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& & AT M KAZ AR 3 miR-27a ATk 2 it

B EREY EEEY WEEC fEim Y BIEEEC RO

Weff I 2 2023 £ 8 H 29 H - #E2HIH 1 2023 4210 H 24 [

T2

miR-27a & HIEEC A 5E EEFUIME SRR 2 — AT 2 HAYE R A MS-PCR - (mutagenically separated
polymerase chain reaction) % i £4 # miR-27a B (R BY 1l 7507 - DUFI A R R 48 BF RS DR B 485 ) > 0 28 17 28 {E A
SCZEETERMEEAE - (X2 SCELFTH - F]FH PCR-RFLP (polymerase chain reaction-restriction fragment length
polymorphism ) 75 = He i [5] miR-27a ELRAY - i35t 3 A ERFES [ HIEL PCR K EYIAH Al L7 5 R IRF
[l > DAHH T el B PRI YR SH BB RR A o DUt R 7 /A0 9 ZXTE5415; 942 BHFE ALY - 4558
7~ AA ~ AB k2 BB BRI 53 R 57 1 By 88.22 ~ 11.78 2 0.00% = 73 109 5H H 2 (F 8 ARBY RIS EE R A » AA ~ AB )¢
BB B 77 Eb o3l s 88.99 ~ 11.01 J 0.00% » 55 FHEL R BB (FEUEAR 2 AERAME WIS i8R - AA 7 BE R T BALY
e B RIFELL AB RIS YRR - R - BT TEEIE MR Z MS-PCR J77A553#718%E miR-27a BELNAS »
BRI IEARTEFEREATRH] > DUBAHF R0 miR-27a 4 AFEFEE (FIEAREE SR BIATaY - PEFHIESE 2 FE (P IERE -

RRSEE - RN - AR 5K -

i

TR B TEMERE U BB FE B R ] S ReIR S S E M RE - IR D TEAE e RSy - et - B B
YRR AR B RS 2 2 - (/95 2021 EEEFE &R - {ERE FHESIRIFE 9,599 FarVEHE TR - SHEFE
BUEFH7r A1 10.92 81 9.73 50 (WMEVEANFREES » 2022) - BECEEEFE KB EHa AT 19.4 B s » 7=
EEE K (https://danbred.com/high-litter-size-with-high-piglet-survival/ ) - ZEAITZFEFE EFE AR » A feiE EH 54
B8 wBe > BHERAEYLZETHET > HEESEEKEE BEEAT > FERNVEERT > JTREAER
TFHIMERE RN - HEA RISV FRHEE E 5 - BRI MREA PR -

FR#E Pig QTLdb Efe}EE (https://www.animalgenome.org/cgi-bin/QTLdb/SS/index, data search on Aug. 28, 2023 ) &4
o BLVEE MR (reproductive trait) FHEHAVELE MIREAE (quantitative trait locus, QTL ) 6% 3,976 {iE » X EEfF14:
AR (litter trait) KB IEMARE AT 2 — > A 1,609 {#l QTL  {E5LRTVIHSCETUR » BF5E & H & (osteopontin,
OPN) H AR HEEFHELETFEARE » Hp SRR B E TR > 55 4 MBS FEUERE (% > 1999) -
DIFEEE 1~ 6 J 8 SR ais FRYZL (B ERUE EAEC oI ~ SIWE ~ 8w R E 4 ([ fEaSE R FE A
R B R E AR E R (% - S — L B 2 52 H B A (1 MR AR AERAAY (2 B8 (3AEC » 41 SW373 ~ SW1301
K SW1514 (2255 > 2006 ) s KS140 ~ KS141 ~ KS148 ~ KS168 ~ S188 ~ KS192 ~ SW61 % SW1843 ( BE4: » 2013)
MP35 H1 SW1881 Bl B By it R} 58 722 (7 MEAR B ZE AH B > SW1129 814 5% B R}FE (7 MR A T 35 AH B 5 5L TE A8 -
MP35 ~ SW2406 J; SW1881 HIEAT)& 5a R}FEE (FHEARE M 1HRN ELELIEAUE (B55 > 2014) « SIAEISNTF 5T
25 > NR4A1 (nuclear receptor subfamily 4, group A, member 1) Eii GNB2L1 ( guanine nucleotide binding protein beta
polypeptide 2 like-1) F[KIZ REMEELRIFE FE(F IR A BEAERAME » Hf NR4AL g.3952A > G HELHG 54 TNB (total
number born) ~ NBA (number of piglets born alive) ~ NWA (number of piglets weaned alive) ~ LWW (litter weight
at weaning ) fHEf - GNB2L1 g.2373T > C HI¥f K H%% (Large White ) RSERYHAETE(FE (litter weight at birth ) FHEH

(Kumchoo and Mekchay, 2015) - {E#5EELR RBP4 (retinol-binding protein 4 ) AA RIBLRIFEEFE 4 FE TNB ~ NBA Fz

il

(1) e e s BB P ST i 2 56 2769 5% -

(2) RESEEl E AE SR AR (AR B4R -

(3) BB EEEEENY -

4) RS wm BRI T R = -

(5) #ER{EE » E-mail: mpcheng@mail.tlri.gov.tw
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NW (number of piglets weaned ) B4t 88EM: » A BEFIEFMEE 2 AL (Marantidis ef al., 2016 ) ; Wang
et al. (2018) IR EFERSH 2 FUT2 ( a-1,2 fucosyltransferases ) JPAIAY B e { FRORTRE PLBCA B FHRAME - WEE0R
TT Z AR EIETEARTIZEA AL - EXOC4 (exocyst complex component 4) F&[A] - CC RUFLIE TER}5E 2 NBA ~ NW J
LWW (litter weight at weaning ) = CT B TT I3 (He et al., 2021 ) - Lei et al. (2011) #53H miR-27a F:[NEFE
FEFFIMIRAERR - 1 MicroRNAs (miRNAs) 5 FyEgf B & iEies (F 2 B EREI AT > miR-27a B RVELEDIRE Ry oY
JET- (Chhabra et al., 2009) » HEIRERFTENIT&HF AR 5FHE2 QTL - Pang et al. (2019) 43175837 ESR (estrogen
receptor) ~ FSH/ (follicle stimulating hormone b subunit) ~ CTNNALI (catenin alpha like 1) 5z miR-27a Bk 5
FEFHEREAR -

AHHFE B 5 7E (7 PR R AE B 22 2 AR50 miR-27a BRPRURIEE HIDA 7 DACCHE - £ MS-PCR  (mutagenically separated
polymerase chain reaction ) F5{iiFA&EH YRR A » DIEUL PCR-RFLP ( polymerase chain reaction-restriction fragment
length polymorphism ) $ 7172 » SF IH: T 2 ECAS HI i A B 6 24 g ESE e 2 87 D7 VA e P A AEFE B 2 BRI o3 - #5 LA
P EEC Z EFEE I -

MFERTTE

L FEFERE e
fl& & B s EE e - ST 9 RTEFES 942 BRAE E MUK i IS 371 55 (/A2 351 55 ~ 1120
UH) ~ EERGET 41408 (AN 11658 ~ £1298 08 ) R&YTEE 15758 (/A S535H ~ K1 104 58) - Hrb 109 SERIFEE i
8k Rl BAE e 8 B - BERmHT 62 §H K &YSTE 39 §H o ARG SEMZBEZAHESH  (EasyPure® Genomic DNA Kit,
TransGen Biotech, China) #E{T DNA pE4lifL - JHERE% S HRHEH o 2tk ERGE 8= PLERAYSE & DNA
P o WA EFEE RIS ERFE DNA £ 0 #E1T miR-27a BRI HT -
II. miR-27a FERAE 5747
% % Pangeral (2019) M {3 5] T & pt BLPCR 2 JE §f fF M ¥ 31 T ¥ 9 B
5'-TGGTGGTCCAGCTTCTCTCT-3" i 5'-TGAGCCAGTCTGCACAAATC-3' ; PCR |7 JiE 4H % 47 By 20-50 ng
& DNA ~ 0.25 mM dNTPs ~ &{E5(F 0.5 £ M ~ 1 x IELRER X 0.5 U (B ) Taq % &0 (TaKaRa Bio Inc.,
Japan) - KZfEXEESFE B 20 1L - FIIFH PCR %25 (SureCycler 8800, Agilent, USA ) #E{THEAY DNA 5 EEAyRgfE -
PCR [ JEE{: © 2851 » 94°C ~ 5 min ; & — - EEERINE 35 20 » 94°C ~30 s> 55°C ~ 455> 72°C ~ 1 min ;
=R > 72°C ~ Smin » B 10 ¢ L PCR EYAETIRMEIEE 2 UIBIEH - HerdHpkr & 1 x KIEKENK ~ 10U
PRNEE Hpall JAB4I/K » [ZFEHERSRE Ky 15 L » 7E 37°CAEM 2.5 h 1% » HU 10 p L #E1T 3% BASHEAG Bk 04
(Mupid-2plus, Advance, Japan) - BT LIS - WL G175 (Alphalmager™, Alphalnnotech, USA )
B ks Gty -
11 miR-27a FEPRIT 3 A A dcte
27 Kwok et al. (1990) ~ Rustetal. (1993) K Lockley et al. (1996) 2 7 ii72ai 5 » $##F MS-PCR #{fj
¥ miR-27a 5157 BlEe st A R B HERNE —4E5|F 5'-CCTCCCCAGTGGTAGGATACCCAGGCAGGAGGGGAG
AGGTGGCAGGGCAA-3' ~ B R #H E N EH — M 5| F 5'-GGCAGGCAGGAGGGGAGAGGTGGCAGGGACG-3' K
HH LA 5([F 5-GCTTGTGAGCAGGTCCACAGCAAGTCGTG-3" » 5[4 HAG MR 4R E 77 Ry AL N 43 Y
LEIR PR EET - 3" InARHESE 7 R R i BE S8 S RG » DUEEST PCR [EAH B ELR S R4 M - PCR [ EAH T Ky
20-50 ng fE{ DNA ~ 0.25 mM dNTPs ~ A ZZERREFE 4571 0.067 uM ~ B AZFRERFE—E5]F 0.1 u M~ 2
MG 0.133 M ~ Ix FEGEE R [ 0.5 U Tag &1 (TaKaRa Bio Inc., Japan) - [ZJEAEEGHE S 15 (L - £l
FH PCR #2558 (SureCycler 8800, Agilent, USA ) #{THEf DNA 5 ELfyHeilE » PCR [ FEWE: © —Zhdig » 94°C ~ 1
min > 69°C ~ 1 min> 72°C ~ 1 min ; 55 " {EIEMIE 35 20> 94°C ~30s> 69C ~30s> 72°C ~20s: F =3 E >
72°C ~ 5min © H{ 10 ¢ L PCR EVIH#ELT 3% HAEEASE K 7347 (Mupid-2plus, Advance, Japan) > F DAL
W LA 3 #r (Alphalmager™, Alphalnnotech, USA ) fHEUEE & &4 kT -
IV. 78854 miR-27a BL PRI B 72 (- SO BRI o0 A
SEPFE (2013) i EEFUIRE R 2 58 B AN > AHRAM: - DUERISEFT 2R S A sC R R A B
{¥MEgE » FER] SAS (Statistical Analysis System ) EZEMREE 7 — 43 A, (general linear model, GLM ) Eifg/\-
F A (least square means ) #EfT43fT (SAS, 2013) -



93 FE L MR B BTERT miR-27a S3ATIA Z DU
=+ e A
TR TR

L. miR-27a BRI A/ALERL

2% Lei et al. (2011) HIRRHITT7% - 15 580 bp £y PCR FEVIECEIREING Hpall 1EFIT% - FHEK D HEE R
AT AA BRI ST 319 81261 bp {57y > AB BATURIF 319 ~ 261 ~ 141 K 120 bp & 4 {Ef5k7r ([& 1A) ~ 555h
JE&FH MS-PCR Ayl - Br3& — T AT & TEL A Hia 77k - AR HBH SRR % - PCR EYACEE
TKoTEER - AA FERBIEA 121 bp Y —{E &7 > AB ERAIHAIEA 102 B2 121 bp FEAVNIRT (B 1B) - 55
HiGm b BB BLARIE(E B —(# 102 bp HIFRT - MHEH SR FERE AT > FRWESR 2 B G
AR AR (8 1) - 0% 1 B > BL—R o3 48 {Ekk i F Bl - FEA MS-PCR f Ji;A%Y A]#; PCR-RFLP
EEE 3N (50%) BRI (AN J#RE S IREIER(F IR ) > DURETE RS 540 STt RlA (2R 96
FLo3HrHE 40 JT ~ BRAIEE 480 7T (10 JT/#khn) ~ HALFERM 20 7T) » BEAFHAIMTRCA - IEEENE R 7347 2885
Blif PCR EE T 24 - PRAELRZER R AN G, A BEDES 1 ~ RIESEIRIFERS - R el i st AR (Wang e
al., 2018; Wu et al., 2018; Ding et al., 2021) = AWIFERAZE ZHtallx - (EFEAH M2 PCR e Rkt > H
DU mirfeh A e 5 p & HEf TR A8 SR T RL A - NG A0 AR N B 25 7 BN AR (R AR CE AT R e B T S BbAsll]
AEHRGERBSITFRK -

A B

M12 345 67 8 M1 234 5 67 8

bp

bp

400
300

200

121
100 102

1. miR-27a ELRIBUEE K 73 Mr4s s -

A: PCR-RFLP; B: MS-PCR, M: DNA K/[M&E#E ; AA R Lanes 3,4,7,8 ; AB#%J : 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 FLRAYSE: BT ALL#EL
Table 1. Comparison of miR-27a genotyping methods

miR-27a genotyping method

Items
MS-PCR PCR-RFLP
Cost, NT$
96-well plate 40 80
PCR mixture 69 67
Restriction reaction mixture (Hpall) - 502
Imaging 84 84
Time, h
PCR 2 2
Restriction reaction -
Imaging 1 1

A total of 48 samples were identified per test.
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1. miR-27a FLRAIE®

DUH B 38 2 folE o3 AT 9 RIEFE 5 942 PESE DNA £ fnfy miR-27a FL R » Hofr AA B 5 88.22% » AB
11.78% » ZRIM S5 BB &Y (£2) « #E—H & ~ BIFERNERB A - TR HEE RIS ~ 558 5
AA HIEL AB BIAYE 47 EEST BB 88.79 vs. 90.70% ~ 11.21 vs. 9.30% ; 4Y52E By 81.13 vs. 83.65% ~ 18.87 vs. 16.35% ;
1% 5E By 88.60 vs. 85.00% ~ 11.40 vs. 15.00% o $H#FE 109 JE B E FEE RN ERSE - G5 62 THE HHTE -
39 VAAV TR E AL fe 8 DEMIR TR - M T RSN BB R R AT Easmil - (U B RIS A Ry AA BUEE AB Y
B 5T EEST R B 91.84 vs. 8.06% ~ 87.74 vs. 10.26% ~ 62.50 vs. 37.50% > RILEA A S ERATIER EGIEA B AL
BHEA (F£3) - Leietal. (2011) L PCR-RFLP J7=(73H7 142 BHK H5E miR-27a FLRAY » 455848 2 G35 BB A
i 1.41% > AB U5 19 58 > (5 13.38% » Hak 121 B Ay AA B> [HtE > B SSE R AR K 0.081 » 1f] A X RERIH
2255 0.919 « 5347 36 BEAMAEMGLLFE - B SO ERAAR 0.778 St A AT AR 0.222 < 555747 120 BHE AT
Z DIV 5% » A A RBEFR B 0.850 » B A AR B 0.150 © Pang et al. (2019) 534t 432 BHELE(FMEARE R}
IR A5E RIS - (25T 1,587 fpi&Ektd - AA T 1,138 i - AB 1Y 388 fiz » BB 1 61 i » H.H1 BB 1Y 55 3.84%
H iS22 SORRELA T S 45 SRS > BB BUIFE R AFEIARE S LA E R o HERILLEE Y ol se R R R Aa B Em S AR
M E » R BAYVERENZRETRIRNE - SAEHZIES » miR-27a FRAIAFEE 2 Segvtpl dstpg - HBIFT{ETIT
KTy HE QTL AiEiskRE{% (Holl e al., 2004; Lei et al., 2011) -

%% 2. f85E55E miR-27a BRAU I3 AR

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

miR-27a genotype percentage, %

Breed Sex n

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. G RFE miR-27a ARARIEAR
Table 3. miR-27a genotype frequency of parous purebred sows
miR-27a genotype percentage, % Allele frequency
Breed n
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.

IIT. miR-27a SEERIEISH 22 (PR 547
D SAS OB — AR SR N A% » 43T AR A S miR-27a BLPREBAE (PR EAR AR BIERS - 7T
SRAEPIAEATS T EDRMET: » AA TUBERAI IR VA9 28 FFROSTTY AB 7 (1242 £ 0.41 B vs. 12.20 £ 1395) - 7
SRAUTERISHT - AA TUBEFTEE T PR AB R (1330 +0.26 5 vs. 1157+ 109 58) + S{EHE#Y]
BEHISMTEDRICh  AA BIEERRIT RIGE TS5 (FRUEE S AB A (14.01 £0.30 58 vs. 10.00+ 1.77 58 » P<0.05)
AA BIREE TR PATEE FRCR s (820 % LITHH) - 4HA7C (8404 04250) ~ FEKR¥IAE (850028 5) -
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B A AB U2 ZE(FEL (9.00 + 1.51 §8 vs. 9.00 = 0.66 §8 vs. 9.00 £ 0.51 §H) 2R AA BIATT H RFE AT ETHR
S (13.40£0.63 5H) si4fa2t (14.53+£0.3508) » =i AB BT (12.00 + 1.85 GEEL 14.43+0.9558) >
MEBEERWIEE R - AA BIAYve B RFE 0 (15.10 £ 0.40 BH) K> AB &Y (1540 £ 1.058H) (F=4) -
Lei et al. (2011) 43#r miR-27a ELRIRYERL 7 (FEUMERATE - £ &AM £ DIV 5% 56 faw)E & RHE R » AA 12 TNB
511214 +0.337 BEEEZE = /A BB A2 8.875+0.772 58 (P < 0.01) > JRE A AB#I22 9.167 £ 0.892 58 (P < 0.05) -
SAAE 393 @ paE kit » AA B TNB /& 11.560 + 0.163 TEEEZ =7 AB %127 10.161 £ 0.494 58 (P < 0.01) - 7E
KEFE S0 fa)EE R EET » AA B TNB & 10.543 £ 0.442 GE{57A AB #12> 11.333 + 1.730 58 > {H= A BB £ >2
10.000 + 2.997 §H » FAF 165 2RaAI S TERL » AA %122 TNB £ 10.509 + 0.231 FE &7 AB #12 10.481 £ 1.188
UHEL BB 117 9.725 + 2.897 UH © Pang er al. (2019) 73K EFERE FH5REL miR-27a FERAIHIMHRRE - 1F TNB i
NBA fJEE#E:H - AA BULE BB AU 577126 0.30 GEERL 0.26 §H > AA %1 TNB Bl NBA 7REE AB %143 71]2% 0.28 BEER 0.16 T >
H TNB-EBV ( the estimated breeding value of total number born) Y/ FIEH > AA KUK 0.45 £ 0.02 GEEEE =" BB
A1 0.3520.1058 (P < 0.05) > {HEEHA AB EI27 0.46 +0.04 58 - SR FIEESHTEE » BB £ 50.50 £ 0.14
JHEE S AB I 0.1320.0555 (P < 0.05) > JREit AAT (0.22£0.0355) - & ARWFTEARHRARI ORGSR
AA RINTEE ST ERL e AR TE Ry R R fEAE BN RE S BT -

F 4. AN miR-27a LN RIERE (P MR ARRE 1 A

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

Litter size (least square means  SE)

Breed Parity No. of litters
AA AB

First 62 12.42 £ 0.41 12.20+1.39

Landrace Second to last 72 14.01 £ 0.30° 10.00 £ 1.77°
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 1540+ 1.05
All 118 14.53£0.35 14.431£0.95
First 8 820+ 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

** Means within the same row without the same superscripts differ (P < 0.05).

+=A,
=113

AT RN 3 B TR B TR miR-27a ZENBYERIT57% - 0T BUR miR-27a AA RIZ T E B15E

bt AB RUARGSHIEFE - AR BT A DGR - ARG REVE FEUIT MR EFIBE 2 MUK -
RAGREATEFERE Z A M > BRE8 miR-27a FLARESC 2 mI A I - BRI BER Y (P B RE Tt -

)

AOFOREER (RITEPTREZ RS ) &8 (11 2R -2.11- & -L7 ~ 112 @28 -2.1.5- & -L1)
VRS EE S\ BR AT A (AR F A 2555 7 IMEWUE R B L 2 504615 2 S8 da5e HDh - 2 -

BRI

ZENRK

FAEE NS - 2022 - 2021 EEEFESETFM - £ 9 H - 21 -
BUCEE - RBE -~ REUKKS ~ BUSROR - SR - 1999 - BEFEIEE E OB TR ZPE - PEEIE 28
33-39 -
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B - TEEEE WA ~ BESRE - BT TRFEEE 0 2006 o LISEE SR (OB I B TS (B SR L R R
FroLRAS e RISEEAFIERE - B AENTSE 39 + 99-110 -

B - wikEE - AR - SR - RFTEE - 2013 - 5B 8 SRAL G T B AL (A SO B AT A RS A T M RE AR
PERFIFE - BREERSE 46 1 21-32 ¢

BCET - EiEEE - WK - RIFE - RFTEE - 2014 - FEEE 6 SRAL RGN B B ST A A R (T MERE Z AH A 1
B9 - BEENTIT 47 ¢ T1-82
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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
method of miR-27a, so as to facilitate the genotype identification of more stock pigs and to evaluate the marker availability
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
genotyping. The genotypes of 942 pigs from 9 breeding farms were identified by the newly developed genotyping method,
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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