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INTACT technology for high quality ATAC-seq data

INTACT: isolation of nuclei tagged in specific cell types.
Uses 2 transgenic lines expressing:
a) A biotinylating enzyme BirfA

b) A chimeric nuclear envelope targeting fusion protein (NTF) including a nuclear

binding domain (TtWPP), a reporter gene (IRlll) and a biotin ligase recognition
peptide (BLRP).

a BirA

‘—( — promoter can be
)

replaced by tissue-
NTF (Nuclear Targeting Fusion i
specific promoter

Tewep | BLRP —
b c
NTF x
BirA BirA NTF
-—
- (41 Kda)
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Research Square Preprint online
https://doi.org/10.21203/rs.3.rs-2058892/v1
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ATAC-Seq quality and signal to noise ratio depends on
the quality of nuclei extraction.

A Root INTACT-ATAC-seq Leaf protoplast-ATAC-seq
Frozen Fresh Fu-Hao et al,, 2020
B intergenic
/ I <2kb up
d <2kb down
B ntron
Exon
B
Root fresh Root fresh Leaf protoplast

Root frozen
43
5

99.1% overlap 5% overlap

TraesCSEA01G 156100 TraesCS6A01G 156200 TraesCSEAD1G 156300
30kb H——HEH .
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NimbleGen promoter design. A. Hall. GigaScience, 8, 2019, 1-13 oot st
»  2-kb upstream of 110,790 high-confidence annotated wheat gene. Distribution of mutation types in 15 mutants
4000 EG>A mC>T mnon-EMS

© 3500

< 3000

g >99% of the
Wheat Promoter Capture (RefSeq v1.1) 2 #%0 mutations are

ion Wi : g 2% G>Aor C>T
Collaboration with IAEA and Hong-Chun Xiong S 1500 (caused by EMS)
Kronos EMS populations = sequenced 1,513 lines ; 1000
o 500
EMS mutations detected = 4,287,361 L I
Error rate = 0.2% (99.8% accuracy) Coor e e e e R EaE
Mutation density = 36 mutations / kb " -—*
& | o
Data available in /()V‘ﬂ &\
 GrainGenes Genome Browser 5/“? . o W{V .
% Blue track: density RefSeq v1.1
- Dubcovsky lab: https://dubcovskylab.ucdavis.edu/wheat_blast . 4 N é ({ Red track: EMS mutation density in
5 % 4,287,361 E { ’;g promoter capture
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Using ATAC-seq and promoter mutant data to understand and engineer gene expression

Start from gene coordinates or gene name
https://wheat.pw.usda.qov/GG3/genome_browser

The GrainGenes Genome Browsers

Popular Browsers -

[ Barley'Mo;ex V3 (2621 );,A o
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Wheat Chinese Spring IWGSC RefSeq

v1.0 genome assembly (2018)
f :

Exon/promoter capture and ATAC data are only in RefSeq v1.0

Start from gene sequence
https://wheat.pw.usda.gov/blast/

GrainGenes

__j

Note: default BLAST parameters: -max_target_seqs 6

cttgecatacce ttattcggta ttcgaactgg tcaacttgtc atgaagectt

() 10+ Wheat - Robigus Elv1.1 Ensembl scaffolds (2020)

[ 10+ Wheat - Weebill 1 V1 Ensembl scaffolds (2020)

@ 8 Wheat Chinese Spring IWGSC RefSeq v1.0 genome assembly (2018)
O 8 Hexaploid Wheat PanGenome, Montenegro et al., 2017

[JChinese Spring WGA pseudomolecules v1, all data (Oct 2016)

* EMS Mutations in Kronos (Dubcovsky Lab)

4.3 M EMS mutations
High-confidence SNPs ¢

D MultiMap mutations

10.7 M EMS mutations

[[] Exome data with annotated variant effects
[J MultiMaps 156,000 gene truncations

¥ G-quadruplexes
[ G4 motifs
* MNase Chromatin States

[[] MNase sensitive footprint (MSF)
D MSF intersets w/ imputed 1000 Wheat Exomes SNPs
[[J MNase resistant footprint (MRF)
D MRF intersets w/ imputed 1000 Wheat Exomes SNPs

* 10+ Wheat Genome Project

[ Genes
D Transposons
[JJ LTR Retrotransposons

* Expression QTLs

[_] HC annotations v1.1 w/ eQTL matches
[ eQTL Seedling SNPs
[) eQTL Spike SNPs

|~ ATACseq (Dubcovsky Lab) |

Root ATACseq fresh

Leaf protoplast ATACseq :

Genome  Track

View  BLAST

100,000,000 200,000,000
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@ @ Q Q QQ chrsA| « | chr5A:587395151..5674508
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H87.412 500

587.425.000

High-confidence annotations v1.1 2B381700.1

A02G301700.2 1

VRN-A1 TraesCS5A02G391700

Leaf protoplast ATACseq

Root ATACseq fresh

High-confidence SNPs
Promoter cap[ture 4x
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Using the wheat promoter capture

Promoter mutations are not annotated: the user needs to find the critical promoter regions!

Comparisons of promoter region among 5-10 grass species helps to identify conserved regions (Phytozome and visualize in VISTA plots:
https://phytozome.jgi.doe.gov/pz/portal.html)

Align promoter region + start of the gene using T-coffee (http://tcoffee.crg.cat/)

Within conserved regions focus on open chromatin regions (ATAC-seq or other epigenetic marks) and Transcription Factors binding sites
(http://plantregmap.cbi.pku.edu.cn/binding_site prediction.php)

Wheat o GTGAAGA TGGLCTGC 'CACACA YWG’““'C“AYW"(W(!G{W«U"TTT"ITG‘K“(‘CW“
VRNY TGATT AAA C(K« COGGLGG - C CGIGG
Barley & ISk AATA STCOACAE GOUUCEs- -G e
y A CANCAC GATCCAG « - - - G- - - S
B h Orza CCA TCGGCOCAG ICGCOGE GAGGLGG - - - - -G- - - &3 e
rachy Zea TCATGCCAGGCAAGGTGTGT AGCGGGE c crmcu
Rice
Maize 2
e Y“IC‘ZIKCKTATAMCMMYWIWEIGAGCGIGICIM((AITTVM“GY(Y( l seeeeea e - - ATACCG
v TGGGUCATCGTGTGUCTCL . ATGCTACAGACCAGCCCGGTATTGE - ATACCG
Dartey GGCTGCAGGAC - -« <~ <<« <= =« - - CGCOGOGOCCCGOGE CROGEOC! TGCOJCAGACCAGCCCGGTATTGE - ATACCG
b LAGCEATCOTOTSCTERIGOTE CACTGRGCCCCCTO0 COLGOCCTGAG TATGCTCAGACCAGCOCGGTATCGACRTACCA
Onyzn C-- meemmeessmeneeseesaeees €66 CGOCGLCTC60 OC C
Zea T GAGAGATGLCGTGOGGCC “AGGTGGGLCCOOGCA COLCGCATCON AAACCATCCCGGTTTCGE -FATACC
oo .
VRN box CArG box
o CGGL GGAAC - €, TCG ATCGC - -AC CCTCCC - - -CCARTT - - - ACACCAGAAATCCATCCATRCTCTTCCTCTCOCATCTTTAAGCTGEA
VRN CGLT-C B - 3 L TIT, gectee - coofr - - -GOCGARCCTCCT TGO CTGGCCATCCTCCC TCTCCTCC
Sy CECT-C GOLL - CAGATCE CTTTAAMACC CCCTCCCATCGOCT - - - GRCGGARCCTEATTTGG Tecect
Bracty  COCT-C--vvv-vevnevnnens COTCCTC, QCevvsomnnecncaceccnns CTTT, € CCCC-T---CC -GCC QCCTOGTTECGC Y - - -~ v v e v mmmemnen
Oryza «CT(('(LI((IL(WMI((GKE( GO cC CTTTAAAATC CCCCCA 1T C!((I((l((' .EE?! 6T . GY(BYH(
208 QOCT-C--cvmvenvnnnnanns CCeT-C COOTCOCOGCAGCGCTCATCACCGOTTTAAAT COGCCT - - - COTYCC- - - AGCGTCRC COMNLCOMCTGICC- - - - -CCTCACCT
.
AP2 site
o TCCCATCTCCC -( . . TC
VRN CCTCTCTTCCA- - P S D D T D R R N e L T T D e A S s S e e e O
Bartey CTCCCCTCCCA - LH
oy CTCOGOCTCTC - <= = c e e oeeeeeeaecaeaanae
Orpza CCCCACTCGAT CC\“CCA'C(AVCGAYC(AKG‘J((((C(LAYCK&C(M(((A"((K(G C(GY('(Q((GIG‘((KG‘U’WCWYW mwv m
Zes COCTCCCCCTATCTCTCCACCOCOGCAGC TAGCT GOGACGTCATGCACT COCCOGLGCCACCGCCA COGCATACT - AT(YACM"NI(MK(G’"CGC'I
A ACCOCCCOULCAGECAGLGALGTCTCILCTCCTCCCACCCLGE - CCOCCOTOLGLGCCAT AGACACARGAGLCG. - ACAGCTAGATCG
Vi - - CACCCAACCACCTGATAGCCAT GG TCCGLOGCCTCGLCTCO --AGT AGCCGTCGOGGTCTGCGGGTGT TGGAGGGTAG - - - - -
Bartey CACCCAACCACCTGAL, CATGGC (CC{CKCY[((CYC(G((CGCG(C!('BGE AGT AGCCGTCGOGGTOGCTCOLTOGCTOGLTOGET - - - - - wee . . . .
Brachry CCCCTAATCCGCCTAATGGCACAGEAT - <<~ - <~ < e one - - -AGT AACCGTCOOGGTCOETGOCTGCTTGTTGCGG - - =< <+ w == m s mmmcameem e e
Orpza AGTAGTTGCCGTGTGOOGATAGG r.lmcmmr. GCT AGTGGTCGTCOC TGATAGLGAGGT GOGTAGGG - - - - . TTA
Zea TACCTATCCTGTGIC U - --AGE AAC CTAGETAGTTTTATAGCT GCTGTCGGCGACGGOGGC TGAAGCGACGTELCTG
" €VRNI promoter

GAAC
AL AGL TGAAL

TCTCGATTCC
AGG

AR
§
B3
R8RCRR
SR
SRRRAR
EERel
Q00000
33
RERRE

G VRN CArG

-box -box -box GRP2'binding
1 L :
VRN1 . } I

/I _
;-\\\‘\\\
AGATTCGCACGTACGAT CGTTCGACA
AGATTCGCREGTACGAT CGTTCGACA
AGATTCGCCEGTACGAT CGTCCGACA
AGAATCGGCCGTACGAT CGGTCGACA
GCCCACGACAGTACGACGCACGCACG

* ok e e ok ek ok *k

SPL site

O wmAaH+d

. aestivum (A)
. monococcum
. vulgare

. distachyon
. sativa

SPL-binding site mutant

41%

VRN-A1/ACTIN
OFR NWAOUO N ®

WT

P =0.011
+

1

mutant

| exons
= introns

The mutation in the SPL binding site in
the VRN1 promoter is associated with a
41% increase in expression in the early
spike (1 cm long).

===
United States Department of Agriculture
National Institute of Food and Agriculture

KNHEAT CAP

Coordinated Agricultural Project

A\ 4
.’::NIFA
F?


https://phytozome.jgi.doe.gov/pz/portal.html
http://tcoffee.crg.cat/
http://plantregmap.cbi.pku.edu.cn/binding_site_prediction.php
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New: Wheat Regulatory Region Capture with Arbor Biosciences USDA -,N‘fA

United States Department of Agriculture
National Institute of Food and Agriculture

NimbleGen promoter design was Discontinued 12/2019 Wiear CAP
2-kb promoter high confidence genes in RefSeq v1.0 minus repetitive elements (>99% identity eliminated).
Masked regions with high 17 kmer frequencies (>100) and/or high coverage in previous design.

Complemented with open chromatin ATAC peak regions from leaves an roots outside the promoter region (30 Mb)

TraesGS1A01G002500.1 o T e————

TraesCS1A01G002500 2 kb promoter
f, Green rectangles are
Leaf ATAC 01 open chromatin outside
- - L IL jﬁ‘f‘_ﬂ‘_ | ____u, 2kb promoter region
| 30 Mb open chromatin + 150 Mb promoter= 180 Mb
Root ATAQ
l.la.l .....JL&AL.; ;I.L.AJIL-A . uadkl & s

Sub-genome Spec- Mean x Target Genome

Eg:ﬁ'&:&m Taxon reference  ificity targetcovg Mbp 25X Mbp 25X Vartants 210
Eoff-target T. mor mAm) A o 249 415 1900 reteemee Variant density Nopindos G d . I
| 1A 2A 3A 4 50 BA 7 1B 2B 38 4B 5B 6B 7B 1D 2D 3D 4D 5D 6D 7D U ® 00 Cove ra e |n a enomes
rvm A Q) we ar we * NANENERSSRESSSINSERES g g &
. : : : 3000

~AHEENEENE SN
- urai AB o 324 977 4028
T rardum (58) < HTHEENENENEENENTTTTEEE
Taestwmeen asp () %6 w62 w03 o EEEEEEEENNENENEEEEEEEE © °  61% increase in read-pairs on target
1000
rospoocesisy 8 2o xe wee ° HHNHNEEEENNENNNI NS ..

o)

Ao [ 0 0

Ae. markgrafi(C) D o 196 320 1419 3500

= * |talsoworks well for rye

* 3-fold more coverage target region

= | MO i MRMMMI MMM & > ¢ The Plant Genome (minor corrections)

S. cereale (R) R 154 287 1928
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Plant height (cm)

RHT25 encodes a PLATZ transcription factor that interacts with RHT1

PLATZ1 encodes a plant-specific AT-rich sequence- and zinc-binding protein

x
ns

. i
E ol.0
o
= PLATZ-B1
'_g o751 platz-B1
= A ok A WT
3
O 550 ns

platz-Al WT

PLATZ-AL interacts genetically with RHT1

Genetic interaction RHT1 x RHT25
110

10.2
100 cm

— PLATZ-A1

I platz-A1
90
80
70
Factorial ANOVA
PLATZ-A1 P<0.001 44
80 T .
RHT1 P <0.001 cm
Interaction P=0.011
50

Rht-B1a Rht-B1b

PLATZ-Al

PLATZ-AL interacts physically RHT1

Input Elution
HA-PLATZ1 - + 4+ - + +
RHT1-GRAS-Myc + - + + - +
65KkD - Anti-Myc
- -
50 kD —
1 2 3 4 5 6
Anti-HA
e - - -"
25kD -

Y - N Protein loading control

il
/]

Q7
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UBI::PLATZ1 Height (cm) Peduncle
\ 80 length (cm)
whE 35
70 T -
30 I
60
50 25
40 20
30 15
20 10
10 5
0 0

PLATZ-A1 natural mutants: 0% in 4x and 30% in 6x

Truncation mutation before digestion Mutants after Sau96| digestion

100 bp

G A W S e e

Berkut (Rht25a) x CDC Landmark (Rht25f)

4 loss-of-function alleles
(1 pair of primers!)

* 4-bp deletion

* 13-bp deletion

* 19-bp deletion

» Splice site (Sau96l dig.)

1 reduced expression allele

» 384 bp promoter insertion
Smaller effect on hreight

https://biorxiv.ora/cgi/content/short/2023.01.05.522836v1



https://biorxiv.org/cgi/content/short/2023.01.05.522836v1

Spikelet No. / spike

V4 Q7
A natural variant in FT-A2 (Chr 3AS) with beneficial effect on SNS and GNS Wiear CAP  USDA ENIA

Coordinated Agricultural Project

United States Department of Agriculture
National Institute of Food and Agriculture

Loss-of-function mutations in FT2 increase SNS but decrease fertility (similar GNS)
Natural Polymorphism in FT-A2 at position 10 from Asp to Ala (D10A) associated with higher SNS in our spring panel
D10 is the ancestral allele conserved in other grasses

A10 allele is present in 1% of a durum collection but in 60 % of our spring common wheat panel suggesting positive selection

High-density map located SNS QTL to a 5.2-Mb region in 3AS including FT-A2 (>6000 gametes) Priscilla Glenn

28 genes but only FT-A2 has non-synonymous polymorphisms in both mapping populations TAG (2022) 135:679

Field exp. in BC,F, sister lines in tetraploid wheat (UCD) Field exp. in winter 6x wheat pop. SS-MVP57 (A10) x LA95135 (D10) (F; RILs) Field exp. UCD isogenic 4x 2022
BC,F, FT-A2 in Kronos BC,F, FT-A2 in Kronos 24 Spikelet number per spike Spikelet number per spike
25 4 EA10 @D10 2
5.7% increase ns v e = T "
*k o 20 1 —T
n 22 ]
20 5 3 =~
= 2 * JRE
E @ 20 g QA0
15 2 E |+‘ |+‘ 10 =1}
o
(/) 5
10 n=12 1 n=12
Kinl8 Kinl19 Plal9 Rall8 Ral19
Al0 D10 A10 D10 0 Desert Gold Kronos Miwok  UC1771
BC,F, FT-A2 in Kronos e Fertility o Grain No. / Spike w Srain number per spike
80 : : — =
© 6.3% increase 2 BAL0 OD10 OA10 OD10 70 " I =
= 70 = : T ) 60 ] I
§- _52 4 _\5‘. 55 ns 50
(%] [72)
g 60 - =~ % 40 oAlo
g 2 2.2 g 50 30 i
§ 50 % m ﬁ N
= (D O 10
40 n=12 45 0
A10 D10 Kin19 Pla19 Kin19 Pla19 Desert Gold Kronos — Miwok UC1771
Model included FT2 RHT1. PPD1 and WAPO1 (increase yield per spike) Split plot 8 reps, small plots

No significant increase in yield!



A natural variant in WAPO-A1 (Chr 7AL) with beneficial effect on SNS and GNS

WAPO-ALT (P+/C47/D384)

WAPO-A1b ( P+/F47/D384)

m_—

WAPO-Ala (P-/CA7/N384)

— _——_H.ghswsm
G

T— CATF

)
+
T o>
_|

Tetraploid wheat Hexaploid wheat
0,

T. turgidum subsp. dicoccoides Landraces 45%

H3 H3

‘ i o ‘ H1/ WAPO-Ala

T. turgidum subsp. dicoccon H2 &S Global cultivars 62% .

H2 H3

(0.2¢ .8%)

o AFLP IR

—e-n*m-cr-uc-s:.ﬂ_.ﬂ_zﬂ.-ece;—_sﬁ

i _——_-
p_

A—D384N

8 grasses studied all C47
Eé ES 46 non-grasses studied all F47

H2 / WAPO-A1b
H3 / WAPO-Alc-i

i 83%
T. turgidum subsp. durum N. Am. Modern Spring ?
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Saarah Kuzay
TAG 2019 132:2689



Validation of WAPO-A1 as the causal genes of the SNS QTL on 7AL

WAPO-AL F; sister lines

(EMS mutant, greenhouse)
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Spikelet No. / spike
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kN

=
o

©

WT wapo-Al

18
17
16
15
14
13

Spikelet No. / spike

12
11
10

18

17

16

15

WAPO-AL F, sister lines
(EMS mutant, field)

T

L

WT

(EMS mutant, field)

19
*kk T *%
T
18
17
16
15
wapo-Al WT wapo-Al

wapo-Al x wapo-B1 F, CRISPR mutants

ns
1.04

{

Wapo-B1

—Wapo-Al
¥k ———Wwapo-Al
2.93
**
*x 2.83
4.72
wapo-B1

The functional WAPOL1 gene is necessary to increase SNS

WAPO-A1 BC,F; sister lines

Spikelet No. / spike
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20
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Spikelet No. / spike

The functional WAPOL1 gene is sufficient to increase SNS
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Kronos transformed with WAPO-A1 from T. monococcum & LDN-C47

WT

*%*

=

Dv92-1

ns

*%* ns
e I ns .
DV92-2 DV92-3 DV92-5 WT C47-1

Kronos transformed with LDN-F47

Kk *k*k

ns *kk

—F—
I
F47-2 F47-3 FA7-4 F47-5

WAPO-AL1 is the causal gene for the 7AL QTL for SNS

ns

C47-2

*k%

FA7-6

*k%k

=

C47-3

Saarah Kuzay et al.
PL0oS Genetics 2022)



SNS

Effect of WAPO-A1 alleles on SNS, TKW and grain yield

21

20

19

18

17

16

Comparison between H1 and H2 haplotypes in a GWAS panel of 238 photoperiod insensitive spring wheats and

in 75 biparental RILs Berkut (H2) x RAC875 (H1)

Effect of genotype on SNS Effect of genotype on TKW Effect of genotype on GY

65

24 ook ok 5500

€0 +4 2% *%k *%
22 +4.7% +11.8% 55 5000
+2.1%(91kg/ha) +7.0%(290 kg/ha)

% 20 250 © 4500
Z18 §45 %

16 =40 58% <’ 4000

14 gg 3500

H1 H2 | H1 H2 H2j H1 H2  H1
12 25 3000

GWAS GWAS GWAS

Some genotypes were able to translate a higher proportion of the increase in SNS into increases in total
grain yield. We hypothesize that those genotypes have a larger “source”.

Effect of environments on SNS Effect of environments on grain yield

6500 +11.6%

—o— H2 —e— H1 —— H2 —— H1

6000

5500

+10.9% +11.8% +13.3%

5000
4500

4000

Kg/ha

+11.3%

+0.5% +7.0%

+7.2%

3500

3000

Dav_Dry Imp_Dry Dav_lrr Imp_Irr Dav_Dry

mild

Imp_Dry
strong

Dav_lrr
Irrigated

Imp_Irr

Limiting environmental conditions (terminal drought) reduced the proportion of the increases in SNS that
were translated in increases in grain yield. We hypothesize that those conditions limited the “source”.

Grain yield (kg/ha)

6200

5700

5200

4700

4200

ﬂ,‘\\ﬂ
USDA #a:NIFA
- 7

United States Department of Agriculture
National Institute of Food and Agriculture
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BCsF; H2 into GID4314513

*

8.4 %

H2 H1



UC Davis is looking for a Tenure Track Assistant Professor to leadership the small grains breeding program.

Assistant Professor of Molecular Breeding for
Small Grains Crops

Job #JPFO5419
- PLANT SCIENCES / COLLEGE OF AGRICULTURAL AND ENVIRONMENTAL SCIENCES / UC Davihttps://recruit.ucdavis.edu/JPF05419

APPLICATION WINDOW
Open date: December 7, 2022

Next review date: Friday, Feb 24, 2023 at 11:59pm (Pacific Time)

Apply by this date to ensure full consideration by the committee.

Final date: Wednesday, Dec 6, 2023 at 11:59pm (Pacific Time)
Applications will continue to be accepted until this date, but those received after the review date will only be considered if the position has not yet been
filled.

POSITION DESCRIPTION

As part of UC Davis’ commitment to hire leading research faculty with an outstanding commitment to teaching, research and service that will promote the
success of historically underrepresented and marginalized student communities and address the needs of our increasingly diverse state and student
population, the Department of Plant Sciences in the College of Agricultural and Environmental Sciences at the University of California, Davis is recruiting
an Assistant Professor of molecular breeding of small grains crops. This is an academic-year (9-month), tenure-track position with teaching, research,
outreach/engagement, and service responsibilities. The appointee is expected to conduct mission-oriented research and outreach/engagement activities
relevant to the California Agricultural Experiment Station (https://caes.ucdavis.edu/research/aes). This is an outstanding opportunity to lead the
prestigious small grains breeding program of the University of California. We seek an exceptional candidate for this role, from either academia or industry,
who is committed to developing and deploying cutting-edge plant breeding technology to ensure the continued development of successful commercial
varieties with enhanced quality, yield, disease resistance and resilience to the changing climate.


https://recruit.ucdavis.edu/JPF05419

