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Structural variations caused by transposons in porcine ktnl
gene and their association with production traits
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Abstract: In order to determine the effect of transposons on the sequence and structural variations of the porcine ktnl gene
and its flanking regions, we obtained 14 ktnl sequences (including genic region, 5-kb 5’ flank and 3-kb 3’ flanking regions)
from the WGS database in NCBI, multiple sequence alignment by ClustalX and transposon annotation by RepeatMasker. Then
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we analyzed the effect of transposons on ktnl. A SINEAL insertion polymorphism was detected by PCR, and correlation was
analyzed with related traits in the Sujiang pig population. The ktnl gene and its flanking regions contained at least 77
transposon fragments, the majority (98.70%) of which was SINE insertions. We observed 9 small structural variations and 4
large structural variations caused by transposons, indicating that transposons were an important source of genetic variations.
One of the structural variations caused by SINEA1 insertion polymorphism showed rich polymorphism in different breeds, and
in Sujiang pigs, the weaned litter weight of non-inserted individuals (SINE™") ((64.20+10.6) kg) was lighter than homozygous
insertionindividuals (SINE**) ((74.14+9.0) kg) and heterozygous insertion individuals (SINE*") ((69.71%7.7) kg) (P<0.05). It
is feasible to develop molecular marker based on the transposon insertion polymorphism to provide application potential in

molecular-assisted breeding.

Keywords:

TEAGEE R A b, % -2 R R A 1) 2
By, AL 40.72%, Horb R BG SR 1R T
HEFBRSY, T 91.49%M . BT,
BV R I N B YUE R R, SRR
RN LB R T A A OGP [ e 3 - )
T8 Bl A ARV o0 JH B Ay S5 8] 20 285 g 72 S ) 2 DR
H ., HTEZAKY FEmfE F RN s, C A
1t 100 i 52 SR R T T R AR BT NS
LG IIET, [ sh Y b O 2R EIVF £
FEVE ARG IR RS, Flan i e oot
(Short interspersed nuclear elements, SINE) ##i A
5| A TR A AL AN B AR A0 LR PR S
5495 F: (Endogenous retroviruses transposon,
ERV) 1 A 51 X8 i 26 75 1 (28 AR ) 5 o o L
F BN L AT f PR A B,

KR L (kinectin 1, kinl) =24
Yy ik R b O B R R B PN e R IR ) — B R ST
PERESZ AR 11, %% (Sus scrofa) ktnl KK (GenelD:
100152397) v F Chrl: 184 881 555-184 990 936
(+) (https://www.ncbi.nlm.nih.gov/gene/100152397),
4K 109 382 bp.ktnl F 1992 4= XY AR IR ) cDNA
SCHEF R B, MR A HF R BZ RN S X
oA M mRE, EARBRITIE T,
S SRZHN PP 508 T ktnl 78 Kz IR BIR 241 L2 (cSCC)
W R PER A, I IR T AR s 0

HAGXE ktnl JERERBEEED, MAER) kinl
FEPR R AN FL 47 v i e - ] 2578 5 (Structural

http://journals.im.ac.cn/cjbcn

transposon, insertion polymorphism, structural variations, ktnl gene, association analysis

variations, SV) WA LA AR WAHGE . Rt 4 1a
FEAT ktnl BE[A P AR AE R GRG0 S5 | 48 e AR R O
SR SR TRk R A, AT Sk St it —
ARG AT DI RESE R s B 22

1 MRE7E

1.1 KWz

AW TSR KA ¥ (Large White
pig) H-FE 62 1>, kR A LBAEMEEM AR (K
#4A); K% (Landrace pig) #Hi&EImke 30 4~Fl
F3% 75 (Duroc pig) PrEEiMiAE 30 1>, K HARM S
SRERHCABRA R (L) 115 (Meishan
pig) H-FE 30 A1 —4EME (Erhualian pig) H-#
414, REBMIBF KRB ARAF (L43E); B
L& R% (Bama miniature pig)EH-FE 20 4, KA E
DR A E R AR AR (7TU4A);
(Sujiang pig) H-FE 184 4>,k A Z ihiEFE S (1L
FRAE); W% (Tibetan pig) HAE 36 4, kA H K
& BERAE BN EBE T X (4). B
¥ (Wild boar) FE 3k, RIHZHMIX .,

1.2 EFHIEER
i 3% £ TaKaRa 9 MiniBEST Universal

Genomic DNA Extraction Kit Ver.5.0 (TaKaRa, K
i, PE) R EH-HA p SR IBOLE I 2H DNA,
PR LN DNA Sl 54Nt TR
PHEEC LUK 4T DNA WREEFI Rk, AR5 &
=20 CLRAE#



BR7 FEREFSIERNE kinl BESERERRESEFHRENXEKS T

1.3 3REX ktnl EREFAME F 5
M NCBI %4 % (https://www.ncbi.nlm.nih.

gov/gene/?term=100152397) & ktnl H& [ )
AL, ) 5 FR DR 33 IX 43 51 4E {1 5 kb il
3 kb fENZFE P, FIHZSHFH S NCBI 1Y
WGS Hiffi 42 v A ik DR 20 1 91 Bl R A7 ek, 4RI
FN 3 4Hh 13 DI P kend FEPR K32 X
FPo1, Horb R4y BE K 2H v (4 e 4 B T A0 A v A
DKL ZH 0 7 B DR R BN, TR T PR

1.4 ¥ kinl EEERE I E B RTFIED

KT 5T ktnl (BEEFIMIE X)) P A1 E PR SF
PE, K ktnl (GEE RO E X)) ¥ E AL T
ENSEMBL %4 % (http://www.ensembl.org/index.
html) 95822 SR b, (W] EAT DI G %
(Region Comparison), K4, 4. &, A.
ANER L S 2 L A AR L B R A, AR
mVISTA (http://genome.lbl.gov/vista/index.shtml)
BEATERST 20
1.5 &ETIIRE

i of ff | RepeatMasker (version: 4.0.7,
-cutoff 250, -nolow)%h & A S5 5 4 2 (1) 4 i g
TR BECIX k3 5 2 B SN AL kind (JED A
B IX) e AT e 1 1R, ALOR BR HE XS4y
i 1000 HARICK R 100 bp AAL AT 5
ST

1.6 kinl HEZ FIILR REMRT S
W14 % knl (B[RRI EE IX) 78
ClustalX (version: 2.0) 343172 ¥ 51 HxT LS
ELEHZRAE . FRATTE X 2-10 bp AR5 R/ NRIZ,
FAE S, HACSA 3 A B LA b R L DR 4H Bk v
HE I — B S A WO E N E AR TER S S, D
3 AR e A I 45 R4 A8 Sk mT B I Bt
e ANERSE AR 2 A8 5, Rekgeit. KT 50 bp
(AR SEgoE I REEIA S, BACYS 2 A UL E

2

% : 010-64807509

ol 5 DAL 850 v s B A B e it H e DY A
E (fn#xt 500 bp Y gap B{#E I 100 bp A9 N) &
PR GRS R G RIE R E5 4 A 5 &
1.5 GRS AT B N, AL 60%
K 11 285 K A8 S5 %ok IO 5 JEE A i S I A
F G TR R A S5 AR 5

1.7 ktnl # SINE ¥ EEFHEAN % 540

PP —A ktnl FPAERS SINE %% FE T4/ A7 A5,
W %) 7 414 ] Oligo7 %314 M PCR 514, 5l
Y2 B B S5 B 1o [RIEE BOR: 3% 520
KOs, RisE. 5. mILsg . s . —Aek
. B 8 AN, B EFR 3 ARSI
A ZSPER

1.8 ktnl # SINE i\ & 54 = B RS

XF 1.7 vt SINE i AL S FEAS ) SRl 1 AR
(R 623k, KM 48 3k, FHi& 7T 44 3% | J5
Fehg 184 3k . RN 36 KAl A LM L
RPFATRII , TH R R AR A | A SRR AR R
Xof B R 43 A1 34T Hardy-Weiberg ~F-# it 5 77 &
HPEREE (chi-square test):

#-y0© - E)?

O (Observed) ftFREAFEEB AWML H ,E
(Expected) X35 & — A~ 5L P B A8 05 AR - TR AP A% O
e AL RO I BE T A IAERECE o R B E R 220
rh SR DG AE R A PR IR R A T O A, {8 SPSS
i1 Duncan M5 E 17 2% 55 B 3 M #r (P<0.05).
£ 1 ¥ kinl EE b SINE $£EFHHENGL SNG4

Table 1  Primers for polymorphism detection of
SINE insertion sites in ktnl gene

Length of
product

(bp)

Primer Primer sequences (5'-3')

ktn1-STIP-F CATGGTGTTTGTCAGGAGGA ;
676/381
ktn1-STIP-R GGAAAGAAAGTGCAATCCAGA
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Table 2 Candidate and length of the pig ktnl (genic region, 5-kb 5" and 3-kb 3’ flanking regions) in the genome

of the different porcine breeds

ktnl gene and its flanks

Breed Length (bp) Candidate
Duroc 117 382 Sscrofall.l chr1:184876555-184993936
Bamei 117 090 LUXV01064060.1|2073403-2190492
Berkshire 114 968 LUXW01084868.1|678706—793673
Cross-bred 116 678 NPJO01000001.1|97934762-98051439
Landrace 117 513 LUXT01022056.1|93089-210601
LargeWhite 117 310 LUXX01064257.1|446207-563516
Wuzhishan 115 708 AJKK01162022.1|7850-46400; AJKK01162023.1; AJKK01162024.1; AJKK01162025.1;
AJKK01162026.1; AJKK01162027.1|1-5135
Gottingen 116 317 LIDP01000001.1|]205407929-205524245
Jinhua 116 753 LUXY01023594.1|677735-794487
Rongchang 116 594 LUXR01025216.1|677232—-793825
Meishan 117 274 LUXQ01132148.1:44173-111886; LUXQ01092367.1:31135-80699
Tibetan 121 664 AORO02060094.1:1107224-1228894
Hampshire 117 432 LUXS01014866.1:36154-153585
Pietrain 117 378 LUXU01042406.1:30907-148284
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Base genome: Pig  Chromosome: chromosome_Sscrofall.1_1_184876550_184993938 1 1.117.389
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Fig. 1 Schematic diagram of the ktnl gene conservation analysis and its transcripts. The upper part is the result of
conservative analysis. The light blue area represents the UTR area of the porcine ktnl, and the light purple represents the CDS
area of the porcine ktnl. The following is a schematic diagram of 15 transcripts of the porcine ktnl gene, green squares
represent exons and thin lines represent introns. Red arrow represents the SINEA1 retrotransposon.
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T4 kinl ERREMERX (Gkb5F 3kb 3IMEX) 4
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Table 4 Structural variations of the ktnl gene and its flanking regions (5-kb 5" and 3-kb 3’ flanking regions)

In reference Sequence or TE

No. Breed or Strain Mutation sequence (Duroc) corresponding Gene Ir.15ertic.m
type . to structural structure orientation
Begin End L .
variation site
Tibetan, Wuzhishan, Jinhua, Meishan, Deletion 755 756 TT 5'Flank  Sense
Rongchang, Cross-bred
Bamei, Landrace, Hampshire, Berkshire, Pietrain, Deletion 23 150 23151 CA Intron Sense
Tibetan, Wuzhishan, Jinhua, Meishan, Rongchang
Tibetan, Wuzhishan, Jinhua, Meishan, Rongchang Insertion 46 898 46899 CT Intron Sense
Bamei, Tibetan, Wuzhishan, Jinhua, Meishan, Deletion 54931 54936 CTGTGG Intron Sense
Rongchang, Cross-bred, Goettingen
Tibetan, Wuzhishan, Jinhua, Meishan, Rongchang Insertion 80024 80025 AGAA Intron Sense
Tibetan, Wuzhishan, Jinhua, Meishan, Rongchang, Deletion 87 485 87 487 GAG Intron Sense
Cross-bred
Bamei, Tibetan, Wuzhishan, Jinhua, Meishan, Insertion 88134 88135 AGCCCTAG Intron Sense
Rongchang
Tibetan, Wuzhishan, Jinhua, Meishan, Rongchang Deletion 90199 90201 CAG Intron Sense
Landrace, Hampshire, Berkshire, Pietrain, Insertion 116 920 116 921 CT 3'Flank  Sense
Tibetan, Wuzhishan, Jinhua, Meishan, Rongchang
A Tibetan, Wuzhishan, Meishan Insertion 16 032 16 033 ERV16/LTR Intron Antisense
Bamei, Tibetan, Wuzhishan, Jinhua, Meishan, Deletion 50974 51268 SINEA1/SINE Intron Sense
Rongchang, Cross-bred
Tibetan, Wuzhishan Deletion 65417 65541 SINEA1/SINE Intron Antisense
Tibetan, Wuzhishan, Jinhua, Meishan, Rongchang, Deletion 68 188 68 474 L1D1/LINE Intron Sense
Cross-bred
b Duroc Lanldrace LargeIWhite Wildlboar Meifhan Tib?tan Erhulalian Balma b
p . 3 y . v | p

B 2 ktnl-STIP L S7E 8 MRMP S SN LER

Fig. 2 Polymorphic detection results of the ktn1-STIP loci in 8 porcine breeds.
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WEHL ktn1-STIP 7E 5 8B A D (184) i (SINE™) Wihss & ((64.20£10.6) kg) H.4i&H
FTLBERM, BN A KSR S HAME (SINE™) ((74.14£9.0) kg) FIZeA A1
ktn1-STIP i i B9 Z A PEMEAT R0 M, 455R 2 AMA (SINE™) ((69.71£7.7) kg) . F il 74k
N, TERZEHWEEY kinl ERPERA B PRERRAEEYS kinl FERE S ktnl-STIP
SINE #fi A & 3 M 5¢ (P<0.05), i AN fimiJE & A SINE #fi AJC I FHAHCHE (3 6).

bp bp
750 - ' ; - .
500 o an 381 Large White

750 676
500 8] Sujiang

..... ; . - s s " G v P o 3

500 " 4q) Landrace
750 676

Bama
500 381
750 676
500 Duroc

381

B3 ktnl-STIPfIZABEBE. HEHE. KAHE. ESFBEMEEREFAPSSEENKRRBIKE.
Fig. 3 Representative electrophoresis figure of ktn1-STIP polymorphism in Large White, Sujiang, Landrace, Bama and
Duroc pigs.

*5 Fkinl BRBRE M
Table 5 Analysis of the polymorphism of the porcine ktnl genotype

pig breed N— Genotype frequency (%) Allele frequency (%) Hardy-Weinberg/,2
SINE™* SINE*~ SINE™"~ SINE* SINE™
LargeWhite 48 91.30 6.52 2.17 94.57 5.43 6.15
Landrace 48 77.08 16.67 6.25 85.42 14.58 5.26
Duroc 44 9.09 22.73 68.18 20.46 79.54 4.00
Sujiang 184 11.41 59.78 28.80 41.30 58.70 9.98
Bama 36 5.56 16.67 77.78 13.90 86.10 3.31

Note: y%.05(df=1)=3.84, 3%0.01(df=1)=6.63.

F6 kinl-STIPHAZSSEKEEMEKRXEKL
Table 6 Association analysis of ktn1-STIP insertion polymorphism and growth and reproduction traits
Genotype Number  Number of born alive ~ Number of weaned piglets ~ Primary litter weight Waning litter weight

SINE™* 25 10.45+1.6% 10.60£1.0% 14.25+1.5% 74.1419.0°
SINE™" 106 10.64+2.0° 9.59+2.1° 13.96+2.6% 69.71+7.7°
SINE™~ 53 10.65+2.0% 9.50+1.6° 14.1142.3% 64.20+10.6"

Note: identical letters in the same column indicates no significant difference; different letters indicate significant differences
(P<0.05).

% : 010-64807509 B<: cjb@im.ac.cn
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