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Initial user cases: 8 crops across 32 countries

Cereals

Maize Africa: Angola, Ethiopia, Kenya, Malawi, Mozambigue, Tanzania, Uganda, Zambia, Iimbabwe
Asia: (hina, India, Indonesia, Thailand, The Philippines, Vietnam

Rice Africa: Benin, Burkina Faso, Ethiopia, Gambia, Ghana, Guinea, Liberia, Madagascar, Mali
Mozambique, Nigeriz, Rwanda, Senegal, Tanzania, Uganda
Asia: Bangladesh, Cambodia, China, India, Indonesia, Laos, Nepal, Pakistan, Sri Lanka, Vietnam

Sorghum ~ Mali

Wheat Africa: Ethiopia, Kenya
Asia: China, India

Legumes

Beans Ethiopia, Kenya, Tanzania, Malawi

Chickpeas  Africa: Ethiopia, Kenya

. Asia: India _
Cowpeas  Burkina Faso, Mozambique, Senegal
Roots and tubers

(assaya  Ghana, Nigeria, Tanzania, Unanda
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Breeding decisions adapted to different crops /

projects
P1 (allele « a ») X - QTL will be detected for different traits of
N 1 interest and favorable alleles will be found
10D nrom.
i QTL1 QTL2 - Aim: to create a target genotype with all
& the favorable alleles at the QTL positions
57
: [ /\K Jﬂl N Target GenotyPe o [
TgT(I)T 41'01 é{;1}910'{1}[')0'}1_;0;14;10;150;113{[)5}601{2'2?'2?0[;%62;851' M (ideotype) — — —

Mostly biparental population(s), but several cases where populations are
connected through common parent(s)

Common objective: to create new genetic materials assembling favorable QTL
alleles from 2 parents or several parents (get challenging as the No. of QTLs increases!)

— Need user oriented tool to assemble favorable alleles through Marker
Assisted Recurrent Selection (MARS) strategies




Implementation of Marker Assisted Recurrent ‘
Selection 1n OptiMAS

based on markers

v Objective 1: to develop algorithms to compute probabilities of allele
transmission through generations

v Obijectif 2: to identify the best individuals

v Objective 3: to develop methodology to identify the best intermating
scheme to accumulate favourable alleles and to extract varieties



Background elements on Objective 1: probabilitie
of allele transmission at QTLs

Aim: to evaluate individuals, we need to know which parental alleles are

transmitted at the QTL position, based on the information from neighboring
markers

QTL position rarely located at a marker = QTL alleles are unknown and must be
inferred from flanking markers

QTL

—O0—0—100——0—
A/B A/B ? A/B A/B . . .

Selection of a subset of informative markers to follow the

e.g4markers /QTL  f3yorable parental alleles (based on haplotypes)

(bi/multi allelic context)

a a | ? a a
| N RN R R R —

Identification of all the poss.ible phasc.ed genotypgs mkimk2 ot | mka mka
for each QTL and computation of their probabilities .

) =




probabilities of allele transmission

0 Information available (input files: pedigree/genotype & genetic map)
v Pedigree

v Molecular markers (observed genotypes)

Id
Fr2
Fr252
f1
indl
ind2
ind3
ind4
ind5
ind6
ind7

P1

b
Fr2
f1
f1
f1
f1
f1
f1
f1

P2

Fr252
f1
f1
f1
f1
f1
f1
f1

Step
IL
IL
CR
S2
S2
S2
S2
S2
S2
S2

Cycle Group
IL
IL
F1
F3
F3
F3
F3
F3
F3
F3
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probabilities of allele transmission

0 Information available (input files: pedigree/genotype & genetic map)

v

v

v

Pedigree

Molecular markers (observed genotypes)

QTL position

Distance between loci (Haldane = recombination rate)

Locus
markerl
marker2
qtll
marker3
marker4
marker5
marker6
qtl2
marker?7
marker8

Chr

R R R RRRRRRR

Pos All+

42.2

64.0

70.0 a
o |:72.5

90.8

237.1

252.2

254.0 b

259.5

274.8

~
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Objective 1: probabilities of allele transmission “

0 Information available (input files: pedigree/genotype & genetic map)
v Pedigree
v Molecular markers (observed genotypes)
v QTL position
v Distance between loci (Haldane = recombination rate)

0 Algorithm: compute the probabilities of allele transmission in different MAS
schemes and mating designs (intercrossing, selfing, backcrossing, DH, RIL)

v 2 versions: command line = integrated in a new GUI

QL ———~
—0—0@—0@®@®—@®— p(a/a)=0.9, p(a/b) =0.1, p(b/b) =0 = probability of each
A/B A/B ? A/B A/B genotype at QTL given markers

\Z

Molecular Score

MS =0.95 - Probability to carry favorable allele at the QTL position



Presentation of mean features of OptiMAS

2 New Graphical User Interface (GUI) organized in 3 modules corresponding to
the # steps of the selection program

f::‘ - OptiMAS: a decision suppert tool to conduct Marker Assisted Selection programs - 1.0 @Eﬂ

File Visualization Data Help

pti[\*’IAS Computation of genotypic probabilities - Estimation of genetic values

| Molecular score prediction |__H|:.mc.,.'|-1_e1:era | Estimation of parental alleles probability | Graphs |

® Find = view weight | gmLot |- = \eight | 1,00 [ Apply

- Step1 -
Prediction

i

- Step 2 -
Selection

- Step 3 -
Intermating




Step 1: Computation of genotypic probabilities —

Estimation of genetic values

Malecular score prediction | Homo / Hetero | Estimation of parental alleles probability ] Graphs |
| & Fnd || Elview || arweight | qror (= : ey Waght[l[lﬂ =L [ apply ”
i Id Pl pa Cycle Group MS * Weight UC  Mod+/+) NoJj-/-] Mo.J+/-) Nu {?} gra QrL2 qQres | Qred QTL'i QTLE QTLT- I
,B-B ______________ (A1005 Al005 | C2 - 08300 |0.8366 |10 8 1 ] 4 :ﬂ.ﬂﬂﬂﬂ 08598
| B158 i.ﬂ.ﬁl Mﬂﬂﬂ CZ G1 :U.Edzd :U.ﬂﬂ:!ﬁ :IU .Tr' .1 1 ..2 . =
BZ8 A1006  A251 C2 Gl 07740 (07740 (97071 |6 1 1 3 10,0000 i #938
.313 .Mﬂﬂﬁ. IMWE -CZ .— .U.?ﬁﬂg .ﬂ'.?ﬁﬂg‘ .Q;Tﬂ?l 7] 1 .2 :2
: B3& ..ﬁlmﬂ .MUE}S C2 . - .U.?494 .ﬂ.?-ﬂﬂ- .9',355 & .1 .I -3 ;U.ﬂﬂﬂﬂ
B37 .Mﬂm .Mﬂ'ﬂi c2 . - .U.?433 .U‘.?-'EB .9 .? 1 .1 -2 |
. B40 .Mﬂlm .Mﬂ#ﬂ - c2 . - .U.:"lmll .ﬂ.ﬂnﬂ‘i .9',355 .T .1 .2 1
| B242 ..ﬁ3? .MWE -CE .— .U.?3U5 .U'._Bﬂﬁ .9',355 .ﬁ .1 .1 -3
: B124 ..A.B .Alﬁ? c2 | - .U.?EB .ﬂ.??_B .9,355 .ﬁ .1 .1 :3
| BLIE .. A3 :A.‘L.ﬁ_.r .CZ :- :U.?EBE :D.T{BE E,Tﬂ?l b .Z 1 ..2
AL040_  =fBE3 df37 1 - 0.6615 |(06615 |BELIE |5 1 5 0 045842 - 04974 975!
. A1040 .ﬂlﬂ#ﬂ_ .Mﬂ#ﬂ_ -— .— .0.5‘515 .ﬂ'.ﬁﬁlE .E,frlﬂ .5 1 .ﬂ'. -5 04842 0.4974 - 1.8759
: A1005_ . df108 .SFESU - 1 . - .0.5418 .ﬂ.ﬁétlﬂ .8,518 .5 .1 .'1- :1 04896
A1005 .Mﬂ'ﬂﬁ_ .Mﬂ'ﬂi_ -- .- .0.541? .U‘.ﬁ-ﬂ? .E,ﬂlﬂ 5- 1 .ﬂ -5
.MH'UE .Mﬂﬂ3_ .AIUQE_ -- .- .0.5413 .0.5413 .8 .ﬂ .3 .U 2
| A1003_ . df108 . dfa7 -ﬁ .- .U.E¢l3 .G.ﬁiﬂ .E .ﬁ :3 .1 l 0.0000 -ﬂ'.tfgﬁ?
: A251 | =fad3 df108 1 - :0.5354 :0.6354- :?rﬁ.lﬂ :3 .1 :5 2 U.-'i.g?-'l

0 Individuals in lines, MS value [0-1] = 1 = ideotype



Step 1: Computation of genotypic probabilities —

Estimation of genetic values

Maolecular score prediction |_Hm1uﬂ—h=_iaem | Estimation of parental alleles probability | Graphs |
| & Find || Elview H“.: WEIghtl qmoz () : 'WElghtlLUU T{ [ Apply |
ld Pl P2 Cyce Group MS ~ Weight UC No.+/=) No./9) No.{+/-) No.?) QIL1 QFl2 QT3 QL4 QIS Qile QIL7~|
B3 AI005 AIOOS C2 |- 08366 08366 10 |8 1 0 2 00000 08598
BISB AZ51  A1005 08024 08024 10 1 1 2 00000
- 07609 97071 6 4 2 2 0000 0 1d: p2e
'533 ALO40 | AI005 €2 - 07494 (07494 (9366 |6 1 1 3 00000 DA EEL'ZF
I 1 | | 1 } | | } } ! ! +1
B7  AI040 AL005 C2 - 07433 07433 @ 7 1 1 2 00000 D
BI0 | AIO4D |AIDAD C2 - 07404 07404 (9366 |7 1 2 1 00000 g Senotvee
B242 A7 AIOOS C2 - 07305 07305 9366 6 y 1 3 [eooopigg oMol +)=0383813
. ! ! | | | | - ! | | S 20943913
B124 |A23 |AI67 |C2 |- 07223 07223 19366 |6 1 1 3 D482 0,
. _ . | . ! ! Hetera(+/-1=0.055302
B A3 MET @ - 07032 07032 87071 6 2 1 R ONEAEI2 168 . o ioarsi -0 boRosi
AIOA0_ sf683 (df37 1 - 06615 06615 8618 5 1 5 0 00000 B8 iomo(-/)=0.000782
AI040 A1040 AT040 - - 0.6615 06615 B618 |5 i 0 5 00000 0.8 dis=0.000418 =5=0.000186 d:d=0.000177
|AI005_ | dfi08 sf650 C1 - 06418 06418 |BEI8 5 1 4 100000 08 ronders
AIOOS AI00S. AI005_ - - 0BT 06417 8618 S 1 0 5 00000 B8 40013427
AI003 | A1003 | A1003 - : 06413 (06413 8 |6 3 0 2 00000 |9 f=0971564
- | <=0.015006
AI003_ df108 437 €1 - 06413 06413 8 6 3 1 1 poooo 84
(AJ51_ sf683  df108  C1 - 06364 |0.6364 BEI8 |3 1 5 2 00000 050TTTT ST D,
L4l L n [} |

0  Prob(++/--/+-) at the QTL position + detailed genotype in terms of parental alleles
0 Estimation (probability) of parental allele transmission



Step 1: Computation of genotypic probabilities —

Estimation of genetic values

Molecular score prediction | Homo (Hetera | Estimation of parental alleles probability | Graphs |
| & Fnd || Elview | | 4 weght | qrot [ Walght[lﬂﬂ e
| Id PL P2  Cycle Group MS+ Weight UC  No.(+/+) No.(-/-) No+/-) Ne.(7) QTLl QT2 QT3 QT4 QTS QT QiL? |
B& ! '23' Visualization of genotypes B i ) 8 1 0 |2 0.0000 0.8598 - ‘
| | .
| B138 | Visualization of genotypes 7 :1 .1 & 008 -- --
B28 i The probabilities to be  homozygous |/ 1 _1 _1 13 .u'm . - -
B13 | heterozygous, at the QTL positions, have been & 1 ) 3 0.0000 04963
computed according to favourable / unfavourable 1 1 i T
_EBE‘ A | grouping of founder alleles. 6 _I _1 _3 _Um
E37 . i 1 1 2 10,0000 0
| | | Set a threshold and select a color to display a ; i i i
B40 4| new view of the molecular score table based on 7 .1 .2 _1 Eﬂﬂﬂﬂﬂ
B242 || gen otypes. B 51 1 3 0.0000
el (et 6 1 1 3 04812 0.
125 || Prob(+/+) = |p7 %] _ G 2 1 2 04812
A1040_ o ] i 5 0 0.0000
i | Prob{+/-) | e | i i i i i
A1D40 5 1 0 5 -0.0000
A1005_ { || ProbCH) = 0,75 5 | I E 1 4 1 00000
AL005 | o 5 1 0 5 00000
| i The rest: uncertain genotypes (7) | i i i i
A1003 | & t3 a 2 10,0000
AT003 5} 3 1 1 (LO0OD
= -% Rezet | ‘ x Cancel ‘ | Jﬁ.ppl? ! ! i ;
A251 | 3 1 5 |2 0.0000
G s

0 Visualization of genotypes via colors for each QTL (how many QTL are fixed ?)




Step2: Selection of individuals

o Manual selection

Molecular score prediction | Homo /Hetero | Estimation of parental alleles probabiity | Graphs |
| & Find || Elview || afweight | qmot (T — Weight | 1,00 %] | apply |
d Pl P2  Cyde Group MS~ Weight UC No.(+/+) No.-/) Nol+/) No.?) QTLL Q2 QU3 QU4 QU5 QU6 Qr7/~]
B8  |A1005 |A1005 |c2 |- |08366 [08366 |10 |8 1 0 12 |0.0000 |0.8588 |0.9761 |0.8752 |0.8959 |0.9745 [0.9960
BISS |A2S1 |AI00S |C2 |T|crar| 2 om0 |10 |7 1 bt 2 |0w000 08792 |08925 crsrmngﬁ 0.9693 [tS“Qtlﬂ-
A1006 GL 07740 07740 IQ,?D?l:Er | 1 00000 92 0913 -
| A1006 | 07609 [0.7608 (97071 |6 10,0000 |D.8844 |0.8559 |0.9179 [0.9731 |0.4963 |0,9895

A1040 07494 07494 9366 |6 0.0000 DE34C 0.842¢ ,

I | [ 5

| = = — T > | Intion j::ll 2 . IE : ? E qﬁ_
Add to list... B £ Add to list 0.0000 |09528 |0.2334 |0917 ,c 735 |0.9718 |0.9860
| 9

0.0000 'ﬂST“i |El4 76 (09592 'ﬂ-iCr?-l |f'I.9F'_3!1 0.925

LlSt Seter:tl on 1
List Selection 2

| Listl_ Manual Selection

| kg | b
|

Selection of individuals | Graphs ] Pedigree ]

List of selected individuals [ Listl_Manual_Selection =
‘ @ H & cancel List Selection 1 d  PL P2 | Cyde = Group = MS

- List Selection 2
- ~ Listl_Manual_Selecticn 1(B13 A1006  A1005  C2 - 00,7608
2 |B40 A1040  ALDAD  C2 - 0.7404
3 |B37 A1040  ALDDS 22 - 0.7433
4 |B158  A251  Al005 2 G1 0.8024
5 |B8 A1005 | AL005 C2 - 0.836E




Step2: Selection of individuals

0 Manual selection

0 Truncation selection based on:
v Molecular score (MS)

Truncation selection (MTS)
Mz | 10 g Criterion | Molecular Score ¢l ListlListE_Trunmﬁun_Selecﬁ- ¢l [Dpﬁun... l Run l
Selection of individuals | Graphe | Pedigres |
List of selected individuals |Ust2_TrunEﬁun_M5_SEIecﬁon = |
 Listl_Manual_Selection Id Pl P2 Cycle Group MS* Weight UC No.(+/+) No.(-/-) Mo.+/-) No.(?)} QTL1 QTL2 QTL3
List2 Truncation_MS Selection ; S o — 5 o |
List3_Complementation_Selectio| | 1 (B8 A1005 A1005 C2 - 08366 08366 10 |8 1 0 2 00000 0.8598 -l
2 |B158 A251 AID0O5 C2 G1 08024 0804 10 7 1 1 2 00000 E
3 |B28 | A1006 A251 |C2 Gl 07740 (07740 978716 1 1 3 0.0000 0.4938 |
4 |BI3 AL006 AIOOS C2 - 07609 07609 97071 6 1 2 2 00000 unl
5 |B38 Al040 A1005 C2 - 0,7494 (07434 (9366 |6 1 1 3 0.0000 0.4907 |
! | & |B37 Al1040 AI005 C2 - 07433 07433 9 7 1 1 i .ﬂ.l}ﬂﬂﬂ I}.BE-ItI
4 ] | | | |
(E1 L1v) 7 |B40 A1040 AICM0 C2 - 07404 07404 9356 |7 1 2 1 00000 -0.43?&|
| save ||s |B242 A7 AI005 C2 - 07305 07305 9366 6 1 1 3 00000 07259 [0ig8sa |
| Add |9 |B246 A37 |Al040 C2 - 07303 07303 (9,366 |6 1 3 1 00000 0.6036 nl
10 |B293 A9 Al C2 - 07208 07268 2366 6 1 3 1 0.0000
| Remove |
| Reset | [ i | 1Y)
o  E: Mo ind = 10 Mo, group = 1
— e = Mean =0.75947 Var = 0.00115008




0 Manual selection

0 Truncation selection based on:

v Molecular score (MS)

v Weighted MS: give more or less importance to the different QTL

-

(7} QTLs Weights

L2 [ |

Step2: Selection of individuals

Different weights for each QTL can be assigned:

2. Setaweight
3. Click update
4. Click Apply

1. Selectthe QTLs that have to be weighted

weight | 1,00 [3]| Update

QTL  Weight B
1 qQru | EN |E]‘
: a2
3 QT3 1,00 (3

¢ )
5 Qrs [100 [3
6 QTL6 |1,00 [

7 QTL7 |1,00 [% E
|

[ List3_Truncation_Weight_Selection

:J

Id =i P2 Cycle Group MS ~ Weight UC  Mo.(+/+) MNo.-/-) No.+/-) MNe.?) QTL1 QTL2 GQTL3
1 B8 A1005 AL00S C2 08366 07079 |10 |8 1 0 2 00000 02508 0761
2 |BIS8 A251 AL005 C2 Gl 08024 06790 10 7 1 1 2 00000 08792 08925
3 B8 AI006 A251 C2 |GL 07740 06550 970716 1 1 30,0000 0.4938
4 |B13 AI006 A1005 C2 07609 06438 97071 6 1 2 2 00000 08844 09559
5 Bl24 A23  Al6T C2 07223 06852 9366 6 1 1 3 04812 06698
6 |B125 A3 Al67 C2 07032 06631 87071 6 2 1 2 04812 06536 09559
7 |Bl10 A212  A1005 C2 06863 06481 922474 0 4 3 04376 07319 04876
8 |BS7 Al67 Al040 C2 06860 06545 88229 4 0 6 1 04812 06066 0.4230
9 B123 A212 AOL (2 06717 06390 8618 |4 1 3 3 04590 06119 04879
10 |Ba7 166 AI67 C2 06309 06570 8366 4 2 2 3 08010 04966 08733
Kl | D
Mo, ind = 10 Mo, group = 1

Mean = 0.727447

Var = 0.00372879



Step2: Selection of individuals

0 Manual selection

0 Truncation selection based on:
v Molecular score (MS)
v Weighted MS: give more or less importance to the different QTL

v Utility criterion: select candidates based on the possibility of obtaining
superior genotype in their progeny (favor heterozygous)

0 QTL complementation selection

(Hospital et al., 2000)



Step2: Selection of individuals — QTL

complementation selection (QCS) (Hospital et al., 2000)

| List4_Complementation_Selection

4

Id
E&
B158
BB
B13
B35
B37
B40

[ = B N I T S I T Ry s

9 |Bl124
10 | B125

Take into account complementarities between

F1 P2
A1005  A1005
AZ51 A1005
AL006 | AZ51
A1006 A1005
A1040 | A1005
A1040 A1005
A1040 | A1040

..................

A23 | AET
A23 AIET

Cyele
2
2
2
c2
2
c2
2
c2

2
o2

Group MS *  Weight

Gl
Gl

0.8306
0.8024
07740
0.7609
0.7494
0.7433
0.7404
0.7305

0.7223
0.7032

0.7079
0.6790
0.6550
06438
06341
0.6290
0.6265
0.6181

06852
0.6691

uc
10
10
89,7071
97071
9,366

9,366
9,360

9,366
8,707

MNo.+/+]} MNo.(-/-] MoJ+/-) NoJ?) QT QrL2

Lo I I R = T = T = TR B =

=]

1

= e

0

1
1
2
1
1
2
1

candidates regarding the favorable alleles they carry

Prevent the loss of rare favourable alleles and fixation
of unfavourable alleles at QTL with small effects.

2

2
3
2
3
2
1
3

[N ]

0.4812 0.6698

QTL3
0.9761
0.8925
0.4938
0.9559
0.4907
0.2334
04376
0.8959

OrLd  QrLs QTLe

08752
0.9405
0.9492
09179
0.9429
09172
0.9592
0.3879

0.8959
0.9731
0.9137
0.9731
0.5822
0.8735
0.4974
0.2896

0.9745
0.9693
0.9199
0.4963
0.9260
0.9718
09231
09722

0.9559 09429 027587 09614
04812 06536 09559 ﬂ.Qﬂ?H_U.Q‘Erlﬂ

QTLy
0.9960
0.9960
0.9797
0.9895
0.9860
0.9860
0.9759
0.9860

0.9924
0.9924

AQCS strateqgy is described by four parameters: (Hospital et al., 2000)

Bms

nr

=

I

¥ 2|7 ]

10

The threshold for Molecular Score (MS), above
which a favourable QTL allele is declared ‘present’.

Each QTL is requested to be "present’ in at least nr
selected individuals.

The minimum threshold value (Molecula Scaore) for
the addition of an individual.

Maximum number of individuals selected at the
end of the complementation process.



Step2: Selection of individuals — Comparison
between lists of selected individuals

| List2_Truncation_MS_Selection

= | |LiEH_CnmplemenEﬁnn_Selecﬁnn

e
-

Id P1 P2 Cycle jroup M5 Weight UC Id P1 P2  Cycle Group MS * Weight UC
1 B8 Al005 AL005 C2 - 08366 07079 10 | 1 B8 AI005 A005 C2 - 08366 07079 10
2 |B158 A251 A1005 C2 Gl 08024 06790 10 | |2 |B1S8 A251 A1005 C2 Gl 08024 06790 10
3 |28 AI006 A251 C2 Gl 07740 06550 97071 |3 |B28 AI006 A251 C2 |GL (07740 06550 9,7071
4 |B13 AL006 AI005 C2 - 07609 06438 97071 4 |B13 AI006 A1005 C2 - 07609 06438 97071
5 (B33 AL040 A1005 C2 - 07494 06341 9366 |5 |B38 A1040 AL005 C2 - 07494 06341 9,366
6 |B37 AL040 AI005 C2 - 07433 06290 9 6 |B37 A1040 AI005 C2 - 07433 06290 9
7 |B40 AL040 A1040 C2 - 07404 06265 9366 |7 |BAD A1040 AI040 C2 - 07404 06265 9,366
8 |B242 A37 AI005 C2 - 07305 06181 9366 |8 |B242 A37 AI005 C2 - 07305 06181 9,366
O |B246 A37 AI040 C2 - 07303 06180 9366 | O |B124 A23 AI67 C2 - 07223 06852 9,366
10 |B293 A9  AI040 C2 - 07268 06150 9366 |10 |B125 A23 AI67 C2 - 07032 06691 87071
4] | [+ 4] | 3
Mo. ind = 10 Mo. group = 1 Mo. ind = 10 Mo. group =1

Mean = 0.75947

Var = 0.00115008

Mean = 0.756312

Var = 0.00140282



Step2: Selection of individuals — Comparison

Selection of individuals | Graphs | Pedigree

between lists of selected individuals

10

B__

=3
]

Frequency
I
] ]

o1 02 03 04 05 06 07 08 09 1
Molecular Score (MS)

o o1 02 03 04 05 06 07 08 09 1
Molecular Score (MS)

List |List2_Truncation_M5_Selection

b

$| qTL |QTI_1 ‘| | Save,., | List|LisH_CnmpIemenEﬁnn_Selecﬁnn ¢| qm |QTI_1

F9
,|| Save...

Mean=10 Var=10

Mean = 0.0962466 Var=0.0370536

0 Distribution of individuals for each list regarding the molecular score (MS)
0 Favorable allele (QTL1) lost without the QTL Complementation Selection (QCS)




Step2: Selection of individuals — Comparison
between lists of selected individuals (pedigree)

IL

F1

F2

F4

C1

C1 selfed

C2

List2_Truncation_MS_selection

0 To follow the contribution of selected individuals over generations and prevent
possible bottlenecks



Step2: Selection of individuals — Comparison
between lists of selected individuals (pedigree)

List2_Truncation_MS

List4 Complementation_selection: 4 parental alleles present in the next generation



o Half-diallel between selected candidates

0 « Better-half » strategy which consists of avoiding crosses between the «worst»

Step3: Identification of crosses to be made
among selected individuals

selected individuals (Bernardo et al., 2006) = optimization of selection intensity

| Crossing of individuals |~ Grapns |
B293 i+ + + + + + + + + B293 —I+
BRdE-+ + + 0+ O+ O+ o+ o+ B246 |+ +
TE2MZ+E O+ O+ O+ o+ o+ o+ T B242 |+ + +
0 0
f Big 4 2+ ¥ 2+ % ¥ ?_ B40 —|+ + + +
W wn
= B37 it + + + + = B37 + + + +
= =
S B+ o+ o+ 4 5 B38 + + +
o =
L Bi3q+ + + L Bilaq+ + &
B28 -+  + B28 |+ +
B158 1 B158
| I I I I I I I | | I I I |
OO S S S S W ® ® % o ®
P L & P F P PP P & S &
Individuals (+ MS -) Individuals (+ MS -)
List |List1_C ¢| Graph [Plst 2| aTL + | save. | List|ListCro 4| Graph Plot  #| aTL s | save. |
Mean = 0,75947 Var = 0.000511145 ' Mean = 0.774737 Var = 0.000337617




Step3: Identification of crosses to be made
among selected individuals

o Half-diallel between selected candidates

0 « Better-half » strategy which consists of avoiding crosses between the worst
selected individuals (Bernardo et al., 2006) = optimization of selection intensity

0 2 lists: factorial design

Crossing schemes

Intercrossing List(s) selection |Li5t2_Trunmﬁur1_MS_ = | W | % |List1_ManuaI_SeIecti: = List crosses List5_Complete_QCS_ ¥ | | Run |
a Const ra i nts: ._":'j. Crossing schemes option m
. | Crossing schemes :
v Maximum number of crosses =
Mumber of crosses () Maximum (@ |Eij T|
v Contribution of individuals =
Contribution of individuals ) Unlimited @ | 1 %I
Criterion |Smre = |
Method Complets =
(Ko=) o]
b,




Step3: Identification of crosses to be made
among selected individuals

| Crossing of individuals |_EfaphSI

Ak

List of crosses | Listl Complete_Trunc_MS_Crosses = | | List5_Complete QCS_Crosses

Listl_Complete_Trunc_ M5 Cross Ind  pl p2 M5 Weight UC * QTL1|% Ind pl p2 MS Weight UC» QL1
LIStE_EEttEF_HEW_CrDSSES cark] ISt ey ) PRIV 1ot~ VTP R EL S I ety d5n3 =4 g L 41 kol o

[¥]

T e AT = m e e e

List3_UC_Crosses 1 BExBlSEEE B158 08105 08195 1025 00000 | 1 |B®@158 B8 B158 08105 0.6935 1025 0.000C
Eﬁfﬁ;ﬁ:@é&;ﬁi;m 2 |BSxB28 B8 B28 08053 0.8053 10,2071 0.0000 | 2 iaaxaza B B2 08053 06814 102071 0.000C
3 |BSxB13 B8 |BI3 |0.7988 07988 10,2071 0.0000 | 3 |BSxB13 |BS | B13 07988 06759 |10.2071 0.0000
4 is.ﬂxesa B8 838 07930 07930 10116 0.0000 | 4 iasxeaa B B33 07930 06710 10116 0.0000
5 |BaxE203 B8 |B293 07617 07817 10116 00000 | 5 |BSxBA0 B8 | BAO 07885 06672 10116 0.000C
_ |6 |B8xB246 B8  B246 07835 07835 10116 00000 | 6 |BIS8xE28 BISE B28 (07882 06670 10116 0.000C
&1 LIM 7 |psymos2 B8 | B242 07835 07836 10116 00000 | |7 |BS+B242 BS B242 07836 06630 10116 | 0.000C
| Save | |8 |B158+B28 BI58 B28 (07882 07882 10116 00000 | 8 |BISB«B13 B1S8 B13 (07817 06614 10116 0.000C
| Add | |9 |E158xB13 E158 B13 |0.JEL7 07817 10116 00000 | 9 |BS:B124 BS B124 07795 06966 10,116 0.2406
| m— | 10 BS«B40 B8 BAD 07885 07885 10116 00000 | 10 BISExE33 BISS B38 07750 06565 10 0.000C
11 |B28xB13 B28 B13 07675 07675 10  0.0000(, 11 BISExB40 BISS B0 07714 06527 10 0.0000,
i Reset | | 4] | |*]_ 4] | |H_
‘ X 1. Mo, crosses: max Hequ: mmplete_ ~ Criterion: no Mo, crosses: max Hequ:::omplete . Criterion: no
s EEH Ind contrib: unltd List: Listl_Truncation_Selection | Ind contrib: unitd List: List4_Complementation_S5el...

0 In each case: computation of the expected MS of the progeny



Conclusion

0 OptiMAS tested on a multiparental connected design (Blanc et al., 2008)

CThs

 Grain Yield (maize)

Obs: +7.6 gx/ha
Att.: +13 gx/ha

Frequency of favorable alleles

Al 1 2.3.4.5-5.?-3“9“10“11. 1601234 Cycle
Creation of new genetic material

0 Development of 2 version of the tool:
v Command line: C-ANSI language
v Graphical Interface (GUI): C++ (Qt & Qwt libraries)
0 OptiMAS release: available online soon for Windows & Linux then Mac OSX



Integrated Breeding Platform Website

(' | | B integratedbreeding.net | hitps://fwv
Sufid] .

v.integratedbreeding.net/ib-tools/breeding-decision/optimas o~ e | I‘;‘ - Google R | A -

Integrated
Breeding Platform

IEtools

OptiMAS

f Project planning and queries

Category harker assisted recurrent selection tool
Germplasm managsment 3
Piatform e
ﬂ. Field triai management 3
Version Alpha
Genotypic data management 3
Website COptibAS information &
Data analysis ?
Developers Alzin Charcosseat
- oon Laurence Moreau
Breeding decision > Fabio \alente (INRA, France)

Technical Support B8 Delphine Fleury

OptiMAS iz a software for marker-assisted recurrent zelection
{MARS) and gene pyramiding. It aids decision making in @ MARS selection program in order to assemble
favorable QTL alleles.

Features:

» Bi-parental or multi-parental zelection schemes

» Trace parental QTL throughout selection generaticnz by estimating their genetic values
+ Select the best individuals

» ldentify crosses to be made

=+ Draw pedigree of selected planis

beta-version o be released in 2012

Login or register to post comments! # Breeding decision

m




Tutorial/Documentation

o | || Welcome to OptiMAS Homepage x l -

. \‘_',i| [ files//CProgram Files (+86)/OptiMAS/website/card.htm 77 - ||| M- Googte Allel B

Home | Download | Contact

»>

OptiMAS Reference Card: functionalities of OptiMAS
Homepage
Download 1. Loading input files L
Screenshots

a. Genetic map: indications of the markers selected around each QTL (chromosomal

Reference Card paosition, identification of the selected QTL) and information from the QTL detection

Workflow within (position, identification of favourable alleles, estimation of allele effects).

1Bp b. Pedigree / Genotypic data: representation of the selection scheme (biparental /
Papers & multiparental design) with pedigree information followed by marker genotyping for
Presentations each individual.

Contact & Support

What's New 2. Computation of genotypic probabilities - Estimation of genetic values

; a. Algorithms to compute the probabilities of all the possible phased genotypes P
Online Help (haplotypic composition in terms of founder alleles), using genotypes at markers
neighbouring the QTL and the pedigree of the individuals. Estimation of the
probability of being identical by descent (IBD) to each founder allele throughout the
selection generations. Operations considered include crossing, several generations of

Getting Started
Input File Format

Ma|:! selfing {up to RILs) and haplo-diploidisation.
Pedu;-lree/ Gerjol:ype b. Estimation of probability of founder allele transmission at QTL position (one
Running OptiMAS probability for each potential founder allele).
Estimation of c. Prediction of genetic value (MS: molecular score) for each individual (all / each
Genetic Values QTL). Different weights for each QTL can be assigned according to allele effect or
Selection of other index weights defined by the user {score updated). The probabilities to be
Individuals homozygous / heterozygous, at the QTL positions, are computed according to (i)
Intermating favourable / unfavourable grouping of founder alleles and (ii) individualized founder
Simulation alleles (if at least one favourable allele is expected at QTL).
Saving/Reloading
Analysis 3. Selection of individuals
Interpreting a. Manual selection
Outputs

b. Truncation Selection (MTS): individuals are ranked based on marker score and -




Acknowledgments ‘

0 Bill & Melinda Gates Foundation

0 Guylaine Blanc & J.B Veyrieras for developing the first prototype of
the program
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Identification of crosses to be made among
selected individuals

Complete : all possible crosses between the selected individuals.

Better Half : avoid crosses between the last selected genotypes.

> Optimization of selection intensity

Predefined number of crosses to be made based on :
v Molecular score.

v Utility criterion [in progress] : expected mean and variance at the next
generation (favor heterozygous...).

= Favor couples that will produce the best individuals as possible in the next

generation.
U — Mean of the parental 4 ~

couple v alues of the couple couple

Variance = only heterozygotes genotypes at QTL contribute to variance in the
next generation.




Selection of individuals ‘

0 Aim: to obtain an ideotype combining all the favorable alleles at
QTL positions.

0 Prediction of genetic value based on the information from
neighboring markers.

——> Which parental alleles are transmitted at the QTL position ?

0 QTL position rarely located at a marker = QTL alleles are unknown
and must be inferred from flanking markers.

QTlL Selection of a subset of informative markers to follow the
—O0—0—100——0—

A/B A/B 2 A/B A/B favourable parental alleles (based on haplotypes).
e.g 4 markers / QTL

a a
i i

Identification of all the possible phased genotypes mk1 mk2

for each QTL and computation of their probabilities S

a a
—

mk3 mk4

NERN
I_




Following « phased genotypes »

o Information available

v Pedigree
v Distance between loci (Haldane - recombination rate)

v Molecular markers (observed genotypes)

—> |dentification of all the possible phased genotypes for each
QTL and computation of their probabilities.

al ? | a a
1

a
—

Read / Real mkl mk2| QTL |mk3 mk4
b b

mk1l mk2 | QTL |mk3 mk4

AB AIB | ? A/B A/B

2 | b b

v Phase (haplotypes) unknown - all possibilities considered

Phased genotype: contains no ambiguity on alleles transmitted from parents and the phase.



New algorithms: adaptability to different marker
selection schemes and mating systems
mkl QTL mk2 mkl QTL mk2

X B Inbred Lines

A | | | | | | |
aa aa aa bb bb bb




New algorithms: adaptability to different marker
selection schemes and mating systems

mkl QTL mk2 mkl QTL mk2

A . ; ! X | | | B Inbred Lines
aa aa aa bb bb bb l
T~ oTL — | sty
AB ———— PUSSIDE Hybrid F1

ab ab ab phased genotype



New algorithms: adaptability to different marker
selection schemes and mating systems

A m=k1 Q;I'L m:<2 X m=k1 Q;I-L m=kz B Inbred Lines
aa aa aa bb  bb  bb l
T~ QL — |
8 possible gametes AB ———F—— 1 possible Hybrid F1

ab ab ab phased genotype
[aaa] [aab] [aba] [abb]

[baa] [bab] [bba] [bbb]



New algorithms: adaptability to different marker
selection schemes and mating systems

A m=k1 Q;I’L m:<2 “ m=k1 Q;I'L m:<2 . inbred Lines
aa aa aa bb bb bb l
T~ Q1L — |
8 possible gametes AB ———F—— 1 possible Hybrid F1
ab ab ab phased genotype
[aaa] [aab] [aba] [abb] l ® Selfing \
[baa] [bab] [bba] [bbb] QTL
AB39 —} | | 36 possible F3
aa aa aa phased genotypes

aa aa ab
Reconstruction - . >
bb bb ab
bb bb bb



New algorithms: adaptability to different marker
selection schemes and mating systems

mkl QTL mk2 mkl QTL mk2

A . ; ! X | | | B Inbred Lines
aa aa aa bb bb bb l
T~ Q1L — |
8 possible gametes AB ———F—— 1 possible Hybrid F1
ab ab ab phased genotype
[aaa] [aab] [aba] [abb] l ® Selfing
[baa] [bab] [bba] [bbb] QTL v
AB39 —} | | 36 possible F3
aa aa aa phased genotypes
aa aa ab
Reconstruction . . .
bb bb ab :
bb bb  bb %Genotypmg
TL Y
AB39 A-B < 1 A-A F3

| | |
ab aa aa

b b :
Reduce the space of 2 2 aa 4 compatible

possible genotypes B _Zg_ - 'EZ — ZZ ~ phased genotypes

ba bb aa

DV



Estimation of genetic values

0 _scores: genetic value (molecular score) for each individual

v Each QTL: expected dose of favorable allele (0 or 1) for all
possible phased genotypes , weighted by the probability of each
phased genotype.

2 classes:

- Favorable
- Not favorable

Gq : genotype (homo 7+, hetero) at QTL position (0, 1, 2)

Ps: probability of the current genotype Geno 6
Homo- O

- Option: effect associated with parental allele(s) at QTL Hetero 1
2

Homo *
- QTL are considered as being independent (unlinked) )




Step 1: Computation of genotypic probabilities —

Estimation of genetic values (graphs)

| Molecular score prediction | Homo [ Hetero | Estimation of parental alleles probability } Graphs |

- Generation: # F2-# ] - # 2 - 1 | e

9
D,B B e e S R L N N e R E e e R N R

0,8

=]
o

0,4

0,4

Frequency of favorable alleles

0,2

0- B = A e S S e S S O S R e
G1 a2 a3 G4 G5 Gé
Group
Colors @@ save.. | Graph |Bamplot %] aTL [Ms 2] | save..

Noind = 397 No QTL =11

0 Mean frequency of favorable alleles at all/each QTL through generation of selection

0 Intra-group variation (ears)



