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Discrete traits and guantitative traits

Discrete trait; color,
gender, et al

Quantitative trait: size,
production, height, et al.

Most economic traits
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Quantltatlve traits: big trouble

e Controlled by many genes
* Genes with minor effects

®* Complicated to decipher
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fw2.2: A Quantitative
Trait Locus Key to the
Evolution of Tomato
Fruit Size

Frary,et al. Science, 2000,289
(7), P85-87
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Development of i_inkage Map In
Popu

Summary:

>12 projects

>9 species or hybrids

most under pseudo testcross
strategy

Most based on genomic DNA
markers, RAPD, AFLP, SSR,

ISSR et al.

Yin et al, (2004) TAG, 109: 451-463
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Transcriptome map
Protocol:

RNA - |dscDNA—| AFLP| - Genotyping|

Examples:

Potato (Brugmans,2002)
Arabidopsis (Brugmans,2002)
Cotton (Pan,2007)

Potato (Ritter,2008)
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Differences between genetic map
and transcriptome map
m Nature of the markers

B Reflection of specific tissue and
development stage

B Novel markers: differential expression (rare)
cleavage site mutation
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Cleavage site mutation within exons

Exon Intron Exon
Sample 1 *—*—-;

EcoRI EcoRl Msel

Exon Intron Exon

Sample 1 [— B  Sample 1 -
Sample2 [ N Sample2 [N

DNA level RNA level

No Polymorphism Polymorphism marker detectable
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Work flow

Specific tissues | e

/

Phenotyping

l

QTL analysis

Cloning specific-
expression genes

CDNA-AFLP assay| o)

l

Transcriptome maps

N\

Marker sequencing

l

Gene maps

l

Comparative

genomics
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Mapping pedigree and materials

Mapping pedigree :

(P.tomentosa X P.bolleana) X |
P.tomentosa 3

7/ years old, 132 genotypes

Materials : total RNA
from developing xylem
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Marker systems

cDNA-AFLP analysis

RNA — cDNA —— dscDNA — AFLP —Genotyping

SSR analysis
DNA— PCR —— PAGE gel testing — Genotyping
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RNA from different tissues

phiogm cambsal zone
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developing xylem Mature xylem
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Phloem Cambium Developing Mature Bark
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Preparation (1): Primer selection

E02/M02 E02/MO3EO03M02 EO3MO3

Pre-amplification:
E+0/M+0, E+0/M+1,

E+1/M+0, E+1/M+1,
NO obvious difference

Sel-amplification:
E+2/M+2,E+2/M+3,E+3/M+2,
E+3/M+3

E+2/M+3 or E+3/M+2

IS ideal for mapping
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Preparation (2): Polymorphism
EStI matIOn E11M33 E13M40 E15M56 E16M56

Polymorphism
Analysis with

21 random chosen
primers
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Polymorphism analysis of (P. tomentosa XP. bolleana) and P. tomentosa

Primer Total number Polvmorphic | Polymorphism Polvmorphic | Polymorphism
combiantion of amplified marker of of female marker of of male parent

band female parent | parent (%) male parent (%ol
E11M33 35 8 229 8 229
E13M 40 27 7 259 10 37.0
E15M 56 20 6 30.0 3 15.0
El16MS6 23 6 26.1 10 43.5
E17M6E 34 13 382 11 324
E19MES 25 6 240 10 40.0
E20MES 22 8 36.4 &6 273
E31M11 40 6 15.0 14 350
E31M12 46 10 217 10 217
E40nI14 26 7 26.9 Q 346
E51M15 33 o 273 11 3313
E51M16 34 8 235 8 235
E56M17 20 4 20.0 5 250
E56M18 14 3 21.4 3 21 4
E72M19 16 2 12.5 7 43 8
E21MES 22 2 o1 3 13.6
E22MES 20 2 10.0 G 30.0
E23MN40 17 4 235 4 235
E31M121 28 3 107 4 14.3
E31N122 20 2 10.0 3 15 0
E40MI23 26 6 231 3 11.5

Total 548 122 - 148 t
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RNA isolation Ds cDNA syntheses cDNA-AFLP analysis

DNA isolation SSR analysis
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47 primer had been
selected from

3 hundreds

And analyzed within BC1
population.
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Display of marker polymorphism

%




Polymorphism analysis of cDNA-AFLP markers

Primer Total Polvmorphic markers Polyvmorphsm | Testcross markers
combination | amplified Total Pi P2 lewvel (%) 1-1 Dristoriaed
bands
E11M3T1 30 ] 2 ] 20.5 7 1
WEE] 33 & 3 3 152 & 0
E13n140 37 4 1 3 1.5 2 0
MEE 35 7 2 3 154 7 0
E15MSG 42 ! 4 3 167 5 2
MGE 40 & 3 3 150 & 0
E17MGBE 30 3 1 4 12.8 ) 0
E19MNIEE 38 & 5 5 15.3 5 1
E20MSE 33 [ 4 3 21.2 Fi 0
E31M11 32 7 2 B 219 4] 1
E31MI12 o1 3 3 o] 134 2] 0
M1 30 7 3 2 17 F 0
n20 30 il 2 4 2000 5 1
M2 28 4 2 2 143 Kl 0
E33M111 28 4 2 2 15.8 4 0
nI13 27 il 1 ] 222 Kl .
M1 29 ] 3 3 27.6 = 0
BI1G 52 ! 1 o 2149 & 1
M2 36 3 2 3 159 2 1
mIZ2E 36 4 { 4 111 Kl 0
E34M111 37 & 1 =] 16.2 ) 1
M2 31 3 2 3 16.1 3 .
nI13 S0 o o 3 3000 2 1
M1 25 10 2 3 400 g 1
MI1E 26 o 3 o 34.6 0 0
n21 235 7 3 4 28.0 7 0



Primer Total Polymorphic markers Polymorphsm | Testcross markers

combination | amplified | Total Pl1 P2 level (%) 1-1 Distorted
bands
E44M011 40 o 3 4 213 8 1
13 41 1.2 4 3 293 11 1
M1S 39 13 6 o 33.3 14 1
MN20 37 4 1 3 10.3 4 0
M2 33 1 p 3 200 7 0
AN22 31 3 0 3 16.1 5 0
M23 33 3 p 3 132 5 0
M24 35 4 3 1 10.3 4 0
E51MI15 16 L 3 4 6.9 7 0
M16 L6 o 3 6 34.6 g 0
ES4M17 38 6 0 6 15.8 6 0
E63M11 3§ 4 1 3 10.2 4 0
M12 33 3 p 3 132 5 0
M4 33 6 3 3 138 4 g,
MI1S 36 3 p 3 139 5 0
MI16 30 6 3 3 200 4 2
MI1R 23 4 1 3 16.0 3 1
M10 24 3 p 3 203 5 0
MN20 iy 6 3 3 pr iy 5 1
M23 Iy 3 1 p 11.1 3 0
ET2M19 16 ] 0 ] 8.2 4 1
Total 03 — 282 pl
Average 333 X 42 2.4 - b (. (k8
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Characteristics of transcriptome map of P. tomentosa

Linkage No. of =20chi Mon. MNax. Total Average
map markers gaps distance distance length distance
LG1 21 2 41 2834 2300 11.4
LG2 13 4 62 267 200 9 16.1
LG3 22 1 1.0 221 1583 T2
LG4 14 O 2.4 18.5 130.7 o3
LG5 13 O 1.5 183 104 0 3.0
LG6 7 2 6.4 282 33.7 127
LG7 14 O 0.8 149 735 5.4
LGS 7 2 30 26.5 697 10.0
LGo 12 O 2.4 11.4 695 5.8
LG10 o O 23 199 63.5 71
LG11 7 O 4.6 175 305 3.5
LG12 T O 30 132 314 1.3
LG13 o 1 2.4 23.5 30.6 3.6
LG14 5 1 4.8 202 470 o4
LG15 3 O 6.9 15.6 433 3.7
LG16 4 O i34 153 323 3.1
LG17 11 O 0.3 11.7 231 21
LG18 4 O 4.0 138 19.5 4.9
Total 184 13 62.0 3464 1536 .4 147 .6
Axverage 102 0.72 34 192 354 3.35




Characteristics of transcriptome map of (P.
tomentosa X P. bolleana) X P. tomentosa

Linkage No. of =20cM Min. Max. Total Average
map markers gaps distance distance length distance
LG1 16 3 14 2713 238.3 149
LG2 12 2 1.3 242 141.8 11.5
LG3 10 1 46 234 103.7 104
LG4 2 1 23 230 19.0 6.6

LG5 3 2 0.0 30.8 174 15.5
LG6 3 0 19 109 134 02

LG7 O 1 24 2715 63.1 1.2

LGS ! 0 49 16.5 63.1 0.0

LG9 ! 0 54 174 317 8.2
LG10 5 0 1.1 118.7 514 10.3
LGl11 G 0 0.3 0.3 426 4.7
LG12 4 0 43 8.6 207 5.2
LG13 4 0 3.3 3.6 164 41

Total 103 10 61.3 2324 1030.6 117.1
Averape 8.3 0.8 48 17.9 193 0.3
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Characterization of transcrlptome map

Genome estimation of P.tomentosa X P. bolleana and P. tomentosa

P tomentosa P tomentosax P bolleana

Total length of LGs (cM) 1536 1030

Genome length { Ge) 2186 1534
LOD=6.0

N 184 108

X 287 308

K 442 232

Coverage (%) 723 67.1

Ge=N (N-1) X'K (Hulbert et al 1988)
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Marker distribution analysis across LGs

Linkage length Length Number of Number of Poission Value
Group of LG of Expected LG observed marker expected marker

LG1 239.9 263.9 21 25.8 0.201
LG2 227.2 262.2 14 25.6 0.009**
LG3 158.3 173.5 22 16.9 0.091
LG4 130.7 150.9 14 14.8 0.486
LGS 104.0 121.4 13 11.9 0.308
LG6 88.7 118.3 7 11.6 0.108
LG7 75.5 87.1 14 8.5 0.028*
LG8 69.7 92.9 7 9.1 0.312
LG9 69.5 82.1 12 8.0 0.064
LG10 63.5 79.3 9 7.8 0.259
LG11 59.5 79.3 7 7.8 0.481
LG12 51.4 68.6 7 6.7 0.356
LG13 50.6 63.2 9 6.2 0.099
LG14 47.0 70.6 5 6.9 0.465
LG15 43.3 64.9 5 6.3 0.558
LG16 32.3 53.9 4 6.2 0.259
LG17 23.1 27.7 11 2.7 0.0001***
LG18 19.5 32.5 4 3.2 0.219

*P=<=0.05; **P=<0.01;*** P=<0. 001
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Marker distribution analysis across LGs

Linkage length Length Number of Number of Poission Value
Group of LG of Expected LG observed marker expected marker

LG1 238.3 268.1 16 22.8 0.088
LG2 141.8 165.4 12 14.1 0.349
LG3 103.7 124.5 10 10.6 0.508
LG4 79.0 92.2 12 7.8 0.055
LG5 77.4 108.4 5 9.2 0.104
LG6 73.4 91.8 8 7.8 0.380
LG7 65.1 79.5 9 6.8 0.150
LG8 63.1 81.8 7 7.0 0.599
LG9 57.7 74.1 7 6.3 0.299
LG10 51.4 72.0 5 6.1 0.430
LG11 42.6 57.0 9 4.8 0.028*
LG12 20.7 31.1 4 2.6 0.123
LG13 16.4 24.6 4 2.1 0.062

*P=0. 05
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Mec 37 4 10.8 1 0.027 3 0.081

Mec 33 7 20.0 2 0.057 3 0.143

Mer 31 3 16.1 0 0.000 3 0.161

Mz 38 3 132 2 0.033 3 0.079

Mre 38 4 10.5 3 0.079 1 0.026

Ecca  Mea 26 7 26.9 3 0.115 4 0.154

Mee 26 g 346 3 0.115 6 0231

Ecer Meo 38 6 15.8 0 0.000 6 0.158

Ecan Mas 38 4 10.5 1 0.026 3 0.079

M 38 3 132 2 0.033 3 0.079

Mar 38 6 15.8 3 0.079 3 0.079

Mea 36 3 13.9 2 0.056 3 0.083

Mz 30 6 20.0 3 0.100 3 0.100

My 23 4 16.0 1 0.040 3 0.120

Mz 24 3 20.8 2 0.083 3 0.125

Mz 27 6 222 3 0.111 3 0111

Mz 27 3 11.1 1 0.037 2 0.074

Ezoe Maa 26 3 192 0 0.000 3 0.192
Totzl 1564 307 — 112 - 195

_ Average 3328 6.33 196 24 — 11 —




Comparison between whole genome and transcribed

regions

Whole genome Transcribed region
Average number of detectable | 63.73 3328
bands
Average number of | 17.87 6.53
polvmorphic bands
PCs with max detectable | EgqspMare (110 EanaMyr (31)
bands
PCs with min detectable bands | Egyo/Myar (50 EgarMer (22)

E Mﬁ-'MT.:T (50)
PCs with max polymorphic | E,.r/Mper (26) Exrc/Mea (15)
bands Eﬂc.-'MMT (26)
PCs with min polvmorphic | Ey.e/Mper (8) Egas/Mr (3)
bands

P omeniosar | P lomentosa P iomeniosax | P iomeniosa
P bolleama P bolleana

Average Number of loci 3,57 240 4.
Average w @ﬂ&{ ‘
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