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Table 1. Mineral compounds in Johnson's nutrient solution.

S5 N33) Seiel e Senalclle ol i) o Seal i) Jee raie sl ol
Compound F9ge Stock Stock =l Element Final
M.W conc. CO“?- ml stock per liter final conc.
(M) 91 sol. ppm
ool Ol 101.10 1.0 101.10 6.0 N 224
KNO3;
Ol F oedS lps 236.16 1.0 236.16 4.0 K 235
Ca(NOs)2.4H20
Slind i ,oubsopsnsel  115.08 1.0 115.08 2.0 Ca 160
NH;H-PO4
ATV sl ges 246.49 1.0 246.49 1.0 P 62
MgS0..7H,0
S 32
(mM) Mg 24
iy IS 74.55 50 3.72 1.0 cl 1.77
KCI
sy g2l 61.84 25 1.54 1.0 B 0.27
HsBO3
] 5 58 e i 169.01 2.0 0.33 1.0 Mn 0.11
MnS0O4.H.0
STV sy iy 287.55 2.0 0.57 1.0 Zn 0.13
ZnS04.7H;0
T 0 o Sl g 249.71 0.5 0.12 1.0 Cu 0.03
CuS0..5H,0
Slidge S 161.97 05 0.081 1.0 Mo 0.05
H,Mo004
oal oS 346.08 50 21.53 1.0 Fe 2.80
Fe-EDTA
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Al ailisl 51 olanwl HgiSG ol e 4 ag s o ) Lo Jle e L (AV-YY) Sol ansl Jeibie Lol S
il (siges rominw (6l ygul pdS b (g5 Ko b o ooliil Sigma S i ca-le 7A/AY o gl b SO ]
Ot 2l Jgemme diged ke (2,5 oSy jo ol Codbge 5 dmie )l eluln (28,515 eolitul 350
.(Flexas et al., 2006) «
(PIP) 4 ¢ y9loST 003 ot (o
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zl 2 RNA 5 1580 5SUI L s .03 ol (Iraizol, RNA Biotech Co, Iran) sl pl coS Joalygiws Gl wgandes
(Alpha Biotech Ltd., Glasgow, UK) Picodrop P200 ol o b olKws SaS b ob,) 55 9 (1)) 59,81 J5 (59, 0 00
51 oolitl b s )5l JS RNA 4 55 See) €DNA ats, el gl b a3 ls s RNA CoaS 5SS s 4
oy b e {Thermo Scientific, USA) oS Josll)jsiws 43 4> 45 L Revert Aid M-Mulv Reverse Transcriptas
L 55kl Ik .as plol Real time PCR 5l eolaww! L (PIP1, accession number: JX402929.1) -y 550155 T 45 oylo
ks per product Jsb o o5 (cwyiws oyl da 55T Jlgs slyls Jsoz ol (Y Jgaz) o pll Oligo 7. 1531 6 5
S JS olsie as(accession number: GQ339766.1) (.oST 5 51 eys cnl ole ile Jloy jskaie 4y .(per o JLasl
sl ,See VIA SYBR Green (Gent Bio. PRK) iy See & (55l PCR i (o Vo 2STs bgliee S 4o o solial
@ gemdis a3 30 A0 Jolin oles Lyl i .o plosl ROX a1y /Y ¢ 55kl ,o 51 s Sie V (DNase / RNase free ol

a0 VY g al ¥ ow 4 oguedis 430 00 Al Yo Soe 40 wgaades 45,0 A0 (90 Fo T JLoo 4 aiBs V- Sow
Livak ) o awle Cr s (g, 5l ealatul b (PIPL) oSG ,50165T 045 oo o s Jlael 4l Yo oo 4y wgannds
.(@nd Schmittgen, 2001

Real time PCR s soliiuwl 5,90 slo,55e1 =Y Jgo
Table 2- Primers used in Real time PCR

0,las Gl caz) b ol b ool g Jlasl sles Nk
O o Band size (open pair) Sequence of primers Connection youl
temperature .
Gene access Primer
number name
JX402929.1 228 F 5-AGGGATTCATGCAAGGACCA-3’ 55 PIP1
R 5-TGGTGGCCAAATGAACCAAG-3’

GQ339766.1 231 F 5-GTCCTCTTCCAACCATCCAT -3’ 55 Actin

R5-TACTTTCTCTCTGGTGGTGC -3’

&bl s9l5Ts
ozl ST 1530 p 5 51 oolil b boools cagles 55 s plosl )85 1+ b _obolas SelS aly s alole g0 52515 iglos]
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inactivity of aquapurine.
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Table 3. The effect of flooding stress on the growth and physiological index of sweet pepper at presence and

A 2s,l5 b3, ,15 ol ol ks N33) 5039 038 509 e
Chlorophyll  Chlorophyll S s do ks S Ay, Ses olesls  Treatment
a . b1 Chlorophyll ~ Chlorophyll ., Root  .Ll.slz  Shoot
(mgg- (mgg-* FW) index fluorescence fresh  ghoot  fresh
FW) GPAD)  (FVIFm) 4,  weight g weight
weight @ weight @
@ @
2328 1.1464 51.13% 0.822 0.20% 3.46°% 0.692 5.922 aals
Control
2.374% 1.0572 47.18% 0.824 0.06° 2954 0.22°¢ 2.84° B,
Flooding
1794 0.832 54854 0.822 0.20% 0.68° 0502 4.29°b o9 SB,e
aq
Flooding-
aq
O pley D
Duration of stress
2944 1.448+4 51.65% 0.822 0212 1.05% 2,972 5.452 IRVREIE
Long time
1.38°b 0.574° 50.452 0.81% 0.10° 0.83% 1.75°b 3.25b S oligS
Short time

5515l gime B dsy0 B el jo diis S yiie By > gl)ls ST Sla Sl i o 50
Means with same letters in each column are no significantly different at 5% level
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il gl gae Sl Slao ple jo cdl pals ST 55 50 a8 ady, of Jewily > 4 (i oloy S .l el

(F Jso)
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Collad g 2,8 (A 50 s nymlsST 03 Ol 9 Sl (Slgiome a5 Jo yo L (al38 0T 50 S s
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Table 4. The effect of flooding stress on some physiological traits of sweet pepper when the aquapurine is activated
or inactivated.

oHlan S5 Ssn Ol s lgime Ol Jonily, O Jenily
Prolin Total protein SR el Relative water Ay, Sy
(umol g- (mgg+ FW) Electrolyte content (%) Root Leaf Aot
FW) leakage water water Treatment
(%) potential  potential
(MPa) (MPa)
20.05? 0512 43.21° 66.81° -4.83°¢ -3.03° aals
Control
19.782 1.32° 34.16® 83.322 -6.48° -4.25° LB
Flooding
ag e 656
19.80 2 0.50°¢ 32,732 63.65° -10.53° -21.002 O3 st
ag-Flooding
Duration of stress s ooy e
Sdwedids
19.69 2 0.43° 38.962 70.692 -9.462 -10.352 e
Long time
< o
19.728 0.46°2 344532 71.82% -5.10° -8.502 > .95
Short time

3,15l gime B oy B s 50 s S i By > gl)ls &5 ol Sl (5w 2 50
Means with the same letters in each column are no significantly different at P-value < 0.05.

o0l caled pae g jpa> bulyd o glasds Jald o i glagasly (S p By 15 8 -0 ga
Table &. The effect of flooding stress on some stress indexes in sweet pepper when the aquapurine is activated or

inactivated.
5 ol o5 ok
SnlsS cylsST g EH ROV .
ady, S, S ] S3g5g )8 Sl “J’;:]‘sylm el ol oS
PIP1 ABA Carotenoid Total (m;n;i Potassium Treatmen
PIP1 expressio  (mg'gr  (Mgg*FW)  Antioxid FW) (mgg-t DW) t
expression n in Fw) ant (%)
in roots leaves
L‘.;:,
1.25¢ 1.07¢@ 15.93°¢ 23.272 57.43°P 24.04° 29.652 .
Control
oy
3.642 0.51°b 38.37¢ 19.24 b 56.13°P 31.28% 28.09 2 il
Flooding
s B2
b b b a a ab aq
2.42 0.95a 36.27 17.94 60.26 35.50 25.36 Flooding
ag-
O oley Do
Duration of stress
el
3.183 0.96 2 32.40° 23.99° 59.902 16.68 2 25.072 Long
time
GOl cL?9S
1.68° 0.732 27.98° 16.32°P 55.99 2 23.20° 30.33% Short
time

50l e BB e 0 O s jo aiis S i By, il oS Sla Sl (g 2 50
Means with common letters in each column are no significantly different at P-value < 0.05.
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91 A 1.2 - B

CER CINE

= 7 i KR =
3 €0 4 AVEHY N &0.8 b u Saedils
35 6 . 4D C :
—; 25 Long time \2 206 - be Long time

= 4 - e ol ¢ .
3 QE ;1 u..\.a‘bL:; j 50.4 | S oS
> H 9 Short time 33 be Short time

S 2 A ° 50.2 A I

: &

'é/): 1 - 0 -

0- Jals By ag- B
B ag Control  Flooding Flooding-aq
Control  Flooding Flooding-aq

51 C 0.35 ~ D

on ~

= 4 A 2o 0.3 4 Saesily
o = = xR =025 A Long time
R = i . 3 Teh b
55 3 Longtime 4 '8 02 - e o5
38 5 Cone olis J ; 0.15 - Short time
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Fig 1. Effect of flooding stress when the aquapurine is activated or inactivated in short time and long time on the

shoot fresh weight (A), shoot dry weight (B), root fresh weight(C), and root dry weight (D) of sweet
peppers. Means with common letters in each column are no significantly different at P-value < 0.05.
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Fig 2. Effect of flooding stress when the aquapurine is activated or inactivated in short time and long time on

chlorophyll fluorescence (A), chlorophyll index (B), chlorophyll a (C), chlorophyll b (D), and carotenoids

(E) of sweet peppers. Means with common letters in each column are no significantly different at P-value
<0.05.
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Fig. 3 Effect of flooding stress at the presence and absence of root aquapurin activity in short time and long time

on Leaf water potential (A), root water potential (B) and relative water content (C) sweet peppers. Means
with common letters in each column are no significantly different at P-value < 0.05.
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Fig 4. Effect of flooding stress at the presence and absence of root aquapurin activity in short time and long time

on phenol (A), total antioxidants (B), proline (C), total protein (D), potassium (E), sodium (F) sweet
peppers. Means with common letters in each column are no significantly different at P-value < 0.05.
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Fig. 5. Effect of flooding stress at the presence and absence of root aquaporin activity in short time and long time
on Abscisic acid content of sweet peppers. Means with common letters in each column are no significantly
different at P-value < 0.05.
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column are no significantly different at P-value < 0.05.
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Flooding stress causes a lack of oxygen and impaired root activity, part of which is related
to the possible effects of aquaporins.The factorial experiment was performed in a CRD design
with treatments including the flooded plants with active aquaporin and the flooded plant with
active aquaporin at two or 10 days after stress. With the loss of aquaporin activity, the fresh
and dry weight of the shoots and roots decreased and the duration of the stress did not affect it.
The potential of leaf and root water in aquaporin’s-free flood stress was more negative than in
flood and control, and the potential of root water under long-term flood stress was more
negative than the short-term stress. The content of abscisic acid in flood stress increased so that
in the presence of aquaporin for a long time it increased the abscisic acid and in the absence of
aquaporin increased in a short time. Expression of the root and leaf aquaporin gene increased
in flooding stress and the absence of aquaporin in the long term decreased in the short term. In
general, the antioxidant index was more affected by the duration of stress. The amount of
potassium and abscisic acid in the plant increased in the absence of aquaporin to maintain the
water content of the plant by closing the stomata. On the other hand, carotenoids as a precursor
to the production of abscisic acid increased. In general, the presence of root aquapurins seems
to play an important role in maintaining water balance in pepper in flooded conditions.
Keywords: Abscisic acid, PIP gene expression, Water potential, Water relations, Stomata
status.


mailto:mhaghighi@cc.iut.ac.ir

