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Abstrac:t The swhe mdustty n China 18 a thriving and evolving imdustty that has §§ovn phenan ena|
growth over the pastj) Years To nsure Jong m success and viahilityY m a worldw ide campetitive n
dustry such as pork there is need Ppr a Nationa] v ne Genete mprovenent Pragram This Progran
needs 0 draw on expertise and technology fram across the world Pr its deve jopm en t but it should be
based on the structure of the PB ndusty n China and he led bY Chinese sc entists administrators and
producers Natona] Genetic jnprovement requiresmore han just technology A successfu] Pragram of
natjona] genetjc inprovementw if] requ jre cooperatpn fran e industty and the goverrment The sup
port for the unjversity system is essentia] for the success of he Pi€ ndusty The unjversity system has a
vita] o on education ( of smden1§ facu]ty pProducers and consuners) as we]] as research and tech.
nolRy tansfer The govemment could also have a role in supporting the centra] test statpns and A s@
tions across the country An accurat and canprehensye ped greemajptenance systam s essentja] to ge

netic inprovanent And it wil] be via]y mporent 1o be active mn the mportaation of new genetcs to

sampPle other populations
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CLC number 13 Document code A
The swine industty n China s a thriving
and evolving ndusty that has shown Phenane.
na] growt over the pasty( Years New andmod-
em swme fams have heen started n jocatons
across the country (Genetics has been mported
fom many different countries n an effort © up.
grade the quaity and efficiency of the traditiona]
breeds of swine But 10 msure jong tem success
and viabilit n a worldwide canpetitive industry
such as pork there s need for aNatjona] Swine
Genetic mprovement Progran  This Progran
needs 10 draw on expertise and technology fran
across the world for its development but it

Article 1) 1001 —411X (2005) 9—0020—12

should be based on the structure of the P m
dustty in China and be led by Chiese scien
tists  admmnist@ors and producers
Our starting point s clear for al] involve(;{

¢« Natpona] (Genetic Improvement’ requres more
than just technology For scientists working in
the P8 industty genetic technojoges are fun to
leam and excitng to use Running a BIIJP Le
netic analysis and exannmng the natona] sijre
rank ings are an enpyahle part of our ph Tes
ting newv YIS tO Jocate a gene marker for an
mportant trajt
rew ard ing However to be successfu] n mpro_

and seeng it succeed are very
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ving the Seneticmerit of a natona] population of
Pi8s requjres a programmatic appmoach tat i
cludes many technojogies ( genetic as wej] as
oters) And it requires a working rejationsh P
beween the Poducton secor the scientific
Ccmmunity the fovemment and the ©od ndus
tries for Jong tem success

Natural]y as a scientist nvojved n genetic
inprovement progrem§ we do start with tradi
tona] genetjc considerations W e must design a
progam that wi]] make genetic mprovanent
though selecton This inProvement {8 pema
nent and the most Powerfu] tool]we have {or ong
temn success So we wi]] focus on technojogies
that wi]lmaxinjze the accuracy of our Selectiop
maxinize the inensity of selecton (while mar.
aging inbreedin®) and try to majntain asmuch
genetic varjahility as posshle Another powerfu]
t00] {for pem anent genetic Progress ismjgration
Many Chinese have recognized that there are
sources of superr genetics n severa] countries
across the worf] and have mported many Pigs
to China in an effort ©© inprove on the traditiona]
Pigs breeds To be successfu] n this endeavor
we must he sure that the Pi8€s sampPled t© have a
tue genetic advamagg: that we are accurately
selecting the hest P8s for inpor@tion and the
logistics ( transportatiogl health scxeening and
red tape) are daunting But this has been done
quite successfully for the past few Years Anoth
er area of tanpomry genetic mprovement that
can he exPloited is the use ofmating systems to
take advantage of heterosis and breed compli
mentarity The Proper design of the genetjc sys
tam w i]] nsure perfomance advantages fram this
source

A smentioned earliqr there are many P
gram camnponents that €0 heyYond gLenetics that
are needed 10 msure jong tem Lenetc inmprove
ment Same © these Progran canponents that

are essentia] 10 Prog€ram success and hatwe wil]

discuss nclude (1) Anina] D ( © nclude ped
igreemaintenance); (2) Fam data managament
systms (3) Perfomance data collection sys
tans$ (4) Meat qua]ity data collecton system’s
(5) Role of PhenotypPic selectiogl (6) Molecu]ar
genetics plografr;l (7) Data processing and edi
ting systm (g) Breed ng vajue est‘rnatiogl (9)
Selecton index fomulation using BIUP Breed
ing Vajues (10) Canbining Quanti@tive Breed.
mg Values with molecujar genetic inﬁ)matiop
(11) Breeding Value reports for use n selection
and matng decision’s (12) Quality contro] sys.
tans (13) Centra] test station ol (14) Artifi
cia] insam jhaton staton 101;: (15) Genetic san_
Pling (M igrationy, (16)W ithin fam genetic in-
provement Program mplamentation (17) Across
herd genetjc evajuation

However there are ofer factors that must
be considered as this Progran ofNatijona](Genet
ic mprovenent or Swine is develobed The w
ndue structure of the P mdusty mn Chmna
needs to pe consjdered Just how do You get the
Participaton of the Pi€ fatns n different parts of
China © he active and utjlize the programy And
what are the roles that are proper {or the govem.
ment to Play n develofment and mpPlenentation
Of this Programe First [will briefly discuss each
of the ahove progran canponents as they can
contrbute to a successfu] progran of Natonal]
Genetic Inprovement for Swine

1 Anmal D ¥stan

A unijdque anina] D 1s required 10 accurate.
Iy estinate breeding vajue including correct
parentagc ‘The canponents of a unue anina]
D include the breed of PE birthh date fam of
origin litter number at the fam and the P& d
within its litter Jtwould be best © have a can_
mon systam across fam,s but rea]ity wi]] force

us to acceptan anina] ) system that S canpat
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ible with and can be extracted fran different
fam dat@ systams Simce this wi]l be used na
tonally itshould be deveoped with natona] in
put

92 Fam data manag8anent systam
)

Most data wi]] be collected at the famm by
fam personne] and wi]] be used back at the fam
by the sane personne] As fam sjze has grown
1t s essentia] that these fams have avajlaple
canputerized dat management systams {or their
usage t0 inprove teir poductv ity Preferah [y
written jn Chinese However not a]] fams wil]
use the same data systtm A campranise s for
each system 10 have the capaphi]ity 10 extract Jata

easily for genetic Progran usage

3 Performance data collection sys
tan

As we strive 10 make genetic inprovement
in trajts of economic mportance the first steP is
t0 comrectly measure the trajts of interest These
measuranent systans must gi{ve accurate meas
ures ofperfomanc,e be consistent jn thejr ex
Pression of the trajts be flexble as factors of e_
conam (€ retum chang’e must rejate n saneway
0 the profi@ability © the P& Producer and must
be comprehensive (Genetic mpProvanent targets
reproductive traits  8rowth traifs

trits and meat quality trajts

campos {tjon

Themost variahJe of the trajtswe sejecton
with the Jowest heritah ili@’ grea test response to
heterosis and Jarge econam ¢ inportance are the
reproductive trajts W e need to mprove fertj[ity
Of the sow PethaPs through selection for [itter
size hom alive We need © mprove them ik ing
ability of thhe sow ( for greater pglet suw va] and
fumre grow t ratey PethapPs by measuring itter
weaning weght or through a cormre Jated response

approach Non productive sow days need 10 he
minmized genetcal]ly through selection for a
shorter wean 10 first service jnterva] ( easjly
adequate heritabilit'), And diffe
cult omeasure tr@jts such as age atpuperty ap
petite and sow Jongevity need 10 he addressed aL
SO Lucki]y age atpuperty and sow appetite are
mproved as a correlated response to sejectjon for

m easurah le

faster grow ) rate And sow jongevity can he in-
proved via PhenotyPic selection

The Postweaning trajts incjude grow th
canposjton feed conversion and meat eating
quality Selection for faster growth will lower
costof Producton nprove feed converson  in-
prove sow appetjte and Jower age at puperty n
replaceanent fanales A standardized measure of
gowt) such asdays o market weight ( such as
114 k& needs © he utilized across herds [t is
essent@a] thatwemamitn a poductwith a desi
aple camposition ( adequate]y hi€h lean percent
age putwitf nomeat qualjty proplems) ~To ac
curate]y measure ccmpositiop 1t s best 0 use
¢« Rea] Tine Ultrasound measures of hackfat
and pinmuscle area Feed converson wi]] al
ways he very econam jca]ly mportant butedqual
Y hard to measure on the individua] anina]
Luckily this can be mproved from ndirect se
lection for fast Srowt, and hih lean camposi
tion

4 Meatquality data co]lection sys
tem

The meat qual;ty traits are not n the Pro
cing structure of many countries at the Present
ting however these are economica Iy important
in every countty Meat that i 100 1eap w ithout
adequate ntranuscular fa,t orwith 100 jov a IH
creates econamic oss through excess purge and a
lowering of repeat pork purchases Tomake m-
Provenents her’e the meat quajty tmaits 10 he
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selected onmust he 'dentified Preferahly meas
urahle on the ]ive anina] with an accurte esti
mate of econam ¢ inportance Thismay be diffi
and m ght take a
more centra]jzed Progran approach for jong tem
improvement

cult o measure at the fam

LUCkiL}’ advances i molecular
genetics offer great Pomise N making meat

qual ity inprovement_s

5 RoOle of phenotypic selection

W hile not as¢ flashy’ or technojogically ex
citng as BLUP and QTL’s tere is a rea] need
t0 ncjude PhenotYPic selection | our genetc
inprovement Prograns As we have made suc
cess n selecting {or extranes n leannes§ high
gowth rate and Jarge |itter sie we have seen
correspond ing declines in fimess in those genetjc
progmams that did not nclude Phenotypic selec.
tion for structura] soundness Sow  jongevity 18
reduced sow mor [ity has risen and Postwea.
nng death losses have multiPlied A successfu]
genetic improvament Prog@m needs 10 jnclude
selecton for structur ] soundness ( feet and 1eg§
hiP stucture overa]] confomaton) aswel] as
selecton {for reproductive soundness ( teat num-
ber and Quahty vuva structure esticujar de-
velopment) In addition selecton against ap
nornaljties such as mptures and hemias 1S es
sentia] New research jnmolecular genetcs ajso
offers pranise n reducing costly genetic ahnor

maljties
6 M olecu]ar genetics program

The trendiest and flashiest area of genetic
improvement over the past few years and the ar
ea of ramendous fjnancja] nvesment are n the
This approach has
been successfu] in mprovingmeat quality ( Hal

area of molecular genetics

othane gene and Napole fene markers) across

different popujations of Ps and in MProving

gowth mig feed converson and liter size in
targeted Popujatons of P8s Very mportantly
this technojogy offers our pest chance {or future
mprovements | trajts such as genetic ahpnomal
ities However chal]lenges sti]] Persist with
these technojogies repeatability

across population§ access to successfu] mark.

( expense

ers  eto), Advances jn mojecujar genetics can
not he done at the fam Jeve] and wi]] need to he
approached at the unjversify govemment and

breed ng campany levels

7 Data processing and editing s
tan

A fter the trajts to select have heen ident.
fied and correctlymeasure] a system is needed
to edit the data check for accuracy make cor
rectons where needed and transfer e data to
the Program st@ff where hreeding€ vajues wij| be
estinateq (Cammon m stakes made pn data
measuranent ncjude simpPle tYpographica] er
1018 read ng€ the numphers incorrectly out]er re.
cords etc ‘These errors can occur at a]] input
pomnfs and a system t0 find and fix these errors
18 essent@a] This ¥ystem wil] need © include
both canputerizaton aswe]] as hunan mnput

8§ DBreeding value estinaton

A fter the performance data s collected on
the econamjca]ly mportant trajts anina] breed-
ing values ( BV) need © pe estinated {or usage
in selecton cullin€ and matng decisions (ne
question that needs addressing {swhere are tfhese
BV estinates to he made? The technojogy for
BIIP estinates of BV have heen simP]ified so
they can he estinated and used directly on the
fam by fam persorm(;l if the systam is properly
setup by a trajned anina] geneticist But any
BV estinates done at the farn wi]] ncjude only
the data fran that fam  and there is a need to
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exanne the genetic merit of aninals across
herds So BV 'smust aJso he estinated ( Perhaps
on an across herd hasis) ata centra] Jocation

And sever] areas must he considered n setting
up the BV estinatjon progran W il] the dat be
adjusted for known non genetjc sources of varia
ton orwi]] these he accounted for n the analy_
sis through the use of fixed ef&cgs randam
effects or covariates_p W hatmode]s of genetic a_
nalysis will be utilized ( fixed effects randan
ef@ct,s covariates interactionS)? MostBV esti
maton Progran s require Pror nfomaton on te
varjance canponent structure of the trajts in the
populaton where wil] hese he estfmated? At
one tine there were challenges n Zetting access
to accurte B[JJP Prog€rans 10 estinate BV‘;

luckily that isno Jonger a Problem  And how of
ten wil| these BV'’s be estinated The sinPle
rule s hat they must pe estinated at a jocatjon
and a timne thatdoesnotdelay their usage n on

fam selection and mating decisions

9 Selection index fpmulaton w
sing BLLUP breed ng values

In order ©© make concurrent mproveanent in
multiPle t@its of econanic mportance  selection
indexes must he used as a 0] for canhining
tajts formultPle trajt selection These indexes
must rejate © Profitability of fams using tem i
na] cosshreeding systams n China A matema]
mdex for use inmatemalbreed’s such as [.and
race and [.am@eW hite ( or Yorkshire) Pigsneeds
0 be fpmuljated These should mnclude repo
ductive trajts ( Prinaty role ofmatema] preeds n
temina] crosshreeding systems)  growth and
canposition trajts ( sipcematema] [ines stj]] P1o
vide half the 8enes © the market anjnals) and
meat quality tajts if avaijlahle Genera]ly these
mdexes are expressed on a |[ijtter hasis sjce a

matema] fanale mfluences pofit hased on the

litters she produces ( or a matemal sjre on the
litters of teir daughters) A separate temina]
mdex needs 10 he developed for use n teminal
breeds The temina] index
should nclude the traits that the temina] sire
influences in fe market anina] This includes
gowth trait’s cam Positon trait’s and meat qual
itV taits if available The weightings used n
these indexes shou]d be based accurate econam ic
mfomaton as it applies t0 the Chimese market
ng and producton systans T additop Profit
ability 18 not ajways a |jnear function EXtremes

such as pumoc

n Jeanness for instanc,e may result jn correlated
decreases n meat qualjty that Precude the use
of a strictly [inear ndex The ncluspn of
threshold ad usments to the BV indexes should
be considered for Program usage

Canbining quantjtative preed-
ng values with molecujar ge

10

netic n{om aton

As we deve]loPp more accurate estinates of
molecular geneticmerit wemust develop a sys
tan to ncude $his new nfomation Nto our sys.
tam of index cajculation {or selection decisons
W hile hismay pbe done as an jndependent cull
ing fevel

need 10 he examine

there are other appmaches that also

11 DBreeding vajue reports

A fter estination of phreed ing€ vajues and se-
lection indexe’s this nfomaton needs 10 he e
ported 1©© the Producer for fhejr usage jn selectjon
and mating decisions This nfomaton must he
avaijlahle foruse atpoints in the projucton cycle
that offer the opportunity for decisons 1 he
made (ne opporunity i at the weanng of
sows At this tine there s a need 0 dentify suw
perjor sows {or purehred mating decsons and to
dentify the worst perfom ng sows {or potenta]
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cul]ling Since the sowsweaning dat needs © he
included in this decison therwr isa tine interva]
ofnomore than three days fran when sows are
weaned untj] the tine the selection decison wil]
be made Therefore a tinely system of BV esti
maton and report formulation is essentja] An
other pont of selection opportunity S when e
Placement gilts are chosen and hoars {for use jn
AT ( artificia] insan natjony are selected These
BV based reports are essentia] fr usage ajong
with PhenotPic selection at these tines

12 Qualjty contro] program

Aswith any Process an accurate and ade-
quate progran 10 nsure quajity contro] is essern
tia] As breeding values are estinated for ani
mals with Ped 8ree nfomation mistakes are of
tenmade n Parentage M istakes such as ncon
sistent parentage or nconsistent sex do happen
and need 10 be found and corrected Luckily
these checks can he canputerized {for Program_
matc ease While this Progam wi]] Provide ac
curate estinates of hreeding vajue and selectjon
indexes for fam usage the acta] selection de
cisions that are made need tO he monitored over
tine Programm ng © evauate the realized se
lection differentjals can he developed that will
assist in this area ‘The estinaton of fam genet
ic trends need 10 he done on a regular hasis and
discussed wity each fenetic fam Percentage
breakdowns done on a Period ¢ hasis can he used
for pencimarkng t© see the qualiy of aninals
bemg selected fram a numpers standpont W ho
wil]l conduct these Progran s s an area of concem
where decisions need 10 he made and where as

sistance wi]most [ikely be needed

13 Centra] test station role

Centra] test stations have long heen used n
the swine impovanent jndustty as a method of

m easuring perfomance of diverse genetics when
rajsed i the same envyromrment Remova] of
these enviomenta| effects has resulted in more
accurate estinates of phreedng value However

wih the advent of A] more genetic ties have
been created heween fams using camon anp
mals and mostgrowth testing is now done using
on farn data and BIIJP breed ing vajue estina
ton procedures However there are sane tm its
that are not easi]y measured at the fam Jeve]
that could he measured at centra] test statons

Trajts such as meat qualjty and feed conversijon
are possihilities These centra] test stations can
alo offer the opportunity 1© demonstrate new
technologies such as Rea] Tine U [trasound est.
maton of camposition The challenges with the
operaton of these centra] test statjons are wWho
owns them Who pays for than and whomanages
then However they do offer prom jse {or usage
in a natjona] genetic mprovement program for

swine

Role of artificia] mnsam jnaton
stations ( AT studs

14

Artificial insam naton 8 an essentjal tech
nology for rapd and Jasting Lgenetic inprove
ment [t s essentia] for dissan naton of superior
genetjcs © different fams When aninals are
used to sire offPring in different famg genetic
tie and comnectedness are created which are es
sentja] for accurate across herd genetjc canpari
sons And AT studs Provide a high health Proce
dure {or genetjc transfer However sgnificant
questions arise as these AT studs are consijdered
who owvns the A1 sm@s wWho do they sell sem.en
o and where do hey get he boars for the stud;
This s Perhaps an area {or hoth Private and gov_
emmenta] participaton

15 Genetic sanping (m graton)

Swine production and svine genetics are
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worldwide industries As You ty © upgrade n
ative breeds of swine w ith intema tona] genetics

other countries offer pran S8 |ines and aninals
t0 sanpPle and 10 see how much they inprove the
genetic merit of P&s in China An omanjzed
program of genetic sampP[in€ can add 1© the Le
netic inprovement realized bY a]] countries

However it s essentia] © be efficient n Your
sampP]ng Youmust 0 1© populatons that have
successfu] genetic mprovament programs and
can accurately identify the genetcally superior
an'rnaLs such as the STAGES pro€ran n the
USA The importation process must he done in a
manner that does not create health concems

And after mporaton
curately monjtor the success of the offspring fran
the imported aninals This 8 or nfomation
pertapning 1© fuure sanpling M graton has
shown jtself to he essentia] in reacthg 1O chan
ging selection goals n Peedng up the response

0 the new genetjc needs

it is essentja] that You ac_

16 W ithin famm gZenetic inprove
ment program

Natona] genetic mproveanent Prograns
should mcude hoth within fam and across fam
It is now easy to impPlanent B P
selecton technology at canmmercia] fams {or use
in reproductive trajts BIIJP technojogy can he
used at genetic fams for a]] trajts n the selec
ton progran And PhenotyPic selection can he
used atal] fas also  (Genetic inprovament at
the natona] Jeve] wi]] be Sreatly enhanced if
within fam genetic impProvement Progmams are
included n the natona] program  Part of this is
flom additona] selecton intensity and Ppart is

Ccmponent§

fiom greater support for fhe Progran at the fam
leve] since they will feelmore a part of the na

tiona] program

17 Across herd genetjc evajuation

Since a genetic populatjon nvolves many
different fams with different management and
enviomments accumely dentifyng genetjcally
supPerr anjnals across fams can add tonatjonal]
genetic inprovanent This has been essentia] to
the natona] genetic improvanent jn the United
States However Yyou must have the different
genetic fams particjpate n the progran  There
must he genetic ties heween the fams for the
connectedness needed for accurate across herd
genetjc canparisons ‘Then te proper technojo
gies and methodoJogiesmust he imPlamented at
the natona] leve] for accurate across herd genet
iCc camparison to he made

The development and imPleanentation of a
¢« Natona](Genetic mprovanent Progran’ for the
swine mdusttY in China s an effort fat can
greatly add t the damestic populaton The
country {snow evolving fran Joca] P8 hreeds to
more efficient Pi€ breeds and aninals and genet
ic Pograns New fams are 1a1gqr use more
technojogy and are more huspness orientegd [t
takes capjfa] to nvest n these new and more ex.
pensve fam,s O ownershiP i1s ncreasngly pPro.
tectjve of its mnvesment These new fams may
pPrefer 10 operate ndependently of other farms jn
tems of their genetic program A question that
will be faced swheter hey will Particpate in a
¢« Natona] (Genetic Inprovementprogrzm{; While
theY wi]]l Probahy be very open 10 assistance in
mplementing new technology on their fary  the
concepts of sharing data with a natjona] org€an jza_
ton and hemg canpared 1© other Lenetic fams
will most pohahly meet with sime resjstance
These challen8es must he considered as the
¢« Natona] GGenetic mprovament Progran’ s de
sgned and mplanente]

A successfu] Progran of natona] genetic
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improvement wi]] require cooperatijon fran the
ndustty and the govemment There are severa]
potentjia] rojes for the govermment jn a¢< Natona ]|
Genetic Inprovement Program’ The support for
the unversity systan s essentia] for the success
of he P8 ndustty The unjversity systan has a
vita] e on educaton ( of studenfs faculty
producers and consumers) as we]] as research
and technology tmansfer The govemment could
a]o have a rle @ supporting the centra] test
statoons and A] statons across the county An
accurate and canprehensive pPedigree mamnte
nance systam s essentj@a] t0 genetic inprove.
ment and the govemment could he an actve
participant in this area  And it will be vitally
important for the govemment 1 he active | the
mportaton of new genetics n the area of hose.
curity

This conference was desgned 1© ]ay the
goundwork for Jeaders n Chmna © gan nfoma.
ton hatmght assist hem n making decisons
ahout how 1 structure a¢< Natona] (Genetic

pProvement Program’ for inn,e and 10 discuss the

canponents that are needed and could bhe uty
lized Now it s up 1© leaders m China © make
decispons and g0 ahout mPlamentaton Deci
sons ncude what needs to he done next what
can he done successfu]]y what are the pest ap
proaches to mmplanentation what are the mles
and responsihilities {or the pPeople thatmake a
Progam successfu,l and what s the role of each
of the industy particiPants, The People mvolved
mn this conference offer ﬂléir support for You and
others n accanPishing Your goals and ook for
ward oworkingwith You in the future We have
tried 1©© encapsujate the scope and dePth that the
challen€es nvolved i devejppment and mpPle
mentaton of a¢« Natona] (Genetic mprovament
Progran’ for swine in China W e have offered
infomaton  sugestions and advice based on
our experjences in developing and mp Jementng
programs such as this We offer assjstance

technojogY thatwe have deve pped
agament {or Your success n inproving svine ge.

netics n China

and encour

( Edited bY L1 X @0 huyj)
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