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Fig. 1. Biomass of maize inbred lines (B73 and MO17) in non stress and salinity stress treatments
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Table 1. Identified proteins in maize inbred line (b73) in salinity stress (200 mm nacl) treatment
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B IS 05 ook oaliie JSU5 055 S S5 5 i
W ,S6 Molecular 6 K Sy ) i Molecular ol 03l
J5 60y o los Sy o o slad Mg Induction Weight- Theoratical Isoelectric weight -Observed Isoelectric
Spot ID Identity Accession number 2 - species Factor (KDa) Point- Theoratical (KDa) point- Observed
0204 Peroxiredoxin-2E, chloroplastic Q949U7 A. thaliana 0047 1727 501 1810 501
1212 Photosystem | chlorophyll a/b-binding protein 2, chloroplastic QI9SYWs8 A. thaliana 0096 2451 502 2443 517
Bifunctional dolabella-3,7-dien-18-ol synthase/dolathalia-3,7,11-triene .
1402 . AOAL78U9Y5 A. thaliana 0073 6347 522 6328 517
synthase TPS20, chloroplastic
1504 Vacuolar protein sorting-associated protein 35B F410P8 A. thaliana 016 3459 523 3355 517
1505 B3 domain-containing transcription factor ABI3 Q01593 A. thaliana 0057 8241 522 7950 520
2210 Adenine phosphoribosyltransferase 4 QIsuU38 A. thaliana 023 1958 528 2035 535
2211 Ubiquitin-conjugating enzyme E2 14 P42747 A. thaliana 0058 1955 534 1859 536
2212 Peptide methionine sulfoxide reductase B2, chloroplastic Q9C5C8 A. thaliana 013 1574 537 1510 536
2408 Protein NTM1-like 9 FAIN35 A. thaliana 0023 5752 535 5725 533
2409 D-2-hydroxyglutarate dehydrogenase, mitochondrial 023240 A. thaliana 0005 54.00 537 5243 542
2511 Protein TIC110, chloroplastic Q8LPR9 A. thaliana 0012 106.33 532 106.33 536
2515 Histone-lysine N-methyltransferase MEDEA 065312 A. thaliana 004 7847 531 7741 550
2605 Calmodulin-binding transcription activator 4 QIFYG2 A. thaliana 0024 11306 533 11796 534
2608 Exportin-T Q7PC79 A. thaliana 0038 11145 549 11146 544
2609 Transportin MOS14 Q8GUL2 A. thaliana 018 11123 556 10691 561
3206 Cold shock protein Q41188 A. thaliana 007 1965 561 1869 584
3207 Protein TRIGALACTOSYLDIACYLGLYCEROL 5, chloroplastic Q8VY77 A. thaliana 1388 899 561 917 560
3605 Protein translocase subunit SECAL, chloroplastic QISYI0 A. thaliana 0077 11115 563 107.45 5.64
3606 Isoform 2 of Protein translocase subunit SECA2, chloroplastic D8WUA4 A. thaliana 0097 11298 569 116.37 5.90
4204 Nuclear transcription factor Y subunit B-2 Q5QMG3 O .sativa 0033 1847 581 19.15 5.82
4205 Protein mago nashi homolog 1 AOAOPOXB70 O .sativa 009 1893 600 18.18 5.97
5205 Beta carbonic anhydrase 1, chloroplastic p27140 A. thaliana 007 26381 6.12 25.57 6.13
5307 Cathepsin B-like protease 1 FAHVZ1 A. thaliana 021 2988 6.13 29.20 6.18
6206 Transcription factor ILI6 QODUR2 O .sativa 338 1105 6.62 10.39 6.57
6207 Isoform 3 of Protein-L-isoaspartate O-methyltransferase 2 Q64J17 A. thaliana 1120 2166 6.69 24.02 6.60
6404 Peptide chain release factor PrfB3, chloroplastic F4J264 A. thaliana 005 4761 6.70 45.96 6.74
6407 Transcription factor TGA10 E3VNM4 A. thaliana 0053 4654 6.50 46.59 6.55
7307 Phytolongin Phyl2.2 QILVV3 A. thaliana 0.069 30.45 6.98 29.13 6.78
a: NCBI database access numbers NCBI (slaolKl o305 53 (g s olet @
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Table 2. Identified proteins in maize inbred line (mo17) in salinity stress (200 mm nacl) treatment
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A IS5 055 o otalin JSU50 035
Y U3 Wi, S Molecular 6 S Sy 5 dais Molecular 0 o3l S SU1y ) dlais
J5 S o fd 0 jlads M Induction Weight- Theoratical Isoelectric weight —Observed Isoelectric
Spot ID Identity Accession number ? - species Factor (KDa) Point- Theoratical (KDa) point- Observed
1008 Thioredoxin H3 Q42403 A. thaliana 2448 1365 509 1297 505
1406 Magnesium-chelatase subunit Chll-1, chloroplastic P16127 A. thaliana 720 4113 510 3992 505
1407 1-aminocyclopropane-1-carboxylate oxidase 3 065378 A. thaliana 1139 3739 506 3653 509
2404 Dehydration-responsive element-binding protein 2A 082132 A. thaliana 3341 3655 519 37.70 517
2603 (S)-beta-macrocarpene synthase QlEG72 Zea mays 3848 6268 513 6393 514
3109 Metacaspase-4 064517 A. thaliana 608 1973 528 2055 525
3304 Putative casein kinase Il subunit beta-4 080507 A. thaliana 1290 3190 524 3157 520
4808 Protein CHLOROPLAST UNUSUAL POSITIONING 1 QoLI74 A. thaliana 003 11401 537 11567 546
4809 Calmodulin-binding transcription activator 4 QIFYG2 A. thaliana 735 11509 532 11796 534
4810 Small RNA 2'-O-methyltransferase Q9C5Q8 A. thaliana 714 10519 531 10445 530
5303 ATP synthase subunit gamma, chloroplastic POC1MO Z. mays 019 3391 545 3495 568
6105 Soluble inorganic pyrophosphatase 1 Q93V56 A. thaliana 840 2439 576 2448 574
6204 Basic leucine zipper 24 Q8GTS1 A. thaliana 0039 2559 584 26.09 586
7108 Dual specificity protein phosphatase 1B QIMBK7 A. thaliana 2825 1752 607 1731 6.05
8005 Auxin-responsive protein IAA5 P33078 A. thaliana 021 16.08 6.36 1835 6.37
8006 Dehydrin HIRD11 Q9SLJ2 A. thaliana 1329 1346 6.78 1119 667
8401 Anthranilate O-methyltransferase 2 B6SU46 Z. mays 017 4426 652 4266 657
8402 Homeotic protein knotted-1 p24345 Z. mays 528 4038 643 3982 641
8508 Equilibrative nucleotide transporter 1 Q8VXY7 A. thaliana 1455 50.10 6.73 4934 6.76
9504 Glycerol-3-phosphate dehydrogenase [NAD(+)] GPDHC1, cytosolic 022216 A. thaliana 548 5021 683 5149 6.82
a: NCBI database access numbers NCBI (slaoll 0313 53 (oo 23 05let A
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salinity stress (200 mM NaCl) (b) treatments


https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.2.2.8
https://agrobreedjournal.ir/article-1-1152-en.html

[ Downloaded from agrobreedjournal.ir on 2025-09-01 ]

[ DOR: 20.1001.1.15625540.1400.23.2.2.8 ]

TVOA-IVY AF e OSas 5 G ok i Bs s s sosd A5 1"

5 PI 8

5

1 8

i (a)

(b)=

b0 5 () 25 05y sbaslas 53 (MOLT) )3 aibeneT Sy 5 0¥ 0 555 Glrgs 5509, SU-F S
(g)ﬁb%ﬁ)y‘}»&:ﬂ\'"

Fig. 4. Two-dimensional electrophoresis of maize inbred line (MO17) proteom in non stress (a) and salinity

stress (200 mM NacCl) (b) treatments

5 Sslp sl B3 Y s & sl ol b eails
B73 onY ys.coils Slslp Sal 551 MOLT7 Y s
23 S5 F 5 e ilie S 03 slagss  als
53 Jolie s ckimils ol s ialS gy ed A5 S
5 e pln 3 s slagss o ST MOLT Y
ol B il ) st T Hled 5o o5 Sl A
e plie La s o (ool GRIBTL (om cazmil
51 ot L adlia (sl ol 5wl a3l olS
(Bandehagh et al., 2011) J_S" o 4 58 15 (6,5 o
Cole 5ol diy 2alS LYs 51 (S Y| oS
&5 A Tl b 53 o8 a8 Wl Y ol
Sos5 BT Jlesl 5l Gy A8 (0 O e (65 A
4l (Slsl s Olsply 5 JUIST sl 5 )
aS I yscling Sl p ials 6lsB73 Y s
Sal Sl Lasss 1 onl 2STMOLT oY s
Slosely 5 JUIS bty 5 Slsl s il 3l Azl
3505 el sias Ol Wl s MOL7 0¥ s

Y7A

Auxin-responsive  protein

IAAS (55—
S Cal S 0B S s 559y 58S L (A 10 &)
355 fly 05 Slod =S S Ol s
S o Jne ST oS Bl s ST S
&S AUXIIAA 555, (Liscum and Reed, 2002)
sdais slad sl 3 &S Conl ST 4yl oS Hlge
LS e plaze OLalE 31,y Ll 5 Sdp s
33 oo A AUXNAA La0S s 555 J S
Eel aS 3,0 ST Glsply (sl e Lo
Db e GLa A 4 el 5 A (g el
Ll 4y S (50580 A5 Jlesl Iy 92 )
Ll glyl s jrals
S S5y s O i da S ey
MOL7 §B73 &y3 Y 95 a3 asl Slsl 3
Calmodulin-binding transcription activator 4 .5 g
o S A glald Y 55 8 53 &S e O 5ok

PP\ Qe SN TN W PRGN By PU.- et g VA I


https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.2.2.8
https://agrobreedjournal.ir/article-1-1152-en.html

[ Downloaded from agrobreedjournal.ir on 2025-09-01 ]

[ DOR: 20.1001.1.15625540.1400.23.2.2.8 ]

Ve Oy ¥ ojlad g g 5 Ty Ml 011 215 ke 48"

b Ayl 5 S g el il Sl
2 (AL Sladshw sds (g 500l 2 5 n 55 e
4l (Sl e sl b e A5 Ll
Y 3 pp a8 5, S bl Ol o 2 55 o) 3
B73 (n¥ (Hs o3 b )50 A5 40 S
G 6V e 5 015 6115 MOLT Y & S
B73 (¥ dolsan 5 Sl (050 2 L adilis

A o MOL7 oY 51 5 faome

S 5 dmi

23 Sosh A Ll s s G il s el

5 JUK Gl sy Slslp L2als L B73 Y &)
9 Lag e Jlast Lg.U)TWWJSj\ Wloyely
5 os (6,8 o olsn (SLaplll S 4y o 5l 0
Sl Eel oS g cpl Sl LAl e
B oa glen i3 o és Jole o0 Ol
03 bls I s 8 A 4 Y ol (o Je
gy 54l il S 1 sl MOLT nY &b
GLa s o adS B73 oY 5 dd WSe el S
o5 S 3103 &5 M5 5 ped e 53 45
sl p Sl ST MOLT oY s 5 Slsl b Jhals
o 2l s I RS Dol izl
oA L el (51 ol 5 el 213 ol s e
ol S o O e ) (6 5 e 85
Olg oo Y 95 ol 53 adliobs o gla g
Gos s Bl i 5o oY s paaST s S bl
MO17 oY o Cui B73 oY (Js cdish o ke
5035 Sy A5 L bl gl 65V Joos gLl
L MO17 oY i 5 Jame B73 Y s & jlews

Al 5555 A

References

i S 4 3l g S (65 5 Jadll S
S ablie [R5 b Lilgn oS B asl Yl ole
i 4 e e 2 ge 5 O g JWEH - e o (I
S 5 550 5 e ol 5 Bl B ol
= b= slel 5 6y 52 5l (35U
.= (Shokri-Gharelo and Noparvar, 2018) zﬁ?@
oY YL ol 0das 0L Ul g e 5 s
sl AL (g 8 A5 4 B73 Y 4 Ci MO17
4S8 L GLLAB73 Y 53 el (55, 4
Els ol Al (Sl e el s AT Ll e
gz B73 0V j5aS sl sl ediasplis Ll
FLS ¢ (6 50 5 Lyl 0 oS ) Lo
23 #85 Glaintis 1 onl Ol Sl il o 5 lab oS
Cathepsin B-like protease 1 -.s,— B73 oY
65 e )3 g ol ST Sl Sl b talS
S b 5 ALS Sladshu ol (55 el
MOL7 ;Y )3 .3,0s —age i OLalE s
J_;Lgil_f‘bjdﬁl_éde}J_g:&_iLaé
4S (specificity protein phosphatase 1B Dual)
S o 53 s ol Cbls (Sl e ol B
513 B QLS 55 e 5 S ST
Sl s st gl g o SIB73 Y s
Yo rbs sl daib 5 dmls sl el s sl
Protein-L- isoaspartate O-methyltransferase 2 -5 9
OLES 59, ol Olo il 580 ols OLis Slgl o 2ol 53l
a%bwTdU@ﬁ'jﬁﬁJﬁjboTﬁoub
odins i Sl o San Sl 2l 530 sl
Y 53 AL ) 5 L ablis gl ol AN
sl sl s s Gla g o IS 55 MOL7

sl 31 Metacaspase-4 55 s adex 5l La 55

oolalwl 3590 b

André, H. and M.H. Miller. 2009. The barley magnesium chelatase 150-kD subunit is not an abscisic acid receptor.

Plant Physiol. 150 (1): 157-166.


https://doi.org/10.7717%2Fpeerj.4822
https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.2.2.8
https://agrobreedjournal.ir/article-1-1152-en.html

[ Downloaded from agrobreedjournal.ir on 2025-09-01 ]

[ DOR: 20.1001.1.15625540.1400.23.2.2.8 ]

"YOACAVY O F e 0L 5 G ol s JBs g s i 1"

Ashraf, M. 2009. Biotechnological approach of improving plant salt tolerance using antioxidants as markers.
Biotechnol. Adv. 27: 84-93.

Bandeh-Hagh, A., M. Toorchi, A. Mohammadi, N. Chaparzadeh, Gh. Hosseini Salekdeh and H.
Kazemnia. 2008. Growth and osmotic adjustment of canola genotypes in response to salinity. J. Food Agric.
Environ. 6: 201-208.

Bandehagh, A., Gh. Hosseini Salekdeh, M. Toorchi, A. Mohammadi and S. Komatsu. 2011. Comparative
proteomic analysis of canola leaves under salinity stress. Proteomics, 11: 1-11.

Berrocal-lobo, M., C. Ibanez, P. Acebo, A. Ramos, E. Perez-Solis, C. Collada, R. Casado, C. Aragoncillo
and I. Allona. 2011. Identification of a homolog of Arabidopsis DSP4 (SEX4) in chestnut: its induction and
accumulation in stem amyloplasts during winter or in response to the cold. Plant Cell Environ. 34: 1693-
1704.

Bradford, M.M. 1976. A rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Analytic. Biochem. 72: 248-254.

Farooq, M., T. Aziz, S. M.A. Basra, M.A. Cheema and H. Rehman. 2008. Chilling tolerance in hybrid maize
induced by seed priming with salicylic acid. Blackwell J. Agron. Crop Sci. 194: 161-168.

FAOQO, 2019. Food Outlook Global Market Analysis. http://www.Fao.org.

Fercha, A., A. L. Capriotti, G. Caruso, C. Cavaliere, R. Samperi, S. Stampachiacchiere and A. Lagana.
2014. Comparative analysis of metabolic proteome variation in ascorbate- primed and unprimed wheat seeds
during germination under salt stress. J. Proteomics. 108: 238-257.

Ge, Y., Y. M. Cai, L. Bonneau, V. Rotari, A. Danon, E.A. McKenzie, H. McLellan, L. Mach and P. Gallois.
2016. Inhibition of cathepsin B by caspase-3 inhibitors blocks programmed cell death in Arabidopsis. Cell
Death Differentiation. 23 (9): 1493-1501.

Holdsworth, M.J., L. Bentsink and W.J. Soppe. 2008. Molecular networks regulating Arabidopsis seed
maturation, after- ripening, dormancy and germination. New Phytol. 179: 33-54.

Hosseini Salekdeh, G. and S. Komatsu. 2007. Crop proteomics: aim at sustainable agriculture of tomorrow.
Proteomics. 7(16): 2976-2996.

Jiang, C., Q. Cui, K. Feng, D. Xu, C. Li and Q. Zheng. 2016. Melatonin improves antioxidant capacity and
ion homeostasis and enhances salt tolerance in maize seedlings. Acta Physiologiae Plantarum, 82: 1-9.

Kosova, K., P. Vitamvas, I.T. Prasil and J. Renaut. 2011. Plant proteome changes under abiotic
stress—contribution of proteomics studies to understanding plant stres sresponse. J. Proteomics. 74: 1301—
1322.

Lehmann, P., J. Nothen, S. Schmidt von Braun, M.T. Bohnsack, O. Mirus and E. Schleiff. 2011.
Transitions of gene expression induced by short-tem blue light. Plant Biol. 13 (2): 349-361.

Liscum, E. and J.W. Reed. 2002. Genetics of AUX/IAA and ARF action in plant growth and development.

YV


https://www.wflpublisher.com/Issue/4
https://www.wflpublisher.com/Issue/4
https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.2.2.8
https://agrobreedjournal.ir/article-1-1152-en.html

[ Downloaded from agrobreedjournal.ir on 2025-09-01 ]

[ DOR: 20.1001.1.15625540.1400.23.2.2.8 ]

Ve Oy ¥ ojlad g g 5 Ty Ml 011 215 ke 48"

Plant Mol. Biol. 49 (3-4): 387-400.

Liu, D., Q. Gong, Y. Ma, J. Li, S. Yang, L. Yuan, Y. Yu, D. Pan, F. Xu and N.N. Wang. 2010. cpSecA, a
thylakoid protein translocase subunit, is essential for photosynthetic development in Arabidopsis. J. Exp. Bot.
61 (6): 1655-1669.

Marshner, H. 1995. Mineral Nutrient of Higher Plants. Second Edition. London: Academic Press.

O'Farrell, P.H. 1975. High resolution two-dimensional electrophoresis of proteins. J. Biol. Chem. 250 (10):
4007-21.

Park. J., Y.S. Kim, S.G. Kim, J.H. Jung, J.C. Woo and C.M. Park. 2011. Integration of auxin and salt signals
by the NAC transcription factor NTM2 during seed germination in Arabidopsis. Plant Physiol. 156: 537-54.

Pavokovié, D., B. Kriznik and M. Krsnik-Rasol. 2012. Evaluation of protein extraction methods for proteomic
analysis of non-model recalcitrant plant tissues. Croatica Chemica Acta, 85: 177-183.

Penrose, D.M. and B.R. Glick. 2003. Methods for isolating and characterizing ACC deaminase- containing
plant growth-promoting rhizobacteria. Physiologia Plantarum. 118:10-5.

Salari, B., M. Shamsedin Said and A. Askarian Sardari. 2009. Effects of NaCl Priming on Agronomical and
Physiological Characters in Corn (SC 704) under Salt Stress Conditions. J. Water Soil Sci. 12(46):143-153.
Sanjog, T.T., F.P. S. Khan and S.P.S. Khanuja. 2011. Cathepsin B-like protease from chili pepper revealed by

in silico approach. Plant Omics J. 4 (3): 120-125.

Shen, W., Y. Wei, M. Dauk, Y. Tan, D.C. Taylor, G. Selvaraj and J. Zou. 2006. Involvement of a glycerol-3-
phosphate dehydrogenase in modulating the NADH/NAD™* ratio provides of a mitochondrial glycerol-3-
phosphate shuttle in Arabidopsis. J. Plant Cell. 18 (2): 441-442.

Shkolnik D., A. Finkler, M. Pasmanik-Chor and H. Fromm. 2019. Calmodulin- Binding Transcription
Activator 6: a key regulator of Na* homeostasis during germination. Plant Physiol. 180 1101-1118.

Shokri-Gharelo, R. and P.M. Noparvar. 2018. Molecular response of canola to salt stress: insights on
tolerance mechanisms. Peer J. 6: e4822. DOI: 10.7717/peerj.4822

Yang, T. and B.W. Poovaiah. 2002. Hydrogen peroxide homeostasis: activation of plant catalase by
calcium/calmodulin. Proceedings of the National Academy of Sciences. 99 (6): 4097-4102.

Yang, T. Y., C. Hu and M.M. Abu-Omar. 2012. Conversion of glucose into furans in the presence of AICI 3 in
an ethanol-water solvent system. Bioresour. Technol. 116: 190-194.

Yue, R, C. Lu, T. Sun, T. Peng, X. Han, J. Qi, S. Yan and S. Tie. 2015. Identification and expression
profiling analysis of calmodulin-binding transcription activator genes in maize (Zea mays L.) under abiotic

and biotic stresses. Plant Sci. 6: 576.

\RA


https://pubmed.ncbi.nlm.nih.gov/?term=O%27Farrell+PH&cauthor_id=236308
https://doi.org/10.7717%2Fpeerj.4822
https://doi.org/10.7717%2Fpeerj.4822
http://dx.doi.org/10.7717/peerj.4822
http://frontiersin.org/people/u/231247
https://dor.isc.ac/dor/20.1001.1.15625540.1400.23.2.2.8
https://agrobreedjournal.ir/article-1-1152-en.html

[ Downloaded from agrobreedjournal.ir on 2025-09-01 ]

[ DOR: 20.1001.1.15625540.1400.23.2.2.8 ]

MOAIVY e O 5 G oy i n kb s 55 I
Effect of salinity stress on protein profile of susceptible and tolerant maize
(Zea mays L.) inbred lines

Bandehagh, A., E. Dorani?, S. Aliyari Rad?, N. Khalili Korani*and
S. Moharramnejad?®

ABSTRACT

Bandehagh, A., E. Dorani, S. Aliyari Rad, N. Khalili Korani and S. Moharramnejad. 2021. Effect of salinity stress on
protein profile of susceptible and tolerant maize (Zea mays L.) inbred lines. Iranian Journal of Crop Sciences. 23(2): 157-172.
(In Persian).

This syudy was performed to study the variation in proteome pattern in leaves of maize B73 and MO17
inbred lines under 200 mM sodium chloride salinity stress and also non stress conditions. The experiment carried
out as factorial arrangements in randomized block design in hydroponic systems at the faculty of agriculture,
University of Tabriz, Tabriz, Iran, in 2017. Biological yield in both lines decreased under salinity stress
compared to the control. Proteome analysis of leaf tissue showed that 28 from 78 repeatable protein spots in B73
and 20 from 123 repeatable protein spots in MOL17 had significant frequency variation under stress.
Identification of proteins was done by pl and molecular weight. Candidate proteins involved in the pathways of
metabolism and energy production, messenger and channel, cell protection and defense and proteins involved in
the folding of other proteins. The highest number of stress response proteins in B73 and MO17 lines related to
the pathways of metabolism and energy production, messenger and channel, and proteins involved in the folding
of other proteins. In both B73 and MO17 lines, all channel and messenger proteins decreased and increased,
under salinity stress, respectively. One of the most important proteins with significant frequency variation was
observed for calmodulin-binding transcription activator 4 protein, which plays an important role in plant growth
and responses to environmental stimuli. This protein decreased in B73 line and increased significantly in MO17
line. Development of the vascular system is prevented by reducing the channel and messenger proteins as well as
the transfer of ions and toxic substances to the shoot. All proteins involved in metabolism and energy production
decreased under salinity stress in B73, and in contrast, most of these proteins increased in MO17. In other words,
the relative increase in these proteins lead to an increase in plant metabolism and then the plant fuels more
energy to cope with stress. These results can explain, to some extents, the relative susceptibility of MO17 in
comparison with B73 under salinity stress conditions.
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