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• Hystorical perspective
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Reproductive biotechnologies in

farm animals

• It started with artificial insemination (‘50)

• It continued with embryo transfer (‘70)

• Then in vitro embryo production (‘80)

• Nuclear transfer (‘90)

• Genetic modification (‘00)
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Timeline of somatic cell nuclear

transfer (SCNT)

Suk et al, 2007 Nat. Biotech. 25: 47-53



Publication in NT in mammals

excluding the mouse

Suk et al, 2007 Nat. Biotech. 25: 47-53



Geographical location of NT

activities

Suk et al, 2007 Nat. Biotech. 25: 47-53



Cell line effect on live birth

success
N of embryos n of recipients n of pregnancies n to term n alive after birth

bull A 50 50 28 1 1

bull B 38 38 21 5 3

Bull C 47 25 12 0 0

Bull D 28 14 5 1 over 7 months

Cow A 24 24 14 2 2

Cow B 24 24 12 1 1

Mare A 9 5 2 1 1

Stallion A 8 4 2 0 0

Stallion A fetal 35 20 1 0 0

Stallion B 71 23 6 2 2



Cell line effect on cloning

success

Panarace et al, Theriogenology 67 (2007) 142-151



Development of bovine nuclear transfer

(NT) embryos derived from adult

fibroblasts, mesenchimal stem cells

(MSC) and osteocytes, differentiated

from MSC

Cell type N of NT Cleavage MC D6 BL D7 BL D8

embryos N(%) N(%) N(%) N(%)

Adult fibroblasts 63 62(98.4) 36 (57.1) 33 (52.4) 42 (66.7)

MSC 102 102 (100) 58 (56.9) 65 (63.7) 67 (65.7)

Osteocytes 102 102 (100) 52 (51.0) 55 (53.9) 54 (52.9)



Somatic cloning efficiency and

donor cell type
Oback, Reprod. Dom. Anim 43 (supp 2) 407-416, 2008



Nuclear transfer procedure

• Donor nucleus pre-conditioning

– Drugs (TSA, Azacytidine, etc)

– Cell extracts (tumor cell lines, xenopus eggs, etc)

• Recipient cytoplasts

– Methapase II

– Zona free

– Zygotes

• Activation

– Chemical

– Sperm or sperm exctracts



Bovine pre-implantation embryo

development after NT
Galli et al, C&SC 4, 189-196, 2002

cell type method N. of N. fused or N. N. blastocysts

(activation) constructs success. injected (%) cleaved (%) D+7 (%)

lymphocytes injection (DMAP) 353 338 (95.6)a 289(85.5)c 54 (16.0)f

" injection (CHX) 234 224 (95.7)a 134 (59.8)d 24 (10.7)g

granulosa cells fusion (DMAP) 253 177 (70.0)b 164 (92.7)c 70 (39.5)h

" injection (DMAP) 273 250 (91.6)a 189 (75.6)d 46 (18.4)f

adult fibroblasts fusion (DMAP) 227 139 (61.2)b 123 (88.5)c 89 (64.0)i

" fusion (CHX) 192 117 (61.0)b 79 (67.5)cd 44 (37.6)h

" injection (CHX) 722 696 (96.4)a 459 (65.9)c 78 (11.2)g
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Use of zygotes as recipient

cytoplasts

Schurmann et al, 2006



Horse cloning

sperm exctract activation
(Hinrichs et al, Reproduction, 134, 319, 2007)

Three donors used 



NT embryo development
Galli et al. 2002Cloning & Stem Cells 4, 189-196

origin of method N. of N. of pregnancies 

blastocysts (activation) transfer

 D+35 (%) D+60 D+120 D+180 term

lymphocytes injection (DMAP) 71 41 (58) 24 6 5 1

" injection (CHX) 14 5 (36) 2 0 0 0

granulosa cells fusion (DMAP) 9 4 (44) 0 0 0 0

adult fibroblasts fusion (DMAP) 20 10 (50) 6 2 1 0

" fusion (CHX) 14 3 (21) 1 1 1 1

" injection (CHX) 13 7 (54) 5 5 5 4

total total 141 70 (50) 38 14 12 6



Cattle SCNT success

Panarace et al, Theriogenology 67 (2007) 142-151



Cattle SCNT success

Oback et al, C&SC, 2003



Horse embryo development after

transfer (zona free)
Lagutina et al. 2005 Reproduction 130: 559

Donor cells Horse N

embryos

N

recipients

Pregnancy 35 days 3 months 6 months Offspring

n (%) n (%) n (%) n (%) n (%)

cumulus 22

h IVM

* 3 3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

fetal

fibroblasts §

C 33 18 1 (5.6) 1 (5.6) 1 (5.6) 1 (5.6) 0 (0)

adult

fibroblasts

A 4 2 1 (50) 0 (0) 0 (0) 0 (0) 0 (0)

adult

fibroblasts

B 71 23 6 (26.1) 4 (17.4) 3 (13) 2 (8.7) 2 (8.7)

adult

fibroblasts

C 26 12 2 (16.7) 2 (16.7) 1 (8.3) 1 (8.3) 0 (0)

adult

fibroblasts

Total 101 37 9 (24.3) 6 (16.2) 4 (10.8) 3 (8.1) 2 (5.4)



Pig nuclear transfer

type of no. recipients no.  embryos total no. of average 

cells pregnant/ implanted fetuses* or  litter 

implanted (per recipient) offspring size

fibroblasts

wild type 2/4 244 14 7

(61)

fibroblasts

transgenic 4/4 203 24* 6

(51)

* some pregnancies were not allowed to go to term





Why SCNT work the way it

works

• Failure to reprogramme the genome

• Species differences

• Abnormalities and welfare problems



Comparison of pegnancy losses

Heyman, Y. et al. Frequency and occurrence of late-gestation losses from cattle cloned embryos.

 Biol. Reprod. 66, 6-13 (2002)





Santos F, Zakhartchenko V, Stojkovic 

M, Peters A,  Jenuwein T, Wolf E, 

Reik W, Dean W. 

Epigenetic marking correlates with 

Developmental potential in cloned

 bovine preimplantation embryos. 

Curr Biol 2003; 13: 1116-1121



Methylation pattern at the

pronuclear stage

Beaujean N, Hartshorne G, Cavilla J, Taylor J, Gardner J, Wilmut I, Meehan R, Young L. 

Non-conservation of mammalian preimplantation methylation dynamics. Curr Biol 2004; 14: R266-267

sheep

mouse

human

rabbit

bovine



Most common abnormalities in

cloned calves

Panarace et al, Theriogenology 67 (2007) 142-151





Animal welfare guidelines



Genetically modified animals

(GMO)
• Completely different category of animals

• Produced through genetic engeneering and

nuclear transfer

• For biomedical applications (current)

• For food production (proof of principle)
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Artificial insemination results

with frozen semen from Mtoto

clone 2
Farms n. of AI n. pregnant n. pregnancies % pregnant % losses

lost (at 90 days)

Farm 1 20 14 2 70 14

(first round)

Farm 1 10 8 0 80 0

(second round)

Farm 2 20 10 0 50 0

farm 3 3 1 0 33 0

farm 4 10 8 0 80 0

total 63 41 2 65 5

Heyman et al, C&SC 2004, 6: 111-120



Progeny of clones
distibution of calvings from clone's progeny
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Birth weight distribution of clone's progeny

0

2

4

6

8

10

12

14

16

21-25 26-30 31-35 36-40 41-45 46-50 51-55 56-60

Kg

n calves



Offspring from clones

Pegaso born on march 16th 2008

through AI 
Piearazade du Vialaret

Offspring of Pieraz through

A.I.



Final considerations
• SCNT is young technique with great potentials

and it is here to stay

• It raises many more questions than that it can
answer at present

• It will be a research intensive area of investigation

• There are now sufficient information to prevent
animal welfare problems (observed mainly in
ruminants)

• With current efficiency it is justified only to
generate animals with high added value (breeding
stock or transgenic animals)

• Therefore in the near future we will be dealing
with the offspring rather then the clones
themselves



Do not throw away the baby with the dirty water!


