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The development and application of method for detecting
bovine complex vertebral malformation

WANG Hong-Mei, LI Jian-Bin, HOU Ming-Hai, WANG Chang-Fa, LI Qiu-Ling,
ZHONG lJi-Feng

Dairy Cattle Center of Shandong Academy of Agricultural Sciences, Ji’nan 250100, China

Abstract: Complex vertebral malformation (CVM), a lethal autosomal recessive inherited defect in Holstein calves, was
newly reported worldwide. The molecular cause of CVM was a substitution of guanine by thymine (G - T) in a solute car-
rier family 35 member 3 gene (SLC3543), encoding UDP-N-acetylglucosamine transporter. It was characterized by stillborn,
abortion, and premature birth. The objective of this study was to study the actual carrier frequency of the CVM mutation in
a population of Chinese Holstein (=Chinese Black-and-White) normal cattle. The normal 436 Holstein cows and 93 Hol-
stein bulls were genotyping by using the Created Restriction Site PCR (CRS-PCR) and Allele-specific PCR (AS-PCR)
methods. There were two bulls and one cow in three observed CVM-carriers. In the Holstein dairy cattle and Holstein bull
population, the percentages of CVM carriers were estimated as 0.60% and 2.20% respectively. This study provided a more
reliable and useful method for extensive screening of CVM and also offers a theoretical basis for molecular diagnosis in

Holstein calves.
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Table 1 Sequence of the primers used to detect CVM

Name Sequences(5% 37T
AS-PCR AS-G: CACAATTTGTAGGTCTCATGGCAG
AS-T: CACAATTTGTAGGTCTCATGGCAT
AS: GGAACCAAAAGGGATGTGA

CRS-PCR CRS-1: CACAATTTGTAGGTCTCACTGCA
CRS-2: GGAACCAAAAGGGATGTGA

Note: The underlined nucleotides indicate creation of a restriction site.

1.2.2 DNA ##&K 1%
- DNA 1.2.4 RFLP 4 #f
1.2.3 PCR R4k % B &4 CRS-PCR 4 uL, Pst15
AS-PCR CRS-PCR 20uL  PCR U, 8uL,37 12h,3%
, 10><PCR Buffer( 15 mmol/L  Mg*")2.0
uL 10 mmol/L dNTPs 0.5 uL. 10 pmol/uL 1.2.5 AR5
0.5 uL Tag DNA 1U 100 ng/ulL. DNA PCR 1%
1.0 uL AS-PCR PCR, ) DNA DNA
AS-G AS AS-T AS, CRS-PCR T4-DNA pGEM-T ,
CRS-1 CRS-2 : DH-50 , PCR
94 3min,94 20s 58 20s 72  30s, PCR

30 ,72 5 min, 4 PCR
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2.1 PCR

AS-PCR CRS-PCR,
SLC3543 1% ,

bp

278

250
B 1 4 SLC3543 E[EH PCR i =)
1, 2: SLC3543 AS-PCR 5 3, 4: SLC3543 CRS-
PCR ; M: DL2000 Marker

Fig.1 PCR products of SLC3543 gene
1, 2: AS-PCR products; 3, 4: CRS-PCR products of the SLC3543
gene; M: DL2000 Marker.

bp

250 278

2 4 SLC3543 EESMNETF 4 B9 AS-PCR R
Fig. 2 AS-PCR of exon 4 of bovine SLC35A43 gene

M +- - -/ -/~
bp bp
278
250 258
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Fig. 3 RFLP genotyping of bovine SLC3543 gene exon 4

2.2
AS-PCR AS-G AS 80 /9 100
TCTCATGGCANTTCTCACAGCATGTTTTT
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VIS ! W
2) (/=) CRS-PCR Pst {\ ALT YA, A VYYVY
258 20 bp , (+/-) 4 HSLC35A BEIEF4HNFER
278 258 20 bp 3 ( 3) GoT
AS-PCR CRS-PCR Fig. 4 Sequencing of mutant SLC35A43 gene exon 4
’ The arrow indicates the presence of a G- T mutation in exon 4 in
SLC354 4 3 one of the alleles of SLC3543 gene in carrier cattle.
PCR , sLc3s43 3 CVM
4 GenBank SLC354 CVM 3
, GenBank, , 2, CVM
EF555203 SLC354 559 0.6% 2.2%,
G-T R ( 4 2
*2 PEMHIES SLC3543 HEMAEEF B2 REFEHE
Table 2 Genotype and allele frequencies in the SLC3543 locus in studied Chinese Holstein cattle
Group of animals No. of animals No. and frequency of genotypes allele frequency
G/G T/G
Bulls 93 91 0.978 2 0.022
Cows 436 435 0.998 1 0.002
All dairy cattle 529 526 0.994 3 0.006
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Fig. 5 Pedigrees of CVM Carriers
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Table 3 Numbers and frequency of CVM carriers among
Holstein bulls in some countries

CVM
CVM carrier bulls
Country No. of bulls References
0,
tested No. %
Japan 40 13 32.50 [9]
Germany 957 126 13.20 [10]
Sweden 228 53 23.00 [2]
USA 11868 2108 17.76 [18]
No
Denmark No data data 31.00 [13]
Polish 605 150 24.79 [12]
, “fcvr CVM
cc TV »3 [19]
CVM ,
DNA R CVvM
, CVM 2000 2002
, Bell ,
CVM )
[20]
1300 ,
, CVM ,
CVM , >
, CVM
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