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Molecular perspectives into seed priming
The seed repair response as a key player in the
pre-germinative metabolism
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Brief overview on Seed Priming research
Seed pre-germinative metabolism

DNA Damage Response (DDR) as a seed repair response

?%:v’ Systems developed to investigate seed priming at the molecular
4 level

® The chemical stress system

® The priming/overpriming system

® The intra- and inter-specific variation system



' plants MDPI

Review

Trends in Seed Priming Research in the Past 30 Years Based on
Bibliometric Analysis
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Seeds and the Art of Genome
Maintenance
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Seed DNA damage responses promote germination and growth
in Arabidopsis thaliana
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Research Article

Genome damage accumulated in seed ageing leads
to plant genome instability and growth inhibition

Wanda M. Waterworth and Christopher E. West
Centre for Plant Sciences, University of Leeds, Woodhouse Lane, Leeds LS2 T, UK
Correspondence: Christopher E. West (c.e.west@leeds.ac.uk)
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2% ...how is DDR related to seed priming?

PRIMING - adaptive strategy where exposure to one stimulus can influence the response to
subsequent stimuli - physiological state than enable plants to respond more rapidly to stress

Seed Priming

g Chemical methods Eé} Physical methods ?Q Biological methods
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{56.3 Systems developed to investigate seed
priming at the molecular level
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2ol The «chemical stress» system

Schematic representation of the most relevant cases of correlation of biochemical and gene
expression variables based on the Pearson correlation coefficients r

» Correlation analysis discloses novel

@ putative links between DNA repair,

chromatin remodeling, antioxidant

response and proliferation markers.
‘ 0 TRRAP - OGG1 - bridge DNA repair

and chromatin remodeling in the
context of seed germination

N
U OGGI1 - APX, SOD - link between
DNA repair and antioxidant response

’ a crucial aspect of seed vigor

@ ‘ ‘ » TSA blocks cell cycle, induces ROS

accumulation and DNA damage,
O antioxidant response O DNA damage response and all these events touch directly
O chromatin remodeling O proliferation/development or indirectly molecular processes
€ee> 12 280% (P < 0.05) that contribute to the seed stress

ey > 12 75%=<R<80%(P=0.05) response
 pmanat > r270%=R<75% (P=0.05)
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Metabolic and gene expression hallmarks of seed germination
uncovered by sodium butyrate in Medicago truncatula

Andrea Pagano! | Susana de Sousa Aratjo? | Anca Macovei® | Daniele Dondi® |
Simone Lazzaroni® | Alma Balestrazzi ©
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» METABOLIC HALLMARKS OF SEED
RESPONSE TO GENOTOXIC STRESS

OFEN Metabolic signatures of
~germination triggered by kinetin
_in Medicago truncatula
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> lIdentification of "quality”/stress hallmarks during the early phases of
seed germination
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ROS Accumulation as a Hallmark of Dehydration Stress in
Primed and Overprimed Medicago truncatula Seeds
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Hydropriming/ Hormopriming2 h
: : (a) DS DBOh DB2h DB4/6h (b) DAB staining at DB4/6h
\‘\\\ w ﬁ H  260+088e 393+167e 646+ 1.28¢ 588+ 107e H g‘/) ) ) "
P2h P2h ;
i K = 260:088¢ 7844268  118643.09de  9.534285de K Qf’ 7 DD > > |
\

H  2604088e  271:024e  467:228e  12.49:2.73de H i’ &0 & d é
P24h P2ah f ;
K = 260:088e  239:045¢  568:124e  22.05%1075cd K ‘0 2 7‘ <
H | 260:088e  198+037¢  508:21le  1158+3.74de e 2 \'Z 0 0
. . oP1mm oP1mm f
Overprl mlng 24 h K = 260+088e  324:056e  595:172e  30.144930c K w ‘Qf/' z@
7b

oP2mm ! J»‘wfe
« PSS €

lcm

x

H 260+088¢

13.43+3.76de | 57
OoP2mm

K 2.60+088¢e 332:142e¢ 11.68 + 2.86 de

p-value Timepoint <0.001
p-value Interaction <0.001

. antioxidants m\n\w
Z

Article
Noninvasive Methods to Detect Reactive Oxygen Species as a
Proxy of Seed Quality

Adriano Griffo ', Nicola Bosco !, Andrea Pagano ', Alma Balestrazzi > and Anca Macovei ">+



..DS

3

!

dry ©

seed a
radicle protrusion g OPDB2 OPDB4 OPDB6

loss of desiccation tolerance N‘j g\ﬁ xj_‘ \_‘

6h

priming

2h

haltmark? AP

DROUGHT RESPONSE

DT loss M

ANTIOXIDANT

antioxidant genes

\
ROS A

MtSPMS, MtSPDS
hallmark? »
‘\
DNA strand breaks
YH2AX foci
DDR genes J,

rRNA

hallmark? 5.85 rRNA “)

precursor A
mature i

Dry-back
DS HP DB2 DB4 DB6

HALLMARKS = »

400 - a a a
PDB4 PDB6 I B =
3.0 -
300 A b
%-j H > b o 25 MNBST
vV V¥ . : i
s o primed 5 0 15 ol
I "‘g- 1.5 bcI bf be
¢ bedk
dry-back 0US. 100 | S 10 cc
- r::- 05
overprimed ) e s
P DB2 DB4 DB6 HP DB2 DB4 DBE

4h

250 ~

150 4

pmol/mg

50 A

3'-phosphoadenosine i

PAP

5'-phosphate

o

0=§—0 —g_—o

NH;

l!:

DS HP DB2 DB4 DBG

- be

€ ¢ ¢ P
185 ab
. M- o
DS HP DB2 DB4 DB6
c b c ¢ p
<l <o
de bed ce e P

[
5.85 bc
= e-b e OP

D5 HP DB2 DB4 DB6

m_mﬂcd b cd d p

cd I£| d op

IS1-5.85 .

be ¢ p

s b c.:op
- - .

2 -1 01 2

altered

ribogenesis

DDR

genotoxic stress

nucleolus as stress sensor

Received: 27 December 2021 I Revised: 4 February 2022
DO: 10.1111/pce. 14295

Accepted: 5 February 2022

O B3 WILEY

ORIGINAL ARTICLE

Changes in genotoxic stress response, ribogenesis and PAP
(3'-phosphoadenosine 5’-phosphate) levels are associated
with loss of desiccation tolerance in overprimed Medicago
truncatula seeds
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v' Priming protocols - species/genotype/seed lot-dependent

d Gene expression as indicators of seed quality and priming efficiency

Contents lists available at ScienceDirect
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ok The «intra- and inter-specific variation» system‘e

Forti et al. Horticulture Research (2020)7:87
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Chiara Forti', Valentino Ottobrino', Laura Bassolino™, Laura Toppino?, Giuseppe Leonardo Rotino?, Andrea Pagano'”, Chiara Forti**, Valentino Ottobrino*, Enrico Doria', Laura Bassolino2?, Laura Toppino?,

Anca Macovei' and Alma Balestrazzi' Giuseppe Leonardo Rotino?, Andrea Pagano’, Anca Macovei’ and Alma Balestrazzi'*

100
- HP24
100-
— HP4
= 78 & HP48
g &= HP72
£ - HP96 T 75
8 e
= - UP c
8 50 o
5 T 50 -+ UP
5 £ @ HP2
g § & HP4
& 25 O 25 4= HP12
- HP24
e Ll L
0 0 24 36 48

1 13 15

Time (h)
Time (days)



™
()

DOKE . . oo e g0
<o The «intra- and inter-specific variation» system

v' 34 S. melongena accessions + 9 CWRs from the CREA-GB Germplasm Collection O 52
v' grouped based on germination phenotypes (EARLY, NORMAL, LATE) O Q 0
v seed lots collected at different years .o )

» HALLMARKS J s

germination delay

- Fondazione
« wu selected treatment ¢ CARIPLO
z 75 - HP48
- HP72
- HP6 . X
" - P impact on () C r e a
pre-germinative B ot s EN
0 c kit de¥ e g
& metabolism sL1 sL3  sLs sl2  sL4 \ v noaia: delfecrocia sgra
high-quality T lowqualty
years/seed lot
G Ty W ® 18 ROS levels
Time (days) g \\.(wk}fjl;i, N
hydropriming accelerates ‘ = &7 9
germination of ‘67/3’ i A
2\ -
> &

FC (HP/DS)
FC (HP/UP)

seeds 34
variability and heterogeneity 1.-§{§_-
observed when comparing ~ -
different genotypes and seed lots R

Time (h)

expression of antioxidant/DNA repair

search for hallmarks is delayed genes



Qs

cotk The «intra- and inter-specific variation» system;

International Journal of K\
Molecular Sciences MD\Py
Article

Study of Seed Ageing in Ipal-1 Maize Mutant and Two Possible
Approaches to Restore Seed Germination

Federico Colombo 1’*@, Andrea Pagano 2’*@, Stefano Sangiorgio 1@, Anca Macovei 2@, Alma Balestrazzi 2‘3,

Fabrizio Araniti '@ and Roberto Pilu '* 05
4
Artificial ageing Hydropriming Dry-back Reimbibition and Germination
_ &
4d . wrup
4 24h -
"~ . D) 3
wild type o2k () mn » l4d B/ WT-HP
ad 7 ea-up
. 24h =
Ipal-1 @& EER () 12 ) [ad [ pa-HP
(®) ‘ (© (0)
w0 2 a 50 05
g b =
g w . “ N § os ob
E 60 £ 30 g 03 , .
2 s 3
E 40 = 20 = 02 b
L
S 20 10 ;. 0.1
£
0 0 F o0
up HP up HP up HP up HP up
wi Ipal-1 wi Ipal-1 wt Ipal-1
° ° 3 3 % 5
> metabolomic differences among genotypes § 8 & 3§
9

and priming treatments
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Basic
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Translational
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