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Wheat Genomic Resources in a post-reference sequence era: a road map to
establish priorities, timelines and outcomes

Prospects in Wheat Genomics --- what is needed from a research perspective

Rudi Appels, International Wheat Genome Sequencing Consortium (IWGSC)

Murdoch University (Western Australia), based at AgriBio (Victoria)

* Background on IWGSC focused on community survey carried out in 2016
* Completion of the reference genome assembly for all the 21 chromosomes

* Assignment of genes/traits in Wheat Gene Catalogue (RA Mclintosh) to reference
genome sequence

* Enhance the current pilot EMBL-ABR project on 7A for manual annotation of the 21
chromosomes within the reference genome to include functional studies.
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IWGSC survey of wheat research community

* High rate of responses (14% GM, 56% CC) . General membership (GM) is ca 800 and Coordinating
committee (CC) is 64.

e 7 sponsors filled out the survey
3 of them indicated that they were willing to sponsor coordination activities
5 of them indicated that they were willing to sponsor specific research
activities

* The IWGSC should coordinate the maintenance and update of the reference

sequence
* The reference sequence should be maintained: high importance for 99% GM and 76% CC
* The central database resource should be updated and maintained regularly (97% GM, 100% CC)
* This should be done by the IWGSC (97% GM, 81% CC)

* Post reference genome projects that should be coordinated:
*  Community based manual curation and annotation (61% GM, 67% CC)
* Database for the wheat genome sequence (61% GM, 67% CC)
* De novo sequencing and assembly of multiple genomes (57% GM, 67% CC)

* Functional annotation (67% GM, 50% CC)

 Members are willing to play a role
= 50% GM and 83% CC
= As project leaders (74% GM and 75% CC)
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Example

The high density-high
resolution molecular
genetic map for 7A that
was used to anchor the
genome sequence can
also anchor a composite
map.

Reference
Hhzat
TA_HRGIC_CSxR_ref

B

A

[4055]

CRIER]

TRE_4172013_1646.1
werp_Ku_c7?92_1636345
BobMhite_c17467_129
TRE_4254593_5724.1
TRS_GE7ETA_157E.1
FAS_4190632_945.1
werp _CAPT _c10i00_44 79465
FRE_4171946_1635.1
TRE_424T7559_1470.1
FRE_41735390_1505.1
FAL_44935451_F52.1

wekp_Fx_c3 15835 _4 0175955
ES00074751_51
FRS_4249470_16747.1
VRS 4153907 _1381.1
FRS_4246445_962.1
wenp_Ex_c35_ 77935

TRE 4141574 _1528.1 3
TRE 4059275 _1449.1

TRE 316837 _1116.1
TRE _4135639_1922.1 /__'

Kukri_ciﬂ&-d-?lé-_ﬁslil/
TRS 4055212 5295, 1
TRE 41906525354, 1
5500023225_51/
msnpj:-c_c25644_34‘305425/

TR _4185153_2717.1
TRE_4224066_6B192.1 ——

TRE 4121745 _4263.1 —H

FRS_4051160_3542.1
TRS_4221453_1534.1 ——
TAS_4247411_264.1 —
FRE 4208522 _1363.1 T
wenp_Ra_c23253_32762185
FRS_4179517_1531.1
Kukri_rep_c?3015_94
TRS_4243110_4742.1
FAL_1699765_1035.1
TAL _4427003_5360.1
FAL 447 0740_2323.1

TAL _#435794_1241.1
THL_229157_961.1
THL _4553525_1276.1
ES00083156_51
FAL_4511334_652.1
TAL_#404054_1024.1
THL_3129055_5166.1
THL _4558355_2910.1
FAL_4552901_11925.1
FHL 4549256 _13756.1
TAL_#554320_3193.1
IACHE4216

%:

FAL_ 45014351 _1717.1
THL _4492035_3361.2
wenp_Ex_c3Bll_BS99509
TAL_4500304_3757.1
TAL 4495576 _1236.1
THL _44455585_2195.1
THL 4368427 _46949,1
wshp_Ku_rep_cl03589_a0515365
TAL_4551724_3553.1
FAL_3905975_259.1
FAL 307 0BS3_S342.1
FHL _4553085_3391.1
THL 4559144 _1697.1
EobHhite_cl1635_691 /
FAL_2360262_120.1
FAL_4474659_10001.1

He

4
2400

220

Rezet Map
- Hag +
0-233.27 cH

A
[1383]

BN

<I-I|I-I°
IINNERNINNEN

zn

40

'Hll-l-

WTAS _¢101699_664. 1

I| sunl-2&0
TAS_2613473_1402.1
ESO0ins523 51

TAS_4 052592 _FE5.1
Excalibur_c7535_2715
MITAS 4246445 962, 1
AL 70744 15_2695,2

2H|He

100 an (54]
1-I|I-I' 'Hll-lr 'Hll-h

120

4-I|I-b

140

'H|I-Ir

1&0

'Hll-lr

130

'Hll-lr
I

z2nn

Rezet Hap
- Hag +
=207 ~H

T—aqued 71

H‘\\“?HS_SS 14062 _493.1

INFRS 4 05TEEE_2725.1

Corgar-at ive
Hheat
TA_Con2016_SHP12

BRE

BobMhite c17467_129
TRE_4252410_10524.1
TRE_4051510_625,1
TRE_41501135_6544.1
bukri_cB115_G21

TRS _4055294_4435.1
TRS_4059257_3275.1
FHS _4052056_493. 1
E37.-H59-51

TRS 4135571 12159.1
RACSTS _c95675_226
HAL_TOB2T14_2526.1
TRE _4057556_1575.1

auml2Th

FAHL _4373650_3510.1
IHAS9S
FAL_44005875_547.1
TAHL 43583 065_4267.1
IHA1725
F41-H55-176
ESO0021657_51
Ntplb0045p11_ 595

I:I TAL_ 4501431 _1717.1

WExcalibur _c14451_1313

wenp_Ex_c¥071_12171619
TAL _44764539_5542.2

+halsn

BIGF . auu—-TH
BHcalucrmal
BIlacAgluc
BHt . inra-7A
BHEC . caas—-FH
Bald_93
BIlacAaluczHHA
BCID-TA
BMxh o wcuw-7AL 1
BGpc.cosu—7FA. 1
BFuralala
BGwl. inka-TA
BP-Apzl1
Rc-Ala
AXuizco
P-Apa=ll
BFY.usq-TH
BHxhaucu-7A. 2
BHt . crc—7H
Bfhs . fou-TAL
Huld 176
BEpsm. quu—7A-2
Bz 1. auu—7A

B 1d . aun-7A-2
BHi.auu~7H
BHt . Fra-7A
HCalSp-TA

Hv'1d. e 15-FA
BFsc.ucu~-TH
BSms s wcu—TA
B4 ucw-TH
BCEt . cre=TA
Sr25

Lr1%

BYE . racs—TH
Collenath-7A




Example

The composite map
summarizes a large data
set of legacy data
assigning chromosome
regions that control
variation in phenotypic
traits.

Wheat Gene Catalogue
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Specify region of
interest.

Link to gene models in
that part of the genome
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Assignment of genes/traits in Wheat Gene Catalogue (RA Mcintosh) and
in-house breeding programs to reference genome sequence is a major
deliverable from the wheat genome sequencing effort.

This needs a coordinated effort and use of the IWGSC network

|

= 2 =

1A | 2A 3A 4A 5A 6A TA 1B 2B 3B 4B 5B 6B 7B 1D 2D 3D 4D 5D 6D 7D

Resource such as CropStore developed for Brassica provides as a model for
building the genome-breeder/research interface
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functional studies.
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www.embl-abr.org.au

Assoc Prof Andrew Lonie, Director
Assoc Prof Vicky Schneider, Deputy Director

Manual annotation of the 21 chromosomes within the reference genome to include
functional studies is integral to a project that assigns traits to genome regions.

“Incorrect annotations poison every experiment that makes use of them.”
Yandell and Ence (2012).

i5K project: https://i5k.nal.usda.gov/manual-curation-overview

Preferred option (supported by i5K project):
The genome community generate an OGS (Official Gene Set) from the manually
curated genes and a single, ‘primary’ set of computationally predicted genes.
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\ ~_Assoc Prof Vicky Schneider, Deputy Director

Manual annotation of the 21 chromosomes within the reference genome to include

functional studies is integral to a project that assigns traits to genome regions.
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Manual annotation of the 21 chromosomes within the reference genome to include

functional studies is integral to a project that assigns traits to genome regions.
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Cattle genome at i5K

Lee E, Helt GA, Reese JT, Munoz-Torres MC, Childers CP, Buels RM, Stein L, Holmes IH, Elsik CG, Lewis SE. 2013. Apollo: a
web-based genomic annotation editing platform. Genome Biol 14:R93.
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Prospects in Wheat Genomics --- what is needed from a research perspective

e Background on IWGSC focused on community survey carried out in 2016
The IWGSC has a well established network of collaborators covering most of the wheat
wheat community globally

* Completion of the reference genome assembly for all the 21 chromosomes
It is feasible to produced a finished genome sequence using multiple datasets, as a base for
re-sequencing other wheat varieties

* Assignment of genes/traits in Wheat Gene Catalogue (RA Mcintosh) to reference
genome sequence

It is feasible through a coordinated, chromosome-based effort to establish a

breeder/research/industry interface for gaining maximum value from the reference

genome

* Manual annotation of the 21 chromosomes within the reference genome to include
functional studies.

Manual annotation raises issues that require functional studies and the experience from

other genome project is that it needs a well-organized coordinated effort



