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PENGANTAR UMUM 
BIOTEKNOLOGI REPRODUKSI



PENGERTIAN 
BIOTEKNOLOGI REPRODUKSI

BIOTEKNOLOGI

REPRODUKSI

CABANG ILMU BIOLOGI YANG MEMPELAJARI PEMANFAATAN MAKHLUK HIDUP (BAKTERI, FUNGI, VIRUS, 
DAN LAIN-LAIN) MAUPUN PRODUK DARI MAKHLUK HIDUP (ENZIM, ALKOHOL,ANTIBIOTIK, ASAM 
ORGANIK) DALAM PROSES PRODUKSI UNTUK MENGHASILKAN BARANG DAN JASA YANG DAPAT 
DIGUNAKAN OLEH MANUSIA (MERCK, 2005)

PROSES BIOLOGIS UNTUK MENGHASILKAN INDIVIDU BARU (GONNICK ET AL., 
2006)

BIOTEKNOLOGI REPRODUKSI ADALAH ILMU REPRODUKSI ATAU ILMU TENTANG 
PERKEMBANGBIAKAN YANG MENGGUNAKAN PERALATAN SERTA PROSEDUR TERTENTU 

UNTUK MENGHASILKAN SUATU PRODUK 



PERKEMBANGAN BIOTEKNOLOGI REPRODUKSI

Ivanoff (Rusia) 1899 & Ishikawa (Jepang) 1912

Indonesia oleh Prof B Seith (Denmark) 1953 G1
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Generasi Pertama

IB

Generasi Kedua

MOET

Generasi Ketiga

IVF-ET

Generasi Keempat

Transgenesis

Sapi pertama hasil embrio transfer 

dilaporkan pada tahun 1951 . 

TE diperkenalkan di Indonesia sejak awal

dasawarsa 1980-an 

Anak sapi pertama hasilIVF lahir 1981. 
Embrio in vitro diproduksi melampaui jumlah
embrio in vivo  (2016)

“Dolly” seekor domba lahir pada tahun 1996 
merupakan kelahiran pertama ternak

menggunakan teknik SCNT 

“Perkembangan Revolusi Sains”
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Indonesia oleh Prof B Seith (Denmark) 1953 
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GENERASI 1

INSEMINASI BUATAN
(IB)

INSEMINASI BUATAN (IB)  

1. Menghindari penyebaran
penyakit reproduksi

2. Efisiensi penggunaan pejantan
3. Perbaikan mutu genetic ternak

Sperma X Sperma Y

STRUKTUR POPULASI

IB Sexing di Indonesia Tahun 2002

Jawa Barat Sumatera Barat

Sulawesi 
Selatan

Nusa 
Tenggara Barat

Populer

1972

SPERM SEXING  

1. Memproduksi anak sesuai jenis kelamin
yang diinginkan (jantan atau betina).

2. Strategis untuk pembibitan sapi perah
(pilih betina) dan sapi potong (pilih
jantan).

3. Menentukan komposisi jantan betina
dalam suatu populasi

Johnson et al., 1989

Validasi Sperm sexing

Sinkronisasi berahi dan IB pada 250 ekor sapi, lahir 230 ekor, 
dengan s/c = 1.68, dan tingkat kesesuaian jenis kelamin anak

94.351%  (Said et al., 2015)

20% ♂ 80% ♀
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Table 2. Effect of different concentrations of selected amino acids on characteristics  
               of SO bull spermatozoa post thawing (Mean ± SE) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Within each amino acid, means with different alphabetical superscripts are significantly different (p<0.05).  
Within columns, (*) indicates significant difference (p<0.05) of a given element from control. 

 

Treatment 
Semen Characteristics 

Motility Viability Membrane Integrity 

Control 47.38±0.44 51.02±0.63 52.67 ± 0.79 

Glycine 5 mM 49.51 ± 0.61a 52.85 ± 0.35 54.02 ± 1.02 

 15 mM 52.53 ± 1.68b* 54.50 ± 1.37* 54.22 ± 0.92 

 25 mM 50.35 ± 1.18ab* 53.75 ± 1.66* 52.97 ± 1.81 

Glutamine 5 mM 49.60 ± 2.18a 53.58 ± 0.80* 54.25 ± 1.89 

 15 mM 52.98 ± 1.43b* 53.58 ± 1.15* 54.75 ± 1.03 

 25 mM 50.87 ± 1.22ab* 53.16 ± 1.63 53.75 ± 2.42 

Cysteine 3 mM 47.50 ± 1.22a 52.83 ± 2.04 51.50 ± 2.58 

 5 mM 51.00 ± 2.19b* 55.00 ± 1.26* 54.33 ± 1.63 

 7 mM 48.66 ± 0.81ab 52.83 ± 0.75 53.00 ± 1.67 

10 µm 10 µm 10 µm10 µm

Glisin
5 mM

Glisin
15 mM

Glisin
25 mM

Kontrol

diversity (Kaneko, 2016). Wakayama et al. (1998) 
showed that freeze-dried spermatozoa damaged in 
the acrosome and membrane plasma. Mammalian 
sperm are very sensitive to the lower temperature. 
The freezing induces membrane alteration, which 
when thawed, causes changes in protein activity 
and  subsequently  altered  permeability  to  water 
and  solutes.  The  cryopreservation  of  semen 
includes  the  decrease  in  temperature  and  an 
increase  in  oxidative  stress  on  the  sperm 
membrane which resulted in irreversible damage 

to  intracellular  structures  and  changes  in 
enzymatic activity (Kumar et al. 2011).

Although,  the  mechanism of  action  of  the 
amino acids as a cryoprotectant is still  not clear 
many authors have reported that the amino acids 
possess the anti-oxidative capacity (Farshad and 
Hosseini 2013; Bucak et al. 2009; Topraggaleh et  

al. 2014).  Several  studies  have  shown  the 
beneficial  effect  of  antioxidant  therapy  on  the 
oxidative  stress  of  mammalian  spermatozoa 
(Zhang et al., 2012; Zanganeh et al., 2013; Zalata 
et al., 2014; Sariozkan et al., 2015). The addition 
of  antioxidants  has  important  benefits  on  the 
quality and fertility of semen after liquid storage 
at  different  temperatures  (Mata-CXampuzanoa, 
2014).  Said  et  al.  (2019)  reported  that 
supplemented  amino  acids  (glutamine,  cysteine, 
glycine)  to  TCFY  extenders  improved  the 
spermatozoa quality with concerning the motility, 
viability  and  membrane  integrity  both  after  the 
equilibration  and  post-thaw.  However,  to  date, 
almost  no  information  studies  focus  on 
determining the antioxidant effect on freeze-dried 
spermatozoa.  In  the  present  study,  the 
supplementation of amino acids and EDTA to FD 
solution improved the sperm membrane integrity 
after the freeze drying process. 
 
DNA  Integrity  of  Freeze-Dried  Bovine 

Spermatozoa 

The effect of selected amino acid and EDTA 
on DNA integrity of  freeze-dried  bovine  sperm 
heads  evaluated  by the  acridine  orange  method 
are  presented  in  Table  4  and  Figure  2.  When 
spermatozoa  were  stained  with  acridine  orange 
after  fixation  with  acetic  alcohol,  the  DNA 

Effect of an Amino Acid and EDTA on DNA Integrity of Freeze-dried Sperm  (S. Said et al.) 165

Table 4. Effect of Addition an Amino Acid and Its 
Combination  with  EDTA on  DNA Integrity  of 
Freeze-Dried Bovine Sperm Heads Evaluated by 
Acridine Orange Method

Treatments
DNA Integrity n (%)

Intact No Intact

Control 1163 (96.92)a 37 (3.08)a

EDTA 1168 (97.33)a 32 (2.67)a

Glycine 1165 (97.08)a 35 (2.92)a

Glutamine 1194 (99.50)a 6 (0.50)a

Cysteine 1200 (100.00)a 0 (0.00)a

Glycine + EDTA 1200 (100.00)a 0 (0.00)a

Glutamine + EDTA 1200 (100.00)a 0 (0.00)a

Cysteine + EDTA 1200 (100.00)a 0 (0.00)a

a,b= different  superscripts  in  the  same  column 
indicated significantly different (P<0.01)

Figure 2. DNA Integrity of Bovine Freeze-Dried 
Spermatozoa.  Intact  DNA  Spermatozoa 
Fluoresces  Green  (a),  No  Intact  Spermatozoa 
Fluoresces Yellow-Red (b).

Figure 1.  Plasma Membrane Integrity of Bovine 
Freeze-Dried  Spermatozoa.  Spermatozoa  with 
curled  tail  (swelling)  (a),  No  spermatozoa  with 
straight tail (b).
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Produksi kembar dengan kombinasi IB dan TE, 
menghasilkan kebuntingan (42,86%) dan kelahiran kembar

(16,67%) (Said et al., 2009) 

1. Meningkatkan mutu genetic secara cepat, berupa
pemanfaatan bibit unggul dari kedua tetuanya.

2. Meningkatkan perolehan sel telur selama estrus dan
difertilisasi dengan bantuan IB.

3. Peningkatan nilai genetic untuk produksi susu,
daging, wool, bulu, dll.

HASIL TE PERTAMA DI 
INDONESIA (1995)

HASIL TE KEMBAR KAB AGAM 
SUMBAR (2005)

HASIL IB/TE KAB ENREKANG 
SULSEL (2007)

G2
GENERASI 2

Multiple Ovulation and Embryo Transfer (MOET)

TE diperkenalkan di Indonesia 

sejak awal dasawarsa 1980-an 

Sapi pertama hasil embrio transfer 

dilaporkan pada tahun 1951 

DONOR BETINA

1 2 3

6

5

7

8-12 hari pasca estrus 
atau manipulasi folikel

SUPEROVULASI

Hari ke-5 superovulasi

INSEMINASI BUATAN

Seleksi resipien

KOLEKSI EMBRIO/FLUSHING

Evaluasi Embrio
Segar atau Beku

TERNAK RESIPIEN

SINKRONISASI
TRANSFER EMBRIOKELAHIRAN

6-8 hari pasca
inseminasi

Transfer Embrio
Segar atau Beku

9 bulan kemudian

DIAGRAM ALIR PROGRAM TRANSFER EMBRIO



1. Pembuahan dilakukan diluar tubuh ternak
2. IVF digunakan untuk mengatasi masalah tidak respon

terhadap superovulasi pada ternak betina, masalah
infertilitas pada ternak jantan dan atau betina

3. Teknologi IVF mampu menghasilkan embrio dalam jumlah
masal dengan memanfaatkan sel telur dari ovarium ternak
hidup atau dari rumah potong hewan (RPH) 

ADULT COWS PREPUBERTAL HEIFERS

NO RESPONSE OF SUPEROVULATION

FACTOR INFERTILITY

LACTATION WITHOUT OESTRUS

SHORTENING GENERATION INTERVAL

PROGENY TEST

TRANSGENESIS, ECT

WHY USE OPU ??

G3
GENERASI 3

In Vitro Fertilisasi
(IVF)



IVF CONVENTIONAL SEL TELUR DARI RPH. KETERSEDIAAN SEL TELUR MENJADI PEMBATAS 

TRANSVAGINAL OOCYTE RETRIEVAL (TVOR) AND OOCYTE PICK UP (OPU) 

SOLUSI

OPU-IVEP DIGUNAKAN PADA BEBERAPA NEGARA UNTUK PRODUKSI EMBRIO KOMERSIL

KOLEKSI SEL TELUR BERULANG UNTUK PRODUKSI EMBRIO DAN PELAKSANAAN ET 
(Galli and Lazzari, 2008) 

KOLEKSI OOSIT DARI TERNAK LANGKA DAN TERNAK YANG MEMILIKI NILAI 
EKONOMI TINGGI

MASALAH IVEP BIAYA TINGGI, DAN EFISIENSINYA MASIH RENDAH



NO RECIPIENTS X/Y EMBRYOS PREGNANT NOTE

1 Waderi 1 X - Morulae Negative

2 Waderi 2 X - Morulae Negative

3 Teguh Y - Morulae Positive Born Oct 1, 
2004

4 Mansuri Y - Blastocyst Negative

5 Tukidi Y - Morulae Positive Sold, Pregnant 
7 months

6 Sunarko Y - Blastocyst Negative

DONOR  IVF EMBRYOS

Oocytes : Brahman Cross

Sperm : PO Sexed

Produced : 23 April 2003

RECIPIENTS

Breed : Bali Cows

ET : 17 December 2003

Dengan bantuan teknologi transfer embrio, sapi dapat diproduksi secara
massal dengan jenis kelamin sesuai harapan (Said et al., 2005)

KELAHIRAN PERTAMA DI INDONESIA

KELAHIRAN ANAK SAPI HASIL TRANSFER EMBRIO-IVF-SEXED

HASIL IVF PERTAMA

Manusia (1978) ; 
Sapi (1981); 
Kerbau (1990)

Gebrehiwot et al, 2013.
Produksi embrio sapi
per tahun :
In Vivo : 750.000 embrio
IVF : 450.000 embrio

Embrio in vitro 
diproduksi melampaui
jumlah embrio in vivo  
(2016)

• IVM : 70-90%
• IVF : 60-70%
• Pembelahan sel: 40-50%
• Blastosis: 15-30%
• Lahir : 10,5% 

Nandi et al., 2002

Hasil In Vitro Production



INTRACYTOPLASMIC SPERM INJECTION (ICSI)

MASALAH INFERTILITAS

KONSERVASI (FREEZE DRIED SPERM), GERMPLASM

TUJUAN PENELITIAN
(SPERM DECONDENSATION, PN, SMGT)

TERNAK TERANCAM PUNAH, PELIHARAANAcridine Orange Fluorescence 
of Spermatozoa

A: Spermatid & testicular spermatozoa
B: Caput-epididymal spermatozoon
C: Corpus-epididymal spermatozoa
D: Cauda-epididymal spermatozoa
E: Intra-vaginal (ejaculated) spermatozoa
(x 1800)

chromatin as assessed with toluidine blue staining
changed only after penetration of the ooplasm
(Krzanowska, 1982). Microinjected rat sperm nuclei,
containing only protamine 1, appear to be more stable
in Syrian hamster oocytes compared with mouse
sperm nuclei containing protamines 1 (33%) and 2
(67%) (Perreault, 1990). In general, the higher propor-
tion of protamine 2, the faster the nuclei decondensed
(Perreault, 1990), because protamines 1 and 2 differ in
the numbers and arrangements of disulphide bonds. In
the present study, however, the red/green fluores-
cence ratio significantly increased in zona-penetrated
spermatozoa compared with zona-binding ones, fol-
lowing treatment with acetic acid. This suggests that
the stability of sperm DNA against acid decreases
slightly in the perivitelline space. Furthermore,
reduced thiols as determined by mBBr fluorescence
were detected in zona-penetrated spermatozoa but not
in zona-binding ones. This clearly indicates that the
disulphide bonds of rat spermatozoa begin to be
reduced during or just after zona penetration but
before penetration of the ooplasm. Reduction of the
sperm nuclei disulphide bonds may occur prior to
fusion of the nuclei with ooplasm.

Although the red/green fluorescence ratio of acri-
dine orange decreased dramatically from testicular
spermatozoa to corpus epididymis spermatozoa dur-
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Thiol-disulphide status of rat spermatozoa 253

ing epididymal maturation, the ratio did not increase
to the same level during fertilisation. These observa-
tions suggest that the stability of sperm DNA against
acid is maintained at relatively high levels during and
after penetration of the oocyte. Recently, Sakkas et al.
(1995) also proposed that decondensation of mouse
sperm chromatin did not appear to proceed as the
reverse of the packaging procedure.

In conclusion, our observation demonstrates that
DNA stability against acid appears to be ahead of the
oxidation of protamine during sperm maturation in
the epididymis and that an initial event of the unpack-
aging process occurs during or just after zona penetra-
tion but before penetration of the ooplasm.
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chromatin. 

Freeze-drying  is  an  alternative  method  for 

the preservation of sperm cells.  However, it can 

cause  irreversible  injury  to  sperm  structure, 

especially  if  suitable  protection  is  not  provided 

during  the  process  and  during  storage. 

Considering these aspect, we evaluated how well 

the acridine orange (AO) test,  detect  injuries  to 

DNA when bovine spermatozoa are lyophilized.

One of methods usually used was developed 

for detecting changes in the chromatin structure of 

DNA  integrity,  that  was  sperm  chromatin 

structure assay (SCSA) (Chohanet al., 2006). The 

SCSA  method  utilizes  the  metachromatic 

properties  of  AO.  This  stain  fluoresces  in  the 

green  band  when  intercalates  into  the  intact 

double-stranded DNA helix, and in the red band 

when  associated  with  single  strand  denaturated 

DNA and RNA. After denaturation of chromatin 

by  decreased  pH,  the  spermatozoa  with 

structurally  abnormal  chromatin  fluorescence  is 

detected in the red band (Bocheneket al., 2001). 

It was demonstrated in the present study that 

the  change  of  DNA  stability  of  sperm  heads 

against  an  acid  treatment  can  be  evaluated  by 

using fluorescence microscopy. The proportion of 

acridine  green  fluorescence  decreased  to  86% 

when  the  spermatozoa  were  freeze-drying  and 

incubated  for  6h,  means  DNA integrity  of  the 

sperm decreased 14%. 

The  ICSI  has  been  applied  to  humans 

(Palermo  et  al.,  1992),  mice  (Kimura  and 

Yanagimachi, 1995) and rats (Hirabayashi  et al., 

2002; Said et al., 2003). Normal mouse offspring 

(Kusakabe  et  al.,  2001)  and  bovine  blastocyst 

development (Keskintepe et al., 2002) have been 

150 J.Indonesian Trop.Anim.Agric. 40(3):145-152, September 2015

Table 3. DNA Integrity of Freeze-dried Bovine Spermatozoa using Acridine Orange Method

Treatments
DNA Integrity (%)

Intact No intact

Fresh Sperm 0H 500 (100.00) a 0   (0.00) a

Fresh Sperm 3H 500 (100.00) a 0   (0.00) a

Fresh Sperm 6H 500 (100.00) a 0   (0.00) a

Freeze-dried Sperm 0H 488   (97.67) a 12   (2.33) a

Freeze-dried Sperm 3H 499   (99.83) a 1   (0.17) a

Freeze-dried Sperm 6H 430   (86.00) b 70 (14.00) b

a,b= different superscripts in the same column indicated significantly different (P<0.05 

Figure 2. Changes of the DNA Integrity of Bovine 

Freeze-dried Spermatozoa.  Single-stranded DNA 

Fluoresces Red

Figure 1.  Changes the DNA Integrity of Bovine 

Fresh  Spermatozoa.  Double-stranded  DNA 

Fluoresces Green 
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Table 4. In vivo development of rat 1-cell embryos produced by piezo-injection of sperm heads. 

1Number of females + males = total number of young. 
2Including 1 dead young. 
 a,bValues with different supercripts within each column are significantly different (P<0.05). 
 

Spermatozoa from 
Recipients 

conceived/transferred, 
n (%) 

Embryos 
transferred, 

n 

Implantation 
site, n (%) 

Young born   
n1 (%) 

Testes 3/14 (21) a 179 14 (8) a 1 + 22 = 3 (2) 
Caput epididymal 5/13 (38) b 185 39 (21) b 42 + 3 = 7 (4) 
Cauda epididymal 3/12 (25) ab 153 33 (22) b 3 + 3 = 6 (4) 
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the acridine orange (AO) test,  detect  injuries  to 

DNA when bovine spermatozoa are lyophilized.

One of methods usually used was developed 

for detecting changes in the chromatin structure of 

DNA  integrity,  that  was  sperm  chromatin 

structure assay (SCSA) (Chohanet al., 2006). The 

SCSA  method  utilizes  the  metachromatic 

properties  of  AO.  This  stain  fluoresces  in  the 

green  band  when  intercalates  into  the  intact 

double-stranded DNA helix, and in the red band 

when  associated  with  single  strand  denaturated 

DNA and RNA. After denaturation of chromatin 

by  decreased  pH,  the  spermatozoa  with 

structurally  abnormal  chromatin  fluorescence  is 

detected in the red band (Bocheneket al., 2001). 

It was demonstrated in the present study that 

the  change  of  DNA  stability  of  sperm  heads 

against  an  acid  treatment  can  be  evaluated  by 

using fluorescence microscopy. The proportion of 

acridine  green  fluorescence  decreased  to  86% 

when  the  spermatozoa  were  freeze-drying  and 

incubated  for  6h,  means  DNA integrity  of  the 

sperm decreased 14%. 

The  ICSI  has  been  applied  to  humans 

(Palermo  et  al.,  1992),  mice  (Kimura  and 

Yanagimachi, 1995) and rats (Hirabayashi  et al., 

2002; Said et al., 2003). Normal mouse offspring 

(Kusakabe  et  al.,  2001)  and  bovine  blastocyst 

development (Keskintepe et al., 2002) have been 
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Table 3. DNA Integrity of Freeze-dried Bovine Spermatozoa using Acridine Orange Method

Treatments
DNA Integrity (%)

Intact No intact

Fresh Sperm 0H 500 (100.00) a 0   (0.00) a

Fresh Sperm 3H 500 (100.00) a 0   (0.00) a

Fresh Sperm 6H 500 (100.00) a 0   (0.00) a

Freeze-dried Sperm 0H 488   (97.67) a 12   (2.33) a

Freeze-dried Sperm 3H 499   (99.83) a 1   (0.17) a

Freeze-dried Sperm 6H 430   (86.00) b 70 (14.00) b

a,b= different superscripts in the same column indicated significantly different (P<0.05 

Figure 2. Changes of the DNA Integrity of Bovine 

Freeze-dried Spermatozoa.  Single-stranded DNA 

Fluoresces Red

Figure 1.  Changes the DNA Integrity of Bovine 

Fresh  Spermatozoa.  Double-stranded  DNA 

Fluoresces Green 



ICSI USING FREEZE-DRIED SPERMATOZOA 
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INTRA CYTOPLASMIC SPERM INJECTION (ICSI) 

ICSI
BERHASIL DITERAPKAN PADA FAKTOR INFERTILITAS MANUSIA, JUGA BISA DITERAPKAN 

PADA TERNAK  UNTUK PRODUKSI TERNAK TRANSGENIK (SMGT) DAN UNTUK MEMPELAJARI 
MEKANISME FERTILISASI 

KEBERHASILAN ICSI : 70- 80% IN CATTLE (HORIUCHI ET AL., 2002), 77% IN PIG (MARTIN, 2000), AND 48-63% IN 
SMALL RUMINANTS (CATT ET AL., 1996). IN HORSES, IVF PROVED TO BE VERY COMPLICATED AND PROBLEMS-
BEARING PROCEDURE. THUS, INTRACYTOPLASMIC SPERM INJECTION (ICSI) TECHNIQUE IS PREFERABLY USED 

FOR THIS SPECIES (COLLEONI ET AL. 2007).  ICSI PADA TIKUS SULIT MENCAPAI BLASTOSIS, TETAPI EMBRIO 
TAHAP PRONUCLEUS DAN 2 SEL DITRANSFER KE RESIPIEN BERHASIL LAHIR (SAID ET AL., 2003) 

IVF VS ICSI TINGKAT FERTILISASI : ICSI LEBIH TINGGI DARIPADA IVF
TINGKAT KEBUNTINGAN : ICSI LEBIH RENDAH 20%. 



IVM/IVF EMBRYO PRODUCTION 

TEKNOLOGI PRODUKSI EMBRIO IN VITRO TIDAK HANYA MEMBANTU MENGHASILKAN HEWAN DENGAN GENETIC 
UNGGUL, TETAPI JUGA SEBAGAI PENYEDIA EMBRIO YANG SANGAT BAIK UNTUK PENERAPAN BIOTEKNOLOGI 

SEPERTI EMBRYO SEXING, CLONING, NUCLEAR TRANSFER DLL. LEBIH LANJUT, MEMUNGKINKAN UNTUK 
MENGANALISIS POTENSI PERKEMBANGAN EMBRIO, TERMASUK POLA EKSPRESI GEN, MODIFIKASI EPIGENETIK DAN 

GANGGUAN CYTOGENETIK SELAMA PERKEMBANGAN (GALLI AND LAZZARI, 2008). 

1. PRODUKSI TERNAK DENGAN GENETIC UNGGUL

2. SUMBER EMBRIO UNGGUL : EMBRIO SEXING, CLONING, 

NUCLEAR TRANSFER, TRANSGENESIS, DLL

3. POTENSI ANALISIS EMBRIO : EKSPRESI GEN, EPIGENETIK, 

CYTOGENETIC DISORDER

EFISIENSI EMBRIO IVP : 30-

40% MENCAPAI BLASTOSIS 

(Sirad et al., 2006) 
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TRANSGENESIS “Perkembangan Revolusi Sains”

KLONING SEL SOMATIK

Ternak Unggul

Ternak Transgenik

Xeno-Transplantasi

Menyelamatkan Hewan
Punah

KLONING ???

• BIOLOGI MOLEKULAR : Proses membuat salinan DNA
• BIOLOGI SEL : Propagasi sel progenitor untuk

mendapatkan populasi sel bergenetik sama
• BIOLOGI HEWAN : Produksi Salinan genetic individu

hewan dengan transfer inti.

“Dolly” seekor domba lahir pada tahun 1996 
merupakan kelahiran pertama ternak menggunakan

teknik SCNT 

TEKNIK KLONING DOLLY

Donor Inti

Donor 
Sel Telur

Dolly



Kultur Sel DonorTernak Donor

Sel Telur Matang Enukleasi Transfer Inti Fusi Sel Kloning Embrio
Blastosis

Transfer Embrio
ke Resipien

Lahir Ternak
Hasil Kloning Gambar 6.5

Skema pelaksanaan SCNT

Spesies Efisiensi  
Rekonstruksi Sel Telur, % 

Efisiensi  
Transfer Embrio SCNT, % 

Sapi 1,7 11,5 
Domba 6 6 
Kuda 0,8 19 
Babi 0,3 5-13 
Kambing 0,3 3,4-5,9 

 

Tabel 6.1 
Efisiensi Kloning pada 
beberapa ternak



HEWAN TRANSGENIK

TEKNIK MEMBUAT HEWAN TRANSGENIK

Mikroinjeksi DNA Mass Transfer Somatic Cell Nuclear 
Transfer (SCNT)

Embrio tahap
pronukleuas

Transfer gen ke gamet
(sel kelamin)

Sperm Mediated 
Gene Transfer (SMGT)

Testis Mediated Gene 
Transfer (TMGT)

Gambar 7.1 Teknik utama membuat hewan transgenik

Injeksi
transgene

Transfer Embrio ke Resipien

Hewan Transgenik

Gambar 7.2 Ilustrasi membuat hewan transgenik dengan
teknik mikro injeksi

Transgenesis meliputi introduksi sekuens DNA asing
kedalam genom organisme multisel, dan memastikan
bahwa sekuens tersebut ditransmisikan ke keturunan
spesies yang dimanipulasi.



Sel DonorTernak Donor

Sel Telur Matang Enukleasi Transfer Inti Fusi Sel Kloning Embrio
Blastosis

Transfer Embrio
ke Resipien

Lahir Sapi Transgenik

Transgene

Transfeksi

Gambar 7.3 Ilustrasi membuat hewan transgenik dengan teknik SCNT



GENOME

TRANSCRIPTOME

PROTEOME

METABOLOME

DNA

RNA

PROTEIN

Sugar Nucleotides

Amino acids Lipids

Metabolites

Phenotype/Function

• FERTILITAS PEJANTAN BERPERAN SANGAT PENTING 
UNTUK EFISIENSI DAN KEBERLANJUTAN USAHA 
PETERNAKAN.

• FUNGSIONAL GENOME PADA SPERMA DAN PLASMA 
SEMINAL TERMASUK METABOLOME SANGAT 
KRUSIAL UNTUK FUNDAMENTAL SAINS 
BIOTEKNOLOGI REPRODUKSI.

• SPERMA DAN PLASMA SEMINAL MENGANDUNG 
BERAGAM METABOLIT

• MEMVALIDASI METABOLIT TERSEBUT DAPAT 
DIGUNAKAN UNTUK PENANDA FERTILITAS

G5
GENERASI 5

“OMICS” ??



SELEKSI KESUBURAN PEJANTAN
(DAYA FERTILITAS)

BIOTEKNOLOGI MAJU KONVENSIONAL

Ribuan ejakulasi, kriopreservasi, IB
Biaya Besar

• Non Return Rate (NRR)
• Breeding Soundness 

Evaluation (BSE)

Sub Fertil !!!

Transkriptomik
Spermatozoa

Proteomik
Spermatozoa

RNA SPERMATOZOA

• Fertilisasi, 
• Perkembangan embrio,
• Aktivasi genom embrio,
• Ekspresi gen tetua♂

DIAGNOSTIK INFERTILITAS
DAN KUALITAS SEMEN

PROTEIN SPERMATOZOA

Protein spesifik
biomarker fertilitas

Analisa Semen (Makro & 
Mikro)
Pengamatan Fisik

(Genetalia : palpasi rektal)
Lingkar Scrotum & libido 

(Pengukuran scrotum dan
tingkah laku seksual)

Sub fertile mengakibatkan kerugian
besar pada usaha pembibitan ternak
(Bhasin, 2007; Ferlin et al., 2006; 
Lopez-Gatius, 2003; Lucy, 2001) 



PROTEOMIK PLASMA SEMEN DALAM UPAYA PRODUKSI/SELEKSI 
PEJANTAN BERDAYA FERTILITAS TINGGI

Belum menjamin memiliki Fertilitas Tinggi

High Fertility Low Fertility

Pengembangan
Metode Seleksi

Pejantan

Analisis Proteomik
(LC-MS/MS)

Plasma 
Semen

Keseluruhan
Ejakulasi

Kualitas Semen
- Motilitas (CASA)
- Konsentrasi (SDM)
- Morfologi
- Akrosom utuh

Analisis
Proteomik

Plasma Semen
(segar, cair, beku)

Pembagian sapi pejantan
(High dan Low fertility)

Fertilitas di 
lapangan

Korelasi Korelasi



SCientiFiC REPORTS 
(2018) 8:16323 | 
DOI:10.1038/s41598-018-34152-w 

Proteomic 
landscape of 
seminal 
plasma 
associated with 
dairy bull 
fertility

Viana et al., 2018
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