“or P BB E AR A0F R 3 KA A
MBI FERAER | s EFR

RBIE R B MR ARER—
=R FEVFRARNE %Jﬂb

P

shzhao(@mail.hzau.edu.cn

NWqu

“"EF«'&leQ—'ﬁ



kW

-S54

EHIERARR &)

ETRicE S FE AR

N

-SE-

N

YR M




—\ FERGFEYFRARNE R

—— At

£] % # # A

Creationism Evolutionism

= IR ATIAIR

Reductionism

¥ R

Holism

| Genomics

Systems
Biology




—\ ERGTFEVFERARNELR

PREIMZESARYIER LIS N (1967-1970)

The Nobel Prize in Physiology or Medicine 1978

S «Ta D
R TRMN0735E, PERE XEHE, YNEANES FENFNERTEN

ADMXD ., AEFRRE, F—HEXKIEXEF S BRANFNRUENFE, ALK
BHFHRNEMILRAZE. —URERREAEUPERNZRLBENLFHRARMN, X

PFEMENERTIRNERECHAER, T1979FAEKE REMEAB"Zt24
BE: FEEIANREER R AT OB ARIE
"for the discovery of restriction enzymes and their application
to problems of molecular genetics”




DNAf{&SMELE (1972)FIDNARIFE(1975)
The Nobel Prize in Chemistry 1980 |

| e Frederick Sanger
Paul Ber Walter G g
(1926-) 1%2 (1932-) 1/4 (191.8- 2013) 1/4.
Stanford University Harvard University =~ Cambridge University

"for his fundamental studies of the "for their contributions concerning the
biochemistry of nucleic acids, with determination of base sequences in
particular regard to recombinant-DNA" nucleic acids" 0
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The Nobel Prize in Chemistry 1993
"for contributions to the developments of methods within DNA-based chemistry"

Kary B. Mullis '- Michael Smith
Perkin-Elmer Cetus Corporation, CA University of British Columbia, Canada
"for his invention of the “for his fundamental contributions to the
polymerase chain reaction establishment of oligonucleotide-based,
(PCR) method, 1985" site-directed mutagenesis and its
development for protein studies, 1982"
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BARITRHR BEREEZRET  (Fujii 7, 1991)
hE-AERBEEERBMFITX  2000/07 D

Swine Genome Sequencing Project
(Swine Genome Sequencing Consortium, 2003-2012)

EREBNFHEAR

i ic Estl | ) : AEME
R EHEIEFEFAR Genomic Estimated Breeding Value, GEBV, &ERX[¢HB
= Direct Genomic Values (DGV ) , Meuwissenss, 2001

HERIERA Bibikova et al., 2002 CRISPR/Cas&%t, siki&, 2013
Whitworth, K.M., et al., 2015
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o EITHUERIE: PSS, PSE meat, etc. R RS E BN
» 1990 AR FH Sk 56 40 0 S5 I

o EZET1991 (Fujii et al.1991)

» B33 % RYR1

o) {

— = W R b 2 B i B K = £ PSE (
(From Dr David Casey) HH. B, ) FREROHE
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« ESR E[E& Pvull RFLP FEEFBE=(FHEZER

. \ 3 EH.E

No. Litter SO ESR Genotype E= W W“; \
Parity Litters Size AB BB = { ™ 1

.

1 4,262 10.14 +45 +.83

. ‘4 " : bh\ o ¢
>2 4753 1136 +5 +.68 ||| \\"'\;-':.g_ RN
| (Rothschild et al 1996,
(From Dr David Casey) PNAS 93 201- 205)
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BT ESSFEITL (BEMRAE) EBEYELEMNALE SHEEESIF
IBZERREEE, METLAFREIMMN.

0 0099 QTL results for meat quality traits on chromosome 15
1 ELTER] - |
o $““¥ ISU Genome Scan
rl
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Van Laere et al., . A regulatory mutation in
IGF2 causes a major QTL effect on muscle
growth in the pig. Nature. 2003, 23: 832-6.

¥RTHEEAE

rKPL2E R (EFTFHEHAZRIT
BRPREEEINGE) F—ASFRE
FRBASHIERE, EREFE
B XXiEEh (Sironen et al., 2006)

Sironen et al., An intronic insertion in KPL2 results in
aberrant splicing and causes the immotile short-tail sperm
defect in the pig. PNAS. 2006, 28:5006-11.
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Swine Genome Sequencing Consortium ity
(SG5C): a strategic roadmap for sequencing
the pig genome
Fibroblast Cioned Piglats Tissua . Euil
Culture //' Collaction nl:lrl-\.lljfll! II_EiEg:EE ;
IR S %, BRINGING
_» o S ) HOMETHE
Fetal -

Fibroblasts —je WG Shotgun BAF“H
Libraries e dmp

University of lllinois - -
Duroc sow 2-14 -
Whole blood

> CHORI-242 Porcine BAC Minimum
BAC Library Physical Map > Tiling Path

Lawrence B. Schook et al., 2005 : :
. . . A high-quality draft genome sequence for the
Swine Genome Sequencing Consortium (SGSC), oig. Nature 2012
09/2003,USA '




EFEER - GWAS XEEERFH/RET
FIGWAS £EERE: PHKG1 ERERTS|IEBLIEES, RARTE

Table . Effect of PHKG! g.B283C A on meat guality traits of longissimus muscle in Chinese synthetic Sutal pigs and Westermn
commercial Duroc = [Landrace » Yorkshire) hybrid pigs

19

Mean * standard error ®
Tralts * AR ] AL [m) EC ini
SIIHI‘ pigs
Aescual G of LM, pmolig 44.500=1935" (1100 1591 13347 (204] 11741039 (105} Q03E-54
pH 2dh of LM 5E5=0 13" (9} 555019 (153) 5£7+033" fN)
-h drip loss of LW, % 159163 11231 15651127 (03 1904 1.76" (104 443607
IWF of LM% 121=0ss (119 181 =0.72" {204) 177 067" {108) A.50E-04
Suijertive marbliing score of LM, 1-10 197=053" 123) 227=053" {203 240=0.53% {104) 230804
DLY pigs
Redhdual G of LM, pemalig HIEA=1 150 0% 165421244 [46] 11.04£ 036 (35] [L00&
pH 3th of LW jA3z0m (M SAVZ0T 3AIE0IT 050
24-h drip loss of LM, % 4342273 (7] 405208 {3 3422200 53y 0ooz
W of LM % 180z 030 {9 150 00T s 150 050 (55}
Subpctiva rarbing scons of LM, 1-10 2133=0.55 {9) LTI =S s 2B 0TI (E5) 0.0BE

04 8 13

19

o 4 8 13

Residual Glucose F2

logi 1/p)
o4 8 12 17

content; LY, Dunoc = landmce « Yorkshire).
a0 11 "alues with diferert superscripts in 3 row e signficantly difierent from sach other (P<00S).
daie 101 57 jorurnal pgen, 1004 710,002

H H‘ “ . d i “ i, . LW, longissimus mascle; Fesidusl &, gleoogen + gluooss; pH 24k pnd pel 386, pH value messered at postmaorbem 240 and 16h respectively; IMF, intramuscular fat
2 &

Residual Glucose_5T

Ma et al., 2014 A Splice Mutation in the PHKG1 Gene Causes High Glycogen
Content and Low Meat Quality in Pig Skeletal Muscle. Plos Genet., 2014
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Sather AP et al 1991
Le Roy et al 1990
Milan et al 2000

Ma et al 2014
Wu et al 2007
DR Ren et al 2012
Yin Fan et al 2013
Gerbens et al 1997
Gerbens et al 1998

Van Laere et al 2003

Anton et al 2006

Fontanesi et al§&2009
Ruimin Qiao et al 2015

Kim et al 2000

PRLR MR Zhnt FEAFEL
ESR B R 2kt FEAFEL
FSH-B AR B p I 2 PR it e PSR
RBP4 MEBELE S EARLE FEAFEL
GNB2L1 GE AP EI W15t PSR
CD163 MEDUR 163 KSR EEATE

Drogemuller et al 2001
Rothschild et al 1997
Ellegren et al 1993, Zhao et al, 1999
Messer et al 1996
Kumchoo et al 2015
JG Calvert et al 2007

FUT1 AR TEIER

KIT
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PPARD
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RERRERZE]
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Vogili et al 1996
Moller et al 1996
Jun Ren et al 2011
Kijas et al 1998
Ren et al 2011

Sironen, 2006
Ni et al.
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Long-range regulatory elements
(enhancers, repressors/
silencers, insulators

\ Con'putanotul
predictions and

Promoters Transcripts

Xiay

HiC

Lieberman-Aiden et al 2009 Science
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FuIIwood et al 2009 Nature
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> JESNPIRL

2008: Kaminski et al., SNIPORK - a microarray of SNPs in candidate genes
potentially associated with pork yield and quality - development and
validation in commercial breeds. Anim Biotechnol. 19:43-69

2009: Kaminiski et al., Microarray of SNPs for diverse applications in
commercial pig breeding. Pol J Vet Sci. 12(1):69-74.

2011: lllumina PorcineSNP60 BeadChip, Genet Sel Evol. 43:42

2013: Burgos-Paz et al., Porcine colonization of the Americas: a 60k SNP story.
Heredity, 110:321-30

90K, 80K, 55K
2017: Hiti—=
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Fix et al. 2010
Livestock Sci.
128:108-114
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value, GEBV = * < EE
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EREIEIRNRIEM ( SSBLUP Vs. BLUP)

& ATEAE?

HAVEY RS B EHF MR

FIFASSBLUP %% BLUPE#HMEMBSENRXIFIREHEF, &
B Top 100/

% tHSSBLUP X2 BLUPHEFFRII 100 #13& A B RY MK,
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EREIEIRNRIEM ( SSBLUP Vs. BLUP)

: SSBLUP BLUP
MOk ZEEERN E583  SSBLUP-BLUP
6127k % B (ERE (BRBED

SSBLUP f£4BLUP  JALHHEEK W) 25 (75) 31 (86)
#7100.% #1008 4

HiZE (g) 6 (20) 7 (19)
SEE (mm) 34 (116) 35 (139)
ERALEAR (em2) 7 (19) 13 (37)

TERIER (%) 8 (29) 9 (32)
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DNA{FSNELH
(Berg, 1972)

DNAIF(1975) >

PRI BN L]
& (1967-1970)

T ARGES

Zhu ZY (RIES) etal. 1985.

e EREE

Production of transgenic rabbits,
sheep and pigs by microinjection

Robert E. Hammer*, Vernon G. Purselt,
Caird E. Rexroad Jrt, Robert J. Wallt,
Douglas J. Boltf, Karl M. Ebert*,

Richard D. Palmiter:t & Raiph L. Brinster*

* Laboratory of Reproductive Physiology, School of Veterinary
Medicine University of Pennsylvania, Philadelphia, Pennsylvania
19104, LUSA

t Repreduction Laboratory, Agricultural Research Service, USDA,
Beltsville, Maryland 20705, USA

¥ Howard Hughes Medical Institute, Depariment of Biochemistry,
University of Washington, Scattle, Washington 98195, USA

Hammer et al. 1985. Nature
20:241-245..




sFemEpanEEr — EEREERAR

=
st o 38N EEEZNPIFHE ® i:fat1, PGC1a ZEBE LR
Bz 10% ® 214NiA%|hE]SCIS A ER 2

:ﬁ; o 6MRIRBEBMIES o B A\REMERNMSH

s o ANFERMRIENR || o 4t AR IEE- LB IEA -
BX iEH B R IR R

ZIN =
i o #FSHa/p EEBEENE

§ Movel transgenic pigs with enhanced
growth and reduced environmental
impact

Kianwei Thang ", Zivang LI", Husgiang Tang' \Bow ﬁ&% sLIFE
Gippling La lﬂNﬂIlln Dﬂuu\'fm uﬁm
J;.:.ﬂw Mih-l-. Fanmmeng Weng' Mum

disn Thang'. Missrong Heasng', Ran Thang®, Mg Li®, Misgehe Fas",

Muscle fiber-type conversion in the transgenic pigs with
w Jinpeng Yang", Thanlang Wu'**

uuuuuu pression of PGC1a gene in muscle
Fei Ying *, Liang Zhang *, Guowed Bu ®, Yuanzbu Xieng °, Bo
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1987

First report

of CRISPR

clustered repeats
Ishino et al.

Coined "CRISPR"

name, defined

signature Cas genes
Jansen et al.

2007

First experimental evidence for
CRISPR adaptive immunity
Barrangou et al.

cleave RNA
Hale et al.

Type III-B Cmr
CRISPR complexes

2011

Deltcheva et al.

modular and can be
heterologously expressed
in other arganisms

Sapranauskas et al.

L L}

& K )

@ L
12000

Recognition that
CRISPR families
are present
throughout
prokaryotes
Mojica et al.

2005

Identified foreign
origin of spacers,
proposed adaptive
immunity function

Mojica et al.
Pourcel et al.

Identified PAM
Bolotin et al.

2008

CRISPR acts upon
DNA targets
Marraffini et al.

Spacers are
converted into
mature crBNAs
that act as small
guide RNAs
Brouns et al.

2012

In vitro
characterization
of DNA targeting
by Cas9
Jinek et al.
Gasiunas et al.

2010

Cas9 is guided by spacer

sequences and cleaves
target DNA via DSBs

Garneau et al.

tracrBNA forms a duplex structure
with crBMNA in association with Cas9

Type Il CRISPR systems are

1998

Zinc-finger nucleases
(ZFNs)

Discovery of zinc-Ringer
proteins that can target
specific DMA sequences
(Beerli &t of)

First demonstration of
Cas9 genome engineering
in eukaryotic cells

Cong etal.
Mali et al.

2014

Genome-wide functional
screening with Cas9

Wang et al.
Shalem et al.

Crystal structure of apo-Cas
Jinek et al.

Crystal structure of Cas8 in
complex with guide RNA anc
target DNA

Nishimasu et al.

DNA binding proteins

discovered in Xanthomonas
bacteria (Boch et af)

Hsu et al.Development and Applications of CRISPR-Cas9 for Genome Engineering. Cell, 2014
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AEEEMR: 253 000 A, 697 GWAS,
Only cumulatively explained about 20 % of the heritability for this highly

polygenic quantitative trait (most strongly associated ~2,000, ~3,700 and
~9,500 SNPs explained ~21%, ~24% and ~29% of phenotypic variance)
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— ——— Cumulative response to selection

i M across 21 generations of recent
historical breeding based on genomic
selection only (GS only) and 20
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the promotion of alleles by genome
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500 edits per generation were
distributed across all of the 25 or

the top 5 selected sires
GSE 2015

Generztion

Jenko et al. Genetics Selection Evolution (2015) 47:55
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