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Chestnut as a Model Plant for
Fagaceae Tree Species

Reasonable genome size (800 Mbp/1C)
Diploid inheritance (n = 12)
~ast growth rate and valuable wood traits

Available transformation and embryogenesis
procedure

Compatible linkage groups and genetic markers with
other Fagaceae plants




Application of the Chestnut
Genome Resource

« Marker identification
— molecular markers for ID chestnut species
— Dblight resistance
— Phytophthora root rot resistance
— wood quality, growth rate....

 Comparative genomics analysis

— American chestnut vs. Chinese chestnut and other
chestnut species

— chestnut vs. Fagaceae species and other
woody plants



Constructlon of BAC Libraries

High MW gDNA extraction
Partial restriction digest

Two rounds of size selection
on CHEF system

Elute DNA and ligate to
BAC vector

Transformation

QC
3 i
e Mass-transformation, colony picking,

duplication, and storage




Chestnut BAC Libraries

Library
CMCMBb2 CMCMBd? CM_MBc? CDC_BaP
Restriction digest  Hindlll EcoRl Hindl 1l Hindl 1l
Average insert size 123 kb 115 kb 90 kb 140 kb
# of clones 73,728 92,160 110,592 73,728
Genome equivalents 11X 10X 12X 12X
Filters 4 5 6 4

aCMCMBb, CMCMBd and CM_MBc libraries were made from
Chinese chestnut, Castanea mollissima cultivar Vanuxem.
bThe CDC_Ba library was made from American Chestnut, C. dentata.



Construction of A Chestnut Physical Map Using
High-Information Content Fingerprinting (HICF)
Technique

HICF

(A) main components
— SNaPshot labeling
— Capillary electrophoresis

(B) Procedure

1. DNA extracted from BAC clones by 96-well
filter plate miniprep.

2. 5-enzyme restriction digest of BAC DNA.

3. Digested DNA labeled with 4 fluorescent dyes.

4. Labeled DNA samples resolved on capillary
electrophoresis 3730 DNA analyzer.

(Luo et al., 2003. Genomics, 82(3): 378-389)



Pipeline for Data Processing/Analysis for
Chestnut Physical Mapping

3730 Data Collection

l

GeneMapper

l

GenoProfiler

l

FPC
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Integration of the Physical Map and
Genetic Map by Marker Hybridization

Goals
* Verify the contig build of the physical map

» Construct a sequence-ready map for map -based
cloning, comparative genomics studies..

Approach
 Overgo design

* Pool hybridization
 HybSweeper Il

e FPC




High-throughput Overgo Hybridization

EST database Overgo Hybridization
Markers S 1- 1 N
-SSRs, 4 RFLP 3" 24mer o
- SNPs markers Klenow, 32P- dAiP, 2p-~dCTP

Repeat Masketr, « FFFFFFI AN
Cross Match Labeled ds 40mer
Tandem Repeat Finder J

Hybridize high-density filters

Overgo Maker
OligoSpawn

Overgo probes
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Hybridization Results Were Processed by HybSweeper Il
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Chestnut FPC g

125,459 clones input, i
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1,104,099 bands total,
18X genome equivalents,

Initial setting: Tolerance: 3
Cutoff : 1e-60

Final setting: Tolerance: 3
Cutoff: 1e-30

4345 contigs, 17132 singletons

579 markers anchored
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(=3 CM from a blight resistant QTL on LG-F)
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Hybridization with a laccase overgo
(from CCall _contig 42283 v2) identified
two individual contigs.
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Anchoring Linkage Specific Markers to the Physical Map
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Comparative Genomics of Chestnut and Poplar Genomes:
Hybridization with Poplar ortholog Markers

Approach

- BLAST chestnut ESTs to poplar genome (and
peach) database for all orthologs

- Remove low complex sequences

- Locate the poplar orthologs in poplar genome

- Among the poplar orthologs, choose 250 markers
evenly spaced across the entire poplar genome,
and design overgos from these markers

- Multi-dimensional Pool hybridization

- Anchor these markers to the physical map



e unigene already hybed Hy pridization with Poplar LG_II Ortholog Markers

Gap of >3M bp on LG

I G - of > 2M bp on LG
Populus
Populus gene Linkage Populus Distance to Anchored chestnut
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PUT-171a-

K03665 CCall_contig23188 v2 Prunus_persica-6479 grail3.0003025501 LG_lI 2002641 1831631 2639(227)

fgenesh4_pm.C_LG

K00457 CCall_contig4535_v2 _l1000277 LG_Il 3834272 1910168 1796(410)
PUT-171a-

K01698 CCall_contig43327_v2 Prunus_persica-14968 eugene3.00020758 LG_lI 5744440 854901
PUT-171a-

K03650 CCall_contig29555 v2 Prunus_persica-10920 eugene3.00020856 LG_lI 6599341 865001 2593, 8744
PUT-171a-

K03926 CCall_contig18494 v2 Prunus_persica-15429 grail3.0003090402 LG_lI 7464342 395889
PUT-171a- estExt_Genewisel_

K02492 CCall_contig26790_v2 Prunus_persica-25980 v1.C_LG_lI0707 LG_Il 7860231 1910747 2888, 3634, 2696
PUT-171a-

K04122 CCall_contig6450_v2 Prunus_persica-7796 gw1.11.3880.1 LG_lI 9770978 1169264 9216, 1015, 3507
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K00800 CCall_contig4127_v2 Prunus_persica-21182 eugene3.00021350 LG_lI 10940242 853079
PUT-171a-

K02931 CCall_contigl7550_v2 Prunus_persica-13584 gw1.11.2942.1 LG_lI 11793321 661935 8822, 12
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K07029 CcCall_contig41993_v2 Prunus_persica-89 grail3.0039009801 LG_lI 12455256 1987274
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PUT-171a- estExt_Genewisel_
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PUT-171a- fgenesh4_pg.C_LG_

K02257 CCall_contig42873_v2 Prunus_persica-7783 11001967 LG_lI 17977879 3708288

K00604 CCall_contig26937_v2 eugene3.00002342 LG_Il 21686167 1067797 622(275)
PUT-171a-

K03189 CCall_contig25908_v2 Prunus_persica-20190 grail3.0021023901 LG_lI 22753964 357392
PUT-171a- estExt_fgenesh4_p

K09561 CCall_contig45783_v2 Prunus_persica-11136 m.C_LG_l11150 LG Il 23111356 615609
PUT-171a- fgenesh4_pm.C_LG

K08903 CCall_contig22421 v2 Prunus_persica-23352 11001205 LG_Il 23726965 449875 365(1323)
PUT-171a- estExt_fgenesh4 pg

K01520 CCall_contig28752_v2 Prunus_persica-5761 .C_LG_112596 LG_ll 24176840 305732

24482572



Summary

« A total of four BAC libraries were constructed from
both Chinese and American chestnut. Each library
had 10 to 12X genome equivalents and an average
Insert size from 90 to 140 kb.

 HICF fingerprinting and further assembly by FPC
v9.1 from 125,459 BACs from Chinese chestnut
libraries led to a physical map with 4,345 contigs,
17,132 singletons, and had a 18X genome coverage.

 High-throughput multi-dimensional overgo
hybridization of the high density BAC filters with
RFLP, SSR, SNP and poplar ortholog markers
anchored 579 markers on the physical map.
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