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Un iv e rs ity  of Pe ru g ia
• Ita lia n p ub lic  unive rs ity e s ta b lis he d  in 130 8

• 16  De p a rtm e nts

• Re s e a rc h wa s  c ond uc te d  in the  

d e p a rtm e nt of Ag ric ultura l, Food  a nd  

Environm e nta l Sc ie nc e s  ( DSA3)

• Multip le  re s e a rc h s ta tions  in the  Um b ria  

re g ion

• Roug hly 30 ,0 0 0  s tud e nts  a nd  12,0 0 0  fa c ulty

http:/ / ita lypic g a lle ry.c om / wp-
c onte nt/ uploa d s / pe rug ia - ita ly- m a p.jpg  



PR IN Proje c t

Un ra v e llin g  th e  m ole c u la r a n d  
p h e n oty p ic  e ffe c ts  of w h ole  g e n om e  
d u p lic a tion  a n d  its  im p a c t on  s tre s s  
a d a p ta tion  in  p la n ts  

• Us e s  Alfa lfa  a nd  Pota to a s  m od e l 
org a nis m s  

• C urre ntly p roc e s s ing  d a ta  from  
p re lim ina ry s tud ie s  to c hoos e  a nd  
re p e a t a b iotic  s tre s s  tha t s e e m s  to ha ve  
la rg e s t im p a c t

Proje c t of na tiona l inte re s t in Ita ly

C olla b ora tion Be twe e n 4  Ita lia n 
Unive rs itie s : Na p le s , Pe rug ia , 
Pa d ova , a nd  Sa le rno
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As s e s s  th e  im p a c t o f 
p o ly p lo id iza tio n  o n  
p la n t s tre s s  re s p o n s e  

C om pa re , by - om ic s  
tools , 2x vs  4 x b oth in 
s ta nd a rd  c ond itions  a nd  
following  the  s tre s s  
id e ntifie d  in W P1 

W P 1 W P 2 

Da ta  v a lid a tio n  a n d  
tra n s la tio n a l re s e a rc h  
in  c a n c e r  p o ly p lo id y

In te g ra te  d a ta  fro m  - s e q , 
m e ta b o lo m ic s  a n d  p ro te o m ic s  
a n a ly s e s  a n d  id e n tify  p o te n tia l 
c o n s e rva tive  g e n o m ic  e le m e n ts  
b e tw e e n  p la n ts  a n d  tu m o r 
c a n c e rs  

W P 3 W P 4 

Projec t 
Brea k down



Ou r c on tr ib u tion  
to th e  p roje c t

• UNIPG  c ontribute d  uniq ue  a lfa lfa  g e ne tic  
m a te ria l
⚬ Ne ote tra ploid  a nd  d ip loid  full s ib ling s  

from  m e iotic  m uta nt pa re nts   s tud ie d  
by Ros e llini e t a l 2016 .

• W e  c ond uc te d  the  d roug ht s tre s s  s tud y 
portion of this  work d ue  to our la b ’s  
pre vious  e xpe rie nc e  with d roug ht s tre s s

• Our s tud y wa s  firs t d one  in pota toe s  for 
proof of c onc e pt, but tha t d a ta  will not be  
s hown.

Ros e llini e t a l. 2016



Stres s  Mea s urem ent

1. Da ily s oil wa te r c onte nt m e a s ure m e nt 

2.Photos ynthe tic  ra te

3.Stom a ta l c ond uc ta nc e

4.Tra ns pira tion ra te

5 .Inte rc e llula r C O2 c onc e ntra tion

6 .C hlorophyl c onte nt

7. Le a f W a te r C onte nt

8 .Proline  c onte nt

9 .MDA c onte nt 

Photos  from  C a nva



Da ta  a n a ly s is

• Line a r Re g re s s ion Mod e l
• Line a r Mixe d -  Effe c t Mod e l
• ANOV A
• Pa irwis e  C om p a ris on

• C om p a ris on b e twe e n tre a te d  ( T0 )  a nd  
c ontrol ( C 0 )  p la nts  a t b a s e line  for inhe re nt 
va ria tion

• C om p a ris on ove r tim e  to d e te rm ine  norm a l 
g rowth in c ontrols  a nd  p ote ntia l d iffe re nc e s  in 
tre a te d  p la nts

• C om p a ris on a t s tre s s  tim e p oints  ( TS a nd  C S)

M od e ls  h a v e  b e e n  u s e d  

C om p a ris on s  h a v e  b e e n  d on e C om p a ris on 
Ove rvie w

T₀

TSC S

C ₀



Ph otos y n th e tic  R a te

The  re d uc tion in photos ynthe tic  ra te  und e r s tre s s  
c ond ition is  e vid e nt. Howe ve r, d ip loid  p la nts  s e e m  

to ha ve  a  hig he r photos ynthe tic  ra te  und e r the  
s a m e  c ond itions  c om pa re d  to te tra ploid s .

Note  tha t s ignific a nc e  va lue s  a re  for d iffe renc e 
between c ontrol a nd s tre s s  for ea c h genotype 
while  pa irwise  grouping is  c om pa ring be tween 
s tre s s e d va lue s  a nd not c ontrols

* * *
B

* * *
B

* * *
A

* * *
A

* * *
A

* * *
A

Is  the re  s truc tura l d iffe re nc e s  
b e twe e n s 8  a nd  s 16 - s 24  tha t 

m a ke s  it m ore  like  te tra p loid s ?  
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n .s .
A

S tom a ta l C on d u c tiv ity

Stom a ta l c ond uc tivity d iffe rs  b e twe e n c ontrol a nd  tre a te d  p la nts .
Stom a ta l c ond uc tivity d e c re a s e d  in s tre s s e d  p la nts  c om p a re d  to c ontrol p la nts . 
S29  g e notyp e  d oe s n’t s how a ny s ig nific a nt d iffe re nt b e twe e n c ontrol a nd  s tre s s .



LR W C

The  le a f re la tive  c onte nt s hows  a  s ig nific a nt va ria tion a m ong  g e notyp e s  a t the  s tre s s  tim e p oint. 
The  wa te r re te ntion c a p a c ity  in d ip loid s  is  hig he r tha n in te tra p loid s .



S PA D

Te tra p loid s  c onta in m ore  c hlorop hyll tha n the ir d ip loid  
c ounte rp a rts  und e r the  s a m e  c ond ition. 



Prolin e

* * *  
B

* * *  
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* * *  
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* * *  
B

* * *  
B

* * *  
B

Proline  c onte nt inc re a s e d  in a ll g e notyp e s  und e r 
s tre s s  c ond ition s ug g e s ting  tha t the  le ve l of 

re s p ons e  a p p e a rs  to va ry b e twe e n g e notyp e s .

S16  g roupe d  d iffe re ntly  from  the  
othe r g e notyp e s  ha ving  lowe s t 
proline  c onte nt.



M DA

The  MDA le ve l, a s  a n ind ic a tor of oxid a tive  s tre s s , va rie s  a m ong  g e notyp e s  und e r b oth s tre s s  a nd  
non- s tre s s  c ond ition.



Dis c us s ion

• The re  is  a  c le a r d iffe re nc e  b e twe e n p loid y le ve ls  

a nd  g e notyp e s  a nd  s tre s s   for our m e a s ure d  

p a ra m e te rs ; howe ve r, we  d id  not id e ntify  a  

s ig nific a nt g e notyp e  b y s tre s s  or p loid y b y s tre s s  

inte ra c tion.

• A s ing le  tim e p oint m e a s ure m e nt m a y not b e  fully  

ind ic a tive  of s tre s s  re s p ons e .

• V a ria tion b e twe e n g e notyp e s  a t e a c h p loid y le ve l 

wa s  p ronounc e d , e ve n thoug h the y a re  full- s ib s .



How  w ill th is  p roje c t 
m ov e  forw a rd ?

⚬Proje c t b y p os t d oc  Da nilo Fa b rizio Sa ntoro 
⚬This  is  c urre ntly  be ing  a na lyze d  a nd  will b e  p re s e nte d  a t 

the  20 24  Ita lia n Soc ie ty of Ag ric ultura l G e ne tic s  
c onfe re nc e  

Ph a s e  2 a n d  3 of th e  PR IN p roje c t u s e s  
tra n s c r ip tom ic  a n a ly s is  from  R NA - s e q  d a ta .

⚬Proje c t b y PhD Stud e nt Aa ron And e rs on ( p os te r is  he re )
⚬C ons truc ting  g e nom e s  of the  p a re nts  firs t, the n the  

offs p ring  from  this  s tud y to c om p a re  s truc tura l 
d iffe re nc e s .

G e n om ic  s tru c tu re  of th e s e  p la n ts  is  b e in g  
s tu d ie d  in  th e  M S C A - R IS E POLY PLOID Proje c t 



• Da nie le  Ros e llini-  UNIPG
• Da nilo Fa b rizio Sa ntoro-  UNIPG
• Aa ron W . And e rs on- UNIPG
• Dom e nic o C a rp uto-
• Be ne d e tto Ba tta g lia - UNIPG
• E. C ha rle s  Brum m e r- UC DAV IS

Th a n k  y ou !



Ov e ra ll re s u lts
Ke y Ta ke  Awa ys

• Ploid y a nd  G e notyp e  we re  ne a rly  
a lwa ys  s ig nific a nt thoug h the ir 
inte ra c tion with tre a tm e nt wa s  
not

• Only 3 b loc ks  we re  us e d  for 
Bioc he m ic a l a na lys is  d ue  to 
tis s ue  ha nd ling  e rror a nd  b ord e r 
e ffe c ts

• Is  the  ANOV A the  fina l s a y in this  
a na lys is ?

R andomized Models  with all 5 bloc ks

Model: Ploidy + Treatment + Ploidy :Treatment + (1|Block)

Variable Main Effects Interaction
P T P:T

Photosynthetic Rate *** *** 0.8039

Percent Change in 
Photosynthesis *** *** 0.67

Stomatal 
Conductance ** *** 0.5528

LRWC ** *** 0.748
Intracellular CO₂ 0.6482 0.2802 0.4494

Trans piration R ate ** *** 0.4807

S PAD *** * 0.435
P roline * *** 0.251
MDA 0.103 * 0.759

Model: G enotype + Treatment + G enotype :Treatment + (1|B lock)

Variable Main E ffects Interaction
G T G :T

P hotos ynthetic R ate ** *** 0.7246

P ercent C hange in 
P hotos ynthes is *** *** 0.9505

S tomatal 
C onductance *** *** 0.1159

LR W C ** *** 0.97

Intracellular C O₂ 0.05 0.258 0.834

Trans piration R ate *** *** 0.1164

S PAD *** * 0.9484
P roline *** *** *
MDA *** ** 0.956
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S16 S60 S24 S29 S48 S8 R
85 86 87 88 89 90

S16 S24 S29 S48 S60 S8 S
79 80 81 82 83 84

S29 S24 S8 S60 S16 S48 N
73 74 75 76 77 78

4

S29 S16 S60 S48 S8 S24 S
67 68 69 70 71 72

S60 S48 S8 S24 S29 S16 R
61 62 63 64 65 66

S48 S29 S24 S8 S16 S60 N
55 56 57 58 59 60

3

S24 S29 S60 S48 S16 S8 R
49 50 51 52 53 54

S48 S60 S29 S24 S16 S8 N
43 44 45 46 47 48

S48 S29 S16 S8 S24 S60 S
37 38 39 40 41 42

2

S16 S24 S8 S60 S29 S48 N
31 32 33 34 35 36

S29 S16 S48 S60 S8 S24 S
25 26 27 28 29 30

S8 S60 S48 S24 S16 S29 R
19 20 21 22 23 24

1

S16 S29 S24 S48 S60 S8 N
13 14 15 16 17 18

S16 S60 S29 S48 S8 S24 R
7 8 9 10 11 12

S60 S16 S29 S24 S48 S8 S
1 2 3 4 5 6

24 ±1°C  

8 0 %

16 / 8

Ex p e r im e n ta l 
De s ig n

• S0 8
• S16
• S24

Dip loid

• S29
• S4 8
• S6 0

Poly p loid

Te m p e ra tu re  

Hu m id ity

Da y le n g th

C om p le te ly  
R a n d om ize d  B loc k
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