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Current Status of Genetic Modified Animals in 
China

The Key Special Project:
“Breeding and Cultivation of Novel GM varieties”

budget of 17.6 billion RMB

launched in The 11th Five-year Plan (since 2008),

the largest civil research project (space technology)



The Key Special Project:
“Breeding and Cultivation of Novel GM varieties”

Cattle

Swine

Goat/Sheep



GM sheep successfully bred by China Agricultural University,
Northwest A&F University, CAS, Xinjiang Acadamy of Animal
Science

In 1999, the first GM cattle of China was born in Shanghai
Medical Genetics Institute.

The status of GM livestock studies in China

Studies of the methodology 

Studies with breeding purpose

Studies of genes with potential applications

Studies of safety assessment issues



The Processes of Bio-safety Evaluation and Administration on 
Genetic Modified Organisms in Agriculture:

Experimental Study

Inter-medium Experiment

Environmental Release

Field Trial

Safety Certificate

Genetic Modified Animals

Cross-breeding with GMA.



An Outline of the Requirements on The Processes of Bio-safety 
Evaluation on Genetic Modified Animals in Agriculture:

Information of Molecular Features

Bio-Information analysis on the bio-safety 

Genetic Stability Analysis

Animal Health Analysis

Information of gene integrity and expression during generation

Environment Safety

Food Safety

Behavior, growth, development, anatomy, reproduction.



1.   Information of Molecular Features

Study the integrity and expression of the foreign gene or fragments 
based on gene, transcription, and translation.

Information of expression vectors

Information of integrity of targeted gene in the animal genome

Information of expression of targeted fragments in the animal 



2. Genetic Stability Analysis

Main Consideration: the integrity and expression of the genes in the 
animals during generations
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3. Animal Health Analysis

General Index:

Behavior, growth, development, anatomy, reproduction.

Physiological Index:

Parameters in clinical and anatomic traits:

Other parameters may be applied



Environment Safety

The abilities of the animals on survival competition and 
adaptation to environment

Evaluation of the animals on functional efficacy 

Effect of the gene shifts on environment 

Effect of the animals on bio-diversity 



Food Safety Evaluation

Evaluation of Toxicity on the expressed products

Evaluation of Allergy

Analysis of Main Nutrient Integrants

Evaluation of Safety on Whole Food

90 day feeding test by rats

Nutrition Evaluation

Evaluation on the effect of process on the animal products



Progresses on the characterization of cloning events

Progress #1:   
To get rid off the resistance/marker genes

Sheep:

S Deng, et al., Theriogenology, 80:50-57, 2013



Progresses on the characterization of cloning events

Progress #1:   
To get rid off the resistance/marker genes

Cattle:

Y. Yu, et al., Plos One, 8:62457, 2013



Progress #2:   
To confirm the insertion of the gene on the host genome 

Southern blot confirmation

Whole genome sequence

A Southern blot (transgenic goat to express
human lactoferrin). J Zhang et al. PE&P, 2008

Sequence results of the transgenic cattle. 
J Zhang et al. Plos One, 2012 Confirmed by a PRC analysis. J Zhang et al. 

Plos One, 2012



Progress #2:   
To confirm the insertion of the gene on the host genome 

Verification of the transgene chromosomal location by FISH. 
J Zhang et al. Plos One, 2012



Progress #3:   
To evaluate the modification of the promoters of inserted genes 

Sheep: 

Y Tian et al. BBRC 434: 681-687, 2013 



Progress #4:   
To evaluate the epigenetic effect of cloning/transgene

Goat: 

L Meng et al. Theriogenology 81: 459-466, 2014 

Fetus transgenic clone
Newborn transgenic clone
1-4 month transgenic clone



Progress #4:   
To evaluate the epigenetic effect of cloning/transgene

Pig: CMV-GFP                 Position effect

Z Yin et al. GMR 11: 355-369, 2012 

K25-2:     L1M LINE element (retrotransferase, inactive)
K25-3:     EST EV932945 (Aatf, active)

Variegation of CMV promoter methylation



Progress #5:   
To observe the gene expression changes at the whole genome

Cattle: Fat-1 

T Guo et al. Lipids in Health and Diease 10:244, 2011 

-6   ---------> -3Fat-1 

Cell adhesion molecule 1  +10.8 fold 



Progress #6:   
To characterize the bioactivity of the transgene

Pig: Fat-1 

M Tang et al. Transgenic Res 20: 749-758, 2011 

-6   ---------> -3Fat-1 



Progress #6:   
To characterize the bioactivity of the transgene

Cow: human lysozyme knock-in/Zinc-finger nucleases/b-casein 

X Lu et al. Proc. R. Soc B 281: 2013368, 2014 



The level of shRNA in the transgenic pigs

The transgenic pigs showed resistance 
to the virus challenge

L Li et al. J of Biotechnology 171: 14-24, 2014 



Progress #7:   
To evaluate the productivity

Cow: TC-LA: h-alpha-lactalbumn; TC-LF: h-lactoferrin; TC-LZ: h-lysozyme 
TC: trangenic cloned, C: cloned, N: normal

R Zhang et al. Plos One 7: 49697, 2012 

Whey Protein Profiles Whey Protein Profiles/MALDI-TOF/TOF

2D-Nano-LC-MS/MS



Progress #8:   
To assess the safety of meat from transgenic cattle

S Liu et al. Food and Chemical Toxicology 57: 314-321, 2013 

rhLF (lactoferrin)

Rat 90-day feeding:           5%                  10%                       5%                   10%

Meat powder from 
conventional cow

Meat powder from 
transgenic cow

Macronutrients:             similar                                           similar 
Minerals:                        similar                                           similar                  
Amino acid:                   similar                                           similar
Energy (kJ/100g):           1660                                               1660
Vitamins:                        VA (4.79 ug/100g)                          1.75

Weight gain (male, g):     435.2±23.1    435.3±42.6        440.9±26.4      450.7±19.1
(female, g):     231.6±18.8    235.1±15.2        235.4±24.8      236.2±24.4

Hematological parameters:                                                               almost similar
Blood biochemical components
Histopathological observations



Open questions

1. Transgenic animals for bioreactor 

2. Transgenic animals for disease models 

High risk of gene drift 



Thanks 

zhijiec@Tsinghua.edu.cn


