+ 1 (Soils), 2018, 50(3): 446-454

DOI: 10.13758/j.cnki.tr.2018.03.002

L B EE AT B LE M E R R R

( 266071 2 277527)

Q945.78 A

(sorbitol)

[13-16]

[17]

[18]

[1-2]

2x107 hm?

1x107~ 1.5X 107t

[3-4]
[19]
mRNA
[5] (6] [7] [20]
[8-9] [10]
i [21] [22]
1
1.1 (23]
/ 1.2
1 50% ~ 73%!>+2¢)
(
R4 TSR VR H (2017GNC11116), E K HARRHAIEE I H (314003715 41705098)F17= 22 AfF 2 7] BR 85 (2016006) %5 B »

* (yandongyun666@hotmail.com)

(1993—) E-mail yangguang20152015@126.com

http://soils.issas.ac.cn



3 447
) [27]
[28]
[29]
[30-31]
[32] Ranney [33] [48-49]
[5]
B4 Wang  Stutte®! 2
(Jonathan)
( )
Jie B¢ 1
(Malus domestica Borkh) [50]
1.3
Kobashi 7
(ABA)
[51-52]
( ) (H20y)
( ) [53-54]
6- (gutD)
-6- S6PDH [55-56]
( ) 3] Gao 7 S6PDH
[3¢] cDNA
[40] (SOT) [58] gutD
SOT
150 mmol/L NaCl
MdSOT3  MdSOTS5 75 mmol/L NaCl
[41]
S6PDH [59] [60]
gutD

Alcobendas !

[47]

[42-44]

Dietrich ¢

http://soils.issas.ac.cn



448 50
11 pommerrenig '
[72]
(NADPH)
NaCl
/ NADPH
[63]
Chen ¥
(64 (LB6)
[65] [66]
B LB6
[74]
(SOD) (MDA) (751
[6]
7 0.4 mol/L 2d
Theerakulpisut
Gunnula!®”
( KDML105 PK) (DMSO)
*40°C [76-77]
KDML105 H,0, [78] [79]
MDA Jain [
Theerakulpisut ~ Gunnula!®”! 801 (81]
1.4
[69]
( [82]
) ( ) 1.5
( )
27 Hiraj [0
2
60% ~ (83]
80% (71
S6PDH [84-86]
S6PDH
[38] [87-88]
(POD) (SOD POD
(CAT) MDA (631 CAT) (591

http://soils.issas.ac.cn



3 449

[63] [105] [106]
Muizzuddin " 200 mg/L
[8]
Chae Y
( )
( ) [107]
[92]
Suleman (108]
Steiner™!
[109]
2
2.2
2.1
[94]
[95] Feng [110]
96971 Brown %6 (11
[112] [113]
Ohta D® Ahmad
AL GF677
140
[99]
M9  M26
[115] [11]
[9]
Geng (e 4
38% 3
23.28%
M7 Markovie U8
2%
[100] [10,101]
(SDH) (SOX) [119]
3% 5%

[102]

[103-104]

http://soils.issas.ac.cn



450 50
[120] (5] ) ) L
[J71. , 2009(5): 69-70
3 (6] , , ,
7
[J71. , 2004, 18(3): 234-238
(7] , , ,
[J1. , 2014, 39(1):
19-23
(8] , , )
[J1.
, 2014, 20(6): 1560—1568
1 [9] : , o
[J1. ( ),
2015, 33(3): 270-274
[10] s , , .
[J1. , 2011, 17(3):
5-8
[11] , . A
[J1. ( ), 2006, 45(5): 81-84
2) [12] Sreenivasulu U N, Sopory S K, Kavi Kishor P B.
Deciphering the regulatory mechanisms of abiotic stress
tolerance in plants by genomic approaches[J]. Gene, 2007,
388(1/2): 1-13
[13] Santos H, Costa M S D. Compatible solutes of organisms
that live in hot saline environments[J]. Environmental
Microbiology, 2002, 4(9): 501-509
[14] s , , .
[J. ,2004(2): 10-14
[15] , , ,
[I1. , 2015, 42(4):
778-784
3) [16] Macchi F, Eisenkolb M, Kiefer H, et al. The effect of
osmolytes on protein fibrillation[J]. International Journal of
Molecular Sciences, 2012, 13(3): 3801-19
( [17] Chaves M M, Maroco J P, Pereira J S. Understanding plant
responses to drought - from genes to the whole plant[J].
) Functional Plant Biology, 2003, 30(3): 239264
[18] Kanayama Y. Physiological roles of polyols in horticultural
crops[J]. Journal of the Japanese Society for Horticultural
Science, 2009, 78(2): 158-168
[19] Liang D, Cui M, Wu S, et al. Genomic structure,
sub-cellular localization, and promoter analysis of the gene
[1] LiuDF, NiJB, WuRY, et al High temperature alters encoding  sorbitol-6-phosphate  dehydrogenase  from
sorbitol metabolism in pyrus pyrifolia leaves and fruit flesh apple[J]. Plant Molecular Biology Reporter, 2012, 30(4):
during late stages of fruit enlargement[J]. Journal of the 904-914
American Society for Horticultural Science, 2013, 138(6): [20] Burg M B, Ferraris J D, Dmitrieva N 1. Cellular response to
443-451 hyperosmotic stresses [J]. Physiological Reviews, 2007,
[2] . 87(4):1441-1474
[C1// [21] Loescher W H. Physiology and metabolism of sugar
,2016: 152-159 alcohols in higher plants[J]. Physiologia Plantarum. 1987,
[3] OsMAPK4 OsCDPK7 70(3): 553-557
[D]. : ,2010 [22] Ahmad I, Larher F, Stewart G R. Sorbitol, a compatible
[4] [D]. osmotic solute in plantagomaritima[J]. New Phytologist,
,2013 1979, 82(3): 671-678

http://soils.issas.ac.cn



3 451
[23] Pharr D M, Stoop J M H, Williamson J D, et al. The dual [39] s R
role of mannitol as osmoprotectant and photoassimilate in [J1. ,
celery[J]. Journal of the American Society for Horticultural 2001, 37(6): 495-498
Science, 1995, 30(6): 1182-1188 [40] ,
[24] Nazar R, Umar S, Khan N A, et al. Salicylic acid [J]. , 2002, 18(4):
supplementation improves photosynthesis and growth in 35-39
mustard through changes in proline accumulation and [41] Li F, Lei H, Zhao X, et al. Characterization of three
ethylene formation under drought stress[J]. South African sorbitol transporter genes in micropropagated apple plants
Journal of Botany, 2015, 98: 84-94 grown under drought stress[J]. Plant Molecular Biology
[25] Xu Z Z, Zhou G S, Shimizu H. Plant responses to drought Reporter, 2012, 30(1): 123—-130
and rewatering[J]. Plant Signaling & Behavior, 2010, 5(6): [42] Jie Z. Influence of soil drought stress on photosynthesis,
649-654 carbohydrates and the nitrogen and phosphorus absorb in
[26] Langridge P, Reynolds M P. Genomic tools to assist different section of leaves and stem of Fugi/M.9EML, a
breeding for drought tolerance[J]. Current Opinion in young apple seedling[J]. African Journal of Biotechnology,
Biotechnology, 2015, 32: 130-135 2010, 9(33): 5320-5325
[27] Apel K, Hirt H. Reactive oxygen species: metabolism, [43] s s R
oxidative stress, and signal transduction[J]. Annual Review [J1. ,
of Plant Biology, 2004, 55(1): 728-749 2001, 18(1): 1-6
[28] Zahed H, Mohammad-Zaman N, Setsuko K. Plant cell [44] s s s .
organelle proteomics in response to abiotic stress[J]. [ , 2001,
Journal of Proteome Research, 2012, 11(1): 37-48 16(4): 9-14
[29] Janska A, Marsik P, Zelenkova S, et al. Cold stress and [45] Alcobendas R, Miras-Avalos J M, Alarcon J J, et al. Effects
acclimation-what is important for metabolic adjustment?[J]. of irrigation and fruit position on size, colour, firmness and
Plant Biology, 2010, 12(3): 395-405 sugar contents of fruits in a mid-late maturing peach
[30] Hoekstra F A, Golovina E A, Buitink J. Mechanisms of cultivar[J]. Scientia Horticulturae, 2013, 164(164):
plant desiccation tolerance[J]. Trends in Plant Science, 340-347
2001, 6(9): 431-438 [46] Dietrich H, Kriiger-Steden E, Patz C D, et al. Increase of
[31] Ramanjulu S, Bartels D. Drought-and desiccation-induced sorbitol in pear and apple juice by water stress, a
modulation of gene expression in plants[J]. Plant Cell & consequence of climatic change?[J]. Fruit Processing
Environment, 2002, 25(2): 141-151 Journal for the Fruit Processing & Juice Producing
[32] Sairam R K, Tyagi A. Physiology and molecular biology of European & Overseas Industry, 2007, 17: 348-355
salinity stress tolerance in plants[J]. Current Science, 2004, [47] [D].
86(3): 407421 : ,2016
[33] Ranney T, Bassuk N L, Whitlow T H. Osmotic adjustment [48] Li T H, Li S H. Leaf responses of micropropagated apple
and solute constituents in leaves and roots of water-stressed plants to water stress: nonstructural carbohydrate
cherry trees[J]. Journal of the American Society for composition and regulatory role of metabolic enzymes[J].
Horticultural Science, 1991, 116(1): 684-688 Tree Physiology, 2005, 25(4): 495-504
[34] . [49] , s ,
[D]. : , 2009 . ,
[35] Wang Z C, Stutte G W. The role of carbohydrates in active 2015, 24(12): 92-98
osmotic adjustment in apple under water stress[J]. Journal [50] Sitaula R, Fowler A M, Bhowmick S. A study of the effect
of the American Society for Horticultural Science, 1992, of sorbitol on osmotic tolerance during partial desiccation
117(5): 816-823 of bovine sperm[J]. Cryobiology, 2010, 60(3): 331-336
[36] JieZ, Yao Y C, Streeter J G, et al. Influence of soil drought [51] Mahajan S, Tuteja N. Cold, salinity and drought stresses:
stress on photosynthesis, carbohydrates and the nitrogen An overview[J]. Archives of Biochemistry Biophysics,
and phophorus absorb in different section of leaves and 2005, 444(2): 139-158
stem of Fugi/M.9EML, a young apple seedling[J]. African [52] s , , .
Journal of Biotechnology, 2010, 9(33): 5320-5325 [1]. ,2011, 48(5): 1051-1058
[37] Kobashi K, Gemma H, Iwahori S. Abscisic acid content [53] Mudgal V, Madaan N, Mudgal A. Biochemical
and sugar metabolism of peaches grown under water mechanisms of salt tolerance in plants: a review[J].
stress[J]. Journal of the American Society for Horticultural International Journal of Botany, 2010, 6(2): 136-143
Science, 2000, 125(4): 425428 [54] Parihar P, Singh S, Singh R, et al. Effect of salinity stress
[38] Bianco R L, Rieger M, Sung S J S. Effect of drought on on plants and its tolerance strategies: A review[J].

sorbitol and sucrose metabolism in sinks and sources of
peach[J]. Physiologia Plantarum, 2000, 108(1): 71-78

Environmental Science & Pollution Research, 2015, 22(6):
40564075

http://soils.issas.ac.cn



452 50
[55] , ) , gutD [74] 5 ) s
[J1. : , . , 2001, 37(3): 30-34
1998, 28(6): 542-547 [75] , , ..

[56] Tao R, Uratsu S L, Dandekar A M. Sorbitol synthesis in [1]. , 2008, 29(5): 622-625
transgenic  tobacco with apple c¢DNA encoding [76] , ) [J].
NADP-dependent sorbitol-6-phosphate dehydrogenase[J]. , 1998, 25(4): 329-332
Plant & Cell Physiology, 1995, 36(3): 525-532 [77] ) 0],

[57] Gao M, Tao R, Miura K, et al. Transformation of Japanese , 1999, 19(1): 67-70
persimmon (Diospyros kaki Thunb.) with apple cDNA (78]
encoding NADP-dependent sorbitol-6-phosphate dehydro- 1. L 2011(3): 17-20
genase[J]. Plant Science, 2001, 160(5): 837845 [79]

58 tID/gutD D]. ’ ’ o

[58] st 2010 (D] []. , 2015, 28(3):

’ 1038-1041
[59] s . mtlD/gutD %0
[J1. , 2000, 45(7): 724-729 [80] ’ ’ o
[60] [J. ,2014, 28(1): 14-17
1. , 1995, 11(4): 381-384 (81] ; S

[61] Tari I, Kiss G, Deer A K, et al. Salicylic acid increased U1 » 2015, 36(3): 114-118 )
aldose reductase activity and sorbitol accumulation in (82] Yu Z J, Lu Y L, Yang X L, et al. Cold hardiness and
tomato plants under salt stress[J]. Biologia Plantarum, 2010, biochemical response to low temperature of the unfed bush
54 (4): 677-683 tick Haemaphysalis longicornis (Acari: Ixodidae)[J]. Parasi-

[62] Pommerrenig B, Papiniterzi F S, Sauer N. Differential tes & Vectors, 2014, 7(1): 1-7
regulation of sorbitol and sucrose loading into the phloem [83] > > .
of plantago major in response to salt stress[J]. Plant [J]. , 2001, 43(4): 380-384
Physiology, 2007, 144(2): 1029-1038 [84] R s . NaCl NaHCO;

[63] , . J1. , 2008, 45(2): 328—

[J1. , 2014, 53(2): 274-276 335
[64] [85] Wang X, Cai J, Jiang D, et al. Pre-anthesis
1. , 2013, 28(4): 98-104 high-temperature acclimation alleviates damage to the flag
[65] > . leaf caused by post-anthesis heat stress in wheat[J]. Plant
U1 » 2016, 36(7): 19-22 Physiology, 2011, 168(6): 585-593
[66] (Bl [86] S .
> 2008 1. , 2016, 34(1):

[67] Theerakulpisut P, Gunnula W. Exogenous sorbitol and 186-192
trehalose mltlgatefi salt strﬁ.:ss damage.ln salt-sensitive but [87] Racsko J, Szabo Z, Nyeki J. Importance of the
not salt-tolerant rice seedlings[J]. Asian Journal of Crop supraoptimal radiance supply and sunburn effects on the
Science, 2012, 4(4): 165-170 . . . . L

. . Lo . apple fruit quality[J]. Acta Biologica Szegediensis, 2005,

[68] Jain M, Tiwary S, Gadre R. Sorbitol-induced changes in 49(1/2): 111114
various growth and biochemical parameters in maize[J]. 881 Sch d. L E Zh 1 G SunJ S et al Posth )
Plant Soil & Environment, 2010, 56(6): 263267 [88] Schrader L E, Zhang J G, Sun J'S, et al. Postharves

[69] Whetter J M, Taper C D. Seasonal occurrence of sorbitol changes in internal fruit quality in apples with sunburn
(D-glucitol) in buds and leaves of malus[J]. Canadian browning[J].  Journal ~of the American Society for
Journal of Botany, 2011, 41(1): 175-177 Horticultural Science, 2009, 134(1): 148-155

[70] Hirai M. Seasonal change in sorbitol-6-phosphate [89] Smirnoff N, Cumbes Q J. Hydroxyl radical scavenging
dehydrogenase in loquat leaf[J]. Plant Cell Physiology, activity of compatible solutes[J]. Phytochemistry, 1989,
1983, 24(5): 925-931 28(4): 1057-1060

[71] , , .. [90] Muizzuddin N, Ingrassia M, Marenus K D, et al. Effect of

[7]. , 1998, 25(2): 129-132 seasonal and geographical differences on skin and effect of

[72] , , , . treatment with an osmoprotectant: Sorbitol[J]. Journal of

[J1. , 2013, 50(5): Cosmetic Science, 2013, 64(3): 165-174
1054-1059 [91] Chae Y K, Kim S H. Searching for Growth Conditions for
[73] Chen H, Chen S W, Chen H L, et al. Effects of sugar Optimized Expression of Recombinant Proteins in

alcohol and proteins on the survival of Lactobacillus
bulgaricus LB6 during freeze drying[J]. Acta Scientiarum
Polonorum, 2015, 14(2): 117-124

NMR
Spectroscopy[J]. Bulletin of the Korean Chemical Society,
2015, 36(1): 66-73

Escherichia coli by Using Two-Dimensional

http://soils.issas.ac.cn



453

[92] , , ,
[J1.
, 2016, 49(12): 2310-2321

[93] Suleman P, Steiner P W. Relationship between sorbitol and
solute potential in apple shoots relative to fire blight
symptom development after infection by Erwinia
amylovora[J]. Phytopathology, 1994, 84(10): 1244—-1250

[94] Bellaloui N, Dandekar A, Brown P. Manipulation of in
vivo sorbitol production alters boron uptake and transport
in tobacco[J]. Plant Physiology, 1999, 119(2): 735-742

[95] Brown P H, Shelp B J. Boron mobility in plants[J]. Plant
and Soil, 1997, 193: 85-101

[96] Brown P H, Bellaloui N, Hu H, et al. Transgenically
enhanced sorbitol synthesis facilitates phloem boron
transport and increases tolerance of tobacco to boron
deficiency[J]. Plant Physiology, 1999, 119(1): 17-20

[97] , . [J1.

, 2009, 25(8): 702-707

[98] Ohta K, Moriguchi R, Kanahama K, et al. Molecular
evidence of sorbitol dehydrogenase in tomato, a
non-Rosaceae plant[J]. Phytochemistry, 2005, 66(66):

2822-2828
[99] , : [J].
, 1993, 29(5): 384-390
[100]
[D]. : , 2009
[101] , , ..
. , 2014(1):
30-38
[102] , , ,
. )
2004, 21(3): 196-200
[103] , , ..
1. , 2009, 45(5): 143-147
[104] , .
1. ,2012, 12(1): 1-5

[105] Dugalic K, Sudar R, Viljevac M, et al. Sorbitol and sugar
composition in plum fruits influenced by climatic
conditions[J]. Journal of Agricultural Science &
Technology, 2014, 16(5): 1145-1155

[106] s s , .

. , 2015, 45(2):
119-121

[107] , , , .

[J1. , 2016,

22(3): 744-751

[108] , , , .
[J1. ,2016(3): 87-92

[109] Makinen K K. Effect of long-term, peroral administration
of sugar alcohols on man[J]. Swedish Dental Journal, 1984,
8(3): 113-124

[110] Feng X, Zhao P, Hao J, et al. Effects of sorbitol on
expression of genes involved in regeneration of upland rice
(Oryza sativa L.)[J]. Plant Cell, Tissue and Organ Culture
(PCTOC), 2011, 106(3): 455-463

[111] , . [J1.

( ), 1996, 24(4):

102-104

[112] Marino G, Bertazza G, Magnanini E, et al. Comparative
effects of sorbitol and sucrose as main carbon energy
sources in micropropagation of apricot[J]. Plant Cell,
Tissue and Organ Culture (PCTOC), 1993, 34(3): 235-244

[113] Kadota M, Imizu K, Hirano T. Double-phase in vitro
culture using sorbitol increases shoot proliferation and
reduces hyperhydricity in Japanese pear[J]. Scientia
Horticulturae, 2001, 89(3): 207-215

[114] Ahmad T, Ali A. Comparison of sucrose and sorbitol as
main carbon energy sources in micropropagation of peach
rootstock GF-677[J]. Pakistan Journal of Botany, 2007,
39(4): 1269-1275

[115] Yaseen M, Ahmed T, Abbasi N A, et al. In vitro shoot
proliferation competence of apple rootstocks M. 9 and M.
26 on different carbon sources[J]. Pakistan Journal of
Botany, 2009, 41(4): 1781-1795

[116] Geng P P, La H G, Wang H Q, et al. Effect of sorbitol
concentration on regeneration of embryogenic calli in
upland rice varieties (Oryza sativa L.)[]]. Plant Cell, Tissue
and Organ Culture (PCTOC), 2008, 92(3): 303-313

[117]Cho J H, Lee J Y, Yong W K. Improvement of shoot
regeneration from scutella-derived callus in rice[J]. Korean
Journal of Crop Science, 2004, 49(1): 52—60

[118] Markovic M, Grbic M, Dukic M. Effect of sugar alcohol
sorbitol on in vitro shoot development of Dianthus
serotinus Waldst. et Kit[J]. Bulletin of the Faculty of
Forestry, 2014, (109): 113-124

[119] , .
1. ( ), 1997, 26(4):
401-406
[120] , , ..
1. , 2014, 22(8):
983-991

http://soils.issas.ac.cn



454 50

Progresses in Study on Sorbitol Effect on Plants Resistance

YANG Guangl, LI Lingyul, HUANG Minglil, YANG Fanchangl, ZHANG Fengkuiz,
XU Rongchen’, YAN Dongyun'*

(1 College of Environmental Science and Technology, Qingdao University, Qingdao, Shandong 266071, China; 2 Luhua Well
Sunshine Ecotypic Fertilizer Co., Ltd., Tengzhou, Shandong 277527, China)

Abstract: Sorbitol is an important plant endogenous compound, it has obtained wide and extensive attentions because it
plays significant roles in regulating biological processes in plants on the defense and growth to resist various environmental
stresses successfully. This paper reviewed the study advances in the changes of sorbitol contents in plants, the effects of
exogenous sorbitol on enhancing plant uptake of nutrients under various stresses including drought, saline, low temperature and
nutrition deficiency, and on improving the induction percentage of callus tissues, etc. The problems existed in current studies were
also analyzed, which indicates that the study on the function mechanism of sorbitol should be emphasized in the future. This
review is expected to provide some new insights in understanding the relationship between sorbitol and high efficiency
agriculture.

Key words: Sorbitol; Abiotic stress; Plants; Stress tolerance
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