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miR-27a

  (2)    (2)    (3)    (2)    (2)    (3)    (4)(5)

2023 8 29 2023 10 24

miR-27a MS-PCR mutagenically separated 

polymerase chain reaction miR-27a

PCR-RFLP polymerase chain reaction-restriction fragment length 

polymorphism miR-27a 3 PCR

9 942

AA AB BB 88.22 11.78 0.00% 109 AA AB

BB 88.99 11.01 0.00% AA

AB MS-PCR miR-27a

miR-27a

2021 9,599

10.92 9.73 2022 19.4

https://danbred.com/high-litter-size-with-high-piglet-survival/

Pig QTLdb https://www.animalgenome.org/cgi-bin/QTLdb/SS/index, data search on Aug. 28, 2023

reproductive trait quantitative trait locus, QTL 3,976

litter trait 1,609 QTL osteopontin, 

OPN 4 1999

1 6 8 4

SW373 SW1301

SW1514 2006 KS140 KS141 KS148 KS168 S188 KS192 SW61 SW1843 2013

MP35 SW1881 SW1129

MP35 SW2406 SW1881 2014

NR4A1 nuclear receptor subfamily 4, group A, member 1 GNB2L1 guanine nucleotide binding protein beta 

polypeptide 2 like-1 NR4A1 g.3952A > G TNB total 

number born NBA number of piglets born alive NWA number of piglets weaned alive LWW litter weight 

at weaning GNB2L1 g.2373T > C Large White litter weight at birth

Kumchoo and Mekchay, 2015 RBP4 retinol-binding protein 4 AA TNB NBA
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NW number of piglets weaned A Marantidis et al., 2016 Wang 

et al. 2018 FUT2 -1,2 fucosyltransferases

TT EXOC4 exocyst complex component 4 CC NBA NW

LWW litter weight at weaning CT TT He et al., 2021 Lei et al. 2011 miR-27a

MicroRNAs miRNAs miR-27a

Chhabra et al., 2009 QTL Pang et al. 2019 ESR estrogen 

receptor FSH follicle stimulating hormone b subunit CTNNAL1 catenin alpha like 1 miR-27a

miR-27a MS-PCR mutagenically separated 

polymerase chain reaction PCR-RFLP polymerase chain reaction-restriction fragment 

length polymorphism

I.   

9 942 371 351 20

414 116 298 157 53 104 109

8 62 39  EasyPure® Genomic DNA Kit, 

TransGen Biotech, China DNA DNA

DNA miR-27a

II.  miR-27a

Pang et al. 2019 PCR

5'-TGGTGGTCCAGCTTCTCTCT-3' 5'-TGAGCCAGTCTGCACAAATC-3' PCR 20–50 ng

DNA 0.25 mM dNTPs 0.5 M 1 0.5 U Taq TaKaRa Bio Inc., 

Japan 20 L PCR SureCycler 8800, Agilent, USA DNA

PCR 94 5 min 35 94 30 s 55 45 s 72 1 min

72 5 min 10 L PCR 1 10 U

HpaII 15 L 37 2.5 h 10 L 3%

Mupid-2plus, Advance, Japan AlphaImagerTM, AlphaInnotech, USA

III. miR-27a

Kwok et al. 1990 Rust et al. 1993 Lockley et al. 1996 MS-PCR

miR-27a A 5'-CCTCCCCAGTGGTAGGATACCCAGGCAGGAGGGGAG

AGGTGGCAGGGCAA-3' B 5'-GGCAGGCAGGAGGGGAGAGGTGGCAGGGACG-3'
5'-GCTTGTGAGCAGGTCCACAGCAAGTCGTG-3'

3' PCR PCR

20–50 ng DNA 0.25 mM dNTPs A 0.067 M B 0.1 M

0.133 M 1 0.5 U Taq TaKaRa Bio Inc., Japan 15 L

PCR SureCycler 8800, Agilent, USA DNA PCR 94 1 

min 69 1 min 72 1 min 35 94 30 s 69 30 s 72 20 s

72 5 min 10 L PCR 3% Mupid-2plus, Advance, Japan

AlphaImagerTM, AlphaInnotech, USA

IV. miR-27a

2013

SAS Statistical Analysis System  general linear model, GLM

least square means SAS, 2013

miR-27a
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I.   miR-27a

Lei et al. 2011 580 bp PCR HpaII

AA 319 261 bp AB 319 261 141 120 bp 4 1A

MS-PCR PCR

AA 121 bp AB 102 121 bp 1B

BB 102 bp

1 1 48 MS-PCR PCR-RFLP

3 50% 540 96

40 480 10 / 20

PCR Wang et 

al., 2018; Wu et al., 2018; Ding et al., 2021 PCR

1. miR-27a

A: PCR-RFLP; B: MS-PCR, M: DNA AA Lanes 3, 4, 7, 8 AB Lanes 1, 2, 5, 6

Fig. 1. The results of miR-27a genotyping by agarose gel electrophoresis.

Panel A: PCR-RFLP; Panel B: MS-PCR. M: DNA size ladder; AA genotype: Lanes 3, 4, 7, 8; AB genotype: Lanes 1, 2, 5, 6.

1. miR27-a

Table 1. Comparison of miR-27a genotyping methods

Items
miR-27a genotyping method

MS-PCR PCR-RFLP

Cost, NT$

96-well plate 40 80

PCR mixture 69 67

Restriction reaction mixture (HpaII) - 502

Imaging 84 84

Time, h

PCR 2 2

Restriction reaction - 3

Imaging 1 1

miR-27a
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II.  miR-27a

9 942 DNA miR-27a AA 88.22% AB

11.78% BB 2

AA AB 88.79 vs. 90.70% 11.21 vs. 9.30% 81.13 vs. 83.65% 18.87 vs. 16.35%

88.60 vs. 85.00% 11.40 vs. 15.00% 109 62

39 8 AA AB

91.84 vs. 8.06% 87.74 vs. 10.26% 62.50 vs. 37.50% A B

3 Lei et al. 2011 PCR-RFLP 142 miR-27a 2 BB

1.41% AB 19 13.38% 121 AA B 0.081 A

0.919 36 B 0.778 A 0.222 120

DIV A 0.850 B 0.150 Pang et al. 2019 432

1,587 AA 1,138 AB 388 BB 61 BB 3.84%

BB

miR-27a 2

QTL Holl et al., 2004; Lei et al., 2011

2. miR-27a

Table 2. Distribution of porcine miR-27a genotypes from stock pig farms

Breed Sex n
miR-27a genotype percentage, %

AA AB BB

Landrace Male 116 88.79 11.21 0.00

Female 298 90.70   9.30 0.00

Subtotal 414 90.17   9.83 0.00

Yorkshire Male 53 81.13 18.87 0.00

Female 104 83.65 16.35 0.00

Subtotal 157 82.80 17.20 0.00

Duroc Male 351 88.60 11.40 0.00

Female 20 85.00 15.00 0.00

Subtotal 371 88.41 11.59 0.00

Total 942 88.22 11.78 0.00

n: number of pigs tested.

3. miR-27a

Table 3. miR-27a genotype frequency of parous purebred sows

Breed n
miR-27a genotype percentage, % Allele frequency

AA AB BB A B

Landrace 62 91.84 8.06 0.00 0.9597 0.0403

Yorkshire 39 89.74 10.26 0.00 0.9487 0.0513

Duroc 8 62.50 37.50 0.00 0.8125 0.1875

Total 109 88.99 11.01 0.00 0.9450 0.0550

n: number of parous sows tested.

III. miR-27a

SAS miR-27a

AA AB 12.42 ± 0.41 vs. 12.20 ± 1.39

AA AB 13.30 ± 0.26  vs. 11.57 ± 1.09

AA AB 14.01 ± 0.30  vs. 10.00 ± 1.77  P < 0.05

AA 8.20 ± 1.17 8.40 ± 0.42 8.50 ± 0.28
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AB 9.00 ± 1.51 vs. 9.00 ± 0.66 vs. 9.00 ± 0.51 AA

13.40 ± 0.63 14.53 ± 0.35 AB 12.00 ± 1.85 14.43 ± 0.95

AA 15.10 ± 0.40 AB 15.40 ± 1.05 4

Lei et al. 2011 miR-27a DIV 56 AA TNB

11.214 ± 0.337 BB 8.875 ± 0.772 P 0.01 AB 9.167 ± 0.892 P 0.05

393 AA TNB 11.560 ± 0.163 AB 10.161 ± 0.494 P 0.01

50 AA TNB 10.543 ± 0.442 AB 11.333 ± 1.730 BB

10.000 ± 2.997 165 AA TNB 10.509 ± 0.231 AB 10.481 ± 1.188

BB 9.725 ± 2.897 Pang et al. 2019 miR-27a TNB

NBA AA BB 0.30 0.26 AA TNB NBA AB 0.28 0.16

TNB-EBV the estimated breeding value of total number born AA 0.45 ± 0.02 BB

0.35 ± 0.10 P 0.05 AB 0.46 ± 0.04 BB 0.50 ± 0.14

AB 0.13 ± 0.05 P 0.05 AA 0.22 ± 0.03

AA

4. miR-27a

Table 4. Association analysis between miR-27a genotypes and litter size trait of parous sows

Breed Parity No. of litters
Litter size (least square means ± SE)

AA AB

First 62 12.42 ± 0.41 12.20 ± 1.39

Landrace Second to last 72  14.01 ± 0.30a  10.00 ± 1.77b

All 134 13.30 ± 0.26 11.57 ± 1.09

First 39 13.40 ± 0.63 12.00 ± 1.85

Yorkshire Second to last 79 15.10 ± 0.40 15.40 ± 1.05

All 118 14.53 ± 0.35 14.43 ± 0.95

First 8   8.20 ± 1.17   9.00 ± 1.51

Duroc Second to last 13   8.50 ± 0.28   9.00 ± 0.51

All 21   8.40 ± 0.42   9.00 ± 0.66

a,b Means within the same row without the same superscripts differ (P < 0.05).

 miR-27a miR-27a AA

AB

miR-27a

 111 -2.1.1- -L7 112 -2.1.5- -L1

2022 2021 9

1999 28

33-39

miR-27a
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2006

39 99-110

2013 8

46 21-32

2014 6

47 71-82
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Abstract

The miR-27a genetic marker is one of the candidate markers for porcine litter size traits. The purpose of this study was 

to use MS-PCR (mutagenically separated polymerase chain reaction) technology to improve the conventional genotyping 

for the pig industry. According to the references, the different genotypes of miR-27a were identified by the conventional 

PCR-RFLP (polymerase chain reaction-restriction fragment length polymorphism) method, and three different specific 

primers were designed to test the PCR reaction mixture composition and the reaction temperature conditions for successful 

and the results showed that the percentages of AA, AB and BB genotypes were 88.22, 11.78 and 0.00%, respectively. The 

genotypes of 109 parous sows with litter size trait were analyzed, and the percentages of AA, AB, and BB types were 88.99, 

11.01, and 0.00%, respectively. In addition, the preliminary association analysis between genotypes and litter size trait 

showed that the Landrace and Yorkshire sows with an AA genotype had a higher litter size than those of AB genotype. The 

newly developed method that saves time, labor and analysis costs can be easily employed to genotype more stock pigs by 

using a simple equipment. In the future, the marker miR-27a is expected to be incorporated into the breeding scheme of stock 

pigs to improve their litter size performance.

Key words: Litter size trait, Candidate marker, Pig.
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