From: Bill Rooney

To: "scontreras@ag.tamu.edu”

Subject: copying for Agro642

Date: Monday, September 07, 2009 11:43:00 AM
Attachments: Lecture 2 - Hardy-Weinbera Handouts.pdf

Aadro642 - TAES Sorghum Breeding Proaram.pdf

Susie:

| need the following files printed and 14 copies produced for my Agro 642 class tomorrow morning
(September 8). You can make the copies double sided to save a little paper. Collate and staple each
file separately.

I'll pick them up at 9:30 tomorrow morning (class is at 9:35)
Thanks,
bill

Dr. William L. Rooney

Professor, Sorghum Breeding and Genetics
Chair, Plant Release Committee

Texas A&M University

College Station, Texas 77843-2474

979 845 2151
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GENOTY PE FREQUENCIES

Genotype
A1A1
AlA;
ALA,

Number Frequency Frequency after RM
240 P11 = 0.40 (240/600) p?=0.36

240 P12 = 0.40 (240/600) 2pg=0.48

120 P, = 0.20 (120/600) g°=0.16

ALLELE FREQUENCIES

p=Py;+%P,=.40+%(4)=0.60

p=Px+¥%P,=.20+%(4)=0.40

Genotypes (Frequency) in Next Generation
Cross Frequency
Potential Cross A1A1 AA; ALA,
AALTAA, [P pP=p p’
AALIAA; [ PP* 2pg=2pg Y2 2p°q Y2 2p°q
AALIAA, [ P*=p ) P q’
A1Ar [ AlAq 2pg* p°=2p°q Y 2p°q Y 2p°q
AlAz [ AlA; | 2pg* 2pg = 4p°q” Yadp'q’ Yo 4p°q’ 2
A1Az [ ASA; 2pq* o = 2pq° Y5 2pq° Y5 2pq°
AP IAAL [P =P p° o’
ALAz [ AlA, 2pq* o = 2pq° Y5 2pq° Y5 2pq°
A2A2 / A2A2 q2 * q2 = q4 q4
Sum A]_A]_ A1A2 A2A2

sum for AsA; = p* + (%) 20°q + (%) 2p°q + (¥4) 4P’

p‘z‘ + g3q +p*q +2|020|2
p” (p”+2pq + Q)
= p2

sum for A1z = (¥9) 2p°q + p° @ + (¥2) 2p°q + (¥2) 4p°0° + (¥2) 2p0° + p° o + (¥2) 2pg’®
=p’q+p” of + pPg+ 2p°g° + po® + p° F + pa’
=pq (p° + pg+p° +2pg + o + pg + )
= pqg (2p° + 4pq + 2°)
=2pq (p° + 2pg + o)
=2pq

Sum for AxA, = (V4) 4p%c + (¥5) 2pf + (¥5) 2pct +
=pof+pd+pg’ +q
=q (p°+2pq + )






Genotype frequency
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Fig. 1.1. Relationship between genotype frequencies and gene

frequency for two alleles in a population in Hardy-Weinberg
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FIGURE 2.3. Effect of linkage on the frequency of A, A; By B;.
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Fig. 3.2. Random drift of a colour gene (‘black’) in Tribolium. Heterozygotes were
recognizable, so the gene frequencics were estimated exactly by counting. The figure shows the
results with two population sizes, N = 10 and N = 100. There were 12 lines with each population
size. Natural selection favoured the wild-type allele and led to an overall increasc in its
frequency, random drift causing variation of the lines around the mean, more marked in the
sma's""<q in the larger populations. (Aﬂew





TABLE 2.5. Selection among A141, A1 4z, and Az A2 genotypes.

ALAq A1A2 Az Aq Total
Frequency p? 2pq q? 1
Relative fitness 1— 511 1— 332 1— 5922

Contribution p?(1—s,,) 2pg(l-— S12) @?(1 — 899) T (see text)

2(1—s 2pq!1—512! q2(1—322!
Frequency after ’—’i—T—I—Q o T 1

selection

o= g1 = (psi2 + gs22)]
1 — (p?s11 + 2pgs12 + ¢%s22)

The change in allele frequency due to one generation of selection is

Ag = q—¢q
pq[p(s11 — s12) + g(s12 — 822)]
1 — (p?s11 + 2pgsiz + ¢%s22)

TABLE 2.6. Selection coefficients for specific types of selection.
Selection coefficient against:

Type of selection AL Ay A1 A; Ay Ay
Against recessive 0 0 1
Partial against recessive 0 0 829
No dominance S11 %(811 + 322) S22
For heterozygotes S11 0 S22
Against heterozygotes 0 812 0

( . . .5 .
-5 Against recessives 05 No dominance
04t (sn=8,=08,=1) 04 b (50 = 0; 8, = 0.25; 8, = 0.5)
0.3
0.2
< o1}
2
% 0 " o 0 o
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FIGURE 2.5. Changes in ¢ with selection in random-mated populations.





Coefficient of Inbreeding (F) in Pedigreed Populations

F = probability that two alleles in an individual are identical by descent.
In pedigreed populations, it is possible to definitively calculate an F value
on an individual basis.

F,=2%"(1+F)

where n = number of parents involved in a loop of relation
F, = inbreeding coefficient of the parent providing identical
alleles
2 { Fo O
Examples: Fazo ¢
A B
s \__g,/’/?
oo~ l,//" IR
8 A C c D
AN : d ‘ \ /
AN x
\ 3
P Q 13(“”],{{92(“;'5)]
AN / Fe =172 " L
X
z \/ + }/8
3) 8
] LU0+ FA\) .
Fy /'_)l
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F® 78
. Determine e number parents wi th which

2 F each loop count num ber of perents
. or

in loop

3 Suem aGeross &l Aifferent Pﬁtf"'s






Texas A&M
Sorghum Breeding Program -
Data Management Procedures

Agro 642

Breeding

% Plant Breeding Basics

Create
New Germplasm Genegtic
{ Varlablll
Selectlon of
Rel;zzf i Superior
Gen otyp s Genotypes
Replicated J
Evaluation to
Confirm
Improvement

Sorghum bicolor

TAMU
Sorghum

Y

Breeding

e Cultivar Types
 Developing Countries: Varieties
 Developed Countries: Hybrids
 Breeding Methodology

¢ Mostly Pedigree followed by Sterilization
and Testcrossing

= Some Population Breeding using Genetic
Male Sterility

» Hybridization for Hybrid Seed Production
 Cytoplasmic Male Sterility

Emphasis - 2009

« Bioenergy 50% » Emphasis Defined by

— Biomass Funding

— Sweet — Corporate (70%)
« Grain 40% e

— Traditional s

— Public (25%)
— Health Food =
* Federal

» Forage 10% - State

- Grazing — Commodity (5%)

— Silage + Uscp

TAES Sorghum Breeding Objectives

e Conduct research on the
genetic control of
agronomically important traits
in sorghum

 Train undergraduate and
graduate students in plant
breeding and genetics

» Release improved germplasm
and parental lines to the
sorghum breeding industry

TAES Breeding Procedure

Exotic

yoseasay 91qnd

/ Sorghum \
\mproveme,,, \mproveme,,
A/B - Lines R - Lines

Heterotic Group 1 Heterotic Group 2
Hybrids capture Heterosis

Good Hybrid has 150 % Mid-Parent Heterosis
Improvement of Inbreds also Enhance Hybrids and Heterosis

Ansnpuy alealid






TAES Sorghum Improvement Program
Both B & R Lines (they are kept separate)

i kN = [ =) Selected Traits
RS Plant Color
Self-pollinated Fl Gl'aln CO|0I’

1 Plant Height
Summer Year 1 5
College Station, Corpus ~ F2 —————> Matunty

Op selections, large popn 1

Summer Year 2

CS,CCandLB (selec) =3

Op selections, 2 sel/plot l Drought Tolerance
Summer vear 3 Yield per se
3 il #
et e B Exsertion
Disease Resistance
Summer Year 4 ik
ST LS st Pest Resistance

Sel against poors

TAES Sorghum Improvement Program
Both B & R Lines Breeding Plots

LR = W o ) 01-02 No. of Plots
Winter Year 0 Fl 350

Self-pollinated

!

o e E2 ———— 2000 x 2 locations
Op selections, large popn
Summer Year 2 l ) Total
csccaa@eey 3 — 1500 x 2 locations  ~ 11,000

Op selections, 2 sel/plot l

Summer Year 3

Cs,CCand LB selectrotated 74— 700 x 3 locations
Op selections, 1 sellplot Different pedigrees

Summer Year 4
GrowninCS,CCandlB  F§ ———»

TCinGs 400 x 3 locations
Sel against poors Same pedigrees

TAES Sorghum Improvement Program
R — Line Breeding Scheme

Summer Year 5

Approximately 125 F1s .
s o e o ) 1C Hybr|ds Visual Hybrid Evaluation
Selection based on
l l Hybrid Evaluation
A Winter Year 5
Winter Year 0 -
Selfpolinated F1 Coded R-lines Hybrid TC Increase
l l More Testers.
Summer Year 1
M Sumi Year 6
College Station, Corpus 2 Advanced Hybrids = &eioie
Op selections, large popn P t Hybrid and
M l Line Observations /¥ridand
ummer Year
Cs,CCand LB (select) -3
Op selections, 2 sel/plot . Summer Year 7
l Advanced Hybrids e
Summer Year 3 i 1 Hybrid and
€8, CC and LB select rotated =4 Line Observations Line Evaluation
Op selections, 1 sel/plot l
Summer Year 4 Release to

GrowninCs,CCandLB  F5 :
L Seed Companies

Sel against poors

TAES Sorghum Improvement Program
B — Line Breeding Scheme

Summer Year 5

Approximately 125 F1s ; SummerYear 5 Seritzation Back to B-ine
smmervearo - PL X P2 TC Hybrids vigat ybrid Evatvation  BCO FL ¥ iy
Advance Best Pairs
A3 Hybrid Evalation T
Winter Year 0 F1 RS R
Self-pollinated l

l BC2F1  summervears
Summer Year 1
College Station, Corpus =2
Opselections, large popn 1

+ Advanced Hybrids
Line Observations

Winter Year 6
Sterilizaton Back 10 Bline
BC3F1  score sterility
Advance BestPairs
TC to Riine esters

Comprehe
Hybrid and
Line Evaluation

Summer Year 2
€S, CCand LB (select)
Op selections, 2 sellplot Fl3

summer ear 8~ Advanced Hybrids
Comprehensive

woridand  Line Observations

Line Evaluation \
Selection on Hybrid and

BCaF1  summervear7
‘Advance Best Pairs
TC 10 Rilne testers

Summer Year 3
Cs, CC and LB select rotated [~/

o leenmle Tt Inbred erfrmance BCx F1
Summer Year 4
GrowninCS,CCandLB 5 Release to
TC and Ster Xs in CS Seed Companies

Sel against poors

TAES Sorghum Improvement Program
R (or B) — Hybrid Evaluation Numbers
Summer Year 5

TC Hybrids  visual Hybrid Evaluation

Selection based on
Hybrid Evaluation

400 * 1 reps * 3 locs

400 *1 reps *5 locs Coded R-lines Winter Year 5

Hybrid TC Increase
l More Testers.

T Summer Year 6

Advanced Hybrids = s

Line Observations e
150 * 3 reps * 5 locs——

Advanced Hybrids et
Line Observations fvridens
Total Plots l
5,450 Release to
Seed Companies

Ib. ‘—|_ Locations in Texas
|

I @ Inbred selection
I dah and hybrid

evaluation

® Hybrid

@ evaluation
Cooperative

@ hybrid

O evaluation
Winter Nursery
Region of

O Subtropical

{ Adaptation

b4 ' - e Region of

Temperate

Ad

Evaluation and Selectig






@ Total Numbers - Field

Breeding

< Breeding Nursery (CC, BE, CS, LB, HW)
¢ ~11,000 plots (15 acres)
« Advanced Evaluation (all over the place)
¢ Line per se (~ 2,000 plots) (3 acres)
* Hybrids (~ 3,500 plots) (12 acres)
« Research Nursery (WE, CC, BE, CS, LB, HW)
* ~10,000 plots (14 acres)
» Seed Maintenance and Increase (CS, LB)
* ~5,000 plots (8 acres)
« Standard Increases and Border (8 acres)

% Total Numbers - Inventory

Breeding

* Total : 81,468 as of April 1, 2002
* Hybrids
* Inbred
* Research
* Breeding
1992 through 2001 increases
» Must keep accurate weights on standard

hybrids and inbred lines as they are used
regularly

@ Data Management - Needs

« Pedigree Updates (must update automatically)

« Inventory Maintenance (keep track seed
supply)

» Experimental Design and Randomization

« Labels — packaging, inventory, harvest

* FieldBooks — paper and computer

« Statistical Analysis

» Maps

- Data Management - Software

'Sorghum
Breeding

» Microsoft Excel
— Maps
— Field Books
— Data Input
- Pedigree Updating
— Inventory Maintenance
— Experimental Design and Randomization
— Labels
* SAS
— Statistical Analysis

= Data Management - Hardware

Breeding

» Desktop Computer
and Printer

* Laptop Computer
* PDA — Compaq
iPAQ 3765

Breeding

Location
Files
(for each site)

Labels for
Planting,
Maps

ombined
Inventory

e

Threshing
Weighing

|

Generate
Labels
Vi

Fieldbook
PDA

Se/llc\'?

Notes for Weight File
reference ~ Selections

New
Pedigree-Updated
Inventory
File






2001 Corpus Annex F3 FieldBook

FieldBook to Generate the Weight File

Use th @

PLOT CODE SOURCE _ PEDIGREE Sm Dy | St/Un' Sd /Pl Gl GM i Ex Lod/LDRIPFS|Ag Yd ds Notes Sel Inst
47 199CS188 | SURENO 0 (1 AW[T| | 2570 0 7 17 4 5

48 199CS267  SC366 0 1 1wp | 730 0 6887

49 199CS2%8  SCAI4-1ZE o |1 awlp| | 341 o 2233

COMM __ A2-2RTX2862 2

(BD\_ 2/00CSBI0-1] (ATX623/3/*SPROPINQUEM)*RTX430)-F1"RD2903)-F2 | 0 | 1| 2|R [T b| 2401 0| 454 3 ) 2!
(5D "\2/00CS8170-2 (((ATX623/3/*SPROPINQUEM)*RTX430)-FI*RD903)-F2 | 1le |1 2[R [P | 2143.1 0 46 45 2
5

SBLT0-3 (((ATX623/3/*SPROPINQUEM)‘RTX430)- FLRTR03)-F2
8 EM)'RTX430) FLRTQRG|F2 e

171 (BBEONS61+96CD632)-F2 0

(BGEON361'96CD632)-F2

Code Designations

Code Type Source Weight Pedigree
0 self-pollinated selection 01WF3024-7 15 (BTX635*SURENOQ)-CS15-CS1
1 self-poliinated bulk 01Cs214 2638 B.TX2752
2 open-pollinated selection 01CS9383-1 25 (RTx436*R9848)-F2
3 open-poliinated bulk 01CS20077-BK 91 95BRON155
4 bulk cross 01CS1428*1427 1227 A9108*RTX2783
5 paired male in sterilization 01WF1011-2 84 BO06
6 paired female in sterilization  01WF1012*1011-2 100 (BC1)A.B0O6 (C.S.=A.TX623)
7 cross - hand emas. or poured 01WF2002*2001-F1 3 60M*100M
8 cross - genetic male sterile 01WF4091*3280-3 8 RTx2883ms3(BC1)*(RTX2883ms3*SC574)-F1

plor|coot [solRce  pepicreE S By/ 1 Un/ a1 ] P ] Lo DR PP Ag Y s Noes el st 2000 o [2600 2 ANGE RO
& locsm suE0 o 250 0 17458 P
®  iocsw (s o 1wl 7m0 0 5887 2w
' lwcsm somen o 1w 3mio 2233 2 5
0 com oz 2 2 s
S 20Kl (IS SO 0 1 2R T 2@ 10 | 45 44 PR 7w
J*RTX430)-F1*RT2903)-F2
% 20KsEIT02 ((AXGIISPROPNGUEN 1e 1 2R Pl | 24 1 0 | 46 45 2 oo T 2
)*RTX430)-F1*RTX2903)-F2
8 20KCSEIT03 ((ADGIISPROPINGUEN astisn AT e
J*RTX430)-F1*RT2903)-F2
54 2.00CS8170-4 (((ATX623/3"SPROPINQUEM e RT 2 52
)*RTX430)-F1*RTX2903)-F2
55 2.00CS8021-1 (B6EON361"96CD632)-F2 0 1 2wTt 44 1 0 56 45 2 2 WT. mostly tal WT 2 51
% 20050212 (SSEONSIIBCORLFL sokctonsshor WT 2 s
S 200C50213 (BEONSISRCORALFL Coulgsd wWT 2w
58 200CS8021-4  (BGEON361"96CDB32)-F2 wr 2 4
% 200CS0215 (BSEOSISGCORDF2 o wr 2w
0 com . rorenam 2
61 20050216 (BSEONSISRCORZHFL i 2w
62 200CS8021-7  (B6EON361"96CDE32)-F2 wr 2 4
<] 200CS8021-8  (B6EON361*96CDB32)-F2 wr 2 &
B4 200CS8021-9  (B6EON361°96CDB32)-F2 wr 2 &
2000502110 (GGEONSISRCORRLF2 | 1|1 W T 441 0 | 333 3m 22 wr > a
6 2.00CS8021-11 (BEEON361"96CD632)-F2 0 1 1w Tt 440 2 0 3 3 4 3sm 2).e/ 2! wT 2 4«
67 2.00CS8021-12 (B6EON361"96CDB32)-F2. e wr 2 39
68 200CS8021-13 (BBEON351"96CDB32)-F2 wr 2 3
69 200CS8021-14 (B6EON351"96CDE32)-F2 wr 2} .37
Use the LOC01CA and WHTO1CA Files to Generate INVO1CA
in Agrobase
LOC01CA WHTO1CA
PLOT CODE SOURCE PEDIGREE. FEMPLOT FSELNUM MALEPLOT MSELNUM YEARLOC CODE WEIGHT
o 1ocsis  SURENO 51 o 0.01cA R
®  iscswr o 5 2 o 00icA BT
o ysecsas |scaurize w2 i 0 0.01CA PR
o com  nozmnom =2 2 o 0.0icA R
51 2/00CS8170-1 | (((ATX623/3/*SPROPINQUEM)*RTX430)- F1*RTx2903)-F2 55 1 0 0 01CA 2 )
52 2000S8170-2 | ((ATXGZYSPROPINGUEN) RTXIS0} FL/RICO03) F2 s 2 0 001CA Z ot
53 2000581703 (ATH623"SPROPINQUEM) RIXH30) FLIRTC03)-F2.
54 2,00CS8170-4 _ (((ATX623/3/*SPROPINQUEM)*RTX430)- F1*RTx2903)-F2
55 2 00CS8021-1  (86EON361796CD632)-F2
56 200CS8021-2  (B6EON361*96CDE32)-F2
57 200CS8021-3 (86EON361'96CD632)-F2
58 2.00CS8021-4 (B6EON361*96CDE32)-F2
59 2.00CS8021-5 (B6EON36196CDE32)-F2
NUMBER CODE SOURCE WEIGHT PEDIGREE
77648 2/01CAS51-1 43 (((ATX623/3/*SPROPINQUEM)*RTX430)-F1*RTx2903)-CS1
77649 2/01CA51-2 22| (((ATX623/3/*SPROPINQUEM)*RTX430)-F1*RTx2903)-CS1
77650 2/01CA52-1 34 (((ATX623/3/*SPROPINQUEM)*RTX430)-F1*RTx2903)-CS2
77651 2/01CA52-2 27 (((ATX623/3/* SPROPINQUEM)*RTX430)-F1*RTx2903)-CS2
77652 2 01CA55-1 47 (86EON361*96CD632)-CS1
77653 2/01CAS55-2 24 (86EON361*96CD632)-CS1
INVOICA
History of Experimental Line
(Example: R.01141)
Number Code Source Weight Pedigree Generation Notes
1 7 96C102*147-F1 3 88B928*RTx436 F1 grown in 97PR
245 1 97CS10016 694 (88B928*RTx436)-F1 F2 grown in 1998 CA
deleted 2 98CA196-1 0 (88B928*RTx436)-F2 F3 grown in 1999 CA
26944 2 99CA1043-2 65 (88B928*RTx436)-CAL F4 grown in 2000 CS
47542 2 00CS1783-1 93 (88B928*RTx436)-CA1-CA2 F5 grown in 2001 CS
64710 1 01CSs2687 82 (88B928*RTx436)-CA1-CA2-CS1 F6 grown in BKBR

64711 4 01CS2688*2687 70 ATXARG-1*R01141 Testcross  grown in PRMH






Breeding

ombined
Inventory
File

Replicated Test

Select Entries
For Rep. Tests
Experimental A

Design/Randomizatl £
kit Replicated Test

/ File (oneftest)

Labels, Maps
Planting Plans

Fieldbook
PDA, all notes

download

Data Analysis

2001 IFST Hybrid Trial — College Station

PLOT BLOC|ENTRY | CODE SOURCE PEDIGREE. NOTES St Un Sd PI/Gi (GM gal Dy Ht Ex Lod LR LP AG|Yd ds TW PM
w11 1 asoi TAERIGI  RP 1 1R P 2 T666 4 0 4 4 44 561 138
102 1 2 40CSIIGEMISS ATDQISPRTXM®  RP 1 1R P 2 7755 4 0 4 454 509 139
103 1 3 400CSTIATIOL ATXGIIRTGSS  WT 1 1w T 2x @158 6 03 333 588 140
104 1 4 409CS66'2065 ATXGSIRDMST  WT 1 1w T 2 @6 6 05 22350 189
105 1 5 499CSI%@3T  ATXGIURTX203  RT 1 1R T 1x 8357 6 0 6 24350 141
106 1] 6 400CST206'7205 ATXGISRTGS  WT 1 1W T 1x 7867 8 0.4 5 44 a4 148
107 1 7 40592602020 ATGIS'RDGGT  WT 1 1W.T 2x 8169 7 0 3 433 563 146
108 1 B 4000107009 ATXE3S'RIX2N RT 1 1R T 1x 87210 03 6 4 4 559 146
1001 9 400CSITENITS  ATKARGIRDMGE WT 1 1W T 2 % 6 05 233 562 138
10 1 10 40CS2046'2045  ADARGIRDNST WT 1 LW T 3 7668 5 04 5 44 560 132
111 11 400CSEIESGTE7  AXOIRTUIS wr 1w 2 @63 9 04 323 5.1 138
12 1 12 400GS6TOR6T9  ASOO9'RTXAIT wro1awT 3 w6 7 02 323567 138
21 2 14 400CSGES0'GE49  ASOLLRTXAST RT 1 1RTbH 2 1868 8 03 3 44 59 140
2 2l 3 40DLDATXGIS'E29 ATXGIS'BGEONSGL WT 1 1W Tst | 2y 8175 5 0 2 | 433 581 139
203 2 70 40CS2000000 ATXGI'RTXAI7  WT 1 1W Tsn | 2y 8071 6 03 423 51 160
204 2| 2 400CSGSa'6S35  ATGIS'R9IZ0 RT 1 1R Tst | 1y 81717 0.3 | 4 33 5.7 144
205 2 3 4000bAHFLe'3ST AHFI4'GCPobs 1 1R Tsn | 1 7853 0 4 2 4 3 58 140
26 2 2 ATXTSZRTG® R 1 IR PPl 2 7760 4 05 2 43 5.7 140
207 2| 24 49/CSI2IPIis  ATKARGIROUS  RT 1 2R Tisn | 1 8360 5 0 2 | 4 44 52 140
28 2 g ST206'7205  ATXGIZRTXA3 W 1 1w Tt 1y 7868 9 0 2 4 3 3 578 155
20 2 22 409CSziz223lo  ATXGISPREN0L WI 11w Tt | 1y 8370 8 03 | 4 44 51 165
210 2 25 40DCSESS+6553  ATXG31'R9120 R 1 1RTIt |1 5267 6 0 3 | 333 50 140
211 2 13 400CSGBA4'6843 ASOIIRTC908  RT 1 1R Tb | 1 7664 8 03 253 52 135
22 2 27 4/00CSEI06'6705  ATXG31'R917 WT 2 1wTit | 2y 81612 03 | 3 43564143

YIELD Notes
8104

6451 tall.

7161, gd bt tal

7664 0d bt t

8562 gd but tal
0

7
6468t var.
8109 gd but tal

Once data is downloaded and checked, run standard programs SAS
or Agrobase for Hybrid Performance (SCA), Male GCA, Female

GCA.

Pl Gue Wy Pan | Exsr Gran|Lodg| Des. | Test o
ey

nehes Tches.
&

Gan | Gran Viedo | Viedto
o Cobr_Colo | Days_ Heght_ton | Voding_rasg Weight_we | Yied | Vien | Hegh Natiy
sy o blacre lacre binen iday

158 150

SCA or Hybrid

Male GCA Performance Results for 2001 IFST

in College Station

Seed| Plant | Glume Maturity Plant | Exser Grain Lodg Des. | Test | Moist | Grain | Grain | Yieldto | Yiedfo
Mentry MALE Color| Color | Color _Days _ Height id_ing Rating Weight _ure _ Yield _Yield  Height Mauriy
inches| inches bsbu_ % | Ibslacre bulacre | slinch _ bs/day
12 R9607 W T b 7| 66 5 23 0 35 42 8 149 130 108
9 R9120 RETEAE 81 70 6 13 0 33 569 144 8327 146 19 103
11 R9603 W 79 58 5 20 0 30 570 139 8246 145 143 104
7 R8901 woTot 8 6 7 15 0 35 570 147 8157 143 124 102
14 RTX430 R P pf 76 61 4 23 0 35 581 138 8045 139 131 106
16 RTX437 W T b 78 67|l el 2l o 33 568 141 7933 140 119 102
6 GCPobs R T 78 58 3 10 0 25 583 142 789 135 136 102
10 R9317 woT ot 78 6l 4. 20 0 30 566 140 7580 134 124 97
8 ROLI3 R T b 82 64 4 10 0 43 566 147 7451 132 17 %2
15 RTX436 Wl ) R ) R 32 573 141 7447 130 126 %
491BE7414 W Tt 79 5 6 15 0 25 579 143 7381 127 125 %4
1BRD@U3 R Tt 8 62 6 14 0 42 567 143 7055 125 14 88
38EEONBL W Tt 81 65 6 20 0 40 580 146 6601 114 102 £
260BS172 R T 8 57 2 10 0 55 5.5 148 5761 100 102 69
160BS143 R T 8 58 2 10 0 50 566 150 5628 % o7 65
50811611G35 R T 8 58 3 10 0 45 569 146 5436 % % 66
GRAND MEAN 8 62 5 16 0 37 512 144 7338 128 119 92
cv 3 8 3334 0 230 14 49 7
LsD 7 R B Y. BT 14 14 12 929
MSE ) P TP Al 07 07 05 299,763
SED ) O Y 09 08 [ 55¢
ALPHA of i oft o[ "ol 7 01 01 o. 0
REP-MS 2|l ol ol 0al 0 00 16 03 2,088,839
REPS P AR B TR BT 19 19

stapeumer w1 b ® 25 0 0 w7 i
e R T s @ ™ 710 0 40 maus em = o e
et W noLo%omo &30 God ah @ o w Cerrormance
dAnerar w1 b T e 7 20 0 30 %910 se w0 18 e
o Ropop o m o a0 owsn se o wow om Results
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9. 5 File (one/test)
Maps File /
Labels, Maps
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Seléction: Threshing Fieldbook
Wei PDA, all notes
Notes for Weight File download
reference Selections
Generate Data Analysi
ata Analysis
Labels ¥
New
Pedigree-Updated
Inventory

File

Plant Breeding is a numbers game...
the more you look at, the better your
chance of finding something good.

So make sure that your
data management system
allows you to evaluate to

your full potential







Texas A&M
Sorghum Breeding Program -
Data Management Procedures

Agro 642

Breeding

% Plant Breeding Basics

Create
New Germplasm Genegtic
{ Varlablll
Selectlon of
Rel;zzf i Superior
Gen otyp s Genotypes
Replicated J
Evaluation to
Confirm
Improvement

Sorghum bicolor

TAMU
Sorghum

Y

Breeding

e Cultivar Types
 Developing Countries: Varieties
 Developed Countries: Hybrids
 Breeding Methodology

¢ Mostly Pedigree followed by Sterilization
and Testcrossing

= Some Population Breeding using Genetic
Male Sterility

» Hybridization for Hybrid Seed Production
 Cytoplasmic Male Sterility

Emphasis - 2009

« Bioenergy 50% » Emphasis Defined by

— Biomass Funding

— Sweet — Corporate (70%)
« Grain 40% e

— Traditional s

— Public (25%)
— Health Food =
* Federal

» Forage 10% - State

- Grazing — Commodity (5%)

— Silage + Uscp

TAES Sorghum Breeding Objectives

e Conduct research on the
genetic control of
agronomically important traits
in sorghum

 Train undergraduate and
graduate students in plant
breeding and genetics

» Release improved germplasm
and parental lines to the
sorghum breeding industry

TAES Breeding Procedure

Exotic

yoseasay 91qnd

/ Sorghum \
\mproveme,,, \mproveme,,
A/B - Lines R - Lines

Heterotic Group 1 Heterotic Group 2
Hybrids capture Heterosis

Good Hybrid has 150 % Mid-Parent Heterosis
Improvement of Inbreds also Enhance Hybrids and Heterosis

Ansnpuy alealid




TAES Sorghum Improvement Program
Both B & R Lines (they are kept separate)

i kN = [ =) Selected Traits
RS Plant Color
Self-pollinated Fl Gl'aln CO|0I’

1 Plant Height
Summer Year 1 5
College Station, Corpus ~ F2 —————> Matunty

Op selections, large popn 1

Summer Year 2

CS,CCandLB (selec) =3

Op selections, 2 sel/plot l Drought Tolerance
Summer vear 3 Yield per se
3 il #
et e B Exsertion
Disease Resistance
Summer Year 4 ik
ST LS st Pest Resistance

Sel against poors

TAES Sorghum Improvement Program
Both B & R Lines Breeding Plots

LR = W o ) 01-02 No. of Plots
Winter Year 0 Fl 350

Self-pollinated

!

o e E2 ———— 2000 x 2 locations
Op selections, large popn
Summer Year 2 l ) Total
csccaa@eey 3 — 1500 x 2 locations  ~ 11,000

Op selections, 2 sel/plot l

Summer Year 3

Cs,CCand LB selectrotated 74— 700 x 3 locations
Op selections, 1 sellplot Different pedigrees

Summer Year 4
GrowninCS,CCandlB  F§ ———»

TCinGs 400 x 3 locations
Sel against poors Same pedigrees

TAES Sorghum Improvement Program
R — Line Breeding Scheme

Summer Year 5

Approximately 125 F1s .
s o e o ) 1C Hybr|ds Visual Hybrid Evaluation
Selection based on
l l Hybrid Evaluation
A Winter Year 5
Winter Year 0 -
Selfpolinated F1 Coded R-lines Hybrid TC Increase
l l More Testers.
Summer Year 1
M Sumi Year 6
College Station, Corpus 2 Advanced Hybrids = &eioie
Op selections, large popn P t Hybrid and
M l Line Observations /¥ridand
ummer Year
Cs,CCand LB (select) -3
Op selections, 2 sel/plot . Summer Year 7
l Advanced Hybrids e
Summer Year 3 i 1 Hybrid and
€8, CC and LB select rotated =4 Line Observations Line Evaluation
Op selections, 1 sel/plot l
Summer Year 4 Release to

GrowninCs,CCandLB  F5 :
L Seed Companies

Sel against poors

TAES Sorghum Improvement Program
B — Line Breeding Scheme

Summer Year 5

Approximately 125 F1s ; SummerYear 5 Seritzation Back to B-ine
smmervearo - PL X P2 TC Hybrids vigat ybrid Evatvation  BCO FL ¥ iy
Advance Best Pairs
A3 Hybrid Evalation T
Winter Year 0 F1 RS R
Self-pollinated l

l BC2F1  summervears
Summer Year 1
College Station, Corpus =2
Opselections, large popn 1

+ Advanced Hybrids
Line Observations

Winter Year 6
Sterilizaton Back 10 Bline
BC3F1  score sterility
Advance BestPairs
TC to Riine esters

Comprehe
Hybrid and
Line Evaluation

Summer Year 2
€S, CCand LB (select)
Op selections, 2 sellplot Fl3

summer ear 8~ Advanced Hybrids
Comprehensive

woridand  Line Observations

Line Evaluation \
Selection on Hybrid and

BCaF1  summervear7
‘Advance Best Pairs
TC 10 Rilne testers

Summer Year 3
Cs, CC and LB select rotated [~/

o leenmle Tt Inbred erfrmance BCx F1
Summer Year 4
GrowninCS,CCandLB 5 Release to
TC and Ster Xs in CS Seed Companies

Sel against poors

TAES Sorghum Improvement Program
R (or B) — Hybrid Evaluation Numbers
Summer Year 5

TC Hybrids  visual Hybrid Evaluation

Selection based on
Hybrid Evaluation

400 * 1 reps * 3 locs

400 *1 reps *5 locs Coded R-lines Winter Year 5

Hybrid TC Increase
l More Testers.

T Summer Year 6

Advanced Hybrids = s

Line Observations e
150 * 3 reps * 5 locs——

Advanced Hybrids et
Line Observations fvridens
Total Plots l
5,450 Release to
Seed Companies

Ib. ‘—|_ Locations in Texas
|

I @ Inbred selection
I dah and hybrid

evaluation

® Hybrid

@ evaluation
Cooperative

@ hybrid

O evaluation
Winter Nursery
Region of

O Subtropical

{ Adaptation

b4 ' - e Region of

Temperate

Ad

Evaluation and Selectig




@ Total Numbers - Field

Breeding

< Breeding Nursery (CC, BE, CS, LB, HW)
¢ ~11,000 plots (15 acres)
« Advanced Evaluation (all over the place)
¢ Line per se (~ 2,000 plots) (3 acres)
* Hybrids (~ 3,500 plots) (12 acres)
« Research Nursery (WE, CC, BE, CS, LB, HW)
* ~10,000 plots (14 acres)
» Seed Maintenance and Increase (CS, LB)
* ~5,000 plots (8 acres)
« Standard Increases and Border (8 acres)

% Total Numbers - Inventory

Breeding

* Total : 81,468 as of April 1, 2002
* Hybrids
* Inbred
* Research
* Breeding
1992 through 2001 increases
» Must keep accurate weights on standard

hybrids and inbred lines as they are used
regularly

@ Data Management - Needs

« Pedigree Updates (must update automatically)

« Inventory Maintenance (keep track seed
supply)

» Experimental Design and Randomization

« Labels — packaging, inventory, harvest

* FieldBooks — paper and computer

« Statistical Analysis

» Maps

- Data Management - Software

'Sorghum
Breeding

» Microsoft Excel
— Maps
— Field Books
— Data Input
- Pedigree Updating
— Inventory Maintenance
— Experimental Design and Randomization
— Labels
* SAS
— Statistical Analysis

= Data Management - Hardware

Breeding

» Desktop Computer
and Printer

* Laptop Computer
* PDA — Compaq
iPAQ 3765

Breeding

Location
Files
(for each site)

Labels for
Planting,
Maps

ombined
Inventory

e

Threshing
Weighing

|

Generate
Labels
Vi

Fieldbook
PDA

Se/llc\'?

Notes for Weight File
reference ~ Selections

New
Pedigree-Updated
Inventory
File







Breeding

ombined
Inventory
File

Replicated Test

Select Entries
For Rep. Tests
Experimental A

Design/Randomizatl £
e Replicated Test

/ File (one/test)

Labels, Maps
Planting Plans

Fieldbook
PDA, all notes

J download

Data Analysis

Breeding

Location

Files
(for each site)
|

Labels for
Planting,
Maps

ombined
Inventory

pe

Fieldbook

PDA
{ Threshing
Selgctjon: Wil
Notes for Weight File /
reference ~ Selections
Generate
Labels
New
Pedigree-Updated
Inventory

File

Replicated Test

Select Entries
For Rep. Tests
Experimental /

Design/Randomization
Replicated Test

/ File (oneftest)

Labels, Maps
Planting Plans

Fieldbook
PDA, all notes

J download

Data Analysis

Plant Breeding is a numbers game...
the more you look at, the better your
chance of finding something good.

So make sure that your
data management system
allows you to evaluate to

your full potential




GENOTY PE FREQUENCIES

Genotype
A1A1
AlA;
ALA,

Number Frequency Frequency after RM
240 P11 = 0.40 (240/600) p?=0.36

240 P12 = 0.40 (240/600) 2pg=0.48

120 P, = 0.20 (120/600) g°=0.16

ALLELE FREQUENCIES

p=Py;+%P,=.40+%(4)=0.60

p=Px+¥%P,=.20+%(4)=0.40

Genotypes (Frequency) in Next Generation
Cross Frequency
Potential Cross A1A1 AA; ALA,
AALTAA, [P pP=p p’
AALIAA; [ PP* 2pg=2pg Y2 2p°q Y2 2p°q
AALIAA, [ P*=p ) P q’
A1Ar [ AlAq 2pg* p°=2p°q Y 2p°q Y 2p°q
AlAz [ AlA; | 2pg* 2pg = 4p°q” Yadp'q’ Yo 4p°q’ 2
A1Az [ ASA; 2pq* o = 2pq° Y5 2pq° Y5 2pq°
AP IAAL [P =P p° o’
ALAz [ AlA, 2pq* o = 2pq° Y5 2pq° Y5 2pq°
A2A2 / A2A2 q2 * q2 = q4 q4
Sum A]_A]_ A1A2 A2A2

sum for AsA; = p* + (%) 20°q + (%) 2p°q + (¥4) 4P’

p‘z‘ + g3q +p*q +2|020|2
p” (p”+2pq + Q)
= p2

sum for A1z = (¥9) 2p°q + p° @ + (¥2) 2p°q + (¥2) 4p°0° + (¥2) 2p0° + p° o + (¥2) 2pg’®
=p’q+p” of + pPg+ 2p°g° + po® + p° F + pa’
=pq (p° + pg+p° +2pg + o + pg + )
= pqg (2p° + 4pq + 2°)
=2pq (p° + 2pg + o)
=2pq

Sum for AxA, = (V4) 4p%c + (¥5) 2pf + (¥5) 2pct +
=pof+pd+pg’ +q
=q (p°+2pq + )




Genotype frequency

A /
" vy z/
. X : /
. \><” | ></
RNZANPEN

JATTA TR LN

a

_‘—4‘/

9 o 02 0.3 0.4 0.5 0.6 0.7 038 0.9 1.0
Gene frequency of A, )

Fig. 1.1. Relationship between genotype frequencies and gene

frequency for two alleles in a population in Hardy-Weinberg

mmeet T dhmdaem

0.20 |
Inbreds
0.15

F, plants
0.05 F

Frequency of 4,4,8, 5B,

0.00 * . + . + :
0.00 0.10 0.20 0.30 0.40 0.50

Recombination frequency, r

FIGURE 2.3. Effect of linkage on the frequency of A, A; By B;.
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08

0.05
0.6 |-

0.1

02}
0.3

0 1 2 3 4 s 6 7 8 9 10
. Generation

Frequency of wild-type allele

05 g’ - - - - - - c - - rm e rcc s s s
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Generation

Fig. 3.2. Random drift of a colour gene (‘black’) in Tribolium. Heterozygotes were
recognizable, so the gene frequencics were estimated exactly by counting. The figure shows the
results with two population sizes, N = 10 and N = 100. There were 12 lines with each population
size. Natural selection favoured the wild-type allele and led to an overall increasc in its
frequency, random drift causing variation of the lines around the mean, more marked in the
sma's""<q in the larger populations. (Aﬂew



TABLE 2.5. Selection among A141, A1 4z, and Az A2 genotypes.

ALAq A1A2 Az Aq Total
Frequency p? 2pq q? 1
Relative fitness 1— 511 1— 332 1— 5922

Contribution p?(1—s,,) 2pg(l-— S12) @?(1 — 899) T (see text)

2(1—s 2pq!1—512! q2(1—322!
Frequency after ’—’i—T—I—Q o T 1

selection

o= g1 = (psi2 + gs22)]
1 — (p?s11 + 2pgs12 + ¢%s22)

The change in allele frequency due to one generation of selection is

Ag = q—¢q
pq[p(s11 — s12) + g(s12 — 822)]
1 — (p?s11 + 2pgsiz + ¢%s22)

TABLE 2.6. Selection coefficients for specific types of selection.
Selection coefficient against:

Type of selection AL Ay A1 A; Ay Ay
Against recessive 0 0 1
Partial against recessive 0 0 829
No dominance S11 %(811 + 322) S22
For heterozygotes S11 0 S22
Against heterozygotes 0 812 0

( . . .5 .
-5 Against recessives 05 No dominance
04t (sn=8,=08,=1) 04 b (50 = 0; 8, = 0.25; 8, = 0.5)
0.3
0.2
< o1}
2
% 0 " o 0 o
— 1 2 3 4 5 6 7 -] 9 10 i 2 3 4 5 6 7 8 9 10
5]
>
Q
§ 0.5 0.5
g ot Fy 0oat Fa
<9
0.3 [ 03 r
BC, BC,
0.2 0.2
For heterozygotes Against heterozygotes
0.1 | (8 = 8 =1;8,=0) 0.1 1 (su=3=05,=1)
0 0 — . o
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Generation

FIGURE 2.5. Changes in ¢ with selection in random-mated populations.



Coefficient of Inbreeding (F) in Pedigreed Populations

F = probability that two alleles in an individual are identical by descent.
In pedigreed populations, it is possible to definitively calculate an F value
on an individual basis.

F,=2%"(1+F)

where n = number of parents involved in a loop of relation
F, = inbreeding coefficient of the parent providing identical
alleles
2 { Fo O
Examples: Fazo ¢
A B
s \__g,/’/?
oo~ l,//" IR
8 A C c D
AN : d ‘ \ /
AN x
\ 3
P Q 13(“”],{{92(“;'5)]
AN / Fe =172 " L
X
z \/ + }/8
3) 8
] LU0+ FA\) .
Fy /'_)l
\
F® 78
. Determine e number parents wi th which

2 F each loop count num ber of perents
. or

in loop

3 Suem aGeross &l Aifferent Pﬁtf"'s
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