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The Need for Biotechnologies in Swine Production
SR EFPRYEDRARNES

As the world’s population and living standards increase, demands for high-
guality pork protein must also increase substantially in the face of reducing
resources.

fEEHFAONRNMERIETKFENRES  ENEREARDER , AMIUERERES
BV KbEZ B KIREIEN,

This requires not only improved diets, but also biotechnology-based breeding
to generate swine with desired production traits for feed efficiency and rapid
lean tissue growth.
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|. Basic Concepts of Biotechnologies
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Chromosome and Gene in the Cell
MrahpS e FIEE

Father — <+ Mother
Q7 EZ8

Gene:H { > GeneEH
(a segment of DNA) 4 (DNA= deoxyribonucleic acid)
(DNARER) (DNA =Sz iEzER)

A pair of chromosomes —3XJRE (K
(carriers of DNA molecules and associated proteins)

(DNAZ>FHITBXERRIEF)
The domestic pig has 19 pairs of chromosomes. ZKET 19X ZE IR




Role of genes in growth,
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S l \ v reproduction, and health
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Biotechnologies: Techniques Used in Cell Biology
PR : HiREDFhERRA

Biotechnology can be classified as : &4 ARBTLAFZEA:

--- Cloning of animals with identical genetic composmon

--SefE BB HEEEEEMAIEH » —> C&?@” - .

Cloning helps to conserve species and breeds, partlcularly those with excellent

biologic and economic traits.
efEF T RIPYIFF @A | 55128 R 8 RIFEMFIS S HRIIFRFI fm A,

--- Genetic engineering (via recombinant DNA technology and

gene editing) to produce transgenic animals or microorganisms.
2R T (BIEHDNARATERRIE ) FmEEEEEIEREYD.

Recombinant DNA technology combines genetic materials from multiple sources

Into single cells to generate proteins, and is the basis for gene (genome) editing
BHEDNARAERBE SN KENEERESE RN ARPLIEERR  BERER (£H4A)
fmASHIENY DNA 1 + DNA 2 --—----> New DNA




II. Cloning of Animals:
oselE:
Production of Genetically Identical Offspring

FEEERHERBEN




Cloning of Pigs from Embryonic or Adult Donor Cells
108 AR ek R SF (S R T S

Embryo of em— Donor Cells Fusion
Adult Pi (e.g., Fibroblasts via
NS or Skin Cells) Electric  rused Cell
LT Pulse > PHHEI
(PR ETHEAERRE L RZ4mAR) Efk than s
Adult — Unfertilized Enucleated
Fen%E[EeEi ;éo?;tge Nucle Oocvte Ceéllﬂ[éi/v\i%on
=gy Nucleus x 4 '
= oy RS i
Cloned ¢m—— Implanted into the Uterus §mbryotransfer g% oia00
Piglet of Surrogate Sow Ny 4] Embryo
SeIET 5 EANKBEEOTE " SR

Embryonic cell nuclear transfer (ECNT): Donor cells (e.g., fibroblasts) are
from early stage embryos,

ECNT 7ZiE A48 ( HIaNmeT4E4miE ) kB RHARRA

SCNT: Donor cells (e.g., skin cells) are from fetuses, young or mature
animals. SCNT 75iE:HAR4EAE ( FISNRZRA4REE ) SRERRIL. 4hRSEkREERNYD.



Advantages and Disadvantages of Animal Cloning
a1 5e BE RO FI 55
Advantages L

Conserve breeds or species (particularly those that are

endangered) {RIFEIVIMEHIM (55 2LNCHIR )

Allow castrated male animals to pass good genetic traits

to offspring. RILAGEEIEEIYIN RIFEIEFHIH GBS R,

Disadvantages 553
Technically difficult and costly procedure E{/EMEE R, BASE
Very low efficiency to produce offspring Z5Ef5{CAVRERE(K

Poor health and a low survival rate of offspring

EERINAAME FAEERIIEERRE



Production of Cloned Livestock&l¥iseiEaIr=4
Examples SC451):
1.After 276 attempts, Scottish animal scientists succeeded at producing a lamb called

Dolly from the udder cells of a 6-year-old sheep in 1996. (Wilmut et al. 1997. Nature
385:810-813)

IMS=sIRIFRET276)R =T FE1996 A I 6 5 B F 2L S RIEIE B B — R B MU ZFIRIEF
(Wilmut et al. 1997. Nature 385:810-813)

2. Onishi et al. (2000) transferred 110 cloned embryos to four surrogate sows, resulting
in the birth of one apparently normal female piglet. (Science 289:1188-1190)

OnishiZE A ( 20005F ) 51101 5efEIRRRRE NBIPUSHCZ2ESE | BB H—NEERIMEME(FHE (Science
289:1188-1190)

Note: Genetically identical animals may not be phenotypically identical, mainly because
epigenetic factors and environmental factors influence gene expression in cells.

TR EEERNSREA—EHERE., XEERRARNEEERINTNEEFZE S WARRIER
RIK,



Agricultural and Biomedical Implications of Animal Cloning
S ERRIFIEEFE N

Animal agriculture: The main use of animal cloning is to maintain or increase genetic
diversity in the population.
B0 SN EERIREEREIEIIME R E S .

The United States FDA (2018) published an article stating that “meat and milk from
clones of cattle, swine (pigs), and goats, and the offspring of clones from any
species traditionally consumed as food, are as safe to eat as food from
conventionally bred animals”.

20184, EEIRMIIAMEERARYE , FA "=ES. B, FArE~BRMIMLANESR LA

TRAMNMHITIMNRIEEN | SERSTHIEF Y- m— e LReith8 A" [FDA
Veterinarian Newsletter XXI(VI)]

Biomedicine: Pig cloning provide special organs for transplantation into human
patients with certain diseases

FYES: FBrlE hFESRHEIHAREERESTRSEIERE
(Prather RS et al. 2013. Annu. Rev Anim Biosci 1:203-19)



lll. Recombinant DNA Technology:
FHDNARA:

--- Formation of a new DNA molecule through laboratory
methods from genetic materials from two or more
sources

-1 SR =TT AN B S MR RH R G Y B BT HIDNASS F

--- In both animal cells and bacteria
--- EEHYP e F0AE A+

--- The foundation of bacterial or animal transgenesis
--- HEE AR ERERIER



Recombinant DNA Technology — Insert a New Gene
Into an Organism

DNAEARA—S—HFHERHE N TS

,\’ e “
TN Bacterial DNA  ZHEIDNA Opail | Onmr
Pig DNADNA  plasmid (Vector) H (%) O T
Restriction FRei Restriction pRéii O -
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O O
Introduction
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Recombinant DNA Technology: Bacteria
EHDNAEA: HE
Modify the bacterial genomes to JS4EEREBIEX:

(1)Produce proteins (including interferon tau, hormones and feed enzymes),
peptides, vaccines, feed-grade amino acids, fatty acids, and vitamins by bacteria,
such E. coli . @i34E (WMXFHITE ) FFAERER (BETHiRau, BEERES ) . L. &E. @8
RREMR. FEIGERFGELEE.

(2) Eliminate bacterial resistance to antibiotics by producing enzymes to remove the
mediating molecules;BIF=4EERN S0 T RERAET AR

(3) Manufacture vaccines 4&r=&m

Example: Prevent infection by African swine fever virus [viruses are neutralized

by specific antibodies (proteins)]
fian: pALEERAFMNIEERS [RSEISRIERE (ERRR) ]

(Brown and Bevins. 2018. Front Vet Sci 5:11)



Use of recombinant DNA technology in producing proteins, vaccines, amino

acids and vitamins by bacteria

FIREHDNARABIHHE~ERR. BEH. AEEN%EESR

Product ™=gm

Function IjJgg

Growth hormone 4#=
Human insulin AfESZ
Vaccines &H
Antibodies #ifk
Phytases 1&fHs

Carbohydrases #E{¢ s
Feed enzymes (REEESIR!
Antimicrobials &5
Amino acids & &
Vitamins #4=

Enzymes to ferment
Bedll (=EBETZ)
Enzymes to degrade AMP
Fgdl5 ( FHRAEMZE )

Enhances lean tissue growth {E#ERAERGEK

Regulates metabolism; treats diabetes ETEBRES ; JATFHERE

Prevents bacterial and viral diseases FfHAEFFES RS

Controls viruses (e.g., African swine fever virus) =4li%s5 ( FlIEIENEERS )

Hydrolyzes phytate in plants; increases the kfEtE¥IHRVERSE | (B BRI YR

digestion of minerals and proteins in diets FIERRATHEL

Hydrolyzes carbohydrates in diets 7Kf#BHIRFAIERKALESD

Hydrolyzes dietary carbohydrates and proteins in diets 7K BiEi/KCSYIFIER

Kill pathogenic bacteria; enhances animal growth FXEUEE ; (BHER

Enhances animal growth and feed efficiency {EHaIIAE<FOEHRISER

Enhances animal growth and feed efficiency {@# a1 RKFNERIEER

Digests complex carbohydrates and proteins; produces

small peptides and amino acids JE{tEZ B UEMIERR ; F=E/I\RFaER

Eliminate bacterial resistance to AMR mediators antibioticSiERREXTAMRN LR
BUMIZSE

AMP = Antimicrobial resistance. AMP=}1E =214,



--- Advantages of Recombinant DNA Technology in Bacteria
--- EBADNAKATEAREFHINE

The costs are low, and yields are high. A& , &5
Benefits are enormous for swine nutrition and production. XJ3EEFEFHIFAEE AR

For example, the availability of feed-grade amino acids can substantially reduce the content of

protein in diet, thereby decreasing the excretion of nitrogen into the environment.
Banas R ERrIHN I L S SR EERPERRNEE | MR EH

A reduction in dietary protein content by a 1% unit (e.g., from 16% to 15% crude protein) can

decrease the excretion of total nitrogen (in urine plus feces) from growing pigs by 8.5%. H{REH
FUKEREEL% (%0 , M16%ZE15% ) AJLUEERIENESE ( FREFZEE ) HIlS&mH8.5% .

--- Significance of Recombinant DNA Technology for Animals

- BHDNARAIIETHIHNENX
Production of transgenic animals as new breeds &= EE = EET R



V. Traditional Animal Transgenesis:

ISRRIENIEERERA

Production of Genetically Modified Offspring
EERERN




Transgenic Animals S5EERI4

A transgenic animal is an animal that carries a foreign

gene deliberately inserted into its genome.
e EE Y —ME T/ MRERRIEYL.

The foreign gene is constructed in vitro using the
recombinant DNA technology.
(EREHEDNARANERIMIEINEERA,

Method: Germline transgenesis
i MEREEER

Non-germline transgenesis
P RERER




Methods for the Production of Transgenic Animals

R E NG E
Microinjection into
Newly Fertilized Ovum P{%TL'JEC"IK? IEI)QJT\?I%O Transformed hevelop
B — ovum =, Bla%%?yst
i OMES lE o Tranet
mbryo Transfer
IM%?gd ! S
Transgenic | < Foster Mother Z{xf%
. Offsprin ~
Biological Parents Plasmid DNA R R Embryo Transfer
A (Containing the RBAREAE
Gene pf Interest) Biological Parents ——» Blastocyst ik
FRIDNA\ S EHER ) A Injection into Inner
Cell Mass
Established  Method Il 74l Transformed EINLE
Embryonic . . Embryonic — > Selectfor Cells
Stem Cells Transfa(c@tllgggnln vitro Stem Cells Expressing the
AV o et o) -~ SV BOPRRA 4R Gene of Interest
EERFRA BE R

Method I: Inject the recombinant DNA into the pronucleus of a fertilized ovum
735 I G EADNA T EIZAE0PRIRIZ
Method II: Inject embryonic stem cells (containing the recombinant DNA) into a blastocyst

75i& I B 2B EAHDNARRR ST TSI RIE A+



Advantages of Animal Transgenesis
R EENYIRINE
Animal agriculture 40l

Introduce a foreign gene into the germ line of an animal to establish a desirable trait

and breed a new line of livestock.
BINEERS N BER P LSRR B MR NS B &

Complement the traditional breeding techniques to improve #MEEFZREFHRARLIKNE -

(1)the digestion, absorption and utilization of dietary nutrients;

EEEFEIEN , IREFIFIA ;
(2)resistance to metabolic and infectious diseases; XX EZHRAIKII;
(3)adaptation to the living environment. 1&8N4EREAIEE

Biomedical application 44BN

Xenotransplantation of organs without the a-1,3-galactosyl-transferase gene that

causes organ rejection response
RBSHEEAIRRMNAo-1,3-FR EE LRI E R ENRAZE



Production of transgenic pigs with important traits

EEEEEE NSRS

Gene EHA

Production trait A= R

Bovine growth A-4-fahss
hormone (48R )

(Tissues)

= - —— [=}
3 A28

Spinach A2 FAD gg%‘%gg*g’

(Adipose tissue) )
FEINBST 4L

RAEAREE
C. elegans FAD WIS ( g

(Adipose tissue) gxsasm )

Microbial phytase HE¥HE

(Salivary gland) %Eg )( =

YR PNERERFITR
WE OB IEhEE
MMRFEEESE

Increases lean tissue growth and feed efficiency;
reduces whole-body fat content and blood
cholesterol concentration

EEe |, C12MIEFTH
B2 (18:1, w9 ) FaTrHEE
(182, w6)

Desaturates oleic acid (18:1, w9) at C12 to produce
linoleic acid (18:2, w6) in animals

Desaturates linoleic acid (18:2, w6) to produce Eﬁ]%jﬂ , BIOFTHER (18:2
w3 polyunsaturated fatty acids in animals w6 ) FFE W3S ABFASAHER
Hydrolyzes phytate in plant-source ingredients; KE#BYIIRRD FRERREL ; &N
increases utilization of dietary phosphate RER-PERERERAYF

FAD, fatty acid desaturase
FAD, fSRGER < IEFNES



Disadvantages of Traditional Animal Transgenesis
ERNYEERE G ZNE R

--- Very low efficiency s&=R1%
--- High rates of prenatal and pre-weaning mortalities F=aiFImBEIAITET =R

Example 3451

Zhang et al. (2018) reported that after 4008 reconstructed embryos were
transferred to 16 recipient sows, only 33 live piglets were born, with the

efficiency of embryonic development to term being < 1%.
Zhang(2018)%i54008 " EE MG IEE16 I ZAEIET |, (NVE33LEFRELE | MRREHEREL%,

Among the 33 live-born piglets, 25 of them were positive for a transgene,
with 20 piglets having the intact transgene expression cassette.

Disappointingly, only 9 transgenic pigs survived to weaning.
E3B3REAFIET |, 25REEREERN | HF20FEEEEBIIERRIAE. SAKERREURIAHN
BIREERERE



V. Gene (Genome) Editing in Animals

P EE (BEE ) i

An improved new method for producing
genetically modified animals

— M B RTINS A



Double-Helix DNA
l SUZFEEDNA

Gene (genome) editing
of animals

R E(ERR)RE

Designer Nuclease F34ESEEs
(ZFN, TALEN, or CRISPR/Cas9)

Double-Strand DNA

Breaks XUEDNAKTZY
NHEJ
(Non-Homologous HDR HDR
End Jo|n|ng) Single-Strand (Homology-DirectedEiRERHES )
NHEJ (JFRIFARImH Or Plasmid DNA Repalr )
— ER$ERYERRL DNA -

Gene Disruption SRR 7Introduction of NeW Gene #
= FTEEEA
(Gene Knock-O\ut)( BEERER) (Ggne Knock-In) CEEBN )

Orzgg
Injection via SCNT or CPT T ~ ,
. \EITSCNT & ECNTIET \_y Cloned into Animal Cells sfgz|zn#4ae

Embryo &g Injection via BITSCNT &
SCNT or ECNT ECNT;E5Y

Embr x Transfer
Gene-Edited Offspring - Foster Mother <= Embryo
ERREER PRatiE IR WARS



CRISPR/Cas9: clustered regularly interspaced short

palindromic repeats)-associated nuclease-9
CRISPR/Cas9 (Rii%RY. FEEPRAYFERI ES FHItEXAILERES-9)

Has rapidly gained momentum as the favored gene editor.
{EAZIBRIR EREs R R E,

Originally found in 2007 in bacteria and archaea to defend themselves
against invading viruses (bacteriophages).
AT 2007 FEAEMEAEFRARI , LIGEARRS (IREK ) .

In response to a viral infection, the bacterial CRISPR/Cas9 is guided by a
short RNA fragment known as a guide RNA to snip off a piece of viral DNA,
creating a double-strand break in its target loci.

TETS R AR AL , HEEICRISPR/CasO2H—ERIERIRNARERS|SRY , IXERRNA R E
FRASISRNA |, BRI EIDNARE | HE BRI AR SERTR.



Milestones for Gene Editing in Swine

K= B E wiEIE R B
Gene E[HA| Gene EditorEXYwi588 Year &Fip
PPARYy ZFN 2011
LDLR TALEN 2012
RELA ZFN 2013
RELA TALEN 2013
APC TALEN 2013
Myostatin TALEN 2016
vVWF CRISPR/Cas9 2014
CD163 CRISPR/Cas9 2014
OTR CRISPR/Cas9 2016
PERVs CRISPR/Cas9 2017
UCP1 CRISPR/Cas9 2017

PRRSV-1 CRISPR/Cas9 2018




Advantages and Disadvantages of Gene Editing
EE (BEE4H ) miErIFsE
Advantages {3

--- Provides a more precise, more specific, more predictable

and more rapid solution to producing new breeds of pigs.
- NEFHmITRSEIREERSN , RN, ErFRUNE RERBRTS 2

--- Requires fewer steps and has a higher efficiency than the
previous methods of animal transgenesis.

—--S55msERERE AR | FENLERE D EEEESIREER.
Disadvantages 5%

--- Challenging and expensive technique
--- PR AN B =AY

--- Suboptimal efficiency in producing transgenic pigs
- SR ERERER R E



Production of transgenic pigs using CRISPR/Cas9
{5 CRISPR/Cas9 HiAREF4EE R IE

Gene EHE Production trait A=k

PERVs YRR Remove all porcine endogenous retroviruses EREAFTENE YRR
(Tissues) =Jxs= (BR) from pigs to produce organs for transplantation =&, F=43ERERERIAZL

into humans
_ AR _ =
Myostatin = (&g )  Increases the number of skeletal muscle fiber, — IEBINBEEALHNE. SHIL
(Skeletal muscle) skeletal muscle mass, protein deposition, and RE. ERRNAFMEE : A
gain:feed ratio (feed efficiency) FHRYEEER (EREER )
Unco_upllng R(ERER-1 Incr(_aasclas nonshivering thermggeneas_and plglet SRR M R T
protein 1 (4847) survival; decreases the accretion of white adipose .. .=, SRR IO -
(Tissues) tissue; increases carcass lean tissue content = ; B SRR ;
’ IEINRINEREREE

CD163 CD163E[H Resistant to porcine reproductive and respiratory i EemE SRS iER S
(Tissues)  (HR syndrome virus (PRRSYV, "blue ear disease") (PRRSV , "EEf%" )

PERVs = porcine endogenous retroviruses

PERVs =3&NRMYIERIRS



VI. Gene (Genome) Editing in Bacteria

HEPEE (BEAEH ) miE

Understanding Antibiotic Resistance in Animals and Humans

T RENFIA REIMAERMES T




Use of Antibiotics in Medicine and Animal Production
mMEEEEEZMEE~PaIRE

Since the discovery of penicillin in 1928, antibiotics have been used to treat

bacterial infections in humans and animals.
BM1928FEAMSEETRLLE , ERESHAET &I Ao EE RER,

Since the 1950s, sub-therapeutic levels of antibiotics have been included in

conventional diets to improve the growth performance of swine and poultry.
19tHZE60FLLK , AMIIFHAEES BRI AT FIERNE R AR SEFR R4~ 14RE.

However, due to the development and spread of the resistance of bacteria to
antibiotics, feed antibiotics have been banned in many countries (e.g., the European
union) and are being phased out in some major swine-producing nations (e.g., the

U.S. and China).
PR , AT MHAERIEFIERE | IT2EREEZIERRERAIER (10 - RESE ) | AR—2EFEN
ENmEAE  NEENPESFEREEREELEANERNES.



Resistance of Bacteria to Antibiotics

In Animals and Humans
MEXI IR BinE=ZBMESTHE

Some bacteria are resistant to one class of antibiotics, and the others are
resistant to multiple antibiotics, therefore posing a serious global health
concern. —YRARNMS—HNAESR , EELUMARYIWSSMHINEER , ALSEET
MBS BRI

For ensuring the optimal efficacy of antibiotics in treating bacterial infections in
animals and humans, there is increasing concern worldwide over antimicrobial
resistance (AMR). ATHRNERE ST AREMINARRR ERIEFRITFEIR £
HFRXFTINERMZME ( antimicrobial resistance, AMR ) RUBEH IR

AMR can be defined as the ability of bacteria to resist the effects of
an antimicrobial (e.g., antibiotics). HAEMZMHE X AMEREMITEZAY (40 :
MER ) BIEES



Mechanisms Responsible for the Development of
Antimicrobial Resistance in bacteria
BRI 25 1% A FRRYTLE
Bacteria &
[Natural Acquisition 22318
New Antibiotic-Resistant Genes #FriiEEMHZAEE
lGene Expression EEZFIA
Enzymes (e.g., Extended-Spectrum B-Lactamase) fig ( 40 : &S ER-NELRES )

. Antibiotics Inactiive Degradation Products
Bacteria &~ _—e.g., Penicillin (e.g., B-R?ng being Open)
Other = &R ( ﬁli 55%) JEEVEIERER=YD (40 : BERGTH )
Organisms 7 O : :
5, —)  Resistance of Bacteria
H S A
RGBT _ to Antibiotics
Bacteria MR AERTEMmMZ

HE



Utilization of the CRISPR System As a New Alternative to Antibiotics
FMACRISPRAGHF AR CINERATFIZRE

BacteriophagelEEiA

DNA

Bacteriophage Without Its Own DNA
iXEES DNARYIEEY

CRISPR-Cas9 or CRISPR-
Cas3 System Cas9/Cas3&4t

(DNAs Encoding (DNASs 485
Cas9 or Cas3 Cas9/Cas3

plus Guide RNA) HMIFISRNA)

BacteriaZiE

Gene Expression l
HERIX

Cas9 or Cas3 plus Guide RNA)
Cas9/Cas3Ff0ASRNA

Cleave Ba&terial DNA
MEDNASZ

Self-Destruction R E5%
of Bacteria

— Elimination of Antibiotic- st
Resistant Genef MiZ5EE

Silencing Expression ErsmE R
of Target Genes L

CRISPR-Cas9 System  CRISPR-Cas9

(DNAs Encoding £%55(DNAs 7
Inactivated Cas9 Plus ~ f3Ki& Cas9

: FOES RNA)
Bacteria éﬁiu'de RNA)

CRISPR-Cas9 System CRISPR-Cas9 %
(DNAs Encoding Cas9 #t(DNAs %
plus Guide RNA) 8 Cas9fiH&

. . e RNA)
Disruption of Antibiotic- BRI ETIZS

Resistant Genes £
(Gene Knock Out) (EEBER)
=) Re-Sensitize Bacteria {REMARENIIEE
to Antibiotics AOEURRE



Utilization of the CRISPR-Cas9 system as new alternatives to antibiotics
FMFACRISPRREFHEATEREAHIFTIERE

System Vector Antibiotic-Resistant Bacteria

ES20) SR MERMZE

CRISPR-Cas9 Bacteriophages IEE{K Clostridium difficile 188

CRISPR-Cas3 Bacteriophages FEEA Gram-positive and 2 ECFEME
negative bacteria FIfBILE

CRISPR-Cas9 Plasmids &% Escherichia coli KiptTE

CRISPR-Cas9 CRISPRI Staphylococci aureus plasmids

and other Gram-positive bacteria

SROFTKERAMEME=FHE%E

CRISPRI, CRISPR interference method
CRISPRi , CRISPRFH 5%



The CRISPR-Cas9 technologies, which involve

bacteriophages or plasmids, hold promise for:
B SREASERIEARICRISPR-CasOfkA:

--- killing bacteria; and FX4E; 1

--- removing enzymes from bacteria, including
antimicrobial-resistant bacteria, in the gastrointestinal

tract of animals.;&ah7 B ipE NEE (BiEnER
MZ5ZHE)



Conclusion 418

To meet demands for high-quality meat protein and reduce carbon
footprints and waste excretion, there has been revolutionary progress in
animal biotechnology over the past 35 years to produce:

A B MERAEBRER, B R HERA R AR RIS KRI35FE |, IIEYIRR
B T mantRYHE, &£ 7

--- recombinant protein (including enzymes);

--- EEEAR ( BiEES);

--- organic nutrients (including amino acids and vitamins);
--- BIEFYR ( BRI ERIEER),

--- clones of swine;

--- TofEE;
--- transgenic pigs for both agriculture and biomedicine;

--- BT RUFIEY EFRIEEEEE;
--- transgenic bacteria that are not resistant to antibiotics
--- AERREREEAE



Conclusion Z&518

In recent years, gene (genome) editing technologies based on ZFN,
TALEN and CRISPR/Cas9 as editors have become available to delete,
insert, or modify the genome of animals and bacteria at the specific sites of

DNA sequences.

TEEk , ETiigiziels ( ZFN ) . TALENFCRISPR/CasORIVERE ( ERHA ) R
E?KE%EM%FEmMEﬂ%%Em§LM%\EA,ﬁ@%ﬁ%W%E%E
HH

The biotechnology holds promise in conserving the diverse breeds of
swine, augmenting feed efficiency and pork production, and developing
alternatives to antibiotics.

EMRAERIPENRMZSEFYE. ESERSERNBERSTE | LIRERKA R
MAERSNROEYEE ER
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