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o BMEE: BIXMMFILTEH

e BFBM
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Toluca
Cd. Obregon

Toluca

Cd. Obregon

Toluca

Cd. Obregon

Toluca

Cd. Obregon
Toluca and El Batan
Cd. Obregon
Toluca and El Batan
Cd. Obregon

Toluca and El Batan

(1000 crosses made from 200 parents) AxB
\/
(Each selected F1 harvested in bulk) I:vl
(30-80 plants harvested individually for MODPED) F2
(30-80 plants harvested in bulk for SELBLK)
(Bulk of 10 spikes for MODPED) F3
(Bulk of 30 spikes for SELBLK)
(Bulk of 10 spikes for MODPED) F4
(Bulk of 30 spikes for SELBLK)
(Bulk of 10 spikes for MODPED) F5
(Bulk of 30 spikes for SELBLK)
(10 plants harvested individually for MODPED) F6
(40 plants harvested individually for SELBLK)
(Bulk of whole plot) F7
(Bulk of whole plot) F8 field tests (Reserve seed)
(Bulk of whole plot) F8 yield trial F8 small plot evaluation
(Bulk of whole plot) F9 field tests (Reserve seed)
(Bulk of whole plot) F9 yield trial F9 small plot evaluation
(Bulk of whole plot) F10 stripe rust screening  F10 leaf rust screening

V

International screening
nursery and yield trial




SRmMEEPRRIZRR |

o BA3F (Single cross): P1XP2
e HPRMEIZZ (Limited backcross, or simple
backcross)
(P1XP2) X P1
[(PLXP2) X P1] X P1

o TN X FR=3Z (Top cross or three-way
cross): (P1XP2)XP3

e X 3Z (Double cross): (P1XP2)X(P3XP4)




B FAIESET & :

o 1A (Pedigree method)

o JE 1% (Bulk population selection)
o —fiff (Single seed descend)

o IZIHARIGFEFITFFE (Modified pedigree
and bulk method)
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o F2F

BRI R AR T
o B¥{AEIH 4 =m+(p—Qg)a+2pql-F)d
o BHIFZRAARF=1, § M =M+(p—0)a

RTE R ELHIEZ R AR FEIH

HRiaxe) = m+[%(pA + Pg) _%(QA +0g)]a= %IUA "'%:UB

:uRIL(AxB)xA = m+[(% pA +% pB) _(% qA +%C

X

(A7

E Y EHITRZ R BRI

X ANIEFRELS,

H

LA B

)

21478

B)]a:%:uA +4 Mg

1, i 7=

o kLS, XMTEMKIER, EHEERBENIRETE!




o M—ANMEEMMMN KR, SFHERE
A1A1. ALA2FIA2A2EIHERHES
jj 1+1S \ 1*” 1—lS

ANEEREE

BATFEER

FHER.

AsA; '

i

1

E R R
HliXFE R B A E



AMEEEE

o HEiXEEE (Truncation selection)

2a

o,

o F2IAFEARH s =k,

o HXZIHZRBALALHINER N

A+5)A+2+2++(E) ]=51+359)

o is=0.088K}, Pro(BEEFEA1)=0.522
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o 7F

o 7E
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R oI AE Z B SE IR ;
AL 2P SLhEIERE

AZRIFNL REA :I”‘l/A‘JUL/A, LUIES

RANFEE—HF, AR ETER.




SOBF2ME X EBEN SR

tHAR Atk

11/1\ 12

S, 111 112 121 122

N

S, 1221 1222



FEE2NNMEEImAEE |

gflg’ A B L‘.T.EEFE'M?E,%Z/IVNZIS

I — 1 HEFEAZHA SRR —PMME
TT%‘FE'_H_LE?&F"H‘I Cockerham (1963)
D LU

OVigg = 1+ F)V, - - Ffz(:llé_ I:gI)VD]




BB GE :
o SgttRIMEIBFE
VSg = COVggg =1+ Fg WV, +(1+ I:g )(1— Fg Vo
o SgRAIBMMFE

VSQl (Among) = COV(g—l)gg — (1+ Fg—l)[VA T

(1- Fg)2
1-F

Vo

g-1

=2F V, +F,(1-F,)V,

O Sg%%ﬂfa‘% ng (Within) — (1_ Fg)(\/A +VD)



BEE R 3
o [TXBfE1 H-=
o MMERA n°=
o BMEXREUEMEITRE

" - Cov[(e; + ;). (a; +a; +6; +gij(k))]:\£: h?
wn T N ray v d o)V

o BMMEMBREUEBRIHEXREE
\Y
=h

r A
(o;+o i), By

RENES




F3Z T IEPRYIER :
o S HRMNRREFREANNIEE 5T 7I73:
2FV, . (-F,V,

2

he =
S (Among) ZF V -I—V Sq (Within) (1_ Fg )VA -I-VX

2V,
o EAliFEFARIIEIEN h VAV,

o RAREIZIFMENTRENIZIFRIHE

2
th (Among)

RE =

2
hsg (Within)



ARIEZERFIEE N TREAIE @i
RN TR RNIZFERIER

—8— 151 4% 77=0. 2
20
—e— 51f£ 77=0. 5
: —e— j5if% 77=0.
=
=
=10
H
0

S1 2 N S3 S4
H =2 AR



FHACAYIERF :
o FHAHX1EHE (Early generation selection)
o SREHKITERISIR R (Stig) WA ENR

VSt:g :(1+ Ft)[\/A ! ((1_ F)) \Y ]

e NEXNAN, V,HRBRAZHEIFARALN
HILAZ R M, BIanRAZ BB BN AY1E,
ENENRAERAZFNREFERY.




Genetic gain: response to selection s2
(or the change of population mean)

Criteria: tail selection (p) or
truncation selection (X)
p<& X

\ Selection differential:
[ S=[s-Mg, Where pg is

;:;:;::;.;.‘“ the mean performance
A of selected parents

Distribution
of parents

bo X

Response to selection:
R or AG =y, - Uy, Where y,
IS the mean performance of
randomly-mated offspring.
Actually, R is the breeding
value of selected parents!

Distribution of
randomly-
mated offspring

=
[



EFEFREHE

e RFE S=X—u
o XM (Response

to selection)zk iR L

i#E (Genetic gain)

R=Y—u




ﬁ@lﬁﬂ?iﬁﬂﬁﬁ* :
o FENRIET h° =
o 395)(1211*577%3:§W1E5(T REERNREIEER

Covl(a; +a;),(a; +a; + 0 + &)V

b(a‘m")P - Vg, +a; +0, +g”(k)) V/: h
o M RENRFEHFRFTBEMHEMFEEIG
PR Ve,

Voiram =

\/VA xVp



BEENFURIGHE i

® ﬁ%?&1ﬁ szoﬁs
o BEHEMEEEMEXER R=h"S
o IEFEEMIEFEN M TE:




123558 B R E X t

o EFEZEZEKXK/NMNNEZE:
IEFE EE IR A
HErmERFREER X

o 1EFF5EE (Intensity of selection)

k = _
AR



IR A, FEIEEE Bl MK R

\J

wFEmE 4, zs[‘ﬁ%ﬁhl:lﬁﬁ']ﬁ’]i”ﬂhﬂ T 32 AT
SR &tﬁ.ﬁ.ﬁ"ﬁf‘ oK, FRRNIZRIEL I

fb, BhERFERIKEM S




000
0000
( X XN
| X X
o0
AEIEEL B T EEIERE -
\
o = + )R>z
PR p 05 0.4 0.3 0.2 0.1 0.05 0.01 0001  0.0001
X 0.0000 0.2533 0.5244 08416 12816 1.6449 2.3263 3.0902  3.7190
Z 0.3989 0.3863 0.3477 02800 0.1755 0.1031 0.0267 0.0034  0.0004
PRk, 07979 09659 1.1590 1.3998 17550 2.0627 2.6652 3.3671  3.9585
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&R AR R R E

o MRS R =h’S =k h*\V,

kv
R=k hV, R=-2A4

We



iUl

=
a

4 [o] 3% ¥
o 2 [Oi%$F (Recurrent selection) EEX
B3z, E2H., ikF

® iﬁ@ ﬁ%ﬁlﬁ -

] HA'ME B FE A B
ISR E ;

HEP A E

REE

EBd EARFHENEEZR, LURIE
T—RIEFNIZEHE




FRROEFESZE bt
4 B R 75 5% MRERAR | BEBRHE
BHA [RAEIR, M) B AME R B AN
N RAEE, TEmiEsl | fAMER FF &I T
R | $ERRRLRE YERRE | EEBERE
(BT T IR IR EERRE | FEERWHT
¥ EIRR R/S1i% R LEMRE  |SIRE
LEIRR R LERRE | 2FEBRE
ARXRRAILRE SIZS2RE | SIHS2RE
BHA | R EE %R EERRERE  [SIREA
B2 | %X B2 [E%EF L EIHRE S1ZR &
R ssiks M3 B S S1RE
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<H
k6t 1

o BHirATR

selection)
o JESIXFE (Mass selection)

o IRIFIHE

SIEFERIREHE :

1Z+HE (Intrapopulation recurrent

K pV A
REIEEE, HHITH

A

k V
RAIRE, TEmEH 122

“WVe



FERRRIEFERIRGHE
o ¥ [EIfZR RIxFE (Half-sib family selection)
KoVa | K,V
Wo o TRV H Ve +1V,
o F[EIRHZR R/S,ikHE (Half-sib family/S, selection)
N kaA
TRV, Ve +1V,

re E

1
4




ZFIARREFNIEREEE

o £[EIPAZR RIEEE (Full-sib family selection)

s kaA
> [y L1y 1\ 4 1\
re g+e GE+2 A+4 D
o SIRRIXFE
kaA

1 1 1 1
\/r—evg =+ EVGE + §VA + ZVD



BHixE)3E ELEFE VIR R HE

o FEK|B)%E[E]IEFE (Interpopulation
recurrent selection) 3ZZ B4 [E]1%HE
(Reciprocal recurrent selection)

o ZHIRMIEFEN—MRITIE
® iﬁﬁ% ] .1%
R (ZE¥[EfEEEEIERE) =

KV

KV, 2

1
t3

1
2
JEVPE p Iy Pl ayPL T Ly P2 1y P2 1y P2

re ¢ re ¢
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000
0000
A EEEOLEFERERIELE
g | 020
= FRyEE (o] ﬁ?"ﬁrzﬂ’ﬁﬁﬂﬂ RIFIHE | °
SIS
EIEREITE (V, FIRED AL IR
B4 BRM RE SR
RaEikss, TemEd (5 1 0.054 0.054 8.9 8.9
REEEE, fEmiEH (D 1 17.8 17.8
BT IR R (§) 1 0.175 0.175 5.6 5.6
MR RikFE (5 2 0.175 0.350 5.6 11.3
PRBEE RIS IERE (1) 2 0.350 0.701 11.3 22.5
EFRMER REFE (5) 2 0.225 0.451 7.9 15.8
A3 S1 K &Rik#E (D) 2 0.361 0.722 11.3 22.7
3 0.328 0.985 5.2 15.7

7 S2 K AR (3)
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Tt ok it E IR s
R =k hV,

o ERABU/IMAVIEEELLAI, BMESEIFRE.
HIEFLEBlp=10%0F, EFEEK,=1.76; EIFLLHIRT

p=1% , Jﬁ:fzgﬁfﬁp 2.67; X HRIRfRHE =R
2.67/1.76=1.52%&,

BEXARESREERE, TEEM#HEIEENMEERRY,
AARTEAT—REH#EENNMAERD, BNHIEE
TR, NFTF20 M MMEE AR T —EE,

p=10%Kf, RFEIEM200M1ME; p=1%HK}, FiF4r2000
Mk, Bk, ExbrPh, EEiEFRESBENRE. -
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R =k _h\V,

P

o FFRIAFIRETHZE

REREMERER X FEEESENEAEERBEE,
#MSolEIFES IRV, FHin 5| RSiEFEHEE AN

BEHLIRZE 75 Z= B — L B8 I i HS PR

B X TPERYKISY, FTLARR{RER

o U4, EEHNZHAMHIREHEE, £
MERHERY, AEEMRRESFNERE#H

N

BXWREEERSE
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llinois K& EKACHDIZEFE R I

e Hopkins (1896) Z£HIEHE T 1631 F, SEE=ER
MEEH RO EERLT%, BEBAKRSEN10.9%

BREHIER2AMEFZA “llincisEHmAR"
2&1&%&32‘5?%12/\%%%%45& “ Imons{libﬁhnn%”
REEBEE24ANMEFER “llinoisSEBRAR”
REREREEFE12MNEFRR “IIImOISﬂiE: ImAR"
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HE TR {RRY354.8%

o K

1 E140.4%

ST IR E#4A98.5%
e SERBREEIL26.6%
MBS T REERI224.0%
o RERREZEILL.4%
MBS TIEEFRY40.4%.
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o 2704
=HE KA A e T BEJ98.85%
(KimEESHmA L EAHNR2.38%
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% Oil

% Protein

25

Generation

Reverse
low protein
Reverse
high protein
Low protein
o0 20 40 60 80 100
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o Dudleyft T HHFUNBIBTGRIVET i

EREHNER, EFEMAAHIRFEER
<%1oo1tﬂ1mzﬁ%%ﬁ712*ﬂé£>

o Mﬂ,y—ﬂ’hzﬂ? EHEEMYIRERE, BiAit
5 5 B0 B PR S A S X %i%%nﬂ%s’ﬁ
(KHASEMREBEYETFA50ES, =)=
E5KEQSERBUE %2’]?’31207_1225

o SHFESKMTEMBFEMRSED, EXD

Bikh, MEMERFERE, BEFELAM
Eﬁ%ﬁﬁs&ww

o [RIRIRMEER . LAMMEFNSRTERITIRK




Maize Facts oo

Altitude: 0 - > 3000 masl|

Latitude: 0->45" Nand S
Temperate — Tropical

Food — feed — fuel — fodder — fibre
Grain — vegetable — specialty maize
Yellow — white — coloured

Flint — dent — morocho T

90 — 240 days maturity — e
Diverse environments & systems

[ wet Lowland

[ | Dry Mic-attitude
Wet Lower mid-altitude
B et Upper mid-altituce

> 90% rainfed
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Genetic
diversity
IN maize

4

(«r‘r*

LLEY L
OLE:

»1.42%

LLLELL

Zhao 2000 PNAS

Tenallion et al, o
PNAS 2001 “



Dudley (1977)

e There appears to be little need for concern
about exhausting genetic variability for
grain yield...so far as quantitative traits are
concerned, the most pressing problems
may not be those of obtaining more genetic
variability, but those of learning how to
most efficiently concentrate the favorable
alleles we now have and then proceeding to
do It.

e True in maize, but maybe not in other crops.
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BIEHEXREXRENNE
o FIBURERUAHEH

P12 __ COVGlZ T COVng

C
lp1p = 2 -
\/V PlVP2 \/V PlVPZ

— COVGlZ ><\/\/(31\/(32 4 COV812 X\/Vgl\/gZ
\/Vp1Vp2 VoiVe: \/VPlvPZ VaVe,

— Jh2h? xr,,, +/1—hZ)A-h2) xr,,,

EXXAT I, RINBIMHS IH, « EEHEX G
MIMEHX I, ZEHAREHERNMERR.




EHIRBAM T ENERRZE ¢
o AKTEHTEN. BRI ERMMITENR

Iy By %

KR H ‘ WHEE(E ‘ W (E
M ke AR X bk =
HE 2 7.61 206.30 65.50
KR 49 21352 19132 V_+rV,  146.16 Cov,,, + rCovg,,

HLIR 98 14.33 5.82 V., 0.74 Cov,,,
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ZEGIRBAEE R BAOMEIHE | 20

CAPIANKFEER AT R ) t
IR R AREL fh A 73] AP
PRk R RH (1) 0.67
AL RAL (rg) 0.76
RS E R B (r) 0.08
CHRE  RmEs A% (r,) -0.38 -0.24
AR RS (rg) 0.63 0.44
RS E R B () 0.03 0.01
ERREE e A% (o) 0.64 0.73 -0.05
BALMR AL (rg) 0.95 0.94 -0.55
0.30 0.59 0.49

B RE (1)
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e EnmE 3
o fHRIF(FIHE
WEHAR R =l LR, =k Voo

ZRMEREEREXMEE DWEFEL R, B MERBERAR
MBRZEEREEELR, BT —IEREVIEERL AT AT
— PMEREIEXIEERE.

o BMRANIMMIEEE, ARmMERKAMEIE
R1E, EXUEENAMEXEFENEERE.
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SR IEFRY B ‘
o AL MENIEFERN BRI IE:
BINiEEEE (Tandem selection)
ISk FixFE (Independent culling levels)
Fa#LEREEE (Index selection)
o —fkW, MTSZINMMERBXNESM

WRIREE, FERBCERNTIHAUKEE,
MR IR SRR T R IR




o EI[E

A

e i

1 5 R 2

HERNZMEXR

| =b,x, +b,X, +---+Db_ X_
® ﬁﬁﬂﬁn/l\iﬁ%ﬂ@ﬁbl, bzs

b=P'Ga

P: RESEHER
G: BfEhAEEK
a: NEMQE
o |: TMMIEFEFEE (optimum selection index)

.., b MHGIE



EFIE A EHAE :

o Eili}s# (Base index)
BEEFIAZFINE
MM MEBARNEFNESHA1F0.6 , &IFHE
WiEXH: | =x, +0.6x,

o FRUREC Hob | T EiMERI BT
R

| =(x —1)(x, —1,)---(x, —1.)=TI(x, — 1)




KB SEIEH 3

o ZRHI{LEE (Heterosis or hybrid vigor)
o ZFMEERIAREZN

WANEF1ER
FEE (Shull,
HEINENX ;

N

R

FR Y

RE, PINHAR

1948), XMFMUBMZERMESR

Powers (1944, 1945, 1952) I\ AZMEEMEHR

—SEBREINR, RERNVIEZEFGRAR, 4t

1A§J/\7§?J¥W$ﬂttk1ﬁ¥zliﬁk, :JZl:I:lJ\ﬁ¥2|KE

i, FRFMINSE,

AR FLEE BT,

hHE.

X RSB R

FlE’J%ﬂ.l:l:%EMEaikﬂ'Jﬁi’Z
REX, HEERIVET/NRILZRE N, FHHRM
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RMAEBRITHE
o BRI
o BEFMNE
o BXIRINE




— A2 0000
S |=']1'|54@ E"J,ZJ%W%;%" sece
[ X X}
Ze A (PoE{E%) o
=
“F1 /) 1PN
SRR EY
Tk (EED 121 92 240
T BRI 129 112 143
mE 192 86 329
AR EY
Fabat/ 60 22 95
FIH 30 20 50
e S 50 20 80
EAEBAAED)
7K 46 3 106
INTE 9 -14 106 55




FAMRER B MR :
o ZbFhLIA =d—s[a+(-a)]=d
MPANEENMNEEKIR, ABEREVNFE
A S HIIRMRE
ERMEH/ERET, d<a, BEtt—MIm LRy
BTN SBERTFNRAE

MREEZMMULR, BTAFEREFREF
HoESm, FINRISEIRFNFER




Zad i DRSNS 3 T S DEAY LY R

, Q/%;;l: AlAlBZBZ x , 52/?%2: AZAZBlBl
ALK fE=a+(-a)=0 HLH R =(-a )+a =0

\ 4
F1Z4%: A,A,B,B,
LA fE =2d




MR FENBREMERIR
o HBEMEIE: d >a

EBEEM (Pseudo-overdominance)
F85[3%E % (Coupling linkage)
B RKiE$ (Repulsion linkage)




BB EM (Pseudo-overdominance)ss::

R7 KA {7 1B
AA, >< ALA, BB, >< B,B,
EﬁﬁW%al LR A i =-a %ﬁﬂﬁm.l e [R] 700 =
AA, BB
A 7 fE =d<a R A i =d<a
B8 8
C,C, >< C,C,
A.B,/A;B, A,B,/A,B,;
JH R 71 =0 l L[R2 =0
AB,/A,B, )
A RAYE=2d




FIANCIHEHEHIEHE

215 5 14

3]
o -

& (Average level of dominance)

o RARBMASEMRER X FEREHHFERETTA:

V, =

MSgs —MSee s

215 5 14

2re

Ed: LR WSk

MSFP/S B MSEFP/S
re

9 _ zdi2 _ VFP
a >a’ 2V,

Vep =




EXRFEERNENEMEE | =

AR CI21>NCT7REMK M14 187274k
For JCRENLACHL 1.68 1.98

Fp, FENLACHAC2X 1.04

For BEHLAZEC6A 1.24 0.72

Fo, BEHLACECLI1AK 1.09

Fo, BEHLACAC141K 0.62
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e 3 PRI AT :
o L ittt (BLUE: best linear

unbiased estimation)

o XL TmT M (BLUP: best linear
unbiased prediction)

o SEFNEBSFE (Mixed-model equation)
e BLUPHERIL = FFE 0]/




