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Abstract: The sexual reproduction in flowering plants is highly sensitive to hot or cold temperature stresses,
thus temperature is fatal to reproductive success. This review describes studies of temperature stress on plant
sexual reproductions, which suggests that pollen development may be the most sensitive reproductive stage.
Transcriptome and proteomic studies shows that the genes including calmodulin, calcium dependent protein
kinase 2, HSFs, and HSPs, might be involved in heat stress response pathways that function during pollen
development. Understanding how plants cope with stress during reproductive development provides the oppo-
tunity to identify genetic traits that can improve temperature tolerance in selected crop breeding and agronomic
plants by genetic engineering.

Key words: Cold stress; Fertilization; Gene expression; H eat stress; Plant sexual reproduction; Pollen

(Solomon , 2007) (Iba, 2002; Yamaguch+Shi
, nozaki and Shinozaki, 2006; Chinnusamy
, 2007; Kotak , 2007; Wahid , 2007)
* : Author for correspondence; Email: ydq@ xtbg ac cn

: 2016-04-27, 2016-16-08
(1980- ) N ,



509

( Charles and

Harris, 1972; Herrero and Johnson, 1980),
(Lee and Lee, 2003;
Barnabli , 2008; Hedhly , 2008; T hakur

, 2010)

B

(Fowler and Thomashow, 2002;
Kreps , 2002; Busch , 2005; Larkindale
and Vierling, 2008; Frank , 2009)

(Wahid , 2007; Thakur , 2010)
(Wang , 2008a, b; Howarth, 2005; Chix
nusamy , 2007);

(ROS, eactive oxygen species) ,
(Apel and Hirt, 2004)

?

IT (OEC, oxy-
gen evolving complex) (Strasser, 1997),
( Rubisco) ( Law and
Crafts Brandner, 1999),
(Gounaris , 1984);
, CO: (Allen and Ort, 2001)
(Blum , 1994; Snider , 2009)
(Suzuki and Mittler, 2006)
(Kotak
2007) ; (ABA, bscisic
acid) (SA, salicylic acid)
; ABA
( Thomashow, 1999),
, (ethylene) (GA,
gbberellins) (‘auxin)
(Lee , 2005).
(HSF, heat stresstranscription fac-
tors) ,
( Baniwal
2004),

(HSP, heat shock proteins),

B

(Wang , 2004);
CBF/ DREBI,

LEA (lateembryogenesis abundant) /
COR ( coldregulated) ( Tho-
mashow, 1999) ,



510

32
, Satake s s (Herrero,
, , 2003; Hedhly , 2008)
( Satake and Hayase, 1970, (Cicer arietinum) ,
Satake, 1976; Takeoka , 1991); s
, (Srinivasan , 1999) ;
( Brooking, , (Zea mays) ,
1976; Lardon and TriboiBlondel, 1994) (Barnabls
, , , 2008)
30C , ( Prunus persica L.)
, 3, 20C
, 8 (Hedhly , 2005)
(Satake and Hayase, 1970) 23
21
( Blazquez (Croser
2003; Balasubramanian , 2006), 2003), 15C
( Put , (Srinivasan , 1999; Clarke

terill , 2004; Craufurd and Wheeler, 2009)

B

, ( Balasubram a

nian , 2006; Tonsor , 2008),

B

(Huyghe, 1991; Berger
2005; Liu, 2007; Kosova , 2008; Sasani

2009) FLC
(Blazquez , 2003; Seo , 2009),
(GA)
(Badr , 1970) ,

’

( Lynch, 1990; Shuff and T homas, 1993;
Liu, 2007) ,
(Vigna radiata .. Wilczek)
(Aggarwal and Poehlman, 1977)
22

and Siddique, 2004; Berger
, 2005);

repens)

, 2006; Nayyar
(Trif olium

(Jakobsen and Martens, 1994; Srinivasan
1999) ; ,
(Sataka and Ha-

2

yase, 1970)

B )

, ( Srinivasan , 1999)
Casper (1990) , Cryptan—
thaflava ,

Rymen (2007) ,

) (Oryzasativa)
(Hayase , 1969;
Dupuis and Dumas, 1990)

( Dupuis and Du-
mas, 1990; Peet , 1998; Prasad , 1999
Aloni ,, 2001;,Young . 2004)



511

6
(Triticum aestivum, variety * Gabo’) ,
(Saini , 1983); ,
(Whittle , 2009), s
(Takeoka , 1991; Mo# s
rison and Stewart, 2002) ,
24 (Herre-
ro and Arbeloa, 1989; Oliver , 2005)
, ABA
) (Oliver , 2007)
, ( Saini
, 1984; Sakata , 2000)
(Barnablis , 2008; ( Solanum lycopersicum)
Thakur , 2010) Dupuis Dumas ( 1990) (Matsui and Omasa,
2002; Sato , 2002) ,
, 4h40°C , (Jain , 2007,

Peet (11998)

, 32/26C (12/12h /)
, 28/22°7C , )
Young (2004)
( Brassica nap us) ,
, 37% ,
97%
) 72 h 47C

Herrero and Arbeloa, 1989),
( Gossyp tum hirsutum)
ATP ,
( Snider
, 2009)

?

(Lee and Lee, 2003; Honys and
Twell, 2004; Pina , 2005; Frank , 2009;

Jagadish |, 2010) ,
(
14 000 ), 600
(Honys and Twell,
2004) )
, 1600
(Qin , 2009)
(Wang
2008; Qin _, 2009)



512

32

(Snedden and Fromm, 2001; Malho , 2006)
) , ABA
(Park , 2009) CTRI1
ETR1 EIN2 (Lin , 2009)
(Honys and Twell, 2004; Wang
2008; Qin , 2009).
Frank (2009)
cDNA-AFLP
R cDNA-
AFLP

?

2 (CDPK2, calcium depend-

ent protein kinase 2) CDPKs
(Maand Wu, 2007; Zhu , 2007), DPKs
(Myers , 2009)
CDPKs
(Frank , 2009)

SIAPX3 (a reactive oxygen species

scavenger gene) ER24 HSFA2
HSFA3 HSPs, ,
(Frank , 2009)
HSF2A LeHSP17. 4 CII (
HSP )
, , HSP90
HSP70 HSP60 ,
( Barnablls
2008)
(Hopf , 1992; Young |,
2004; Barnablis , 2008),
(sH SP) ,
sHSP

sHSP

(Jagadish , 2010)

”

SAGE (serial analysis of gene ex

pression)
( Lee and Lee, 2003)
, 112

)

MIKC ( subgroup of the
MADS-box transcription factors)

( ) MIKC®
(Ve
relst , 2007; Adamczyk and Fernandez, 2009)
, Grobei (2009)
LEA ,
4
Yang  (2009)
T-DNA

HSP40



6 . 513

B

, ; (Dong
2004; Funatsuki and Ohnishi, 2009) 7
T-DNA ,
(Zou (Oliver , 2005), ,
, 2010) ,
) (Smith and Nowak, 1990)
, 8
Wang )
(1995) RFLP , 54608 ,
T™MS1 8 ; ,
Subudhi  (1997) IR32364 , ,
TMS3 6 ; Dong ,
(2000) TGMS- VN1 ,
TMS4 2 ;
Wang  (2003) S-1 , ,
TMS5 2 R39%4 ,
RM 17 ; Koh  (1999) RFLP ,
MS-H 9 ,
, 89875 ,
5
, 2100
, .5~ 58T , ,
(Rosenzweig , 2001)
, 10% (USDA, 2009) ,
(Salem
, 2007) ,
(sub-Saharan Africa) (Fischer , 2005) ,
2000 8 , ,
42 ( Mittler,
2006) 1972

(Battisti and N aylor, 2009)

)

s (Kakami , 2002, 2005; Salem , 2007; Singh
2008) .

B



514

32

, (Hedhly
2008),

Adamczyk BJ, Fernandez DE, 2009. MIKC" MADS domain het
erodimers are required for pollen maturation and tube growth in
Ardbidopsis [J]. Plant Physiology, 149 : 1713—1723

Aggarwal D, Poehlman JM, 1977. Effects of photoperiod and
tem perature on flowering in mungbean ( Vigna radiata L.
Wilczek) [J]. Euphytica, 26: 207—219

Allen DJ, Ort DR, 2001. Impacts of chilling temperatures on

photosynthesis in warm-climate plants [ J]. Trends in Plant
Science, 6: 36—42

Aloni B, Peet M, Pharr M ezal. , 2001. The effect of high tem-
perature and high atmospheric CO, on carbohydrate changes
in bell pepper ( Cap sicum annuum) pollen in relation to its
germination [J]. Physiologia Plantarum, 112: 505—512

Apel K, Hirt H, 2004. Reactive oxygen species: metabolism,
oxidative stress, and signal transduction [J]. Annual Re
view of Plant Biology , 55: 373—399

Balasubramanian S, Sureshkumar S, Lempe J et al. , 2006. Pe-
tent induction of A rabidop sis thaliana flowering by elevated
growth temperature [ J]. Plos Genetics, 2: 980—989

Badr SA, Hartmann HT, Martin GC, 1970. Endogenous gibber
ellins and inhibitors in relation to flower induction and infle-
rescence development in the olive [ J]. Plant Physiology, 46
1 674—679

Baniwal SK, Bharti K, Chan KY et al. , 2004. Heat stress re-
sponse in plants: a complex game with chaperones and more
than twenty heat stress transcription factors [J]. Journal of
Biosciences, 29 : 471 —487

Barnabls B, Jager K, Feher A, 2008. T he effect of drought and
heat stress on reproductive processes in cereals [J]. Plant,
Cell & Environment, 31: 11—38

Battisti DS, Naylor RL, 2009. Historical warnings of future food
insecurity with unprecedented seasonal heat [ J]. Science,

323 240244

Berger JD, Buck R, Henzell ]M et al. , 2005. Evolution in the
genus Cicer —Vernalisation response and low temperature
pod set in chickpea ( C arietinum L.) and its annual wild rek
atives [J]. Australian Journal of Agricultural Research
56: 1191—1200

Berger JD, AliM, Basu PS etal. , 2006. Genoty pe by en vir on-
ment studies demonstrate the critical role of phenology in ad
aptation of chickpea (Cicer arietinum L.) to high and low
yielding environments of India [J]. Field Crops Research ,
98 : 230—244

BlazquezM A, Ahn JH, Weigel D, 2003. A thermosensory path-
way controlling flowering time in Arabidopsis thaliana [J].
N ature Genetics, 33: 168—171

Blum A, Sinmena B, Mayer Jet al. , 1994. Stem reserve mobil+

zation supports wheatgrain filling under heatstress [ J].
A ustralian Journal of Plant Physiology, 21: 771—781
Brooking IR, 1976. Male sterility in Sorghum bicolor L.. M oench
induced by low night temperature. I: Timing of the stage of
sensitivity [ J]. Australian Journal of Plant Physiology ,
3: 589—596
Busch W, Wunderlich M, Schoffl F, 2005. Identification of novel
heat shock factor dependent genes and biochemical pathways
in Arabidop sisthaliana [J]. T he Plant Journal , 41: 1—14
Casper BB, 1990. Timing of embryo abortion and the effect of &
vule thinning on nutlet mass in Cryptantha f lava (Borag+
naceae) [J]. Annales Botanici Fennici, 65: 489—492
Charles WB, Harris RE, 1972. Tomato fruit-set at high and low-
temperatures [ J]. CanadianJournal of Plant Science, 52 :
497—506
Chinnusamy V, Zhu]J, Zhu JK, 2007. Cold stress regulation of
gene expression in plants[J]. Trendsin Plant Science, 12 :
444 —451
Clarke HJ, Siddique KHM, 2004. Response of chickpea gene-
types to low temperature stress during reproductive develop-
ment [J]. Field Crops Research, 90: 323—334
Craufurd PQ, Wheeler TR, 2009. Climate change and the flow-
ering time of annual crops [J]. Journal of exp erimental bor
any , 60: 2529—2539
Croser JS, Clarke HJ, Siddique KHM et al. , 2003. Lowtem
perature stress: implications for chickpea ( Cicer arietinum
L.) improvement [ J]. Critical Reviews in Plant Sciences ,
22: 185—219
Dong YS, Zhao LM, Liu Betal. , 2004. T he genetic diversity of
cultivated soybean grown in China [J]. Theoretical and
Applied Genetics, 108 : 931—936

Dong NV, SubudhiPK, Luong PN, 2000. Molecular mapping of
arice thermosensitive genic male sterile by AFLP, RFLP
and SSR techniques [J]. T heoretical and A pp lied Genetics ,
100 : 727—734

Dupuis I, Dumas C, 1990. Influence of tem perature stress on in



515

vitro fertilization and heatshock proteir synthesis in maize
( Zea mays L.) reproductive tissues [ J]. Plant
Phy siology , 94 : 665—670
Fischer G, Shah M, Tubiello FN et al. , 2005. Socioeconomic
and climate change im pacts on agriculture: an integrated as-
sessment, 1990— 2080 [J]. Philosop hical Transactions of
the Royal Society of London Series B: Biological Sciences,
360 : 2067 —2083
Fowler S, Thomashow MF, 2002. Arabidopsis transcriptome
profiling indicates that multiple regulatory pathways are ae
tivated during cold acclimation in addition to the CBF cold
response pathway [ J]. Plant Cell, 14: 1675—1690
Frank G, Pressman E, Ophir Retal. , 2009. Transcriptional pre-
filing of maturing tomato ( Solanum lycopersicum 1.) micre-
spores reveals the involvement of heat shock proteing ROS scav
engers, hormones, and sugars in the heat stress response [J].
Journal of Experimental Botany , 60: 3891 —3908
Funatsuki H, OhnishiS, 2009. Recent advances in physiological
and genetic studies on chilling tolerance in soybean|[ J]. Ja&
pan Agricultur al Research Quarterly , 43: 95—101
Gouwnans K, Brain ARR, Quinn PJ etal. , 1984, Structural reorgan-
ization of chloroplast thylakoid membranes in response to heat
stress [ J]. Biochimica et Biophysica A cta, 766 : 198 —208
Grobei MA, Qeli E, Brunner E etal. , 2009. Deterministic pre-
tein inference for shotgun proteomics data provides new im-
sights into Arabidopsis pollen development and function
[J]. Genome Research, 19: 1786—1800
Hayase H, Satake T, Nishiyama I et al. , 1969. Male sterility
caused by cooling treatment at the meiotic stage in rice
plants. II. T he most sensitive stage to cooling and thefert+
lising ability of pistils [J]. Proceedings of the Crop Science
Society of Japan, 38: 706—711
Hedhly A, Hormaza JI, HerreroM, 2005. T he effect of temperature
on pollen germination, pollen tube growth, and stigmatic recep-
tivity I peach [ J]. Plaut Biology , 7: 476 —483
Hedhly A, Hormaza JI, Herrero M, 2008. Global warming and
plant sexual reproduction [J]. Trends in Plant Science, 14 :
30—36
Herrero M, 2003. Male and female synchrony and the regulation
of mating in flowering plants [J]. Philosop hical Transae-
tions of the Royal Society of London Series B: Biological
Sciences , 358 : 1019—1024
Herrero M, Arbeloa A, 1989. Influence of the pistil on poller
tube kinetics in peach ( Prunus persica) [ J]. American
Journal of Botany , 76: 1441—1447
Herrero MP, Johnson RR, 1980. High-temperature stress and
pollen viability of maize [J]. Crop Science, 20: 796—800
Honys D, Twell D, 2004. Transcriptome analysis of haploid
male gametophyte development in Arabidopsis [J]. Genome

Biology , 5 ; R85

Hopf N, Plesofskyvig N, Brambl R, 1992. The heat shock re-
sponse of pollen and other tissues of maize [J]. Plant Mo-
lecular Biology , 19: 623—630
Howarth CJ, 2005. Genetic improvements of tolerance to high tem-
perature [ A]. In: Ashraf M, Harris PJC eds. Abiotic Stresses:
Plant Resistance T hrough Breeding and Molecular A pproaches
[M]. New York: Haworth Press Inc., 277—300
Huyghe C, 1991. Winter growth of autums sown white lupin
( Lupinusalbus L.): main apex growth model []J]. A nnales
Botanici Fennici, 67 : 429—434
Iba K, 2002. Acclimative response to tem perature stress in high-
er plants: approaches of gene engineering for tem perature tok
erance [ J]. Annual Review of Plant Biology , 53 : 225—245

Jagadish SVK, Muthurajan R, Oane R etal. , 2010. Physiologt+
cal and proteomic approaches to address heat tolerance during
anthesis in rice (Oryza sativa L.) [ J]. Journal of Experi-
mental Botany, 61: 143—156

Jain M, Prasad PVV, Boote KJ et al. , 2007. Effects of season
long high temperature growth conditions on sugarte-starch
metabolism in developing microspores of grain sorghum
(Sorghum bicolor L. Moench) [J]. Planta, 227 : 67—79

Jakobsen HB, M artens H, 1994. Influence of temperature and
aging of ovules and pollen on reproductive success in Trifo-
lium repens L []J]. Annals of Botany (London) , 74: 493 —
501

Kakani VG, Prasad PVV, Craufurd PQ ezal. , 2002. Response
of in vitro pollen germination and pollen tube growth of
groundnut ( Arachis hypogaea L.) genotypes to tempera
ture [J]. Plant, Cell & Environment , 25: 1651 —1661

Kakani VG, Reddy KR, Koti S et al. , 2005. Differences in in
vitro pollen germination and pollen tube growth of cotton
cultivars in response to high temperature [ J]. Annals of

Botany (London) , 96: 59—67

Koh H, Son YH, Heu M H, 1999. M olecular mapping of a new
genic male sterility gene causing chalky endosperm in rice
(Oryzasativa L.) [J]. Euphytica, 106: 57—62

Kosova K, Prasil IT, Vitamvas P, 2008. T he relationship be-
tween vernalization and photo periodically-regulated genes
and the development of frost tolerance in wheat and barley
[J]. Biologia Plantarum, 52: 601 —615

Kotak S, Larkindale J, Lee U et al. , 2007. Complexity of the
heat stress response in plants [J]. Current Opinion in Plant
Biology, 10: 310—316

Kreps JA, Wu Y], Chang HS et al. , 2002. T ranscriptom e chan-
ges for Arabidopsis in response to salt, osmotic, and cold
stress [J]. Plant Physiology , 130: 2129—2141

Larkindale J, Vierling E, 2008. Core genome responses involved
in acclimation to high temperature [ J]. Plant Physiology ,
146 : 748—761

Lardon A, TribotrBlondel AM, 1994. Freezing injury to ovules,



516

32

pollen and seed in winter rape [ J]. Journal of Exp erimental
Botany, 45: 1177—1181
Law RD, Crafts Brandner SJ, 1999. Inhibition and acclimation of
photosynthesis to heat stress is closely correlated with act+
vation of ribulose-1, 5-bisphosphate carboxylase/ ox ygenase
[J]. Plant Physiology , 120: 173—181
Lee BH, Henderson DA, Zhu JK, 2005. The Arabidopsis cold
responsive transcriptom e and its regulation by ICE1[J]. T he
Plant Cell, 17: 3155—3175
LeeJY, Lee DH, 2003. Use of serial analysis of gene expression
technology to reveal changes in gene ex pression in Arabid op—
sis pollen undergoing cold stress [ J]. Plant Physiology ,
132: 517—529
Lin ZF, Zhong SL, Grierson D, 2009. Recent advances in ethyt
ene research [ J]. Journal of Experimental Botany, 60 :
3311—3336
Liu DL, 2007. Incorporating vernalization response functions into
an additive phonological model for reanalysis of the flowering
data of annual pasture legumes [J]. Field Crops Research ,
101: 331—342
Lynch DV, 1990. Chilling injury in plants: the relevance of
membrane lipids [ A]. In: Katterman E ed. Environmental
Injury in Plants [ M]. San Diego: Academic Press, CA,
17—34
MaSY, Wu WH, 2007. AtCPK23 functions in A rabidopsis re-
sponses to drought and salt stresses [J]|. Plant Molecular
Biology , 65: 511—518
Mah R, Liu Q, Monteiro D et al. , 2006. Signalling pathways
in pollen germination and tube growth [ J]. Protoplasma,
228 : 21—30
MatsuiT, Omasa K, 2002. Rice(Oryzasativa L.) cultivars tok
erant to high temperature at flowering: anther characteris-
tics [J]. Annalsof Botany (London) , 89: 683 —687
Mittler R, 2006. Abiotic stress, thefield environment and stress
combination [J]. Trendsin Plant Science, 11: 15—19
M orrison MJ, Stewart DW, 2002. Heat stress during flowering
in summer Brassica [J]. Crop Science, 42: 797—803
Myers C, Romanowsky SM, Barron YD et al. , 2009. Calcium
dependent protein kinases regulate polarized tip growth in
pollen tubes [J]. The Plant Journal, 59 : 528 —539
Nayyar H, Bains TS, Kumar S et al. , 2005. Chilling effect dur-
ing seed filling on accumulation of seed reserves and yield of
chickpea [J]. Journal of the Science of Food and A gricul-
ture, 85: 1925—1930
Oliver SN, Dennis ES, Dolferus R, 2007. ABA regulates ap-
oplastic sugar transport and is a potential signal for coldin-
duced pollen sterility in rice [J]. Plant and Cell
Phy siology , 48 : 1319—1330
Oliver SN, Van Dongen JT, Alfred SC et al. , 2005. Coldin-

duced, repression of the rice antherspecific cell wall invertase

gene OSINV4 is correlated with sucrose accumulation and
pollen sterility [ J]. Plant, Cell & Environment, 28:
1534—1551
Park SY, Fung P, Nishimura N ez al. , 2009. Abscisic acid in-
hibits type 2C protein phosphatases via the PYR/PYL fam+
ly of START proteins [J]. Science, 324 : 1068 —1071
Peet MM, Sato S, Gardner RG, 1998. Comparing heat stress
effects on male fertile and male-sterile tomatoes [J]. Plant,
Cell & Environment, 21 : 225—231
Pina C, Pinto I, Feijo JA etal. , 2005. Gene family analysis of
the Arabidop sis pollen transcriptome reveals biological im-
plications for cell growth, division control, and gene ex pres-
sion regulation [J]. Plant Physiology , 138 : 744—756
Prasad PVV, Craufurd PQ, Summerfield RJ, 1999. Fruit num-
ber in relation to pollen production and viability in groundnut
exposed to short episodes of heat stress [ J]. Annalsof Bota
ny (London) , 84: 381—386
Putterill J, Laurie R, Macknight R, 2004. I{ s time to flower:
the genetic control of flowering time [ J]. Bioessays, 26:
363—373
QinY, Leydon AR, Manziello A et al. , 2009. Penetration of
the stigma and style elicits a novel transcriptome in pollen
tubes, pointingto genes critical for growth in a pistil [ J].
PLoS Genetics, 5: 1000621
Rosenzweig CA, Iglesias XB, Yang PR et al. , 2001. Climate
change and extreme weather events. Implications for food
production, plant diseases and pest [J]. Global Change &
Human Health, 2: 90—104
Rymen B, Fiorani F, Kartal F et al. , 2007. Coldnights impair
leaf growth and cell cycle progression in maize through tran-
scriptional changes of cell cycle genes[J]. Plant Physiolo-
gy, 143 : 1429—1438
Saini HS, Sedgley M, Aspinall D, 1983. Effect of heatstress
during floral development on pollen-tube growth and ovary &
natomy in wheat ( Triticum aestivum L.) [J]. Ausralia
Journal of Plant Physiology, 10: 137—144
Saini HS, Sedgley M, Aspinall D, 1984. Developmental anatomy
in wheat of male-sterility induced by heat stress, water def+
cit or abscisie acid [J]. Awusralia Journal of Plant Physiology
, 11: 243—253
Sakata T, Takahashi H, Nishiyama I et al. , 2000. Effects of
high temperature on the development of pollen mother cells
and microspores in barley Hordeum vulgare L. []]. Journal
of Plant Research, 113 : 395—402
Salem MA, Kakani VG, Koti S et al. , 2007. Pollen-based
screening of soybean genotypes for high temperatures [ J].
Crop Science, 47: 219—231
Sasani S, Hemming M N, Oliver SN et al. , 2009. T he influence
of vernalization and daylength on expression of flowering

time genes in the shoot apex and leaves of barley (H or deum



517

vulgare) [J]. Journal of Experimental Botany, 60 :
2169—2178

Satake T, 1976. Determination of the most sensitive stage to
sterile-type coolinjury in rice plants [J]. Res Bull H okkaido
Natl Exp Station, 116: 1—44

Sataka T, Hayase H, 1970. Male sterility caused by cooling
treatment at the young microspore stage in rice plants. V.
Estimation of pollen developmental stage and the most sensi-
tive stage to coolness [J]. Proceedings of the Crop Science
Society of Japan, 39: 468—473

Sato S, Peet MM, Thomas JF, 2002. Determining critical pre
and post-anthesis periods and physiological processes in Ly—
copersicon esculentum Mill. exposed to moderately elevated
tem peratures [ J|. Journal of Experimental Botany, 53:
1187—1195

Seo E, Lee H, Jeon J et al. , 2009. Crosstalk between cold re-
sponse and flowering in A rabidop sis is mediated through the
flowering time gene SOC1 and its upstream negative regula
tor FLC[J]. ThePlant Cell, 21 (10): 3185—3197

Shuff T, Thomas JF, 1993. Normal floral ontogeny and cool
temp erature-induced aberrant floral development in Gly cine
max (Fabaceae) [ J]. American Journal of Botany, 80:
429—448

Singh SK, Kakani VG, Brand D et al. , 2008. Assessment of
cold and heat tolerance of winter grown canola ( Brassica na-
pus L.) cultivars by poller based parameters [ J]. Journal
of Agronomy and Crop Science, 194 : 225—236

Smith SD, Nowak RS, 1990. Ecophy siology of plants in the in-
termountain lowlands [ A]. In: Osmond CB, Pitelka LF,
Hidy GM eds. Plant Biology of the Basin and Range [M].
New York: SpringerVerlag, 179—241

Snedden WA, Fromm H, 2001. Calmodulin as a versatile calcium
signal transducer in plants [ J]. New Phytologist, 151:
35—66

Snider JL, Oosterhuis DM, Skulman BW et al. , 2009. Heat
stress-induced limitations to reproductive success in Gossyp i~
um hirsutum [J]. Physiologia Plantarum, 137: 125—138

Solomon S, Qin D, Manning M et al. , 2007. Climate Change
2007: The Physical Science Basis. Contribution of Working
Group I to the Fourth Assessment Report of the Intergovern
mental Panel on Climate Change [ M]. New York: Cam-
bridge University Press

Srinivasan A, Saxena NP, Johansen C, 1999. Cold tolerance dur
ing early reproductive growth of chickpea ( Cicer arietinum
L.): genetic variation in gamete development and function
[J]. Field Crops Research, 60: 209—222

Strasser BJ, 1997. Donor side capacity of Photosystem Il probed
by chlorophyll a fluorescence transients [J]. Photosynthesis
Research, 52: 147—155

Subudhi PK, Bortatati RP, Virmani SS, 1997. M olecular map-

ping of a thermo sensitive genic male sterility in rice using
bulked sergeant analysis [J]. Genome, 40: 188—194
SuzukiN, Mittler R, 2006. Reactive ox ygen species and temper
ature stresses: a delicate balance between signalling and de-
struction [ J]. Physiologia Plantarum, 126 : 45—51
Takeoka Y, Hiroi K, Kitano H etal. , 1991. Pistil hyperplasia
inrice spikelets as affected by heatstress[J]. Sexwal Plant
Reproduction, 4: 39—43
Thakur P, Kumar S, Malik JA etal. , 2010. Cold stress effeds on
reproductive development in grain crops: an overview [J]. En-
vironmental and Experimental Botany , 67: 429—443
Thomashow MF, 1999. Plant cold acclimation: freezing tolerance
genes and regulatory mechanisms [ J]. Annual Review of
Plant Physiology and Plant Molecular Biology, 50:
571—599
Tonsor SJ, Scott C, Boumaza I et al. , 2008. H eat shock protein
101 effects in Arabidopsis thaliana: genetic variation, fit
ness and pleiotropy in controlled tem perature conditions [J].
Molecular Ecology, 17: 1614—1626
USDA, 2009. Agriculture secretary vilsack launches national in-
stitute of food and agriailture, announces vision for science
and research at USDA [OL]. http: //www. usda gov/ wps/
portal/ usda/ usdahone? contentidonly = true& contentid =
2009/ 10/ 0501 xm1
Verelst W, Saedler H, Munster T, 2007. MIKC* M ADS-Pre-
tein complexes bind motifs enriched in the proximal region of
late pollen-specific A rabidop sis promoters [ J]. Plant Phy si-
ology, 143 : 447—460
Wahid A, Gelani S, Ashraf M et al. , 2007. Heat tolerance in
plants: an overview [J]. Environmental and Exp erimental
Botany, 61: 199—223
Wang B, Xu WW, Wang JZ etal. , 1995. T agging and mapping
the therme-sensitive genic male- sterile gene in rice with
molecular marker [J]. T heoretical and Applied Genetics,
91: 1111—1114
Wang YG, Xing QH, Deng QY et al. , 2003a. Fine mapping of
the rice therme- sensitive genic male sterile gene tmsS [J].
Theoretical and Applied Genetics, 107 (5): 917—921
Wang WX, Vinocur B, Altman A, 2003b. Plant responses to
drought, salinity and extreme temperatures: towards ge
netic engineering for stress tolerance [ J]. Planta, 218:
1—14
Wang WX, Vinocur B, Shoseyov O etal. , 2004. Role of plant
heat shock proteins and molecular chaperones in the abiotic
stress response | J|. Trends Plant Science , 9: 244—252
Wang Y, Zhang WZ, Song LF et al. , 2008. T ranscriptome ana
lyses show changes in gene expression to accompany pollen
germination and tube growth in Arabidopsis [J]. Plant
Physiology , 148: 1201—1211
Whittle CA, Otto SP, Johnston M O et al., , 2009. Adaptive ep+



518 32

genetic memory of ancestral temperature regime in Arabi- SITIVE MALE STERILE 1, encoding a heat shock protein
dopsis thaliana [ J]. Botany-Botanique, 87 : 650—657 with DnaJ and PDI domains, leads to thermosensitive ga
Y amaguchi-Shinozaki K, Shinozaki K, 2006. Transcriptional metophytic male sterility in Arabidopsis [J]. The Plant
regulatory networks in cellular responses and tolerance to Journal, 57: 870—882
dehydration and cold stresses [ J]. A nnual Review of P lant Zhu SY, YuXC, Wang XJ etal. , 2007. Two calcium-dependent
Biology, 57: 781 —803 protein kinases, CPK4 and CPK11, regulate abscisic acid
Young LW, Wilen RW, Bonham Smith PC, 2004. High temper signal transduction in A rabidopsis [J]. The Plant Cell, 19 :
ature stress of Brassica napus during flowering reduces mi- 3019—3036
cre- and megagam etophyte fertility, induces fruit abortion, Zou CS, Jiang WB, Yu DQ, 2010. Male gametophyte specific
and disrupts seed production [J]. Journal of Exp erimental WRKY34 transcription factor mediates cold sensitivity of
Botany, 55: 485—495 mature pollen in Arabidopsis [J]. Journal of Experimental
Yang KZ, Xia C, Liu XL, 2009. A mutation in THE RMOSE N Botany, 61: 3901 —3914
* * * * * * * * * * * * * * *

PhytoKeys

PhytoKeys
{ » , PhytoKey's
, (@) ; )
“ 7 (Open Access, OA) ; (3) s
( - GUID, LSID) ;0 (4)
(Web 2. 0) ,
PhytoKeys « » , «
(IPNT)» , ( Encyclopedia of Life,
EOL)” PhytoKeys ,
“ Plaz’ (www. plazi org) PhytoKeys
PhytoKeys 4 (1 5 (2) PDF 5 (3)
s HTML ;o (4 PubMed Central XML s
PhytoKey s s XML
s Web (www. ptp pensoft eu) PhytoKeys
( X Pensoft ) C .«
(GBIF)” EOL © (BHL)” ¢ (NCBI” ©
(M orphbank)” IPNI PLANTS Tropicos )
R Twitter, Facebook, Mendeley
PhytoKeys « ? ,
www. phytokeys org, Lyubomir Penev, W. John Kress, Sandra Knapp, DeZhu

Li and Susanne Renner (2010), Fast, linked, and open—the future of taxonomic publishing for plants: launching the
journal PhytoKeys. PhytoKeys 1: 1—14. ( )



