTHBHON TEXHOIOTUH
TeHOTHITMPOBAHHUS KPYIHOTo poratoro ckora mo reHy CSN3 Ha ocHoBe IILIP B peanpHOM BpeMeHH ¢ THOpuAN3a-
UOHHO-(IIyopeceHTHON neTekmmell. Paspaboran meron III[P B peampHOM BpeMeHH [IsI TE€HOTHIIMPOBAHUS
KpYIHOTo poratoro ckora no amiensMm A u B rena CSN3 B ¢opmate ruOpuan3annoHHO-(GIyopeCceHTHOH eTek-
UM, BKIIKOYAIOMUH MCIOIb30BAHHE JBYX 5'-MeueHHbIX (IyOpecleHIHeH IPAMBIX ajllelb-ClelUpUUECKUX paii-
MEpOB, OIHOr0 0OPATHOro OOLIEro IIpaiiMepa U OJHOTO aHTUIPUMEPA, MEYEHHOTO racuTeneM (uyopecueHuy Ha 3/
KOHIIE OJIUTOHYKJICOTH/IA.

Takum o0pazom, ampoOupoBaHHass B Hacrosieil padore texHomorusi Real-Time-ITL[P-reHOTHIIMPOBAaHUS
Kp.por.ck. no Bapuanram awieneid 4 u B CSN3 koppekTHO naeHTH(UIKPOBaa aHATU3UPYEMble TEHOTHIIBI, JOCTO-
BEPHOCTh DPE3yJbTaTOB KOTOPBIX OBLIA MOJTBEpXkIEHa 0OIIe-n3BeCTHBIM TeXHHMKON mnposenerus [ILP-TIT/IP®-
aHaJM3a 1Jisl TeHOTUITMPOBaHUs Bos faurus 10 aHATIOTUYHBIM aJUIelsiM F'eHa Karna-kasenHa. [IpeiokeHHbIi crnocod
SBIISIETCS OKCIIPECC-TECTOM, HE TPEOYIOUINMM BpEMS3aTPaTHBIX MPOLIEAYP 3HIOHYKIEa3HOrO pACHICIUICHHUS |
MOCJIEAYIOLIET0 3IEKTPOPOPETHUECKOTO PA3IEIICHNsI TeHEPUPYEMBbIX (hParMeHTOB.

KuaroueBsie cioBa: Bos taurus, TP, [IJ]IP®, renoTunupoBanue, amienb, reHoTun, CSN3.
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