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== Some Definitions ...

+ Genotype:

>
Genotype is &

« Markers:

NG
Genetic Markers are &

« Population: ...[coNT]
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< Population Genetics ...

« Population Genetics: Studies the heredity’s mechanisms at the population level.

« Population: Set of conspecifics individuals in the same place and time, which
have the ability to mate (exchange alleles).

N

In a population, the individual has a transitory importance, what mat-

ters are the alleles it has, which will be transmitted to subsequent gen-
erations

Reproductive systems
+ Allogamous: frequency of cross polination is = 95% e.g., maize

» Autogamous: frequency of cross pollination is < 5% e.g., wheat.
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< Allele and Genotypic Frequencies ...

Genotype Phenotype Observed Frequency
BB — White 100 0.05
Bb — Yellow 1000 0.50
bb — Red 900 0.45
Total: 2000 1.00

0.50
f(B) =p= 0.05 + T =0.30

f(b)

0.50
q =045+ - = 0.70
1-p)
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ONION IS A AUTOGAMOUS SPECIE ...
Any plant can mate with any other one i.e., panmixia & HWE

B b
P q
B p| p* p-g
b qlpq ¢
BB p? 0,30% = 0,09

Bb 2-p-q 2-0,30-0,70 = 0,42
bb q° 0,70% = 0,49
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IF NOT, CONSIDERING SELFCROSS ...
The plants mate by themselves

Genotype Gy G
BB »° = /BB, fBBy + 1/4 - fBb, pP+1/2-p-q
Bb 2:p 4= fBb0 T8, — 1/2 - fap, pq
bb 0* = fob,  foby +14-fap, q*+12-p-q

po= pP+12-p-g+1/2-p-gq

= pPe12-p-(1-p)+1/2-p-(1-p)
= pre12-(pP-p)+1/2- (- p)

= prH12-pP-1/2-p1/2-pP - 1/2-p
= pP-pep

p =79
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1. Alogamous

feB = P
fob = 2:p-q
for = &
2. Autogamous
fes = pPr12-peg
fop = 2:p-q-12-2:p-g
Jobo = ¢ +12:-p-q
3. Mixed type...taking "1/2 = I or Wright’s Equilibrium
fos = prlpg
feb = 2:p-gq-I1-2:p-q

+I1-p-q

fob
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== Genetic Markers ...




ersity theory

Examples
. Polymorphic Specific
Marker Amount Expression

degree by locus

Isoenzyme < 100 codominant low v

RFLP o0 codominant medium v

RAPD S dominant medium -

SSR o0 codominant very high v

SCAR 00" both low %

AFLP o0 dominant high -

SNP o0 codominant very high v

DAIT o0 both very high s

* After the deployment of other kind of markers.

** Clone aren’t but markers are.
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pArT flexibility...

pAvs only 0 or 1 [frequencies 0.0 — 1.0]

can’t identify haplotypes/heterozygous can identify heterozygous
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Maize Bulks w/ frequencies

Bulks
Marker Allele 1 2 3 4 g
1 1 0.67 NA® 0.57 NA 0.36
1 2 0.33 NA 0.43 NA 0.64
2 1 NA 1.00 1.00 1.00 1.00
2 2 NA 0.00 0.00 0.00 0.00
m 1 0.00 NA 1.00 0.00 1.00
m 2 1.00 NA 0.00 1.00 0.00

* NA means Not Available or missing.

Frequencies, so:

p+q=067+033=1.00
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Maize Genotypes w/ pPav — (presence/absence)

Bulks
Marker Allele 1 2 3 4 g
1 1 1 NA 1 NA 1
2 1 NA 1 1 1 1
m 1 1 NA 1 1 1

* NA means Not Available or missing.

Allele is always 1...the reference allele.

N

When Genotypes belong to the same bulk, the summary of their rAv generates fre-

quencies
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[ 3 . .
== Genetic Distances ...

Genetic Distances

Markers w/ allelic information
For example: ssR, SNP and DArT.

« Euclidean;
« Modified Rogers; and
. Cavalli-Sforza & Edwards.

References: [1, 2, 3]

improvement

nome p\@ Nt

qermp\( sm
molecular
d\ve sl yge

e
ew
ivated

S sU
oment g e@d

breeding genes
p\gmt s chromosomes

resistance
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== Fuclidean Distance ...

AABB

d{AABB,aabb] = \| D, + A3y

APA=O&APB=1

aabb AAbb

ApAzl&Aszo
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So, ...:

Edjy ) = 2 Z(pxm By,)? 5 (0.0 < Edp, ;< 2L)

where:

Px1q is the allele frequency for allele a at locus [ in the genotypes x;
Py, is the same as above for genotype y;

L is the number of locus; and

A is the number of alleles at locus 1.

“This is the estimator and its respective domain as shown by [3].
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3 -
== Roger’s Distance ...

1 L
x,y] Ezz:
where:

Px1, is the allele frequency for allele a at locus [ in the genotypes x;
Py, is the same as above for genotype y;

L is the number of locus; and

A is the number of alleles at locus I.

A
Z(lea pyla ,( 0= Rd[x,y] < 1.0)

DN | =

It hasn’t relationship with Euclidean Geometry. So, ...
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< Modified Roger’s Distance ...

MRd[x,y] \/— ZZ(pxla pYIa s (0.0 < MRd[x,y] < 1.0)

where:

Dx1g, 18 the allele frequency for allele a at locus [ in the genotypes x;
Py, is the same as above for genotype y;

L is the number of locus; and

A is the number of alleles at locus I.

For non-diploid species, replace 2L by the number of copies.
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== Cavalli-Sforza & Edwards ...

Cdixy) = \/ (1 - Z\[lea x Pyla> 0 0= Cdpcy = 1. 0)

where:

Dx1, 18 the allele frequency for allele a at locus [ in the genotypes x;
Py, is the same as above for genotype y;

L is the number of locus; and

A is the number of alleles at locus 1.
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3 .
<= Means, Variances and Standard Errors ...

d[x,y] is the distance between genotypes x and y, thus:

. _ 1 .
+ Mean: Hd, = —w Zx<y d[x,y],

. 2
« Variance: de,y = A(AI 2x<y (d[x v~ :ud[xy]) and

. Standard Error: Sl;[xy] =

/N

A(A D is the 2x2 combination of the alleles i.c., pairs in the distances estimators
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== Markers w/o Allelic Information ...

Genotype x
1 0
Genotype y 0 ccz Z

b+c

« Simple Matching: d[x,y] = Zibicid’

b+c
a+b+c’

+ Jaccard: d[x,y] =

and

2(b+c)
2a+b+c’

« Nei and Li (or Dice): d[x,y] =

The same references for the previous cases i.e., [1, 2, 3].




Diversity theory

< Diversity Indices ...

/N

A locus is polymorphic if, and only if, its allele frequency is < 0.95 or 0.99
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[ 3
== Raw ...

+ Polymorphic proportion:

p = Ipoly
Ntotal
« Mean allele number by locus:
1 L
Ng==),n
a L; 1

< Applied ...

Observed Heterozygosity (Ho);

« Expected Heterozygosity (He);
- Effective Number of Alleles (Ae); and

« Shannon Index (SH).
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Observed Heterozygosity:
It is defined as the percentage of heterozygous loci per individual or the number of
heterozygous individuals per locus.

Expected Heterozygosity:
1L

He LZ (1—21);) ,(0.0 < He < 1.0)

where:
P14 is the estimated frequency of the allele a at locus [; and
the other quantities (L and A) were already defined.
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Effective Number of Alleles:

1
Ael = <A ~
2 P;

1L
Ae = =) Ae
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Shannon Index:

« Total Frequencies:

aML‘b
>
S
I
—
o

A
SHrotal = = ;ﬁa log,, (ﬁa) ,

« By Locus Frequencies:

A A
SHocus = ~ 2 Palog, (ﬁa) .2 Pa =L (0'0 = SHy ocys < L)
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Diversity Indices for pavs

Statistics ...:

+ Polymorphic proportion

« Mean number of alleles by locus

« Observed Heterozygosity (Ho)

« Expected Heterozygosity (He)

o Effective Number of Alleles (Ae)

© © 0 0 00

« Shannon Index (SH)
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== Intraspecific Diversity ...

ANALYSIS

[Known Structure ] [Unknown Structure ]

[between populations[within populations} [Identify Structure}

[between populations[within populations}
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[ .
== ANOVA & CR Designs ...

D.F. M.S.
Between T-1 “variance between means”
Within T x(R-1) “mean of within variances”

Total TxR-1
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Recapping ...

Parameter Estimator
Population (by locus) He(Hr) = 1-Y5p7
Population (average) He(Hr) = 1Y He

. A2
Subpopulation; (by locus) He, = 1-Y: Dig,
Subpopulation; (average) He, = 1 Y. He,
Within Subpopulation Hy = 1Y He

Between Subpopulation Dsr = Hr-Hs
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Total = Between + Within

[Total Population (HT)]

[Whithin Subpopulation (HS)] [Between Subpopulation (H7 - Hs)]

\

[Subpop 1 (Hgl)} [Subpop 2 (HSZ)} [Subpop 3 (HSS)] [Subpop k (Hsk)}
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<= Wright Statistics (F) ...
Fis Heterozygosis proportional deviations within subpopulations:

Hs-Ho

s [-1;1]

Fg =

Fi7 Overall heterozygosis proportional deviation (inbreeding coefficient):

Hy - Ho
Fir= /" [-1,1
T Hy [-1,1]

Fst Heterozygosis proportional deviation between subpopulations:

Hp - Hg
Hrt

Fgr = [0;1]
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Nei, 1987 [4] ...:

1. Obtain Hr:
1L
Hr=-YH
T L; e
2. Obtain H (by locus):
1L
He=-YH
S LZI es;
3. Thus, obtain Ggt:
Dst _ Hr - Hg Hg
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Berg, 1997 [1] ...:

1. Obtain Ggt by locus:

_Dst _Hr-Hs _ Hs
ST HT ~  Hy Hy
2. Summarize as average:
1 Ta
Gst = — Z Gsr,
3. That is the same as:
nq (ﬁ)
- n \ Hy,
Gst=1-
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Be aware ...[J

« When we have just one (1) allele: Gg1 = Fsr;

+ Ggr generalizes FgT;

« Ggr is the proportion of total diversity that is between subpopulations; and
« Thus, (1 - Ggr) is the proportion of total diversity within subpopulations.

+ The meaning of diversity according to Fgr:

Fsr means
[0;0.05) small
[0.05;0.15) medium

[0.15;0.25) high

> 0.25 very high
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...Intraspecific Diversity (2" branch)

ANALYSIS

[Known Structure ] [Unknown Structure ]

[between populations[within populations} [Identify Structure}

(between populations[within populations}
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== Clusters & Groups ...

N

Minimize within variability — Maximize between variability

References can be consulted for deep understanding:

« Fundation book ... [5];

« Fundation paper in genetics (Nei) ... [4]; and

« More modern reference ...[6].




Diversity theory

Yii Y2 Vi3 o Vip
Yo1 Vo2 Yo3 vt Yop
Ynxp =1Ys1 Y32 V33 vt Vap

yn,l Yn,z yn,3 Yn,p

S

Everything starts from obtaining the distance matrix between all 2x2 pairs ...




Diversity theory

[0 dy, dyz - le dl,n-
0 dys - dyy - dyy

5

0 - dy; -~ dy,

d;i = 0.0 and D is symmetric -.d;; = dj;




Clustering Methods

« Geometrical:

— Hierarchical;
— Neighbor Joining;

— k-means (density search); and others

¢ MANOVA:

Total = Between + Within

. Statistical:

Mixture and Bayesian (STRUCTURE)
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Hierarchical:
1. All distances;
2. Find the most close individuals (smaller distance); and
3. Iterate over that.
+ UPGMA: merge groups with smaller distance;

+ WARD: merge groups that generate a new one with smaller S.S.yy; and

« NJ: merge groups if: (i) smaller distance & (ii) higher distances in compari-
son to the others.

Bayesian:

The model account for the presence of HW or LD, introduces population structure... find
population structure (groups) with the smaller possible disequilibrium [6].
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< Multidimensional Scaling ...

Two concepts:

1. Similarity (spyy]): dix,y] = |2 % (1 - s[x,y]);

2
sz d[x, ]_ﬂdx
2. stress(S): S = \/ V(Mi’l) I ,y])

2

N

Search for the reduced representation (2 or 3 dimensions) that minimizes the S.S.p
in the p dimensional space and with minimum the estimated distance.
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Dendograms ...
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© B10-R Tutorial
« Phenotypic data

— Experimental Design: ADEL, AUDE & STAD;
Individual & Multi-Env: META (> 1500), AGD (> 1300);
Interaction/Stability: Gea (> 1800); and

Spatial Analysis: SPAT.
« Genotypic data

— kinship: BROWSE & cop; and
— Diversity: BIO.

 Fusion data
— Relationship/Interaction: GEA;

— Genome prediction: BGLR ('R package & application tool); and

— Selection Index: s1 (> 300), RINDSEL.

« Decision: Eval L x T.
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BIO-R (Biodversy Ay WIS

T

10 016.05.21)
Copyright© 2018 CentoItemacional e Meforamiento de azy Trigo (CIUMYT).

Angela Pacheco
Gregorio Avarado
Frandisco Rodriguez
José Crossa

uan Burgusfio

) £ AUERICA INC. and R,

as speciled below

oramylaer

JLAR PURFOSE Sée e GNU

(Ganeral Pudc Licsnse for more dsals.

fothe Free Sofware Foundaton, I, 51 Frankin Stee,Fif Floo, Boston, WA 02110-1301, USA

a s
1 Batin Texcoco, fco,Misico CP. 5623T.
os Windons 7 amasd
Woring Diectory: CiUsersVapachecolDocuments CIMIN TR0 TBBiodersty
vesion: R220

Nayarit — cimmr
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© Downloading and Installation

- BIO-R is already available go to: http://data.cimmyt.org;

« Java interface/application for = embedding R [7] scripts to perform Diversity
analysis; and

+ heterozygosity, diversity B & W groups, shannon index, number of effective al-
lele, % of polymorphic loci, Rogers & Nei distance, clusters and multidimensional
scaling (2 & 3d plots).




Diversity theor

wg CIMMYT. Research Software

Repository

CIMMYT Dataverse Network > P— Dataverse s

N “ Network’ Voo
CIMMYT Research Software Dataverse Q H ] Create Account Login
BIO-R (BIODIVERSITY ANALYSIS WITH R FOR WINDOWS) VERSION 1.0 < View Previous Study Listing

CATALOGING INFORMATION = Data & Analysis ~ Comments ~ Versions

@ 1f you use these data, please add the following cil

ion to your scholarly references. Why cite?

Pacheco, Angela; Alvarado, Gregorio; Rodriguez, Francisco; Burguefio, Juan, 2016-12-06,
"BIO-R (Biodiversity analysis with R for Windows) Version 10", http://hdl.handle.net/11529
/10820 nternational Maize and Wheat Inprovement Center [Distributor] V2 [Version]

Data Gitation

Citation Format | Print v

Data Citation Details ¥

Study Global 1D hdl:11529/10820

Other ID CIMMYT: cimmytswcivn-0

o Pacheco, Angela (BSU - CIMMYT): Alvarado, Gregerio (BSU - CIMMYT): Rodriguez, Francisco (BSU - CIMMYT)
Burguerio, Juan (BSU - CIMMYT)

Producer Itemational Maize and Wheat Improvement Center (CIMMYT) oMY

Production Date diciembre 06, 2016

Distrbautsg ntemational Maize and Wheat Improvement Center (CIMMYT)

Distrbutor Contact Juan Burguero (BSU - CIMMYT), J.Burgueno@cgiar.org

Distrbution Date diciembre 06, 2016

Deposit Date diciembre 06, 2016

Provenance CIMMYT Research Software Dataverse
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© Getting Help & Manual

The Help button will provide you two options:

« Manual: «. pdf document descripting all options, methods and outputs.

USER’S MANUAL
BIO-R (Biodiversity Analysis with R)

« About: How to cite B10-R and any associated license (GNU & Oracle)




Diversity theory

©Data Format - MyData.csv

mark g1 g2 g3 g4 gx

1 0.67 NA 0.57 NA 1

2 NA 1 1 1 NA

3 1 1 0.52 0.50 0.80
4 1 NA 0.50 1 NA

5 1 NA 1 NA 1

6 0.67 0 0.71 1 0.33
7 1 NA O 1 1

8 1 NA 1 1 1

9 NA 1 0.60 0.22 0.71

>




Diversity theory

@ Setup ...
1. Markers - selects the column that identify the markers;
2. # Clusters - type the number of groups to split the population;

3. Output folder - type the path of the output folder where results will be
saved;

« It will be created inside the B10-R’s Output folder;
« You can change the name for different sets; and

« It is necessary to change the name for each analysis.

4. Genotypes - selects the columns that identify the genotypes;

5. Distance - selects the method to calculate distances; and

6. ColorMDSPlot ...[coNT.]
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©® ColorMDSPlot

*

Specify a *. csv file containing additional information for colors in Mps plot
Collumn 1: the name of the genotypes — should be equal to the input data;
Collumn 2: the variable to identify the groups of different colours; and

Collumn 3: any additonal information.

Genotype NumColor Something

2669579 11 1
2669039 3 A
2659444 8 F
2660128 11 T
2660829 11 I
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© Outputs ...

Message L]

@ Successful Analysist

Outputs were saved in
e HECH t BIO-R/Analysis1®

&SOutput
| _BsAnalysis 1

h

o

oo oo o

CalculusPerGenotype.csv
CalculusPerLocus.csv
Dendogram.wmf

mds2.html

mds3.html

MDStable.csv
RogersDistances.csv
SummaryDiversityAnalysis.csv

Bmds2 files
Bmds3 files
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Output [5: CalculusPerLocus.csv

Marker He Ho Ae Shannon %NA

1 0.50 0.29 1.99 0.95 0.22
2 0.01 -0.05 1.01 0.02 0.08
3 0.45 0.38 1.82 0.93 0.16
4 0.41 0.42 1.69 0.87 0.24
5 0.03 -0.08 1.03 0.11 0.10
6 0.40 0.43 1.68 0.86 0.20
7 0.50 0.31 2.00 0.99 0.24
8 0.49 0.47 1.94 0.98 0.18
9 0.45 0.47 1.82 0.93 0.14
N 0.08 -0.03 1.09 0.26 0.12
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Output [3: CalculusPerGenotype.csv

Genotype He Ho Ae Shannon %NA clusterGroup
1 0.39 0.06 1.63 0.83 0.11 1
2 0.38 -1.46 1.62 0.82 0.37 2
3 0.40 0.51 1.67 0.85 0.03 3
4 0.39 0.03 1.64 0.83 0.19 4
5 0.37 0.39 1.60 0.81 0.03 3
6 0.41 -3.56 1.69 0.86 0.42 1
7 0.39 0.34 1.65 0.84 0.04 3
8 0.37 -0.28 1.54 0.81 0.24 5
9 0.40 -0.70 1.61 0.82 0.32 1
X 0.38 0.33 1.66 0.84 0.04 3
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Summary [S: SummaryDiversityAnalysis.csv

+ % of polymorphic loci: 0.94;

« Exp. Heterozygosity: 0.30;

. Std. Dev. of He: 0.01;

» Obs. Heterozygosity: 0.22;

. Std. Dev. of Ho: 0.01;

« Number of effective alleles: 1.55;
« Std. Dev. of Ae: 0.02;

« Shannon Index: 0.63;

 Std. Dev. Shannon: 0.02 ...
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! Remarks

» Frequency of Alleles & Genotypes;
improvement
(Population Genetics) The fundamental concept! genome p ‘ an J[

« Distances & Diversity Indices;

(Genetic Diversity) Several ways and flavors.

« Wright Statistics;

(Intraspecific Diversity) Between/Within vari-

ability

genc
chromc
ulti
aev ,
breedmg gﬂn

(Software) it has been built considering everything .p lants “chromosomes

resistance

. BIO-R; and

you may want

¢ Questions/Suggestions??
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