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HCB, FWS, HHG, HFU, WE, TB. @&
UNPLAB (Understand Plant Breeding) aims to support you in deeply understanding the fundamental concepts of Plant Breeding.
UNPLAB is an open-access series of lecture slides designed as a self-study resource for students, breeders, lecturers, and
researchers passionate about Plant Breeding.

UNPLAB emphasises conceptual understanding, the ability to recognise connection across different fields and to apply insight and

knowledge to practical breeding situations.
In the era of Al, deep and independent understanding, including the ability to identify pitfalls and fallacies, will become even more important - for the individual
breeder or researcher and for our shared field of Plant Breeding. UNPLAB is freely available online for self-directed learning and teaching purposes.

Overview of the UNPLAB chapters. See Serial Number and Chapters’ names.

Serial Number # | Name of Chapter Serial Number # | Name of Chapter Serial Number # | Name of Chapter

#1 UNPLAB-Intro_Ch-1 #19 UNPLAB-BrMeth_Ch-1[Intro] #35 UNPLAB-QuGen_Ch-1[Teaser] | et t some orientation
UNPLAB-PopGen_Ch-1[HWE I] #20 UNPLAB-BrMeth_Ch-2[Heterosis] #36 UNPLAB-QuGen_Ch-2[Transition I] et us get some orientation. |
UNPLAB-PopGen_Ch-2[HWE 1] #21 UNPLAB-BrMeth_Ch-3[GCA ] #37 UNPLAB-QuGen_Ch-3[Transition I1] When producmg seeds or tubers () to sell this to farmers

UNPLAB-PopGen_Ch-3[Inbreeding] #22 UNPLAB-BrMeth_Ch-4[GCA 1] #38 UNPLAB-QuGen_Ch-4[MetrMod] for sowing or planting, then FOUR REPRODUCTIVE SYSTEMS
UNPLAB-PopGen_Ch-4[Drift 1] #23 UNPLAB-BrMeth_Ch-5[RecSel 1] #39 UNPLAB-QuGen_Ch-5[GenMeanAnal] exist

UNPLAB-PopGen_Ch-5[Drift 1] #24 UNPLAB-BrMeth_Ch-6[RecSel 1] #40 UNPLAB-QuGen_Ch-6[StatMod |] ' :

UNPLAB-PopGen_Ch-6[Selecton] #25 UNPLAB-BrMeth_Ch-7[RecSel IIl] #41 UNPLAB-QuGen_Ch-7[StatMod II] These specify the FOUR CATEGORIES OF PLANT BREEDING.

UNPLAB-PopGen_Ch-7[Aq] #26 UNPLAB-BrMeth_Ch-8[TheFour ] #42 UNPLAB-QuGen_Ch-8[Decomp-GenV |] » Self-fertilization » LINE Breeding
UNPLAB-PopGen_Ch-8[Equil] #27 UNPLAB-BrMeth Ch-9[TheFour II] #43 UNPLAB-QuGen_Ch-9[Decomp-GenV 1] . . .

UNPLAB-PopGen_Ch-9]LD ] #28 UNPLAB-BrMeth_Ch-10[TheFour IIl] #44 UNPLAB-QuGen_Ch-10[GenV 0>F>1] > Panmicitic outcrossing > POPULATION Breeding
UNPLAB-PopGen_Ch-10[LD ll] #29 UNPLAB-BrMeth_Ch-11[TheFour GS] #45 UNPLAB-QuGen_Ch-11[QG Lines ] » \egetative propagation » CLONE Breeding

UNPLAB-PopGen_Ch-11[LD lll] #30 UNPLAB-BrMeth_Ch-12[TheFour IV] #46 UNPLAB-QuGen_Ch-12[QG Lines Il] » Controlled crossing » HYBRID Breeding
#13 UNPLAB-h?_GxE_Ch-1[Broad Sense h?] #31 UNPLAB-BrMeth_Ch-13[TheFour V] #H47 UNPLAB-QuGen_Ch-13[GenCov ]
#14 UNPLAB-h?_GxE_Ch-2[Stabil] #32 UNPLAB-CorrTraits_Ch-1[IndirSel] #48 UNPLAB-QuGen_Ch-14[GenCov 1] between seed parent and pollen parent

#15 UNPLAB-h? GxE_Ch-3[BLUP] #33 UNPLAB-CorrTraits_ Ch-2[GenCorr] : - : .
416 UNPLAB-h?_GXE_Ch-4[Sel.Intensity] 43 UNPLAB-CorrTraits_Ch-3[IndexSeli] Four examples of the delightful luxury of seeing things clearly :-)

#17 UNPLAB-h2_GxE_Ch-5[BreedersEquation] (1) Heterozygosity and heterosis: Increasing the inbreeding of the parents does not increase the heterozygosity

#18 UNPLAB-h®_GxE_Ch-6[QTL-Detection] of their F1-hybrid (nor its heterosis). What matters is the genetic difference between the parents. Simple, but
oftentimes misunderstood.

(2) Heritability and environmental control. Increasing heritability by standardising environmental conditions only makes sense if the combine harvester will eventually harvest the farmer’s crop under these very

same standardised conditions ;-)

(3) Is better-parent heterosis really an alternative to mid-parent heterosis? If the question is how a hybrid performs against the best available material, why compare it only with its two parents?

Look at the best material in your own and your competitors’ nurseries. If the question is a genetic one, then use mid-parent heterosis.

(4) Are mutation breeding, heterosis breeding, or genomic prediction breeding (and so on) meaningful terms? Not really. These are neither breeding categories nor breeding methods. See: Novel diversity

may be induced in all four categories; heterosis is relevant in three of the four; genomic prediction can be employed in all four. You know the four categories — and “bliblablu breeding” is none of them ;-)

Below are examples of UNPLAB ‘pages’. The Serial Numbers of the chapter they belong to, as well as the page number therein, are indicated.

A deeper appreciation of what this is, a HWE-population. Read until you like it! Sum up, rehearsal of what we have seen ... Phen. variance of the 36 genotypes at the 12 environments was small (6%, =1.355, E12) or high (0%, =2.826, E7).

The phenotypic variance of the 36 genotypes, if means across two envs. were used, was smaller, and
varied from 0.968 to 2.252 across all the 66 combinations of 2 environments. The mean was 1.5019

Extrapolation from E=2-ANOVAs to E=12 and beyond. \With only
one set of E=12 at hand, you can not calculate variation between
several (or ‘all’) E=12 sets. | did it again as ... extrapolation ;-)

- AHWE population B SSis SSeementre et Maximize the result of one step of mass selection! To do so, choose your crop

| . @ .. . . species’ reproductive mode. Choose the trait to work with, according to
~ Gametes * F1 offspring The HWE population is a mixture of non-inbred (name-them F1) oredominant gene action. What is your choice then? Rather choose maize

; ;\?'Tirfﬁ\?’;‘:‘\;f”@?‘h) . . . . . . .. ) . . . . . )
| ) % C'N@,\,ﬁefm individuals, each of them is a unique individual-genotype (if you just (outcrossing crop) or barley (selfing)? Rather choose grain yield (more
o dominant-recessive gene action) or protein digestibility (more intermediate gene

; P /ﬁ;ﬁ? for instance self-fertilize any of them, you get a very normal
: . VNI Mendelian F2 generation). =090, dominan,random maig action)? Rather favour a mono- or a oligo — or a polygenic trait? What should be

|
5=0.30, intermediate, rando

: N , _ _ , ~@- 50,80, ntermediate, andom mati the typical allele frequency at the loci of such trait ... to allow large gain from
| ; I4 WA A Mendelian F1 is a generation with one-or-several-or-many -080-{ @~ 5=1.00,intermediate, random matin P ; q? Y 9¢ 9
M . A\ : . o £=0.30, s one step of selection
| % X7\ individuals, all with same genotype. This F1 genotype is just one of 080] 4 smo0 s _ o o _
| l(=imNIY7/ the endless many non-inbred individual-genotypes that one can find BRSNS The selection coefficient s should be large, this is more probably true in mono-
| I |

in the HWE Reference Population. or oligogenic traits than in polygenic traits.
Aq should be large, this is more probable in self-fertilizing crops than in cross-

A Mendelian F1 can be produced and be re-produced, because with ., ., fertilizing crops.

the parents, we have immortal gamete-re-producers. A Mendelian w. ! E '; ¥ Aq should be large. If random-mating‘ and ,a’ is recessive, then Aq is larger at

F1 is called ‘immortal’ F1. N T T e " quite high frequencies of ,a‘; whereas if ,a‘ is intermediate, Aq will be larger at
il ‘ : ' somewhat lower frequencies // even better if the bad’ allele was dominant :-)
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From this visualization you may see that and how
ANOVA is ,just’ accepting the size and pattern of
variation between genotypes and due to their GxE
interactions as deduced from the actual data set
and then extrapolates ,as if there were no more

| Mean = tomorrow’; unreserved, unconcerned, hurray-
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Mendelian cross
Gametes  F1 offspring

—

1.0645 forward!
There is simply no other possibility as long as you
Lower Limit = 0.977 don't know the true G values; you just should be
aware of what happens; with a small number of en-
vironments, you need to be correspondingly
cautious in employing the results.

An individual of the HWE population (name it ‘mortal’ F1) can not be

reproduced and not be produced at will, because the female and _ _ _ _

male gametes from which it came vanished in the mating*. If s per locus is very small, and if we have random mating and dominance of
. itis even not easy to see, in the HWE-"mortal’-F1, exactly which good alleles: Then allele frequencies of the unfavourable alleles should be at — 11—+ | With a fair number of envs., hence with high h2, your

genes and haplotypes came actually from its mother and from its e o A B ) & p=7s. If gene action is intermediate (ra‘ndom mating) or if we have anyway self- 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 | phenotypic data well predicts the true h? and the G
father :-) "W o N O fertilization, then allele frequency of ,a‘ should be p='a. Number of Environments data and values.

#3, page 17 #8, page 15 #13, page 41
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0° =1.00; 0% =0.3797; 0%gy =0.2132; 0%y =0.5178; 0%gry =0.2263; 0%cpyr =12.4574 |  Combined Fullsib (FS) and S1-line recurrent selection (schipprack, 1993; https://s.gwdg de/bzKIMF). Cross P1x P2 An now, which method is this? Breeders breed —
incl. Wang, Y., 2021 | [ssoessossos \ Hutulizl Take random they do not stick to the textbook text ;-)

oo : ; - . ST e onan e s individuals
€&osfpoocoo Base population: Cross N, Choose at random (or with selectllon) pairs Rt ash ik sboierbiganbiag d
0/010 0 b@ & 0@ &0 pairs of individuals. of plants for bagging-based crossing (tech- N sl o e iy 0 i T K % : o
. . X TN d Select individuals < W W, xS o L W A ar |

nique depends: natural outcrossing; hot PNRAR SUR VR T : 3| within best F3-lines - IR ARNS:. A At kAW ascu\a’led wheat ear, g

Evaluate N, fullsibs at water technique, plastic bag technique for NI A NI NN - " 1 ' FYPRE v ke S e AR Y W 10 R Em for po\\‘mat‘\on-

2 locs., select N, best; manual crossing, CMS, gametozide, MS) AR @17 e dih o Bulk-propagate best LR Y xS i\ (eady i 2

produce N, S,-lines per : g, ) g_ ’ : W/ R : LR AT A W AF F4 for test in F5 Wi

fullsib (selfing). Test FS in plots at 2 locations and, from 1TSS/ 4

spare seed, self-fertilize 5 random indivi- A ’ NP8 (ANT) Field, yield trial in plots

_ _ Evaluate N;- N, Si-lines, || duals per FS. Select 45 (216%) best FS, ' A QLGN €N

Single plot error is the larger, the less select N, best. test the 5 x 45 = 135 S1-lines that represent

many plants per plot (the smaller each Use remmant seed fo them at 3 locations. Select 35 (226%) best

plot iS)-2 diallel cross N, best S,- S1-lines. Recombine them from remnant

rljze-rg’427%agur(]aott)btee;?igge;r:)ar1rll . ines. . seed (that was not sown for testing them). | /i PN =N/ Gl L)

o e o eS| o posin || How many individuals represent one S1-ine | L\ SNENIZN/ Sz,
’ T U when recombining (producing crossed seed /s [ ' : :

S TR s : UNPLAB-h2 GxE_Ch3[BLUP], p.10-12). &3083 i .
In this direction, we have in-crease of plot error, < — = &0 , Cultvar //////% for next season of new pair-crosses)?

of 0%, [of selection intensity i, of Selection N=  5.000=> 200 p/plot => h=0.6541 o AN et el i
Differential S. We have de-crease of h2. - N= 25.000=> 40 p/plot => h=0.6145 hi hod oa G d with due attention t " IV =N N L in plots
N=1.000.000=> 1 plplot => h=0.2600 is method (one cycle = 4 seasons) was optimized with due attention to genetic para- | [z VAWK =N\ 7/

2.0+ 4 B B o meters (variances, covariances) of a specific Sorghum bicolor germplasm and with
a 2'0 4'0 6I0 8I0 160 150 1"10 1('50 150 260 N=1.000.000=> 1 plplot =>h*=0.0676 yield as sole trait, and with data on cost for labour, for field, for lab etc. VAN 0N | | Jah e
Number of plants per plot With less than about 40 plants per plot, | Result for one of various modelled options: VNN W preeding, submit seed for offcil

#17page 24 h? decreases fast, dramatically. N1=280; N2=45; N3=5; N4=35. Results for ‘your’ breeding will be different. Alas. L #25. page 7 testing (WP1, BSA) #27. page 9
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En passant we detect here two further scales of genetic diversity and segregation. y=XB+Zu+e |s exploitation of pedigree (or of GRM) rather valuable aid ... Exercise, p(A1)=10% now! Schon, C.C. et al., 1993. Heredity 70, 648-659 —i41{ D

Further: Beyond the ,usual’ segregation that leads to genotypic variance ,for’ traits. y = Phenotypic value of trait or is it more like doping? Putative QTLs for resistance against European corn borer in maize in the cross |
6| S | X =SNP genotype matrix B73 x B52 (C.C. Schén. 1993). Here, the reference population has, as allele

Genotypes® segregation such as XB = SNP effects (fixed) GWAS vs Genomic Prediction in Plant Breeding (Sunflower Example) frequency, p(X1)=0.1; with X1 being the ‘good’ allele (shortening tunnels) at each MR el
AA, Aa, aa; with genotype rationsof 1:2: 1. Z = Incidence matrix; links Same data. Same kinship (genetic relatedness). Different role. of the 7 QTL. What is the Breeding Value A of

i i - 2.=02. +2 genotypes to Kinship Matrix GWAS Genomic Prediction (GP) . * o _ - |
Genet|C Varl‘ance. 0 G . 0 A 0 D Zu = POlygeniC background from Goal: Estimate transferable SNP effects Same Goal: Predict breeding values as accurately as possible Metric model StatIStlcaI model the beSt pOSSIble homozygous
Phenotypes® segregation such as Kinship (random) Kinship is NOISE (confounder) ™\ data v Kinship is HELPER (signal) Chrom. # QLT R2 a d u 01 O2 011 012 O genotype ... which his:
resistant vs. susceptible: 0%p=0%5+0%g

e = residual Use kinship (GRM) to correct kSI:;;llle Use kinship (GRM) in the model 1 short arm 1 34 1.7 -0.8| 1.22 -211 0.23 1.30 -0.14 0.02 A1A1/B1B2/C1C1/D1D1/...
. 15.7 5.7 2.2 416 -6.71 0.75 3.56 -0.40 0.04 E1E1/F1F1/G1G1

; — Control false positives (GRM) —>Cap.ture polyg!er}ic background 1 |Ong arm
Genotypes in F2 fall in homozygosity levels. X, Z: Design-matrices i btk i A s LTI 2 short arm 39 22 +21| 214 -0.47 0.05 -3.40 0.38 -0.04| As value, itis

13.5 3.4 -2.3| 231 -472 052 3.73 -041 0.05 BV=A=p+ Z;c=7 2. ai
=1

2
. 5 3
* Fully homozygous: AABB; Aabb; aaBB; aabb ' B; u: vectors of effects that have to be 2 2longarm 4
- Partly homozygous: AABb; AaBB ,‘ estimated (training) before employed Redshumalar 7 Sy girgy | ; o T Yellow, arger 3longarm 5 57 27 -38| 148 -517 0.57 6.16 -0.68 0.08] o\ _ A _op s 9. 95 63
» Zero homozygous, i.e. fully heterozygous: AaBb g)\;‘\j/‘i'gf'g”)_N. GP: 7u = Sianal e pergetypé N S Al R vl Bt 7longarm 6 37 24 +03] 197 -1.94 022 -049 0.05 -0.01 14550 M - &7 £9.55cm
Fo-Variance for level of homozygosity: @2,,=1/(4N) 21 = Noise || GP: Zu = Signa S 7 49 27 -296] 164 -452 050 4.70 -0.52 0.06 = 14.55¢m i

.~ H 3 508 208 -9.6|6581 2563 2.85 1565 -1.73 0.49] As effect: 2:25.63cm =-51.26¢m.

, 3

.. Py oy - 10 long arm
. [l . £ ’ 1 // ‘- : -~ S
(N=number of independently segregating genomic segments) In “ideal’ setting, marker scores & ﬁ%ﬁé Ml:)rgelled 5

o Rl
from GWAS from all SNP (re- : ; -a PN
Genotypes differ for their share of inherited from P1 | ardless of significance) would . S @ e N Y *¢=50.9cm
enolypes difter for their share ol genes innerited from 9 9 :I: ;E- & ;“I; o ,i: 4 Pa The Breeding Value A of the best inbred line is quite large (absolute value: 51.26cm). Here! ... beneficial alleles are

) P " "ih rare (10% at each locus) and anyway they are more or less dominant — hence, the seven a, are quite large.
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» All genes inherited from P1: AABB show how much of the prediction
* Most genes inherited from P1: AABb; AaBB - ability of a GP model is from .

- Half of genes inherited from P1: Aabb; aaBB; AaBb | transferable marker effects vs. Cappeaghiliyslan et The naive sum of R? of the 7 QTL was R? ;. =50.8%. The “% phenotypic variance ‘explained’ ", R?, as resulting
Few genes inherited from P1: Aabb; aaBb | how much is via exploitation of R i o i bl e M from fitting all 7 QTLs simultaneously, R%. . =38.0%. Ponder a bit. The estimate of a QTL's metric additive effect

o NO geneS fl’0m P1 aabb KInShIp (Gen0m|C Relat|0n5h|p If unaccounted for—»inflatved false positives. - g Sar:: Use kinship (GRM) to bnrrowstrengtﬁwithinand l?etweer.l clusters comes from phenotype-comparlng IndIVIduaIS belng A1A1 at that IOCUS Wlth those belng A2A2 Half that dlﬁerence

F2-Var. for genetic dose inherited from P1: @%p, = 1/(8N) Matrix GRM). Comeetis gL G i et ST o S Bt . L e estimates a of that locus. Having marker-analysed 300 F2-plants, how many may be A1A1, how many A2A2?

#28, page 18 #29, page 36
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Some of UNPLAB's drawings and =

/" Goodness gracious, ‘ N\ //Wel!, if you want to understand your salaryr \

V. A o : 7 ) y NN \ f and compare its purchasing power,
ca rtOonS . 7 A o % o . (i . I —————— —_— i ' [ do L really have to learn, ]‘ you need to know whether it's dollars or dihams or pennies. )

£ % : g 7 A % : . - all this classical , /1 ; "
Breeders are gamblers. /) i) i f e % \_quanttatve genetics? / | T2 fo iy ot o) _ gy
MeIOSIS usua”y deStrOyS ; x.;:’::; Y | 5 o - & l‘ | 3 e [ What is the inflation rate?  §

- - TA78 ? : : 7 fa\ [ Quanﬁ’(q{'ive_geneﬁcs provides
enot es. 7 N, i ¥ Wy .‘ 4 - ; (00 ‘ ,r{ | { Sucmsm units and ﬁarime’rers
gCJJhurc;}rlwptower as marker A E(d b | N — 1 SN B | hresdig ond g swcess. 0
: : : : i o g / |l = | ™ / ik < 4 ; 4 : t = 1 y .1 \ 3 \Hisf'gojuj(ﬂab;:’ca’:ﬁa basrs i
Variance within entries can not | | - | ~ | . L\ e AT
be exploited.

Naive circular thinking.




