/A UNIVERSITY OF

iy HOHENHEIM

A ST

Visualization

3502-440 Methods of Scientific Working for Crop Science

WS 2024/2025

Prof. Dr. Karl Schmid
Institute of Plant Breeding, Seed Science and Population Genetics
University of Hohenheim

1/30

Background

Modern visualizations
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A picture is worth a thousand words

- Summarize complex data
- Table or figure?
- Which designs for a figure are possible?

- Data mining: Find new patterns if figures.
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One of the first visualizations containing a large number of
data points by Charles Joseph Minard (1781-1870), a French Civil
Engineer.

The graphic shows the changes in Napoleon’s army during and
after the march to Moscow.

Carle Figuralive s
i

' Uic i Yy o compu 90 Ruatie. 1312 1815
o R T Bt i -Gl
. g pr—— Pl p

’ o ot poscou
* b )
L2 ok .
T iakis e T FACS

oy

P | I = =TT

5/30

Visualization of four dimensions in two dimensions

Development of a storm over time
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E. Tufte: Visual Explanations: Images and Quantities, Evidence and Narrative, 1997



Information content of graphics

> a <- rnorm(1000,0)

[1] -0.6210952179 -1.0912065990 -1.1395054396 -1.3189259016 -1.2876563450 -0.6368083081 -0.3961465716
[8] -0.2912739666 -0.1470279242 1.7375103224 1.2480682763 0.7357591312 -0.0605690848 0.7640946370

[988] ©.0045077573 -0.1658796133 -0.2793556344 -0.1170640982 -0.5272327964 0.2952162296 2.4884583004
[995] 2.0871831247 -0.4179269672 -0.4178945557 -0.3895868971 0.5237880959 2.1611690885
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Information content of graphics
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Visualization improves understanding of data

1. Original scientific publication

2. Modification of table by Edward Tufte

3. Converting the table into a graph by Edward Tufte
4. Atypical powerpoint visualization of the same data

5. An even better visualisation by Dave Nash
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Answer the following questions

1. Which cancer type has the highest survival probability
after 5 years and after 20 years?

2. Which cancer type has the lowest survival probability after
5 years and after 20 years?

3. For which cancer type does the survival probability
between 5 and 20 years drop the most?

4. For which tissue type is the average mortality (over cancer
types) the highest and for which the lowest?

10/30
Relative survival rate, % (SE)
Syears 10years 15years 20 years
Cancer site
Oral cavity and pharynx 567 (1-3) 44-2(1-4) 37-5(1:6) 33-0(1-8)
Oesophagus 142(1-4) 79(1:3) 77(16) 54(2:0)
Stomach 238(1-3) 1944 (1-4) 190 (1:7) 14:9(1-9)
Colon 617 (0-8) 554 (1:0) 53:9(12) 52:3(1:6)
Rectum 62:6(1-2) 552(1-4) 51.8(1:8) 49:2(2:3)
Liver and intrahepatic 75(11) 58(12) 63(15 76(2:0)
bile duct
Pancreas 40(0:5) 30(05) 27(06) 27(08)
Larynx 68-8(2-1) 56:7(2:5) 45:8(2:8) 37-8(3-1)
Lung and bronchus 15-0 (0-4) 106(0-4) 81(0-4) 65(0-4)
Melanomas 89-0(0-8) 86-7(1-1) 83:5(15) 82:8(1-9)
Breast 86-4(0-4) 783(0-6) 71.3(0-7) 85:0(1-0)
Cervix uteri 705 (1-6) 64-1(1:8) 62:8(2:1) 60:0(2:4)
Corpus uteri and uterus, 84-3 (1-0) 83-2(1:3) 80-8(1.7) 792(2:0)
NOS
Ovary 55:0(1-3) 49:3(1:6) 49:9(1'9) 49:6(2:4)
Prostate 98-8 (0-4) 952(0-9) 87-1(17) 81-1(3-0)
Testis 94-7 (1-1) 94-0(1-3) 91-1(1-8) 882(2:3)
Urinary bladder 82:1(1-0) 762(1-4) 70-3(19) 67:9(2-4)
Kidney and renal pelvis 61-8 (1-3) 54-4 (16) 49.8(2:0) 47-3 (2:6)
Brain and other nervous 320 (1-4) 29-2(1:5) 27-6(16) 261 (1:9)
system
Thyroid 96-0(0-8) 958(1-2) 94-0(16) 954 (2-1)
Hodgkin's disease 85-1(1-7) 79-8(2:0) 73-8(2-4) 67-1(2:8)
Non-Hodgkin lymphomas 57-8 (1-0) 46-3 (12) 383 (14) 34:3 (1.7)
Multiple myeloma 29:5(1+6) 127(1:5) 7:0(13) 4-8(1.5)
Leukaemias 42-5(1-2) 32:4(1-3) 29.7(15) 26:2(1.7)
Rates derived from SEER 1973-98 database (both sexes, all ethnic groups).”
NOS=not otherwise specified.
Table 4: Most recent period estimates of relative survival
rates, by cancer site
Herman, The Lancet, 2002
11/30

Estimates of relative survival rates, by cancer site

% survival rates and standard errors
Syear  |0year ISyear 20 year

Prostate 988 04 952 09 871 17 8LI 30
Thyroid 960 08 958 12 940 IL6 954 21
Testis 947 11 940 13 91 1.8 882 23
Melanomas 890 08 867 11 835 1S 828 19
Breast 864 04 783 06 713 07 650 10
Hodgkin's disease 85.1 17 798 20 738 24 671 28
Corpus uteri,uterus 843 10 832 13 808 17 792 20
Urinary, bladder 821 10 762 14 703 19 679 24
Cervix, uteri 705 16 641 18 628 21 600 24
Larynx 688 21 567 25 458 28 378 31
Rectum 626 12 552 14 518 18 492 23
Kidney, renal pelvis 618 13 544 16 498 20 473 26
Colon 61.7 08 554 10 539 12 523 16
Non-Hodgkin's 578 10 463 12 383 14 343 17
Oral cavity, pharynx 567 13 442 14 375 16 330 18
Ovary 550 13 493 16 499 19 496 24
Leukemia 425 12 324 13 297 15 262 17
Brain.nervous system 320 14 292 15 276 16 261 19
Multiple myeloma 29516 12715 7013 4815
Stomach 238 13 194 14 190 17 149 19
Lung and bronchus 150 04 106 04 8] 04 65 04
Esophagus 142 14 7913 77 16 54 20
Liver, bile duct 7511 5812 6315 7620
Pancreas 40 05 30 15 27 06 2708

www.edwardtufte.com
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www.edwardtufte.com
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Which type of visualization is appropriate?

- Ease of understanding
- Background knowledge required

- Complexity: How much time does it take to understand
the figure?

- Data to ink ratio

16 /30

years
0,42  0.75  2.75 6.75 12.75 25.75

(d)

Figure 1: (a) Change of body shape with increasing age in human
development. (b) A plot of arm length against body height.
Relationship of arm length and body length during different stages
of human development.
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When are two types of information required?

Figure 2: (a) Series of photographs of a nuclear explosion. (b) Plot of
time since explosion against the width of the fireball (Measured as

radius of the shock wave). The solid line indicates the theoretical

result. 18130



Annotation of scientific graphics

Figure 3: (a) Relationship between the generation time and the length of an
organism at the time of reproduction. (b) Brain size of vertebrates plotted
against body size on a log-log graph. Primates are open squares; other

mammals are solid dots, birds are solid triangles, bony fishes are open

circles, and reptiles are open triangles. 19/30

Finding deviations from a biological model

Number of species

1 10 10 10 10
Length (mm)

Figure 4: Number of species of all terrestrial animals classified

according to their length. It should be noted that the numbers used

are very rough estimates. The dashed line shows the expectation of

an inverse proportion to the square of the length. 20730

Relationship between health spending and life expectancy

National Geographic

21/30



World cereal production

www.worldmapper.org

22/30

World cereal imports

www.worldmapper.org

23/30

www.worldmapper.org
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High complexity of scientific representations

Figure 5 Mutational spectrum. (a) Rates of
the six different types of polymorphisms,
polarized against A. lyrata. Rates of G:C—>AT
type polymorphisms were set 10 a reference level
of 1 such that for DAF < 0.1, 1 equals 0.016
per site, and for DAF 2 0.9, 1 equals 0.002 per
site. For comparison, inset shows spontaneous
mutation spectrum in A, thaliana’®, where

1 equals 1 x 10-% per site per generation.

(b) Distribution of intergenic transitions in
200-kb windows along chromosomes. See
Supplementary Figure 7 for other site types.
(c,d) Polymorphism density as a function

of position on chromosame and alignablity & & F o1 oo oom
to 4. lyrata, A Dersiy of GCAT poymarphisms

o Grromasormo am
o Witin 4 M of contomere

Rt normalized 10GC - AT
boymopnisms
Densiy o{AT-GC pohmorshisms T

po2sxio®

(ancova)

Asgravle Non-aignatle
= Fracton of sto oo i genome

Fraction of ol SKP2

Fracton of SNPs por kb

(ref. 5). This relationship was supported by
our data (Supplementary Fig. 8), but we
found that the relationship was affected by
location and i
type; the proportion of explained variance, %,
could be as high as 0.49, for intergenic sites

for synonymous sites in centromere-adjacent
regions. As reported before’, genome-wide
tho was only weakly correlated with recom-
bination rates directly estimated from F,
crosses (Supplementary Fig. 8). Perhaps
‘most interesting is the finding of increased
polymorphism rates in regions that cannot
be aligned against the A. lyrata genome,
with a compound effect of distance to cen-
on

am ol contomere statpe

Figure 5: Composite figure in a recent paper from Nature Genetics.
Source: Cao et al. (2011)

25/30

High complexity of modern scientific representations

Home  Genomes  Bist  Tables  GenaSortsr PCR  DNA  Convort PDFPS  Session Ens Holp
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Figure 6: Screenshot of the UCSC genome browser
(genome.ucsc.edu).
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High complexity of modern scientific representations
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Figure 7: Heat map of tissue specific marker genes in the model
plant Arabidopsis thaliana. Source: Schmid et al. (2005)
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genome.ucsc.edu

- The main purpose of this lecture is to provide a basic
introduction into the importance and diversity of
visualization approach in science.

- One can follow established rules for the visualization (or
presentation) of scientific results, but it can also be
viewed as a creative process.

- The key requirements of visualizations is that it should be
correct, truthful (i.e, not manipulative) and user-friendly.

28/30

Sources for reading about the importance of visualization

- Website of Edward Tufte: www.edwardtufte.com
- Worldmapper: www.worldmapper.org

- R Graphics Gallery:
addictedtor.free.fr/graphiques/

- Hans Rosling and his gapminder program:
www.gapminder.org Also check out his videos!

What are the advantages and disadvantages of visualization
techniques?

29/30
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