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K /R3C (1809-1882) it {kip
> (FIFFCIRE) (The Origin of

Species) (1859)

= On the Origin of Species by Means of
Natural Selection

= The Preservation of Favoured Races
In the Struggle for Life

»“l have called this principle, by which
each slight variation, If useful, Is
preserved, by the term Natural
Selection.”
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> ZfE/R (1822-1884) i=fEitie (1866%F)
B2 (garden pea) , Experiments with Plant
Hybrids

= Seed shape: 5474 round vs 1850 wrinkled

= Cotyledon color: 6022 yellow vs 2001 green

= Seed coat color: 705 grey-brown vs 224 white
= Pod shape: 882 inflated vs 299 constricted

= Unripe pod color: 428 green vs 152 yellow

= Flower position: 651 axial vs 207 terminal

= Stem length: 787 long (185-230cm) vs 277
short (20-50cm)

= Rl X B EEEMI 1T ENES R




Phenotype of progeny of
Parental strain 1: Dominant Parental strain 2: Recessive monohybrid cross
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Tim /R ENEFHAI

ERAMENEFIALAIN (19004F)

BRI E MR AL (1F1l2)
= The Principle of Segregation

= The Principle of Independent Assortment
> T A RHFME IR E X ?(1Fl3)

0 Neo Darwinism Is a term used to describe the
' of evolution
through with



http://en.wikipedia.org/wiki/Modern_evolutionary_synthesis
http://en.wikipedia.org/wiki/Charles_Darwin
http://en.wikipedia.org/wiki/Natural_selection
http://en.wikipedia.org/wiki/Mendelian_genetics
http://en.wikipedia.org/wiki/Mendelian_genetics

Distribution of height (inches) among
4995 British women

Quantitative
traits In genetics

Number of women

0
Ear length (cm) of one maize inbred Ear length (cm) of aonther maize 54 56 58 60 62 64 66 68 70 72 74
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Ear length (cm) of their F1 hybrids Ear length (cm) of their F2 hybrids
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Midpoint group value Midpoint group value




Quantitative trait does not have

to be “continuous”

» Categorical traits: traits in which the phenotype
corresponds to any one of a number of discrete

categories
= Number of skin ridges forming the fingerprints

= Number of kernels on an ear of corn
= Number of puppies in a litter
» Threshold traits: traits that have only two, or a few,
phenotypic classes, but their inheritance is determined
by the effects of multiple genes acting together with

the environment

= Liability to express the trait, which is not directly observable.

= When liability is high enough (above a “threshold”), the trait will be
expressed; Otherwise, the trait is not expressed.
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> F. Galton 19

inheritance)
= XM T FR

O

IFFFERBEERE: Taller individuals had

taller offspring, on the average, than shorter individuals, and,
hence, metrical characters were partly heritable

= Blending inheritance

= QI T EFFHERMRF A

> K. Pearson

8 F 5 A SR E iR R AR {4 o] . EBE

T {Mathematical contribution to the theory of
evolution XII) (1904) —4, HEIFT (Biometrika)
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>HE WGk (K. Pearson) : INAEET R E]

T ik 2 FA ENT

WHEEER, ZERNETERTFEEHTRE

&S Fo
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= B2RE, EETAR=EN BRI

» Yule (1906): There need be no conflict between Mendel’s
particulate inheritance and the inheritance of continuously
varying traits, provided many genes having similar small
effects were responsible for continuously varying traits.
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>W. L. Johannsen (1903) Hy4i ZZFiHIGFTHX
DAEFRNET E’%EIIELJJ%EI’JAE, T 1 & EE

MEMBNE S, XAHEBEFEEMTSHEIEE

MEARFE B T TR

> Nilsson-Ehle (1909) tRIE/INERIBHIIEIEIEL
TH=MHIRNZ A FRIZ, X—RIKAE. M.

East (1911) EAKFEICFIE. M. East (1913) YA
B K E IR RGP ESE

> 18 % A F R = PR RIR R AN B & ER
=fpiE, ANMERTFIRNRSEEIE—.
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Johannsen (1903, 19093 T R EiX e

»Landrace: Princess variety of the
common bean (Phaseolus vulgaris) ,
consisted of a mixture of pure lines

» Trait: seed size measured by centigram
(™)

» 19 lines with different sizes

= Line 1 (the heaviest line): 64.2 cg
= Line 19 (the lightest line): 35.1 cg

>IRIGLER (next slide)




ﬁli?ﬂu’% (R RFU)
> G455

" XARIE E’J’E%%& TIRERY
* KA TFEPMIEERH
Linel3: f=EH20. 30, 40. 50895 FEIRETE HNAT.5
. 45.0, 45.1, 45.8
Linel: EENHREFEFREMZERNFN, ERNESD
Rl 695168, HEIFIIL

» Ml EFIERER R EEITIERE ]
19MNZ & |8): r=0.336+0. 08
Linel3: r=0.018=+0.038

> W. L. Johannsen (1903) M4 RF iR F T FX 7 A1EE
EI’J F5IFEENT R, E'bT A B AN ZRINBY A4 =
XRIBESMHT R EER lﬂﬂﬂ TR
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Nilsson-Ehle (1906)g9/M 34 iR 16

» Three Mendelian loci goven red verus white kernel
color in bread wheat and cultivated oats

» Any one gave 3 red to 1 white when segregating alone

» Two loci segregating: 15 red to 1 white

» Three loci segregating: 63 red to 1 white

» A cross between white and deep-red parents

> 1. for F2 individuals carrying 0, 1, 2, 3,
4, 5, and 6 red alleles (identified through progeny test)

» Significance: effects of different alleles of different loci
could be cumulative



\ V4 S
East (1911) I EKFE K (cm)idiE

H |5 6 |7 |8 |9 10 |11 |12 |13 |14 (15 |16 |17 |18 |19 |20 (21 |3
¥ 1]
P1 (4 |21 |24 |8 7
F1 1 12 (12 (14 (17 |9 |4 (Vi
P2 3 11 |12 (15 (26 ({15 |10 |7 |2 17
F2 4 |5 22 (56 |80 |[145|129 |91 |63 |27 |17 |6 1

»P1l: 7cm: P2:17cm

» One locus

= a=(17-7)/2=5; F2: 1/4 aa (7) + 2/4 Aa (12) + 1/4 AA (17)
» Two locus
= a=(17-7)/4=2.5
= F2: 1/16 (7) + 4/16 (9.5) + 6/16 (12) + 4/16 (14.5) +1/16 (17)
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East (1913) AR EKE (mm) A5k

34 |37 |40 |43 |46 |49 |52 |55 |58 |61 |64 |67 |70 |73 |76 |79 |82 |85 |88 |91 |94 |97 | 'O
P1 1 |21 |™ |49
F1 4 110 |41 |40 |3
P2 13 145 |91 |19
F2 3 |9 |18 (47 |55 (93|75 |60 |43 |25 |7 |8 |1
F3 | 46 1T |4 (2644 (38|22 (7 |1
F3 | 50 6 [20 |53 (49 |15 |4
F3 | 50 /7 |25)|55|55|18
F3 | 60 2 (3 |9 |25 (37|70 |19 |10
F3 | 72 4 120 (25|59 (41 |19 |2
F3 | 77 T 10 (1 |1 1T 12 (16|33 (43|34 (20|6 |1
F3 | 80 2 |8 (14121 (39 (39 (3210 |1
F3 | 81 T |11 (8 |16[20|32 (41 |17 ({3 |3 |1
F3 | 82 3 [5 (1220 |40 (41 |30 |9 |2

> (B4 HEZRHEMBENRLEE; FP2ERMFREXRENhFEMEXRY




34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91
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HEMRERHZER R

» Multiple-factor hypothesis (polygene
system)
= A hypothesis to explain quantitative variation
by assuming the interaction of a large number

of genes (polygenes) each with a small
additive effect on the character.

= Number of genes, gene effects, environment



HEIREERIEIRERAEIL (19205-19405)

> R.A. Fisher (1918) &3 7T “The correlation between relatives on the

supposition of Mendelian inheritance”,

> J.B.S. Haldane (1924-1927) #%£4 3T “A mathematical theory of
natural and artificial selection I-V'& X E, B#FEFEFRATH=H

WKEBAMA LIEETHIEERE.

> S. Wright (1921) Ky “Systems of mating"#i#& T BRI ZELHIE, FH

Rt TIERX AR, FBAERECH EREFRE I RAHHELL,

HAEBRAUMR A H ERIEEIR

> J.L. Lush (1940) f£H “Animal Breedlng Plan"—H figt TiRE ]
LARLT )(LJJ?jﬁIJ?;EXLM"’ijJE’J’l‘ e, ATHREFRNERINEEHE.

> G. MalecotiZ2 TEAZRIBIHES, AFMENERN—TEALE

X

R

FEIHFBEE, FEENCEERFEGER UMZMMFIEEE, A

H T RREMEENBERREAT.

> G.F. SpragueFIL.A. Tatum (1942) 124 TR BF B EREE N

HYBRE & o



R.A. Fisher’s contribution to
Genetics and Statistics

» Much of Fisher's contributions to statistics were based on biological data from
Rothamsted (largest agricultural research centre in the United Kingdom). His work

on the theory of also made him one of the three great figures
of that field, together with and , and as such was
one of the founders of the neo-Darwinian . His
paper

was the start of the modern evolutionary synthesis — a synthesis
which he would later contribute much to in his 1930 book

» Fisher invented the techniques of and :

was a pioneer in the , and originated the concepts of
, and , making him a major figure in
statlstlcs His artlcle 'On a dlstrlbutlon yielding the error functions of
several well known statistics" presented and

In the same framework as the normal distribution and his own analysis of
variance distribution z. Fisher's book Statistical methods for research workers
showed how to use these distributions. See also


http://www.biocrawler.com/encyclopedia/Population_genetics
http://www.biocrawler.com/encyclopedia/Sewall_Wright
http://www.biocrawler.com/encyclopedia/J._B._S._Haldane
http://www.biocrawler.com/encyclopedia/Modern_evolutionary_synthesis
http://www.biocrawler.com/encyclopedia/1918
http://www.biocrawler.com/encyclopedia/The_Correlation_Between_Relatives_on_the_Supposition_of_Mendelian_Inheritance
http://www.biocrawler.com/encyclopedia/The_Correlation_Between_Relatives_on_the_Supposition_of_Mendelian_Inheritance
http://www.biocrawler.com/encyclopedia/The_Genetical_Theory_of_Natural_Selection
http://www.biocrawler.com/encyclopedia/The_Genetical_Theory_of_Natural_Selection
http://www.biocrawler.com/encyclopedia/Maximum_likelihood
http://www.biocrawler.com/encyclopedia/Analysis_of_variance
http://www.biocrawler.com/encyclopedia/Design_of_experiments
http://www.biocrawler.com/encyclopedia/Sufficiency_%28statistics%29
http://www.biocrawler.com/encyclopedia/Ancillary_statistic
http://www.biocrawler.com/encyclopedia/Fisher_information
http://www.biocrawler.com/encyclopedia/20th_century
http://www.biocrawler.com/encyclopedia/20th_century
http://www.biocrawler.com/encyclopedia/Karl_Pearson
http://www.biocrawler.com/encyclopedia/Pearson%27s_chi-square_test
http://www.biocrawler.com/encyclopedia/William_Sealey_Gosset
http://www.biocrawler.com/encyclopedia/Student%27s_t-distribution
http://www.biocrawler.com/encyclopedia/Fisher%27s_linear_discriminator

Sir Ronald Fisher
(1890-1962)

- Statistical Methods
Experimental Design
Smermﬁc Inference

R. A. FISHER

25



Mendel and Fisher

» Fisher(1936). Has Mendel’'s work been rediscovered?
Annuals of Science 1:115-137. Mendel’'s data was so
close to the values that Mendel expected under his theory
that there must have been some manipulation, or
omission, of data

» Dominant trait: 1/3 AA + 2/3 Aa

= Family size: 10

= Non-segregating (AA) :
Segregating (Aa) = 1:2 (Mendel)

= Fisher: Pro {Aa family classified as
AA} = 0.75"10=0.0563

= Pro {Non-segregating (AA)}
=2/3*(1-0.0563)=0.6291

= Non-segregating (AA) :
Segregating (Aa) = 0.3709 : 0.6291
=1:1.6961




HEREMRNFRZF
> Birmingham=k
» EEMRAERFHNELRETENRAMERPHEETR, TENM
HE X S 2 85 B 40 AT SR A 138 1R AR B Fn £ I S R
> Edingburgh=jk

» EEMRMEIREEANEETR, NEEAFERNDIRENE

ERB L ZWHEENAESEEMS, NEEEENERNG T

> 19765 XEE Wﬂ“m4k$ HEE—REERBEIREEKXR
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> 1987 I FMNUARFEBH T E_RERAEREEFRS, T
EEIRNEZELERR T HME=IEZEARNERE, 502 *m
AMIMER B 1ER 2R 5 TH L[] A SRy o), WH%Y‘EI’J’\&EZ
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HEREMRELE

»P=G+E+e

»G=A+D+l

»(G=major gene + polygenes
»G=Summation (QTL effect)
> IR BN B 57 Ff

> IRfE R EN T




—\ HYEMSHERR



EIEMRIEX
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> EFREMCEARH TR
P2,
= XX . AxB
= B3 : (AxB) xBE{ (AxB) xA
= =X : (AxB) xC
= XX : (AxB) x (CxD)
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B /RIBEX IR MR TTRR
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RIZEH

BEBA2IMIMEERRIFR2, HEMERAr1F2; 3IPME~SEEYL, Y2
MY2, HEMERYL, y2Ffy3; —ARKKFEERFERFr; ASE EIESH

> RAERER (2F)
» P1: RIR1 r2r2 ylyl Y2Y2 Y3Y3 rr: Hi, FEES
= P2: rirl R2R2 Y1Y1 y2y2 y3y3 RR: Hfn. FFEBIK
> B rEEZB: R1R1 R2R2 Y1Y1l Y2Y2 Y3Y3 ??
> RREREB (25=32f#)
» FHR. FE: rirl r2r2 ylyl y2y2 y3y3 ??
» Hiiw. FEE{K: R1IR1 R2R2 ylyl y2y2 y3y3 2?7
 FF

> BHEY H RN 32M ] sE RV E E B I8 RY
YRS LK

EE




> U B RS, 230=1X10°;

ERSEFEBERRT MRS

> *‘le Z
KBRS EIR; B2
ET_IﬁuEI(J
>{BE

= P1: R1IR1 R2R2 Y1Y1l Y2Y2 Y3Y3 rr
rirl r2r2 ylyl y2y2 y3y3 RR
P3: R1R1 r2r2 Y1Y1l y2y2 Y3Y3 RR

" P2:

HENERFR RS HEE
ﬁﬁ%ﬁ?mmﬁ BT

, ARG, Fian,

2°0=1 X 10%

; RTFETBTRERY

HirEER: RI1IR1 R2R2 Y1Y1l Y2Y2 Y3Y3 RR
PIXP2EfEt{Es, BoiMulgEgvEFEE

P1X P38 fEt ik

P

itt, ZHECP1XP3,

B ey EE B
BEMERZEGEAI




HMRELRANSEWER

>TEMEE: H&E. £ 8
HiE. /KZE (cassava
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> BB TR
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B MR mE IsaY o) &

> = K[EIf: BEHRC. WERK. iEZE (EI54
> FARRIERE

» ARSI RZBERIEE 51 ?

AR E SR KEEZTEFE A

> ZR R RBIH) R E

= B%7 (single cross)

= [@3F (backcross)

= A (=32, topcross)

= §3Z (double cross)
> IR RHEIE
> #FEARBINA, 2DH, FRiciEBniksE, #HERE

Il
~—
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CIMMYT/NEB A3z AHEY

> EI:;ZEI‘:ZIK;EI)_
" ENFER X ENFER (60%)
s ENFER X FEENFER (20%)
" ENEAR X AENFER (10%)
= XX EME (5%)
= R/ NE X ENE, MNEZ X EE/NE, BR/NE X
NEZE (5%)

> B ZAZHFIN
. g%
- WBER, BREZ, GRERZ




BMMEREVIRTE

R -E2N —:%Iéjti’h'a‘so 0004 E [,

 ITHAT R EBREENEREZD?
» PfeEMFHPELEE? MLENEDE?
> FEWRER ?

= EEZE?
= mhEEEE?

> xSUW'a‘ X7
F R+ ERE?
= 0T ?
= FIMEE?
» INEEMBEZ K




ZHEYPBIRENMARAR

> #M=15155: Quantitative genetics is concerned
with the inheritance of those differences between
iIndividuals that are of degree rather of kind,
guantitative rather qualitative (Falconer)

>éé;; W= IR1TH % EEFRiR
" h/J\lJJ%
" 951 %‘77
= N FE{
= XN A] A0
> Z M EFEEAX S 7 EE BB
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> Mather (1949) ¢

£Jinksf9& 5T

IRIEFEEE

kR T {Biometrical Genetics) , ZPFEEK
R TSR (1971) FIEE=hg (1982)

> Kearsey#lPooni {The Genetical Analysis of Quantitative

Traits) (1996)
> Falconer (1960)

Genetics>> , 1ZB-

JL H}j

= =/AN

HhR T {(Introduction to Quantitative
—1981, 1989, 1996%F

A""-— L—

7J|JL-IT§E-'I  G—

> LynchﬂIWaIsh { Genetics and Analysis of Quantitative

Traits ) (1998)

> KE, 1997, EERBEDITAEZE. F
__Eiﬂz, 2003, EYI# =

> &%, ST,

RIZEFEAR). BFLARE, LR

x

|l

tihlAt, JE5
MR R R R ER



HEREEEVEMPHINAEE

» Hallauer and Miranda, 1988. Quantitative
genetics in maize breeding. lowa State Univ.
Press

» Bernardo, 2002. Breeding for guantitative traits
In breeding. Stemma Press, Woodbury,
Minnesota

>0 B, 1982, EVIEMHHMEEEFEM. L
AR AN H Rt
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> 2E X AN E E BY SR

> ANEIAZhL R G N EEFEER SiEFEp T

> Hardy-Weinberg &89 32 357 &8 ARB04 B
> E Xt Hardy-WeinbergF &89 52 i

> 1T F A58 E

> 15

> R L FRVEL & R

> BRI IEEHF

>

U

R B REAFNILAZ R




3R AE— N F0E P A

»P=G+E+GE+ ¢

> P EFEER (ZAEFEAFA,)
= p% AJAL 2pg: AJALY 0% ALA,

» ERBAAMIRIEERG,

= PE{E: m= (G +G,, ) /2

" 7J|J'I$§SZF_‘7 a:G]_]_ -M It X 12 Sia

= B : d= G,,-m P R

= G,;=m+a; G;,=m+d; G,,=m-a




MrAE—BHEMEMHESE

> EEREER (FAEEAFA,)
= BRI p=m+(p-g)a+2pqd
» EMEEME: a,=g[a+(g-p)d]; a,=-p[a+(qg-p)d]
» FUERNERYN o= a, -a,=a+(g-p)d
z Gij: M+ ot a+ 6”
" BMME: A= o+ q
s EMHEE Dij:6ij
> B BEFNERE




MRART—LNMEE

PANERENAER (A AFIB,. B))
Gukl p1+(a T T ')+(ak+al+§kl)+lijkl

>BM{E: A=Za

>REMHEE: D=5

> FAiiMgEE: =X

»>P= G+ &g =y +A+D+l+ ¢
»Vo=Vs+ V, =V, +V+V+ V,
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BE T ER T

5 h =
RBUME (P) REFZE (Vp)
HFEHEE (G) BEFEVg)
BHE (A) mERZE (Va)
TMHEZE (D) EMHFE (Vp)
EEEZE () EFAMERE (V)
EFRBIXIMEEEME (GE) |EEBXFBEEESZE (Vep)

FEHLIRZE (€)

Bjﬁjﬂ.l%/_t H = (Vg)




v BEIREEEYERTINA

B B frEVHIE
> 1= 15 JIRAE T
> IR R RS T
> NEEFE 7 AR EL 3
> B MEIRIREF
> ZRFPHLE RY TN




EEIREHENZEES

> ERBMROIEFELE G, BIRRSIEFEEE (k)
>REEMYE R EEERRFEPESRIEES (72
>IREMYEFEERS (V)

> BERIEIRE S E




EREBIEFNIZEHE

#[EEFTE (V,HRZD BRANSY B RS
BF |(BAM |8F FAM

AR, TEMES (1/2) |1 0.054 |[0.054 (8.9 8.9
AR, HEHES (1) 1 17.8 17.8
BinfEITiERE (1/8) 1 0.175 |0.175 |5.6 5.6
FREARRIERE (1/4) 2 0.175 |0.350 |5.6 (I
FEIRRR/S1EFE (1/2) 2 0.350 [0.701 [11.3 22.5
ZFMBRRFREE (1/2) 2 0.225 |0.451 |7.9 15.8
B3SIRXFiEEFE (1) 2 0.361 |0.722 |11.3 22.7
B3ZS1RFIEE (3/2) 3 0.328 |0.985 |5.2 15.7




?J%Wﬁt*%ﬂ'lix

SINRNEFIERRES TR FEE, NI
FZeFmpeE (Shull, 1948) , X FhZefh{t LA
5&MEHRENEX

>Powers (1944, 1945, 1952) WAL EIE
M ER—EIBMEEINSR, RERNNIZEGHRA
G, MIAARA %ﬁdxtbkﬁ-ﬂxik, g} Lk /)\
EFERE D, ﬁ'lAjsz,—kﬁM?‘I: | 1t ZLFp 4 25 A0
B 2 M HE[E]

>IN NITFLEEBA, FIRRINEE RINE & A
IR RIL K, SKEERIMER/DRIITRZRITNET, A
REMHINE




Bl R POPAT Y ST

AlAl

AlAZ2

A2A2

ARTE X A0t By




. HE] ﬁEIE{_L BPQTL{EE

20 A

LOD score
= =
o ol

ul

o

LOD score
= = N
(0] o (0] (@]

o

LOD score
= = N
(@] U (@]

Ul

o

X [aI{E R (1M, 1989)

1111111222222333333444444555555666666
Testing every 1 ¢cM on six chromosomes

K EXEEHE (CIm, 1994)

1111111222222333333444444555555666666
Testing every 1 ¢cM on six chromosomes

& X E{E A (ICIIVﬁ, 2007)

I‘I-I‘#IIIIIII

1111111222222333333444444555555666666
Testing every 1 cM on six chromosomes

L D I | 1

Additive effect Additive effect

Additive effect

X [E/EE (1M, 1989)

111111122222233333344444

TT T TTTrrrrrrririy

555555666666

Testing every 1 cM on six chromosomes

S & X EI/EE (€M, 1994)

A

1111111222222333333444444555555666666

111111122222233

Testing every 1 cM on six chromosomes

se#& X EEE (1c1m, 2007)

44555555666666

Testing every 1 cM on six chromosomes
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145 random DH lines (Harrington X
TR306), and 127 markers
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MASTREE B9 1L

HEML & Rht-B1 Rht-D1 Rht8 Sr2 Crel VPM Glu-B1  Glu-A3 tin
PN 4BS 4DS 2DL 3BS 2BL /DL 1BL 1AS 1AS
FRIBER HEME  EEE EE  HEE BE A3 EEME  FEEHE  HEM
IR EHEWIES (CM) 0.0 0.0 0.6 1.1 0.0 0.0 0.0 0.0 0.8
HM14BS Rht-Bla Rht-Dla  Rht8 sr2 crel vpm Glu-Bla Glu-A3e Tin
Sunstate Rht-Bla  Rht-D1b  rht8 Sr2 crel VPM Glu-Bli  Glu-A3b Tin
Silverstar+tin Rht-Blb Rht-Dla  rht8 sr2 Crel vpm Glu-B1i  Glu-A3c tin
BARAER Rht-Bla Rht-Dla  Rht8 Sr2 Crel VPM Glu-Bli  Glu-A3b tin

E’FT FA: FEM R « KiESFE (IRR A

 ASMEE, FRRERE, TRHTED




Comparison of two breeding strategies:
modified pedigree (MODPED) and
selected bulk (SELBLK)



Breeding methods in CIMMYT's
Wheat Breeding Program

» Pedigree system: before 1984.
= “Pedigree selection” is used from F2 to F6.

» Modified pedigree/bulk (MODPED): in 1985-
1989/94.

= “Pedigree selection” is used in F2 and F6, and “bulk
selection” Is used In other generations.

» Selected bulk (SELBLK): after 1995.

= “Pedigree selection” is used only in F6, and “bulk
selection” Is used In other generations.



Genetic gain in yield from SELBLK SELBLK retained 25% more crosses
IS 3.3% higher than MODPED In the final selected population

57
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Initial ] Final selected
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Generation

SELBLK required 1/3 less land SELBLK produced 40% less families
from F1to F8 than MODPED to be planted from F1to F8

2500000
—SELBLK
MODPED

2000000 — SELBLK
1500000 MODPED

1000000

Number of families

500000

Number of individual plants

Generations Generation
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EFEFE T EEBRFRER

ZLEH M1 M6 |M12 |[M23 |M25 | EFEBFNE

B (mm) | BLFE(mm)
REHERER 1 |2 |2 2 2 Wil 2.74
EENEREE 2 |1 |1 1 1 5.32 3.07
CSSL5 1 (2 |1 1 1 5.44 3.00
CSSL16 2 |1 |1 2 1 5.77 2.98
CSSL19 1 |1 |2 1 2 5.54 2.93
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= 2HA2: (CSSL5XCSSL19) X CSSL16
= 2H43: CSSL5X(CSSL16XCSSL19)
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> éH/\Z x5 B inE ﬂﬂ']*ﬂﬁzﬁﬂJ.Ll—ﬂléﬂ/\lfDS
> FR2EFENIXNADNAKBBARRT AR
> zﬁu'»k MXF _EA2$H7'7‘$2395E11§E1+E F3fiy,
BE | kIB75 |F2rhik |MASHIFS |hitF83% |DNAKE | DNARESE
2= AN KA Z# (S.E.) | ®H FIEFSZR &
&1 | FR1 100 3000 7.6 (3.27) |3000 |395
BFXR2 |12.0 359 7.6 (3.37) |459 |60
qﬁ;%él 100 3000 24.3 (7.06) |3000 |123
HE3 | AXR1 |100 3000 11.2 (5.45) |3000 |268
BR2 |75 226 12.3(5.14) |326 |26
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CIMMYT’s headquarter in Mexico
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Dr. Borlaug and green revolution

» Mexican-Rockefeller Foundation
Agricultural Program, 1944 NORMAN BORLAUG

. .. . INSTI'_I'UTE .
> Mexico became self-sufficient in most food

commodities by the late 1950s
» Young scientists were trained in Mexico
» Semidwarf wheats (Rhtl gene and Norin 10)

» 1965-1975, wheat and rice production had
Increased by 50%

» Awarded Nobel Peace Prize in 1970

» Criticism of the Green Revolution
= Therich got richer, the poor got poorer
= Environment damage
= Loss of biodiversity




CIMMYT’s Shuttle breeding

- Cd. Obregon, 27° N, 39 masl. 8-11 t/ha under
Irrigation; 1-2t/ha under reduced irrigation

Mexico City

May to November &

Toluca, 19° N, 2640 masil.
High rainfall (800-900 mm)

77E)



GLOBAL center for wheat global research

Crop Management:

Crop Improvement: Agronomy

Ereﬁd;ng Plant nutrition
athology Water management

Physiology / T Mechanization

Cereal Chemistry Conservation agriculture

Applied Biotechnology =NVl

&
< NETWORKING
Genetic Resources: Economics &

Collection ~________—strategic Social

Conservation .
Documentation Sciences Research

UTILIZATION
Pre-breeding




Common wheat

Multi-disciplinary and
.., several crop options

Non-brittle rachis (&)

Naked grain (0, tg) _ z W

\W

| A d .
OISR
| = =\ Durum Wheat \\\\|




Global breeding...

... rational organization of activities
The mega-environment (ME) concept

SL o B k 3 + LN
FAEENR S/ -
' ' if

b

Growth habit

Production system

Main biotic and abiotic stresses
Consumer preference

e 2B 6A Facultative Winter

e °F -7 = 19 =Not all constraints occur in all environments
e 4A » 9 - . .

. 4B 12 =Focus on only few relevant traits at a time

e 4C

=Truly targeted and relevant breeding objectives




Spring wheat mega-environments

Mega- Water Major Major Constraints  Grain
Environment Supply Diseases Color
ME 1 LR, YR Terminal heat White
_ Some salinity
Irrigated :
ME 5 LR, YR, HLB Heat permanent White

ME 2
Normal Soils

ME 3
Acid Soils

ME 4
Drought

ME 6
High Latitude

High
Rainfall

LR, YR, ST, FHS

LR, YR, ST, FHS

LR, YR, FG, Nem.

LR, YR

Some salinity
Sprouting

Acid Soils
Sprouting
Drought
Some heat

Photoperiod
Sensitivity

Red

White/r
ed

red




Facultative/winter wheat mega-environments
(breeding out of TURKEY)

FACULTATIVE

High FACULTATIVE

Rainfall
Drought FACULTATIVE

WINTER

High WINTER

Rainfall
Drought WINTER




General breeding scheme

Crossing

Selection

Evaluation of fixed lines in Mexico

Distribution of improved material through IWN




Crossing plan

Choice of Parents
Widely adapted major variety

Performance in Mexico under different
water regimes

Global or Regional performance in IN
Agronomic, Disease and Quality data
from Mexico and worldwide
Collaborator/outreach information
Donors of important traits/genes

Use of novel material for enhancing

genetic diversity 80



Crossing




General selection scheme

Cross —F1

= Disease resistance
= Good agronomic type

= ME-specific adaptation traits

High yield potential (preliminary)
Disease resistance

Good agronomic type

ME-specific adaptative traits

ABBEIEIRE EIENETEY GUES Eioviss Replicated/Multi-Environment yield

Uniformit testing, Selection of candidates for INs




General breeding scheme

Competitive advantage:
h

4 years,

from cross....
...to identification of
promising lines

Crossing

Evaluation in Mexico

J

83



CIMMYT International trial locations
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| N

i

- Y I N ——
Group I SN
Stress Gravity Drip  Gravity Heat and Drip

. continuous Terminal  No terminal Moisture
gen?rated i stress stress Stress moisture stress pre-
Mexico stress flowering
International Braz_il Spa_in_ Zimbabwe Nepal Brazil
Sites Algeria Bolivia Iran Pakistan Iran

Pakistan Pakistan Canada

Associations among stress environments, irrigation

systems and international test sites (bread wheat)



Old & new challenges
Breeding for durable rust resistance

Monitor worldwide changes in races

Identify new genetic variability for
resistance

Accumulate resistance genes that
cannot be defeated by pathogen

Prepare for replacement of major
varieties

87




Types of Resistance

»Race-specific = Monogenic = Major
genes = Hypersensitive (Boom &
Bust)

»Non race-specific = Polygenic =

Minor genes = Slow rusting / Partial
(Durable)



Race-Nonspecific Resistance to Leaf and Stripe
Rusts in Wheat: Genetic-Phenotypic Model

% Rust
100 ] Susceptible

80
1 to 2 minor genes

60

40

2 to 3 minor genes

4 to 5 minor genes

Days data recorded




Maintaining Genetic Diversity

» Necessary for a long-term durabllity

» High in CIMMYT germplasm: over 10 slow
rusting genes present

» Characterized genes
= | eaf rust: Lr34, Lr46 and LrPrll1
= Yellow rust: Yrl8, Yr29, YrPrll and Yr30



HEEATMERS: Ravi Singh
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2B f: Richard Trethowan

» Deep planting

> Yield trial

= Full irrigation

= Reduced
irrigation

= No Irrigation

94




IEEAEE N (Yield Potential)

»Yleld trial under full irrigation
»>Yield trial under reduced irrigation
»Yleld trial under no irrigation



Old & new challenges

Breeding for drought tolerance
Through improving root health + Nutrient use efficiency

Abiotic Stresses

Moisture Stress Temperature Extremes Nutrient Stress - Macro/Micro
& pH Extremes

Terminal pat Siress i i pficie iciency

Pre-Anthesis

Residual Moisture

Reduced Irrigation

General Low Rainfall
Shallow, Marginal, Infertile,

Eroded Lands

Biotic Stresses

| S a— _-‘-_'“\::'“ - -
Root Lesion- v

Nematodes .




New challenges, new tools

Drought tolerance through better root health

Use of molecular markers
Durum Wheat Assays

Bread _Wheat X Durum cross Derivatives

Cre1 [==iB & &
Geontrol
3 Root Lesion
Cre3 | _- I . $ih s ““Nematodes (RLN)
Control = -
mﬂ gg ws?« ] m o e o
VPM 4 | B i -
COWOP&& 86  SRcBEEBLEEBuGE

Molecular markers routinely applied in wheat
breeding to incorporate resistance to low
heritability traits e.g. CCN and RLN nematodes

CIMMYT ®

W_H. Pfeiffer

97
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