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Age-and-breed-dependence of exogenous DNA binding to spermatozoa in goats
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Abstract The purpose of this study was firstly to establish the technical protocols on optimization of goat Capra hircus
spermatozoa binding exogenous DNA, and then to determine the ability of goat spermatozoa to bind foreign DNA from dif-
ferent breeds at 1 —4 year-old. The ejaculates of three to four male goats, 2 — 3-year-old, were obtained by the artificial
vagina method of collection with the aid of a female serving as dummy and then diluted with equal volume. The seminal
plasma was removed by centrifugation. The linearized DNA plasmid was end-labeled. An orthogonal experimental L;¢
(4*) with four parameters in sperm-mediated gene transfer assays: DNA fragment sizes, the concentration of the foreign
DNA, incubation time and temperature, was designed to optimize the method of goat sperm binding exogenous DNA.
The positive goat spermatozoa were detected by in situ hybridization. A total of 149 goat sperm donors (21, 21, 19 and
10 Chuandong white goats of 1-5 2-, 3- and 4-year-old; 23, 22, 14 and 7 Boer X Nanjiang yellow F; goats, 6 Boer goats
and 6 Nanjiang yellow goats, 2-year-olds respectively) was selected with the nearly sperm quality. The ejaculates of four
breed male goats were obtained and screened by the method that established in this paper. On the condition of the seminal
plasma sperm removed from freshly ejaculated semen by thorough washing, 1.00 pg linearized end-labeled DNA plasmid
and 10° spermatozoa incubated for 1 hour at room temperatures could have a good transfection rate. The efficiency of sper-
matozoa in picking up exogenous DNA of Chuandong white and Boer X Nanjiang yellow F; goats decreased with age. It
was 39.34% +13.76% of Chuandong white goat at 1-year-old, and significantly decreased at 2-and 3-year-old (24.15%
+12.46% and 23.40% +19.37%, P <0.01). The efficiency of Boer X Nanjiang yellow F; goats was 30.61% =+
21.59%, 20.75% +17.52%, 21.16% + 13.98% and 22.88% +9.31% at 1-» 2-» 3- and 4-year-old; respectively.
No significant difference was found among the ages (P >0.05). Different goat breeds at 2-year-old exhibited different
sensitivety to foreign genes. The sperm from Nanjiang yellow goat had the highest ability in picking up exogenous DNA,
and that from Chuandong white goat also had a higher ability in picking up exogenous DNA. The positive sperm rates
were 38.48% + 17.54% and 34.62% + 20.76% from these two breeds, respectively. No significant difference was
found between the two breeds (P >0.05). The sperm from Boer goat had the lowest ability in picking up exogenous
DNA. The positive sperm rates were 13.85% + 8.50% . The efficiency of goat spermatozoa in picking up exogenous
DNA of is decreased with the age. Different goat breeds appeared to have different ability tp bind foreign genes [ Acta Zo-
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1: Labeled DNA localized to the sperm head.

Goat spermatozoa cells binding linearized end-la-
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Table 1 Experimental results of the orthogonality design (L,q 4*)

94°C WA YE 5 min, 94CAPE 45 s, 60CIE K 45 s,
T2C M 75 s, FLHEAT 35 MR 72°C #EH 10
min, 4CHRAE. 70 V &, HVK 45 min, &K
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2.1 HERIIER L

MNHIEAZ®E Ly (4%, AL B. C. D4
WA DNA B BRI KT 5 DNA L7 & B [A]
DNA WK L Eme, FAEEER 4 MKF
(W2 Do AMRBIEZRE 3 -4 LA, F
HAEWRIE S, A TALP W& O EBRAE, &1
(P4 R GEAT % B, SRR % A8 T R R D A G AR
DNA &%, 458 W% 1.

SE5S Treated A B C D R/ % R>/ %
Tl 1 €0.8kb) 1 (15 min) 1 €0.25 pg) 1 1 (0T 29.37+6.11 13.33+6.11
T2 1 (0.8 kb) 2 (30 min) 2 €0.50 pg) 2 2 (4T 20.67+3.06 12.00+4.00
T3 1 (0.8 kb) 3 (60 min) 3 (1.00 pg) 3 4 (37C) 44.00+£12.49  31.00%5.57
T4 1 (0.8 kb) 4 (120 min) 4 (2.00 pg) 4 3 (200) 47.67+10.60  31.00+5.20
T5 2 (3.9 kb) 1 (15 min) 2 €0.50 pg) 3 4 (37C) 29.33+6.11 13.67+5.09
T6 2 (3.9 kb) 2 (30 min) 1 €0.25 pg) 4 3 (20T) 26.33+4.93 11.67+3.51
T7 2 (3.9 kb) 3 (60 min) 4 (2.00 pg) 1 2 (4C)H 31.33+3.06 17.67+6.03
T8 2 (3.9 kb) 4 (120 min) 3 (1.00 pg) 2 1 (0T 40.33+5.69 29.00+3.00
T9 3 (4.7 kb) 1 (15 min) 3 (1.00 pg) 4 2 (4T) 33.67+7.77 18.00+6.00
T10 3 (4.7 kb) 2 (30 min) 4 (2.00 pg) 3 1 (T 35.67+2.08 24.67+2.89
T11 3 (4.7 kb) 3 (60 min) 1 €0.25 pg) 2 4 (37C) 29.00 +2.65 16.00+8.00
T12 3 (4.7 kb) 4 (120 min) 2 €0.50 pg) 1 3 20C) 47.33+9.87 31.33+3.06
T13 4 (7.8 kb) 1 (15 min) 4 (2.00 pg) 2 3 (20T) 25.00+7.55 22.00+4.58
T14 4 (7.8 kb) 2 (30 min) 3 (1.00 pg) 1 4 (37C) 31.00+13.08  27.67+1.53
T15 4 (7.8 kb) 3 (60 min) 2 €0.50 pg) 4 1 (0C) 32.00+4.36 13.67+8.96
T16 4 (7.8 kb) 4 (120 min) 1 €0.25 pg) 3 2 (4T 25.00+2.65 16.33+8.64

K- Level Ri/% Ry/% R{/% Ry/% Ri/% Ry/%

Ri/% R:y/% Ry/% Ry/%

1 35.41*  21.83 29.33M 16.75% 27.42* 14.33" 34.75 22.50 34.33 20.17 1(,
II 31.83  18.00 28.42* 19.00* 32.33 17.67% 28.75 19.75 27.67* 16.00" DR} = 978.04
Il 36.42  22.50 34.08 19.58 37.25" 26.42% 33.50 21.42 35.67° 24.00" =t
I\ 28.25" 19.92  40.08" 26.92"™ 34.92 23.83% 34.92 18.58 34.25 22.08
16
R 8.17 4.50 10.75 10.17 9.83 12.09 6.00 3.92  8.00  8.00 >IR3 = 827.94
=1

j=

A: DNA FBK/D: B: K175 DNA JERFE IR C: DNAWKREE (ug DNA/10® MRS 7D D: ML HE#EE: R: #2%: Ry: DNase | HALAT

BIPERS T2 R,: DNase I THAL)E FIPERS T2

F4)KE AR FRRF I H 2 M2 R K% 83 (P<0.0D), NEFRARZRREREHE (P<0.05), FF.
; D

A: DNA fragment length: B: incubation time; C: the ratio of foreign DNA into sperm

incubation temperature; R: range from minimum to

maximum. R and R,: the positive sperm rates before and after DNase | digestion.

Means with different superscripts of capital letters in the same column are most significantly different (P<0.01); different superscripts of small letters

mean significantly different (P<0.05).
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HMEEX ARG EEZT (P>0.05). HET
W% G J7 46 5 K 1 303, BB PCR BH M R 4
33.33% (6. 7).

Ke 3Hi)a 2-cell IR (X 4000
Fig.6  2-cell stage embryos ( X 400)
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Ho,o10 HoR 7 H, AMREIIE SR AR W, Bk
LT IEEE Gy, TR A A YRR I, &5 R LA
8. NILAFE P E Fy ARFIZR (L 2FRE 1 45 4 AR
DNA [ #8783 08 1 34 K T A s> & 3. 3
MEFARILEEL 2. 25, 32584 ZEBAMER T
50 30.61% +21.59% 20.75% + 17.52%
21.16% +13.98% 1 22.88% +9.31%, 254
# (P>0.05)
JUZARENLEE 12 I B BHYERS 138 39.34% +
13.76%, 2 % WA FEAK, 4 34.62% +20.76%
ZRARE (P>0.05); 3 XK 24.15% +
12.46%, MEBEMLT 1 24 (P<0.01); 4 &I
H423.40% +19.37%, 51 M2 Sk, %=
AN EEMEE (P<0.01 F1 P<0.05),
2.3 AR L AR T 4545 AN DNA R8T R
R 2 D PIRIERIEE LR R AR 6 K, %
ST T VA AL BRI I, A W 45 A 2 55 (1) e R
Fy A JIAR AL SR B RS 7 2 LB W 90wl AL,
A L RS T 45 S AR DNA R BE )t 2 AN [
(1) .22 I, B VL3 2 (10 BH S 7 e d L

K7 G SR DX B 7 AR A SR 27 BO R PCR AR IR Fie vk ]

M: DNA Marker DL2000 + DL15000. 1 —14: RSNZHRAEF BN 15 FATEX G 160 BHPEXS .

Fig.7 PCR analysis of DNA from goat embryos after in vitro transformation at two-cell stages

M: DNA Marker DL.2000 + DL15000. Lane 1 — 14, PCR-amplified fragment the DNA extracted from goat embryos; lane 15, negative

control; lane 16, positive control.



1064 | ) =2 £ 51 %

2 BYHNE DNA ST LSERS O BRI SE AT AR 77 IR PCR FHHE 200 45 2R
Table 2 Effect of incubation with exogenous DNA on the sperm quality and positive blastocysts produced

HEBLAh 5T IIES PCR Hx il
Sperm quality Cleavage Screened by PCR
2153
Group 5 e ) BRI . DURERE BBM smks KK Wi
Sperm motility before Sperm motility after L rate of Intact Oocytes Cleavage Embryos Positive
. Live index
transfection (%) transfection (% ) acrosome( % ) (No) rate (%) (No) rate (%)
X HE A4 Control 71.43+10.69 - 1.72+0.28 78.77+10.70 34 20.59 (7 - -
AP Treatment 71.43+10.69 61.67+16.02 1.55+0.20 76.35+9.52 121 34.71 (42) 42 33.33 (14)

x o AET AN IEEG o 35T NN PCR BRI

% : The number of cleavage cells; **: the number of PCR positive embryos.

D % #F1 (Boer X Nanjiang goat) W /)| & B 1112 (Chuandong White goat)

50 - A

S g0t e

L
% = I B Bb
e 30f
E 2 i
5 wp

g -

~— 10_

00 1 1 1
1 2 3 4

i (Age)(year)

K8 1-4 %8 Fy, MR ELERS 745640 DNA 1IRE

REFRARZRFEBH 2 W ZERREE (P<0.0D), MNEFERAFKRRZERLEHE (P<0.05, N

Fig.8 The ability of spermatozoa to pick up exogenous DNA of Boer X Nanjiang and Chuandong white goat in 1 —
4 year-old

Means with different superscripts of capital letters are most significantly different (P<<0.01). Different superscripts of small letters

mean significantly different (P<0.05). The same below.

SN A A
g 401
i = r
g osor 2
ﬂ{_n Q r B
i o 20F
< (5] -
é 00 1 . 1 ;
P FIF1(Boer X Nanjiang) Wi /R (Boer)

JII % E (Chuandong white) Bg{L(Nanjiang)

Klo  5anfinliof 2 2 IN K 1 45 & FME DNA fig )
Fig.9  Ability tp pick up exogenous DNA of spermatozoa in four goat breeds at 2-year old

JNARE LA, 53004 38.48% +17.54% 1 34.62% FA, ZRBEE (P<0.0D.
+20.76%, ZSFAEE (P>0.05); #MF 3 Wi

%, BURILERAG, 4 13.85% +8.50%, SUrd
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