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Forward (G6S_F) 5°- CTTATgTgCCAAgTgCTCTC -3’

Reverse (G6S_R) 5-* CCTCCAGAGTGTTGTTAACC -3’
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Table 1. Ingredients in PCR reaction mixture for caprine N-acetylglucosamine-6-sulphatase

deficiency (G6S) test
Ingredient Concentration Volumn
Polymerase Tag (SuperTherm, BT) 5U/pl 0.3 ul
Primer G6S_F 10 pmole / ¢ | 1.0 ul
Primer G6S_R 10 pmole / ¢ | 1.0 ¢l
DNTP 25ng/ | 1.0 ¢l
10X PCR buffer 25 ul
Distilled water 9.2 ul
DNA template 25-40ng /| 10.0 ¢l
Total volume 25.0 ul
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PCR PCR
product  Aju/ product Ay
G6SGC TG GESGCTG M M GC TG GC TG

Fig. 1. Left image is diagrammatic electrophoresis patterns of three genotypes of caprine
N-acetylglucosamine-6-sulphatase deficiency (G6S). Right image is electrophoresis patterns of
two genotypes of G6S. PCR products (96 bp) were amplified by G6S specific primers. After
Aval digestion, three genotypes, normal (TG), carrier (GC) and affected (G6S) were
distinglished. Normal goat only had 96 bp one fragment, carrier had 96 bp, 66 bp and 30 bp
three fragments, but G6S goat only had 66 bp and 30 bp two fragments. M represented 50bp
ladder molecular marker.

Table 2. Frequencies of tested genotypes for caprine N-acetylglucosamine-6-sulphatase deficiency in phase
I collected samples

Frequency (%)
Breed Buck Doe Total
TG GC TG GC TG GC
Nubian 0 100(2/2) 83.3(15/18) 16.7(3/18) 75.0(15/20) 25.0(5/20)
Toggenburg 100(4/4) 0 100(16/16) 0 100(20/20) 0
Native Goat 100(1/1) 0 100(20/20) 0 100(21/21) 0
Total 71A(IT)  28.6(2/7) 94.4(51/54)  5.6(3/54) 91.8(56/61) 8.2(5/61)

1. Value in parentheses is the number of animals tested.
2. TG : Genotype of normal goat in caprine N-acetylglucosamine -6- sulphatase deficiency.
3. GC : Genotype of carrier goat in caprine N-acetylglucosamine -6- sulphatase deficiency.
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Table 3. Frequencies of tested genotypes for caprine N-acetyglucosamine-6-sulphatase deficiency in
Phase |1 collected samples

Frequency (%)*
Breed Number of animal tested
TG? GC?
Nubian 93 75.3(70) 24.7(23)
Hybrid 96 96.9(93) 3.1(3)
Total 189 86.2(163) 13.8(26)

! Value in parentheses is the number of animals tested.
2TG : Genotype of normal goat in caprine N-acetyglucosamine -6- sulphatase deficiency.
 GC : Genotype of carrier goat in caprine N-acetyglucosamine -6- sulphatase deficiency.
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Table 4. Distribution of genotypes of caprine N-acetyglucosamine-6-sulphatase deficiency by animal, sire

and dam

| Gen.otypes1 \ Total?
Animal Sire Dam

TC UN UN 106 207 TC

TC UN TC 14

TC UN GC 2

TC TC UN 35

TC TC TC 26

TC TC GC 2

TC GC UN

TC GC TC 15

GC UN UN 9 28 GC

GC UN TC 1

GC TC UN 4

GC TC GC 3

GC GC UN 4

GC GC TC 6

GC GC GC 1

! TC: Normal; GC: Carrier; UN: Unknown.
2 Grouped by genotype of 235 goats sampled.

Table 5. Number of heterozygote offsprings from normal and carrier sires of caprine N-acetyglucosamine
-6- sulphatase deficiency

Number of offsprings p value *
Parent genotype ] 2 2
Normal Carrier Exact test G x
Sire Normal 63 22 0.006* 0.005* 0.004*
Carrier 7 11
Dam Normal 55 4 0.018* 0.014* 0.005*
Carrier 7 4

! Exact test : Fisher's exact test.
G? : Likelihood ratio chi-square.
% - Continuity adjusted chi-square.
* . P<.05.
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Table 6. Genotypes of caprine N-acetyglucosamine-6-sulphatase deficiency, G6S, among offsprings of
three sires with at least 20 daughters by status of dam

Status of dam* p value *
Genotypes Total 2
Unknown Normal Carrier Exact test G* Pa
TC, Sire A 21: 2 20: 0 1:2 40: 4 0.019* 0.020* 0.018*
TC, Sire B 14: 2 3:0 0:1 17:3
GC, Sire C 7.4 15: 6 0:1 22:11

! Normal offsprings : Carrier offsprings.

Sire A and B were Normals, TC, but Sire C was carrier, GC.
> Total traced offsprings of the sires for contingency test.
3Exact test : Fisher's exact test.

G? : Likelihood ratio chi-square.
- Continuity adjusted chi-square.
*. P<.05.

o A ETES R S50 R B BT |1 Bl SR UL P %ﬁwFﬁuﬁﬁﬁWP“ﬁ?
YT 25% guﬁ ik 9@"': fg“ﬁ‘ﬁi"r; Tk o 2 Hoard et al. (1998) & ZpIvsk AT fﬁ"‘ |
1@ﬁﬁﬁqrgnggmﬁﬁw [ B PR UL - [ 2000 PR A - Y

FEHZ Rl T QWNNV¢%E§wH7m@§“uu¢ﬁ?ﬂlaw%,ﬁﬂﬁm@
Bﬁgy%ﬂrﬁﬁ163m@\wwwﬁwd105%@\4¢ﬂ§1322%‘bg75m% IEFEH o fEP S AL A
EYHEL () > 2003) o 7 IRAR I BRI o ETRERLY A B 0 RO DB (Nubian)
FURET P+ SR A T B0 (B > 2003) » BT SRS A % o R
S [ AL PR SRR AR R R - [ %ﬁuﬁﬁw I TR %
PR VA T@&_;ﬁﬁsqﬂﬁ FIVR DI UL PP 9 S 5 2 R A BT = UL T

[ (ST [ B my 8 i PO -

BB

R T TR I R R A e bR T SRRl
SR R IR

2E RS

SRR T P - 2002 - BHGHEGHE 0 pp. 136~144 o FEBREK FIAARH] -
TR > 2008 o AL AR PP o R 128:63-70 -
B - 2008 o Jof — F YR A T o f- FH) 27:16-18 -
Beesley, C. E., D. Burke, M. Jackson, A. Vellodi, B. G. Winchester and E. P. Young. 2003. Sanfilippo

syndrome type D: identification of the first mutation in the N-acetylglucosamine-6-sulphatase gene.
J. Med. Genet. 40(3) : 192-194.



230 [ B2 P8 pigs. . DNA A

Cavanagh, K. T., J. R. Leipprandt, M. Z. Jones and K. Friderici. 1995. Molecular defect of caprine
N-acetylglucosamine-6-sulphatase deficiency. A single base substitution creates a stop codon in the
5'-region of the coding sequence. J. Inherit. Metab. Dis. 18(1) : 96.

Downs-Kelly, E., M. Z. Jones, J. Alroy, K. T. Cavanagh, B. King, R. E. Lucas, J. C. Baker, S. A. Kraemer
and J. J. Hopwood. 2000. Caprine mucopolysaccharidosis IIID : a preliminary trial of enzyme
replacement therapy. J. Mol. Neurosci. 15(3) : 251-262.

Elliott, H. and J. J. Hopwood. 1984. Detection of the Sanfilippo D syndrome by the use of a radiolabeled
monosaccharide sulfate as the substrate for the estimation of N-acetylglucosamine-6-sulfate sulfatase.
Anal. Biochem. 138(1) : 205-209.

Freeman, C., P. R. Clements and J. J. Hopwood. 1987. Human liver N-acetylglucosamine- 6-sulphate
sulphatase. Purification and characterization. Biochem. J. 246(2) : 347-354.

Freeman, C. and J. J. Hopwood. 1987. Human liver N-acetylglucosamine-6-sulphate sulphatase. Catalytic
properties. Biochem. J. 246(2) : 355-365.

Freeman, C. and J. J. Hopwood. 1989. Sanfilippo D syndrome : estimation of N-acetylglucosamine-6-sulfatase
activity with a radiolabeled monosulfated disaccharide substrate. Anal Biochem. 176(2) : 244-248.

Freeman, C. and J. J. Hopwood. 1992. Human glucosamine-6-sulphatase deficiency. Diagnostic
enzymology towards heparin-derived trisaccharide substrates. Biochem. J. 282 (Pt 2) : 605-614.

Friderici, K., K. T. Cavanagh, J. R. Leipprandt, C. E. Traviss, D. S, Anson, J. J. Hopwood and M. Z. Jones.
1995. Cloning and sequence analysis of caprine N-acetylglucosamine-6-sulfatase CcDNA.
Biochemica et Biophysica Acta 1271 : 369-373.

Hoard, H. M., J. R. Leipprandt, K. T. Cavanagh, N. K. Truscott, B. A. Levene, K. H. Fridericiand M. Z.
Jones. 1998. Determination of genotypic frequency of caprine mucopolysaccharidosis I11ID. J. Vet.
Diagn. Invest. 10(2) : 181-183.

Jones, M. Z., J. Alroy, P. J. Boyer, K. T. Cavanagh, K Johnson, D. Gage, J. Vorro, J. A. Render, R. S.
Common, R. A. Leedle, C. Lowrie, P. Sharp, S. S. Liour, B. Levene, H. Hoard, R. Lucas and J. J.
Hopwood. 1998. Caprine mucopolysaccharidosis-111D : clinical, biochemical, morphological and
immunohistochemical characteristics. J. Neuropathol. Exp. Neurol. 57(2) : 148-157.

Jones, M. Z., J. Alroy, J. C. Rutledge, J. W. Taylor, E. C. Jr. Alvord, J. Toone, D. Applegarth, J. J.
Hopwood, E. Skutelsky, C. lanelli, D. Thorley-Lawson, C. Mitchell-Herpolsheimer, A. Arias, P.
Sharp, W. Evans, D. Sillence and K. T. Cavanagh. 1997. Human mucopolysaccharidosis IlID :
clinical, biochemical, morphological and immunohistochemical characteristics. J. Neuropathol.
Exp. Neurol. 56(10) : 1158-1167.

Jones, M. Z., R. A. Fisher, E. J. S. Tathke, L. W. Hancock and J. A. Kelley. 1988. Another inherited
metabolic disease of goat ?  Am. J. Hum. Genet. 43 : A57.

Kresse, H., E. Paschke, K. von Figura, W. Gilberg and W. Fuchs. 1980. Sanfilippo disease type D :
deficiency of N-acetylglucosamine-6-sulfate sulfatase required for heparin sulfate degradation.
Proc. Natl. Acad. Sci. 77(11) : 6822-6826.

Leipprandt, J. R., K. Friderici, D. J. Sprecher and M. Z. Jones. 1995. Prenatal test for caprine
N-acetylglucosamine-6-sulphatase deficiency and sex identification. J. Inher. Metab. Dis. 18 :
647-648.

Litjens, T., J. Bielicki, D. S. Anson, K. Friderici, M. Z. Jones and J. J. Hopwood. 1997. Expression,
purification and characterization of recombinant caprine N-acetylglucosamine-6-sulphatase.



231 REEE PiER T F AFH PR AR 231

Biochem. J. 327 (Pt 1) : 89-94.

Sanfilippo, S. J., R. Podosin, L. Langer and R. A. Good. 1963. Mental retardation associated with
mucopolysacchariduria (heparitin sulfate type). J. Pediatr. 63 : 837-838.

Sleat, D. E., S. R. Kraus, T. Sohar, H. Lackland and P. Lobel. 1997. alpha-glucosidase and
N-acetylglucosamine-6-sulphatase are the major mannose-6-phosphate glycoproteins in human urine.
Biochem. J.;324 (Pt 1) : 33-309.

Thompson, J. N., M. Z. Jones, G. Dawaon and P. S. Huffman. 1992. N-acetylglucosamine 6-sulphatase
deficiency in a Nubian goat : a model of Sanfilippo syndrome type D (mucopolysaccharidosis I11D).
J. Inherit. Metab. 76(3) : 853-858.



232 Taiwan Livestock Res.37(3) : 223~232, 2004

DNA typing of inherited deficiency of capring
mucopolysaccharidosis. 11ID ¢

Der-Yuh Lin®®, Yu-Chia Huang”?®, Jo-Ching Chen®®, G. Lu ®,
J. C. Huang, and Hsiu-Luan Chang®

Received : Oct. 15, 2003 ; Accepted : Jan. 12, 2004

Abstract

Caprine Mucopolysaccharidosis I11D, or N-acetylglucosamine 6-sulfatase deficiency (G6S), is a
recessive inherited disorder of goat. Affected kids not only grow slower but also has more health
problems than the normal ones. In order to get the clue of impact of G6S, a total of 61 DNA samples,
collected in 1998(Phase I) from a goat farm of eastern Taiwan, were tested first. Samples represented
Nubian (20,18 females and 2 males), Toggenburg (20,16 females and 4 males) and Taiwan native goat (21,
20 females and 1 male). Five carrier goats were found in 20 Nubian and the frequency was 25%. No
carriers were found in Toggenburg or Taiwan native goats. Larger scale screening were performed by 199
blood DNA samples from all pure and hybrid Nubian goats’ of the farm in Aug. 2002 (Phase Il). The
frequency of carrier was 24.3% (23/93) explaining the risk of high frequency of G6S of pure Nubians
existed. And 3.1% hybrid Nubian goats crossed from Nubian and Taiwan native goat were carrier of G6S.
No affected goat, homozygous recessive, were found in this trial. Further pedigree tracing and statistical
test supported that G6S followed the simple recessive inheritance pattern. As Nubian is one of the major
crossbreeding and upgrading breeds for meat goat production in Taiwan, G6S influences Taiwan meat goat
production tremendously. Testing genotype of Nubian bucks and culling carriers can quickly decrease the
defect gene frequency. For a completely cleaning the defect gene, genotyping Nubian does need to be
arranged in the Nubian population.

Key words : Caprine, Mucopolysaccharidosis, Genetic deficiency.
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