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iE R (1809-1882) 5itirip

> (4FEIR) (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

»“| have called this principle, by which
each slight variation, If useful, Is
preserved, by the term Natural
Selection.”
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> mfE/R (1822-1884) i#EfRiAIE (18665F) -
%S (gardenpea) , 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)

= {El1: X ERSBHEMI 1Y EE SRS 6




Phenotype of progeny of
Parental strain 1: Dominant Parental strain 2: Recessive monohybrid cross
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Axial (along stem) Terminal (at top of stem)
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i/ R ER AT
NEEEFTALIN (19004F)

.?.
T RIR L MR A IRLL2(fF Al 2)
* The Principle of Segregation

* The Principle of Independent Assortment
>t A FNE /R E X ?2(1EAL3)
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

HEMREENEYS T FIR

> F. Galton 19

20 R

x

FERVATIES A B S TR N3

KR EMHIRAVERE, 1889F H ki {Natural

inheritance))
= XM T FR

o] 3 FFE R HREIE: Taller individuals had

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

= Blending inheritance

= QI T [EVIAFBE RN

» K. Pearson

| F R AMREYNRERHLERE, B

¥ {Mathematical contribution to the theory of
evolutlon Xy (1904) —F, FHAHhT (Biometrika)

7J?Il_.\ o




afB/RFIRMEDG T FIRZSF

> Gt =R (K Pearson) : IN\AZEETLTF 23
WHEEZERER, HZERMEBIAEHTEET S,
>EEREIR (W. Bateson) PEET FEHLR

= BRI xR, EETF S 2 RELB L.

» 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.



= E/RFIRMEDGH FIR G —

>W. L. Johannsen (1903) @i RZZFiHIGTFX

D AEERNE ’?EIIELJJ?EI’JA#, e &= EE
MEMBE S, XIABREEMHTFEEER
MR T Ak HE -

> Nilsson-Ehle (1909) RiE/NERH BHIIRIEIRE
TH=MRZEFERE, X—RIZHE. M.
East (1911) FEKFEKFIE. I\/I East (1913) A
B K B BIE 71 I8 FriESE .

> 181d % & T «I%%‘&lzl%kﬂ’]k;%fﬂ])\il]ﬁﬁd"{
RENPE, NMEARNFIRMAUNSSEIZ —.
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Johannsen (1903, 1909)E R EiX1E

»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 heaviestline): 64.2 cg
= Line 19 (the lightest line): 35.1 cg

>IRIE4E R (next slide)




A RTER (RARFIR)

> I 245 3R
» RRENEFERRTIEER
* KEAANT R EMEEY
Line13: fu=EA20. 30. 40. 508950 FEIKI = HAT.5,
45.0, 45.1, 45.8
Linel: ZFLE6NMHRIEFEFEMEEFRIMFAN, B
$969F168, EIFIIX
= FI A EFRINMEXRZHEITEE S
191083 Z&[8): r =0.3361+0. 08
Linel3: r =0.018=*0.038
> W. L. Johannsen (1903) B4 RFRIF T F X 75 HIEER
TR5IEEFRNT R, e TEFREMFTINEHT S, X
FIBEESM T R EIRE RIS THIE -

= 77 7]




Nilsson-Ehle (1906)gY/M325 2 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 0O, 1, 2, 3,
4, 5, and 6 red alleles (identified through progeny test)

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



s\ N
East (1911) B9 E R (cm)iRIE

E |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 12
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)




8. 67

10. 34

12. 01

13. 68

15.35
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East (1913) FWHAEREKE (mm) X LE

34 |37 |40 |43 |46 |49 |52 |55 |58 |61 |64 |67 |70 |73 |76 |79 |82 (85|88 |91 |94 |97 |'®
P1 1|21 | |49
F1 4 110 |41|40|3
) 13 | 45 [ 91 | 19
) 3 |9 |18|47 (55|93 (75|60 |43 |25|7 |8 |1
F3 |46 1 |4 |26|44|38|22|7 |1
F3 |50 6 |20 |53 |49 154
F3 |50 7 |25|55|55]18
F3 | 60 2 [3 ]9 |25(37|70]19 |10
F3 |72 4 120(25|59 4119 |2
F3 |77 1 1o |1 |1 |1 |2 [16|33[43[34[20|6 |1
F3 |80 2 |8 [14]21(39]39(32|10]1
F3 | 81 1 |1 |8 |16|2032|41 |17 |3 [3 |1
F3 | 82 3 |5 [12]20]40|41|30]9 |2

> R4 HEREHRRIISEME E;

F2ERMF3FRIE I FEFMER R




34 37 40 43 46 49 52 55 58 61

64 67 70 73 76

79 82 85 88 91 94 97 100
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HEMHRERHZEERIR

» 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



HEIREERBILERIVEIL (19205-1940s)

> R.A. Fisher (1918) %% 7T “The correlation between relatives on the
supposition of Mendelian inheritance”.

> J.B.S. Haldane (1924-1927) &E%43%k T “A mathematical theory of
natural and artificial selection I-\V"&FIXE, B#FHARBTHEHE
REBRMALEFRTHREXRT,

> S. Wright (1921) BY “Systems of mating”#ti& 7 B AR ECHIE, H
e TIER AR, BARIRHECHE ARSI 2 EHEEE,

HFHAEBREARABMRZECHIERIEERER

> J.L. Lush (1940) #£H “Animal Breeding Plan”™—$f {2 T =15 77
AR Xhﬁjﬁﬂﬁ%xgﬁﬁﬂ’ﬂ‘ﬂiﬁ, AT RIEFERFEFHE

> G. Malecotig it T AR MBI &, ARMEICERN—MNFUERGFE
EIFFRIELER, FEESICREINFESZREE URZ ML IEE, Nma
H T EREMAENBARIEA

> G.F. Sprague#IL.A. Tatum (1942) I2H T ZHMABRFIBFEREE S
BIHE =




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
statistics. His article "On a distribution 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/Pearson%27s_chi-square_test
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)

al Methods

itific Inference

R. A. FISHER

mental Design

22



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




HEIREARIFIRZF

> Birmingham=Jk

» EEMRBXEFNEREBZENRNEAPIRETR, TEMYE
I 73 A SR AN 132 15 4R B R0 B K] 38U e

> Edingburgh= ik
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1‘%*”&%%‘43%*xﬁfﬁ’]*ﬁi‘ff%li A EREEEMMERMNfGTT
> 19765 1 = EM P HE M 3L K= HE—REE RN EIEEE
ASF978FEHEKE A'J’l‘??jt”" I HREZIREEZRE T ER
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HEREMREEL

»P=G+E+e

»G=A+D+l

»(G=major gene + polygenes
»G=Summation (QTL effect)
>R RN B 57 7R
PIRE R EN DR
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BEA2MMIMEERIFIR2, HEMERE

RIZHH

HriFr2; 3IPNES~AEREYL Y2

my2, HEMEREYL, y2f1y3; —3tRKBEEERFr; HEEED
> EAEER (2Ffh)
= P1: R1R1 r2r2 ylyl Y2Y2 Y3Y3 rr: Hfi. FERS
= P2: rlrl R2R2 Y1Y1l y2y2 y3y3 RR: Hfi,. FEBI(K
> HirEREE!: R1IR1 R2R2 Y1Y1 Y2Y2 Y3Y3 2°?
> EREREB (25=327#1)

» fiwy FEK: rlrl r2r2 vylyl y2y2 y3y3 ?°?
» 5%, AZE{K: RIR1 R2R2 ylyl y2y2 y3y3 ?°?
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EFSEEB AT ERIHZ

> HOBARRBIZE, 230=1X10%; 250=1X 101

> MRENBHNRARERAGRZHNER; REMEREER
EEERSUR; B2 ﬁﬁﬁﬁﬁjﬁbﬂgg BT

= A EERY
>{BR, tARiREAHE, Fi,

= P1: R1IR1 R2R2 Y1Y1l Y2Y2 Y3Y3 rr
= P2: rlrl r2r2 ylyl y2y2 y3y3 RR
P3: RI1IR1 r2r2 Y1Y1l y2y2 Y3Y3 RR
HiEEZA: R1IR1 R2R2 Y1Y1l Y2Y2 Y3Y3 RR

P1XP2EfhEf{xh, FHo4fhrlgERVEHE
PIXP3Effikrh, HsfrgeaEREAR
= Eik, HEP1IXP3, BMESSEERKIL
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B mElmaY o)

> = KojE: FEHAKC. 3R], miME (EI55
> FARBIERE
= AR S RBERIEE I ?
= AR E S B KIEET FEWEER?
> ZRaZ LERIFY R HE
= E13F (single cross)
= [0]3Z (backcross)
= 32 (=3Z, topcross)
= £3Z (double cross)
> ﬁ'ﬁ.ﬁFExE’]%l E
> FEARBINA, WDH, fFRicimfniEsE, #HER

Il
~—



CIMMYT/NEB ALz AR

> 1R EAKIE
= ENFEARXENFEAKR (60%)
= ENFEAR X FENFEKR (20%)
= ENER X AENFEKR (10%)
= XX EHM (5%)

= ERNE X EENE, NEZXEENE, ER/NE X
INEZE (5%)

> PR T
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- BBERE, B
. TR (23
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BMMERRIIE SR

> 5% 0?7 ERAKRLAEF50, 000 EH,
 ITHR YR ER RS ENEREGRD?
= FRLEMFPERZEE? BLENEDE?
> 1EMRER ?
= EERIE?
= EhEEEE?
> MNBZK?
= FERE+ZEE?
= PN ?
= MR E?
» FEEMEZ K




= SHRPEIRENHRAS

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

>ZHEMEIREFEINZE

" T {B/RIENR
" HEH%
" SRLFE A
" N A] A
> ZHYP SRR
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BERfRETE

> Mather (1949) HhR7T (Biometrical Genetics) , 1ZHFEXE
fEJinksfE 5 THR TE M (1971) FMFE=kx (1982)

> KearseyflPooni {The Genetical Analysis of Quantitative

Traits) (1996)
> Falconer (1960)

Genetlcs>> . 1ZP

JU H}j

H AR T {Introduction to Quantitative
1981, 1989, 19964

67\ l.lL_I Tﬁ’:‘j:\ E.

> L ynchFIWalsh { Genetics and Analysis of Quantitative

Tralts »  (1998)

> KE, 1997, =EREESAE

> #=10%m, EICA, >
Ri=EFEAR). BF

HRR#t, dbR

M

x

o |

TR, 2003, EYHE

tihlst, JE5
MERIE R IF R ER



HEREEEVENPNAEE

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

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

>S5 84, 1982, EYIEMHAEREFERM. 1
B FERORE AL
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> Hardy-Weinberg 3 1&7 it 3 37 F1
> 1% $ii Bt Hardy-Weinberg S &7 HY 2
PR ZIEE

> 1E

> RTFNEFERVER S L

> B IRA /N BITRIEEF K
> EBRIATILZ R

SRERB L
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> P=
> BB HEEAR (/]

IR AR IR EER A

G+E+GE+ ¢

N

X

A FIA,)

= p% AJAL 2pqg: AJA 0% AA,

7:"] |$>&}_‘_ a—G11'

Ell‘i,;\j};_{z . d: Glz 'm

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

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

JIINES V!

PERMa

BAER N



MEREANE-BMENENSE

>EEEER (SAEEA,FIA,)
« BHAEI%: p=m+(p-g)a+2pqd
= FAEFEMN: a,=g[a+(g-p)d]; a,=-p[a+(g-p)d]
» FAERNEARBNo=a, -a,=a+(g-p)d
" G= M+ a+ o+
= BMME: A= ata
» R EE: Dij:Bij
>R BEFLAERE

>




MRS — 3B

Rl AR EL AR AR BC T RAE R WA Ja AR B S R AT il A2 B
%%Db@i% A17 Pt Azy Ot qziéji&

A P Ah, mra - Ao, Mt maipa+gd o =qla+ (g - p)d
A q AlAy, m+d  AA;, m-a m+ p,d—-g,a OCZT =—pla+(a; — pr)d

5P1><P2

P1 P2
Gipljp2 = Upppp T O+ +

Gii = tprpy + GCA;) +GCA ;) +SCA;




MRART—LNMEE

PNEREMSER (A ABFIB B))
Gum = u+(« T T ')+(ak+al+5kl)+lijkl

>BEME: A=Za

>EMEE: D=Ib

> FAMEE: |1=XI

»P=G+ &= +A+D+I+ €
Vo= Vot V, = Va+Vp+Vi+ V,




MERANE—I

B E 77 EHI 5

i =
=EE (P) RERFE (Vp)
E X BE (G) BEREEN)
B A (A) MERZE (Va)
T HEZE (D) THERZE (Vp)
FRMHEZE () ERMRZE V)
HEERBXIFMETEMMN (GE) |EEBEXIFEEERZE (Vo)

FEHLIRZE (€)

PEHRERZE (V,)




MERE. EELEMEERE

ISS G b

A.a=1, d=0 : B.a=1, d=0.5

0.0 0.2 0.4 0.6 0.8 1.0 } 0.2 0.4 0.6 0.8 1.0
ST FE AL RS ST FE A LR AT R

D.a=1, d=2

0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8
SN FERIA TS5 SN FERIA T A0%




LR RFFIIE T E E’M’Eﬁi

> JCéE'I‘i 1%1%94 i | WEE BB A R T L
. |

0.5 0.2 0.

(9:3:3:1) AT
iBREHFERT

0.3 0. .
f—uﬁlAlE’J f—uﬁlAlE’J i

A el 1§ ‘ . ‘ o
=R O L A PR B. i £ 7 L
> E = E,I‘i .J:{!LE o E’zﬁ;?‘i% Y X o

BR (15:1) A S
B EMRT Q H

0.

4 0.3 0.2 0.1 0 . 4
St op FE PRI AL [Py A 2 Ao KL TR AL A %

0.3 0.2 0.1 0




. FEEREEEDEHRPIIEA

B B fRavHE
> 1= 8 IR fhTT
> IRRHE B ETT
> NEHEFE G AR EE AR
> BRI
> ZRFRITEE B TN




REIEEHENER S

>{ERBUMEEEECSI, BIIRSiEFERE (4)
>EEMEREEEREFEPSAIEES (#)
>REEMEEEERS (V)

> PERAERE S E




EREE BIRFERNIRTHE

2 EEFETTE (VEIRED BRNSY | ~B BK
B SR |BF BHAH

REIRE, Tlepizd (172) |1 0.054 [0.054 8.9 8.9
REIRE, EHER (1) 1 17.8 17.8
BintETiEE (1/8) 1 0.175 |0.175 |5.6 5.6
FRIRXRERE (1/4) 2 0.175 |0.350 |5.6 11.3
FEaRZR/S1ERE (1/2) 2 0.350 [0.701 |11.3 22.5
ERIARRIERE (1/2) 2 0.225 [0.451 |7.9 15.8
BRSIRREFE (1) 2 0.361 [0.722 |11.3 22.7
B3S1RFixEFE (3/2) 3 0.328 [0.985 |5.2 15.7




%EFFWE*%‘E'JEX

>INANEFIEREESTXXENHFEE, BN
RZFREE (Shull, 1948) , XFhZFRLEBHL S
5EMEHRERNENX

> Powers (1944, 1945, 1952) A RZ-FHALHBFIE
IEIEH_‘—IEI%[L'{%EJL%; /\7~E d)uﬁ']fif'_FﬁET
E], IAAR wiuwxﬁ¢mik,zwm
EFRARE /), ijjjzsﬂtllﬁt Ite Zr F T 25 AN
B R AEE]

PINANSFLEEBER, FIRRIMEE R IME R KR
IR BT K, b RMESH/DNIITAE RIE/NET, A
RNBZRHINE




PR Ze P B2 FR R 15

> B

g 5—5/2%1 AlAlBZBZ
FHF A EH=a+(-a)=0

g 5—5/2%2 AZAZBlBl
BRI A =(-a)+a =0

F1Z<Fh: A;A,B.B,
R A =2d

> BREMERR

PL A L RiB
AA x ALA, B,B; x B,B,

B[R A (i =a l SR A =-a SR Al =a l JER A (E=-a

AA, B1B,
M =d<a R KA =d<a

R B
C,C, x  CGC,
AB,/AB, l A,B,/A,B,
R ARUE=0 He R B =0
A,B,IA,B,
A A fE =2d
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LR R i CI2LX NC7EHE |M14X 187-284k
F,7c kB 32 Ee 1.68 1.98

F BEHL3ZHC 24K 1.04

F B 3ZHC64K 1.24 0.72

FBE#L3ZEC 1148 [1.09

F BEHL3ZHEC 144K 0.62
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EK CEE) 121 (92, 240)
Exk (BEGM) 129 (112, 143)
R 192 (86, 329)
il 30 (20, 50)
K3l 50 (20, 80)

y) & 46 (3, 106)
NS 9 (-14, 106)
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X [EIfE B (1m, 1989)

1111111222222333333444444555555666666
Testing every 1 cM on six chromosomes

24 X[E/EE (CIm, 1994)

1111111222222333333444444555555666666
Testing every 1 ¢cM on six chromosomes

54 X 8] /E & (|cnva, 2007)
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1111111222222333333444444555555666666
Testing every 1 ¢cM on six chromosomes
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Additive effect Additive effect

Additive effect

T IX &) 4E & (1M, 1989)

1111111222222333333444444555555666666

Testing every 1 ¢cM on six chromosomes

=& XIEAEE (Cim, 1994)

\/
1111111222222333333444444555555666666

Testing every 1 cM on six chromosomes

524 X E)/EE (1c1m, 2007)

W

111111122222233 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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LODQz1xQz10 = 12.77

LODQz5xQz10 = 16.44

~: | ' ‘ LOD =21.44
o \_“‘{ Qz7xQz9 = 21.

LODQz4xQz9 = 19.32

LODQz1xQz7 = 7.32

LODQz2xQz5 = 15.68

LOD score
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LODqz1xqz10=8.42

LODaqzsxqz10 =2.55

LODoz7xqze =13.90

LODqzaxqz9=6.10

LODoz1x0z7=6.16

LODqz2xqzs =2.50
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The simulated genome
(Genome I1) consisted of three
chromosomes, each with 100
cM in length and 11 evenly
distributed markers. For this
genome, we considered two
genetic models corresponding
to Set | (VA=0.375,V1=0.375
and H=0.6; left column) and |
Set Il (VA=0, VI=0.375and _
H=0.3; right column) of
Boer et al. (2002),
respectively.
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"And that's why we need a computer.”
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H B & Rht-B1 Rht-D1 Rht8 Sr2 Crel VPM Glu-B1  Glu-A3 tin
PR 4BS 4DS 2DL 3BS 2BL /DL 1BL 1AS 1AS
FRIBER XEE  EEE  KEME  FEE B A3 HEH  FEEE  tEH
LS EEWIEE (M) 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-Dl1b  rht8 Sr2 crel VPM Glu-Bli Glu-A3b Tin
Silverstar+tin Rht-Blb Rht-Dla  rht8 sr2 Crel vpm Glu-Bli  Glu-A3c tin
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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.



Toluca

Germplasm i[o}VYAl Cd- Obregon

for simple
crosses made in
Toluca and
targeted to ME1

Toluca

Cd. Obregon

Toluca

MODPED:
modified
pedigree/bulk

Cd. Obregon

Toluca

SELBLK:
selected bulk
methods

Cd. Obregon

Cd. Obregon

Cd. Obregon

Toluca and El Batan

Toluca and El Batan

Toluca and El Batan (Bulk of whole plot)

(1000 crosses made from 200 parents)
(Each selected F1 harvested in bulk)

(30-80 plants harvested individually for MODPED)
(30-80 plants harvested in bulk for SELBLK)

(Bulk of 10 spikes for MODPED)
(Bulk of 30 spikes for SELBLK)

(Bulk of 10 spikes for MODPED)
(Bulk of 30 spikes for SELBLK)

(Bulk of 10 spikes for MODPED)
(Bulk of 30 spikes for SELBLK)

(10 plants harvested individually for MODPED)
(40 plants harvested individually for SELBLK)

(Bulk of whole plot)
(Bulk of whole plot)
(Bulk of whole plot) F8 yield trial
(Bulk of whole plot)
(Bulk of whole plot) F9 yield trial

F10 stripe rust screening

AXB

F1

F2

F3

F8 field tests (Reserve seed)

F8 small plot evaluation

F9 field tests (Reserve seed)

\’

F9 small plot evaluation

F10 leaf rust screening

\

International screening
nursery and yield trial




Trait, segregating gene number, gene
effects and trait heritability

2
Trait Genes SIS sl JAVAN Aa aa Trait range _hb
type (Indiv. plant)
Yield 20,40 | EO, E1, E2 | Random value from UD (0O, 1) 0.05
Lodging 3 additive 0 5 10 0-30 0.10
Stem rust 5 additive 0] 0.5 1 0-5 0.30
Leaf rust 5 additive 0) 5 10 0-50 0.30
Yellow rust 5 additive 0) 5 10 0-50 0.30
Height 3 additive 40 30 20 120-60 0.45
Titers/ 3 additive 5 3 1 15-3 0.35
plant
Heading 5 additive 20 16 12 100-60 0.30
Grains/ 5 additive 14 10 6 70-30 0.35
spike
Seed weight 5 additive 12 8.5 5 60-25 0.35




Trait correlation and plelotropy

: : , Stem | Leaf | Yellow : Tillers/p : Grains/s | Seed
Trait Yield | Lodging rust rust rust Height lant Heading nike weight
Yield | e ’/-0.50 ‘/-0.20 -0.10 | -0.10 | -0.50 0.40 o 0.30 0.50 0.40

Lodging -0.56/
Stem rust | -0.25 T tlmatEd by
Leaf rust | -0.05 Y 1 Dreeders
Yellow rust 0.09
Height | -062 | L~ | | | T
Tillers/plant 0.0id/. ................ //-0.20/, 0.40
H . 60 HCINITGU YytLlicuye 1iyuct |~
eading | 0.60 / > /
Grains/spike | 0.09 -0.17 / """"""" / -0.30
Seed weight | -0.07 0.30 0.07%| .
71




Experiment design

» 12 Genotype and environment (GE) systems

= Two yield gene numbers: 20 and 40, two alleles for each gene
= Pleiotropy (same gene effects various traits): absent and present

= Epistasis (multiple gene interaction): no epistasis, digenic-
epistasis, and tri-genic epistasis

= Linkage: no linkage (independent gene segregation)
» Initial population

= 200 parents, gene (allele) frequencies of 0.5 for all genes
» 1000 crosses were made

» 258 lines were selected after 10 generations of selection



Genetic gain in yield from SELBLK SELBLK retained 25% more crosses
Is 3.3% higher than MODPED In the final selected population
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50
Initial Final selected

Population Generation
SELBLK required 1/3 less land SELBLK produced 40% less families
from F1 to F8 than MODPED to be planted from F1 to F8

2500000

— SELBLK
MODPED

2000000 — SELBLK
1500000 MODPED

1000000

Number of families

500000

Number of individual plants

Generations Generation



(|||

Chromosome-3

1111111 )1]1

1{111]1|1

1{111]1|1

1111111} 1]1

Chromosome-2

11111111111 1j11111(111

1j111j1f111j111j12j11111(111

111111111 )1f(1111|1
1111111111111 |1

1

1111111 j1)11)1f1111}|1

1111111111 (1]1

111(11]1

1

1

1j1(111j111)1f1111})1

Chromosome-1

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10jM11 M12 M13 M14 M15 M16 M17 M18|M19 M20 M21 M22 M23 M24 M25 M26 M27

1111111212y 1j111j1f{111j1|1

Asominori

1111|111 2f12j21j2j111j1f111j1

CSSL1
CSSL2
CSSL3
CSSL4
CSSL5
CSSL6
CSSL7
CSSLS8

CSSL9
CSSL10 11|12 1)1(2fj1|1|12

11111111121y 2j21j2j111j1fj111j1

1

IS 0 O I I I I I A I I I I I I I I

1111|1121y 1p2f12j2j1j2j111y1f1¢1

1
1

IS 0 O I I I I I I I I I A I I A e

1

111111 2f12j2f1j2j111j2j1y1j1(1)1

11111111 1f1j1j111j2j111)1f111j1|1

1111111111111111

1

8 1|1 1|1]111|1

1111111)1|1
1111111)1|1

1111111

1

CSSL11 (111|111 |1|1]2f1|1|12

CSSL1z2 (111|211 j2|1|]1]1f1]|1|1

CSSL13 [1f1|1)2f1)12j1j1j12j111|1

CSSL14 111|112 fj12)2f1j2j1y11)12f111j1

CSSL1511111111111111111

CSSL16111111111111111111

CSSLi7 1111|1112y 2y2j2j2f2y1y1y1y1j2j12)1

CSsSLig (111|111 1j1j1f1j1y112f1)1

CSSL19 111|111 1]j1]1]1]1

CSSL20 (11|11 2jrjaf2jrfaj2jajafrjajafrj2yafrj1j1j1
CSSL21 (111|212 2jrjaf2jryaj2jajafrjajafrjayaf1rjaj1j1



75



HRIEE A QTL M & FHAME




A2 [R] 78 250 L B 300 4L

i

REEMER (BRAKRMTERE)
WtERERE

° | kK YA l

e N N

RAEAMKE BKANKE RENERE BRKRMNER ‘iIFEEE



EEFE R EE BRI EA

HEEH M1 [M6 |M12 |M23 |M25 |EEBEFN{E
R (mm) | BIFE(mm)

REKREER (1 |2 |2 2 2 6.21 2.74
BRENEAR (2 |1 |1 1 1 5.32 3.07
WitEEE 2 2 1 2 2

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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>3MM=3HE
= 4H41: (CSSL5XCSSL16)X CSSL19
= 2H&2: (CSSL5XCSSL19)X CSSL16
= 4§43: CSSL5X(CSSL16XCSSL19)
> 2 MERiciEEIEE R R
= FE1: 100MN=XRF21MM K, B ~4E301F83 A&, X730001°F8
MR EFRICIENER, LREBEFRERE (LXFRIZ®RE)
= FE2: 100PM=RF21M, rLAsRIc BNk, ®EFEEIN LA
FEEMNZFMNERNME, FiEF2MIENFTEI0MFLAK AR,
g;%g;ﬁxq‘F4/|\1¢1’Eﬁiaiﬁﬂhiﬁﬁé, LIRS BirERER (2)K)FR8
Uiy S
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> A E 23RS EIFER BB RAE S THS1513
> FR2EENRNAHDNAMESBFARRT AR
> 4518 MERAES2M AR IHEEE
HE  |1%kiRS |F2Hhik |MASHIF8 |hiiF83K | DNAHE | DNAKE M/
2= AN RARU Z¥ (S.E.) | #H FIEFBR &
HEL1 | FR1 100 3000 7.6 (3.27) |3000 (395
BX2 [12.0 359 7.6 (3.37) 459 |60
FXE1 100 3000 24.3 (7.06) [3000 |123

100

3000

11.2 (5.45)

3000

268

7.5

226

12.3 (5.14)

326

26
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