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Abstract: [Background] Crops in high-altitude areas in southwestern China often suffer from
low temperature stress. Tobacco as a thermophilic plant is particularly sensitive to low
temperatures. [Objective] To isolate and screen out the strains capable of promoting tobacco
seedling growth at low temperatures and study the effects of the strains on the growth and root
exudates of tobacco seedlings. [Methods] We used the low temperature (10 °C) culture method
to isolate the psychrotolerant bacteria from the rhizosphere soil of tobacco seedlings planted in
high-altitude areas and then employed the plate culture method to screen out the tobacco
growth-promoting bacteria from the isolated bacteria. The plant growth-promoting strains were
identified by 16S rRNA gene sequencing, and the growth-promoting characteristics were
analyzed. Non-targeted metabolomics based on LC-MS/MS was employed to investigate the
effects of the strains on the root exudates of tobacco seedlings. [Results] A psychrotolerant
Bacillus sp. strain, named JZC10, was isolated. It significantly promoted tobacco seedling
growth at 15 °C but had no significant growth-promoting effect at 25 °C. JZC10 produced
proteases and indoleacetic acid (IAA) and did not solubilize phosphorus or secrete siderophores
or lipases. The strain showed stronger colonizing capacity at 15 °C than at 25 °C, while it did
not spread along the roots at neither temperature. At 15 °C, the inoculation of JZC10 affected
the composition of root exudates of tobacco seedlings. The content of 19 root exudates were
significantly different between the JZC10 group and the control. One of the upregulated root
exudates, lumichrome (5 nmol/L), significantly promoted the development of leaves and lateral
roots of tobacco seedlings. [Conclusion] A psychrotolerant Bacillus strain that could promote
tobacco seedling growth and root development at 15 °C was isolated in this study. Inoculating
this strain changed the root exudate composition of tobacco seedlings. The results of this study
provide a theoretical basis for screening plant growth-promoting bacteria and studying their
interactions with plants.
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Figure 1 Growth promoting effects of bacterial strain JZC10 on tobacco seedlings. A: Tobacco seedlings of
control group grown at 15 °C. B: Tobacco seedlings of strain JCZ10 treated group grown at 15 °C. C:
Tobacco seedlings of control group grown at 25 °C. D: Tobacco seedlings of strain JCZ10 treated group
grown at 25 °C. E: Effects of strain JZC10 treatment on the root surface of tobacco seedlings grown at 15 °C.

F: Effects of JZC10 treatment on the total root length of tobacco seedlings grown at 15 °C. G: Effects of

strain JZC10 treatment on the fresh weight of root and shoot of tobacco seedlings grown at 15 °C.
**: P<0.01.
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2 HEHK JZC10 WEDE . BARMSFREET 16S rRNA EEFFIMENRZLER  A: EK JZC10
15 LB [ AR SRk FIE A . B: Witk JZC10 AYFFIR TR AR ZF fL (R (5 Sk BT dg). C: Hitk JZC10 1Y
RGURTR, 55N N& BRIE GenBank HIKE S5 0300 EIVBCFFOR AR b RUCR TS

AL BB

Figure 2 Colonies, cells and spores of strain JZC10 and phylogenetic tree constructed based on 16S rRNA
gene sequence. A: Colonies of strain JCZ10 grown on LB solid medium. B: Rod-shaped cells and spores of
strain JZC10 (indicated by black arrow). C: Phylogenetic tree of strain JCZ10 based on 16S rRNA gene
sequence. The serial number in parentheses is the GenBank login number; The numbers on the branching
points represent credibility; The scale represents the evolutionary distance of the sequence.
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Table 1 Results of plant growth-promoting indicators
of strain JZC10

fe AR 15 °C 25 °C
Growth-promoting traits

W% P solubilization - -
FEIERL 2 Siderophores - -

1§ Proteinase 1.61 1.69

HE M Lipase - -
W5k Z, /R Indoleacetic acid (pg/mL) - 127.89
FRusIME 2R AN, AT M 37 W B A IR 78 AR FRR . —
BH 1

Except for indoleacetic acid, other activities were represented

by the ratio of transparent ring diameter to colony diameter.
—: Negative.
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of genes and genomes, KEGG)I 5/, Hrp a5t
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HoA A B WAE AR 2R 3, AL A i)
AT &KLY, MYl Ve N5 S 5
T, S 5PN R Y T AT
WA (human metabolome database, HMDB)
AW R EMREYEZ, K s R . ik
KRBT YA R G b s,
14.63%, WoKALE W) AR L LR 6.74%,
N TR M ARSI (5 L 5.69%, kIR G
b 3.14% (K 4B). BL T B EIEA T RO AR
WP R E RO AR E R IRK, (B EEA
Yot —%k, W] L HMDB i n] F F43 B4
HACEY . X — 25 R AR A AR R i
AEENERER, XEAFTEK JZC10 75
MR R AR

PHES T, AbFRZH AT HRZH 2L )
A 723 B REA GBI 19 FRFT 70 FR(E] SA).
FE i, AbFA] Foxt B4 py S R A
145 B, A TS0 304 7 R0 13 R (K 5B).
1EAZ i fe /N — 3 H) 51 43 #1(Orthogonal partial least
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3 TREIRETE JZC10 ERBRAFEBUM I HMEKER A 15 CHKMH T HEH JZC10
TEME AR R AR A AAE RGO, B: 15 °COM4F T AR JZC10 7RI AR & B ny 43 A FAE R AB L. C
15 °CHAF T R JZC10 FEMA IR R T 3BA 4 A FAERAEOL. D: 25 °CHAE T #bk JZC10 7TEM R & |
TR A A KGO E: 25 °CAF T RIAK JZC10 ZEXRHAR 2R H i 0 A A A KRS L. Fe 25 °CA N I
PR JZC10 FEMH B AR 2N BB 70 A A R O

Figure 3 Distribution and growth of strain JZC10 in different parts of tobacco seedling roots at different
temperatures. A: The growth and distribution of strain JZC10 around the root upper part of tobacco seedlings
grown at 15 °C. B: The growth and distribution of strain JZC10 around the root middle part of tobacco
seedlings grown at 15 °C. C: The growth and distribution of strain JZC10 around the root bottom part of
tobacco seedlings grown at 15 °C. D: The growth and distribution of strain JZC10 around the root upper part
of tobacco seedlings grown at 25 °C. E: The growth and distribution of strain JZC10 around the root middle
part of tobacco seedlings grown at 25 °C. F: The growth and distribution of strain JZC10 around the root
bottom part of tobacco seedlings grown at 25 °C.

squares discrimination analysis, OPLS-DA)45 IR &Ef REZESu, L FRAEHY 6 1,
BN, BEFRHE g ES, XA TR 134 BRI B8 A G 5
REFRLH A3 9 A TEAS R X (K] 5C Fil 5D), 16 & (neosaxitoxin)., 6-(a-D-Z4 K ZHiEL)-1D L
A A AT S 2555 T O 1 AR 2R 40 R0 [E[6-(alpha-D-glucosaminyl)-1D-myo- inositol] .
F variable importance in projection (VIP){H  (2-#i 2k I -3 - R B - e ) - H A R
KT 1 H P<0.05 prifEEf T 22 2P 255> [(2-mercaptomethyl-3-phenyl-propionyl)-glycine] |
Mro G5 REIR, METXA, EMAHG 1949 JefiZE (lumichrome). HE & (phlorin)fl 1,4-—
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A Others e el # W Vitamins and cofactors
Vitamins W Steroids
Cofactors I = Peptldles .
M Organic acids
<Rl 0 mNucleic acids
Amino acids M Lipids
Amines 'Hormones and transmitters
& Carboxylic acids g ' Carbohydrates
k5 Nucleotid M Antibiotics
b= ey l M Others
] Bases
[
Oligosaccharides I
Monosaccharides
Subclass @ Not available: 119 (13.82%)

@ Carbohydrates and carbohydrate conjugates: 58 (6.74%)
@ Fatty acids and conjugates: 49 (5.69%)
@ Carbonyl compounds: 27 (3.14%)

@ Amines: 25 (2.90%)

(0 Fatty acid esters: 16 (1.86%)

@ Monoterpenoids: 16 (1.86%)

@ Sesquiterpenoids: 16 (1.86%)

@ Benzoic acids and derivatives: 11 (1.28%)
@ Lineolic acids and derivatives: 11 (1.28%)
@ Alcohols and polyols: 10 (1.16%)

@ Eicosanoids: 9 (1.05%)

@ Ethers: 8 (0.93%)

@ Fatty alcohols: 8 (0.93%)

@ Terpene glycosides: 8 (0.93%)

@ Flavonoid glycosides: 7 (0.81%)

@ Cholestane steroids: 6 (0.70%)

@ Indoles: 6 (0.70%)

@ Triterpenoids: 6 (0.70%)

@ Others: 319 (37.05%)

4 MWERFRD LN KEGG (A)F HMDB (B &4 57 348
Figure 4 KEGG (A) and HMDB (B) compound classification of all the identified root exudates from
tobacco seedling.
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b @ Control

20 @ E 00

Orthogonal component 1 (59.50%
(=]

-20 -15 -10 -5 0 5 10 15 20
Component 1 (16.80%)

DOV DUl JESAC LY

@ Control

Orthogonal component 1 (76.10%
o

-10-8 -6 -4 -2 0 2 4 6 8 10 12
Component 1 (6.85%)

5 15 °CHRUTHEMENK JZC10 MEEHRRZSWYZWHFEEREMERZ M /N TN TH A
FHE TR R W FRE. B: ETIRR B RE. C: HE TR R WYR OPLS-DA 73 Hras .

D: BAB TR WP OPLS-DA 7 Hr4hi R

Figure 5 The Venn plot and Orthogonal partial least squares discrimination analysis displays the root
exudates of tobacco seedlings with or without strain JZC10 treatment at 15 °C. A: Venn plot of positive ion
root exudates. B: Venn plot of negative ion root exudates. C: OPLS-DA plot of positive ion root exudates. D:

OPLS-DA plot of negative ion root exudates.

FLHE-2-Z5H iR (1,4-dihydroxy-2-naphthoic acid).
TS THE 6 Pk ke E Z LR E
Y, ZRAMWHANENIR PC[22:5(7Z,10Z,13Z,
16Z,19Z)/PGF lalpha], V4K —SLhr i i,
Qi e 2% T i (cycloheximide) . i FR 7 & K A2
(sisomicin sulfate) (Kl 6A), K 5 nmol/L Y%
R R, R ARG 0 R I 5 IH

VA T REZH B SE R, AR e/ B4 (K] 6B
FIE 6C).

3 WREER

i DL AR P i A TR 0 228 0T P 2 A 0 T
AOPe Ak, AR TE. 7 TAA. FEERRSE,
P IR 2B AR P 2 P B AR 80 21 VR PR 3R
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ES WY REHTE. B: 15 CHEHTAKBRMEEORAIAMEE. C: 15 C&H T AERKNTING
TR . *: P<0.05; **: P<0.01

Figure 6 Cluster analysis and validation of differential root exudes of tobacco seedlings inoculated with
strain JZC10. A: Cluster analysis based on the differential root exudates of tobacco seedlings inoculated
Bacillus sp. JZC10. B: The control tobacco seedlings grown without lumichrome treatment at 15 °C. C: The
tobacco seedlings grown with lumichrome treatment at 15 °C. *: P<(.05; **: P<0.01.
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Table 2 A part of the root exudates of tobacco seedlings detected in strain JZC10 treatment®

1D i Metabolite metab ID m'z Formula
pos_1552 At B b % Butabarbital metab 573 230.149919 1 CioH4N,0O3
pos_1652 130/(21)-FF 48 55 22 metab 680 442.170 701 2 CyoH,401
13alpha(21)-epoxyeurycomanone
pos_1669 B IR 82 Neosaxitoxin metab_698 280.117 927 9 CioH,7N;05
pos_2031 N-Ji2 2 [ 29 Bk /% J#e N-trans-feruloyityramine metab_1085 314.138 536 1 C,sH,sNO,
pos_3317 A 5.7 i® Myristic acid metab_ 2401 246.242 797 9 C14H,50,
pos 3418 FL o fth & Muricatacin metab 2501 302.268 714 8 C,7H;,0;
pos_381 ZEI- B R Asperuloside acid metab 2914 450.160 522 Ci3H24015
pos_4231 4-A-L-FK AR 4-chloro-L-phenylalanine metab 3357 241.073914 1 CoH,oC|NO,
pos_4319 HiE &K Valtrate metab 3451 442.170 843 1 C10H,,05
pos_4384 5-HHFE PO MR 5-methyltetrahydrofolic acid metab_3519 477.223 143 4 Cp0H25N;0¢
pos_4691 M3 57 B -B-D-#ij 4 1 Phlorin metab_3825 271.081 027 4 C,H;04
pos_4733 6-(0-D- 24 ) A i 5 )- 1D JULEE metab_3871 306.118 236 9 C1,H23NO
6-(alpha-D-glucosaminyl)-1D-myo-inositol
pos_5041 JEIERBE Cytosine metab 4188 112.050 880 1 C,H;5N;0
neg 1262 ()T 2 37 38 17 i (+)-neomenthy] acetate metab 5248 243.160 260 9 C,H»,0,
neg_1567 2-Z L AhVT 2-aminobenzvistatine metab_5492 605.355618 8 CisHyuN,0;
neg 2272 BEW} Thienorphine metab_6104 556.227 902 9 C31H30NO4S
neg 2399 HERK Myelopeptides metab_6232 717.301 364 8 C35H4gNgOg

“ B TR S AR S )

. Only compounds with clear chemical names are listed.

AW 18 3 B A A R A R AR P VY
BRI PR 7 3 B 1B e A TR, BRAS ) 2 AT R AE 15 °C
WEREYE T IHER R R B AR ARA K, FRRIA
AR 1] A A 27 5 10 A AT T P 0 S R v
fle LR AT RITE 15 CIRIRARIF X JH AR &R 3
HAPIRIEI , O T SRR AR AR S AR PR E AR I
25 F T AR AR SR 107 0 LA

REFERENCES

(1] HEAE R AR T 5 W 30 X e o 2 2 4 v A K
FR 52 ) S A vy T € BT MR BIESE (D], BT WL
R 22 g3, 2012.
CUI HW. Effects of low temperature and drought stress
on tobacco seed germination and seedling growth and
study on improving its cold and drought resistance[D].
Hangzhou: Doctoral Dissertation of Zhejiang University,
2012 (in Chinese).

(2] ER2, B, AREXHRE R T R )],

[l Fill, 2008(5): 48-49.

WANG SH, HUANG ClJ. Effect of low temperature on
tobacco seed germination[J]. China Seed Industry,
2008(5): 48-49 (in Chinese).

G dE, W, MM, BT, Bk, L, B
R, PRIGIE. 8RR X 0 AL 2 01k Sk B i AR
IsZm[I]. HEEERE, 2007, 28(6): 1-5.

JIN L, JIN Y, ZHOU JH, YANG YH, YANG HQ,
HUANG CJ, DUAN YQ, CHEN HW. Effects of low
temperature in seedling stage on floral differentiation
and development of flue-cured tobacco[J]. Chinese
Tobacco Science, 2007, 28(6): 1-5 (in Chinese).
FBAEZE. AR AR K A R SR RS R (D). )
HA L, 2001, 28(1): 13-14.

ZHENG RH. Effect of temperature on yield and quality
of flue-cured tobacco in Guangdong[J]. Guangdong
Agricultural Science, 2001, 28(1): 13-14 (in Chinese).
LR, HRYL, AR, VN, SRIRE, R
AR, WREE, PR WIH A, POESE. (R
IR H AR 7 R R B A A (9], b R B R
2023, 44(3): 10-15.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2960 WA

e Microbiol. China

JIANG XZ, YANG CK, ZOU XX, LI YY, ZHANG QF,
REN XM, YAN WJ, YAO WY, HE XY, HU RS, HU
ZR. Expression analysis of flowering regulatory genes
in tobacco under low temperature stress[J]. Chinese
Tobacco Science, 2023, 44(3): 10-15 (in Chinese).
WRmE 5, i, AR, FRHE, ZWK, BREW,
sRATE, VLR, S . T AR 0 AR R X
R A5 1R 5 0 b B AR AR 2R K IS I ().
JHE R, 2021, 54(1): 17-23.
CHEN PY, YANG C, WANG DB, LI KW, WEI YQ,
CHEN YY, ZHANG SH, JIANG HL, XI XY. Effects of
root-promoting agents on flue-cured tobacco’s shoot
and root development grown at low temperature based
on pot experiment[J]. Tobacco Science & Technology,
2021, 54(1): 17-23 (in Chinese).
P, BRE, RN, KRR, BRiEE, Har, &
Ty, skt U RS RO 00 E P DX A
AR AN BRI (], Al AR, 2015, 46(6):
991-995.
LI X, JIA CL, HU CH, ZHU J, CHEN TT, XIAO LZ,
DAI XM, ZHANG JK. Effects of plantlet transplanting
models in well cellar on growth, yield and quality of
Journal of
991-995 (in

flue-cured tobacco in Chongqing[J].

Southern Agriculture, 2015, 46(6):
Chinese).

TR A H PN AT AR R TR A 1 O B B R BF S [D].
R PR R LA L8, 2014,

XU Y. Studies on key technologies of regulation and
control on early growth stage of flue-cured tobacco in
Chongqing[D]. Chongqing: Master’s Thesis of
Southwest University, 2014 (in Chinese).

AHMAD HM, FIAZ S, HAFEEZ S, ZAHRA S, SHAH
AN, GUL B, AZIZ O, Mahmood-Ur-Rahman,
FAKHAR A, RAFIQUE M, CHEN YL, YANG SH,
WANG XK. Plant growth-promoting rhizobacteria
climinate the effect of drought stress in plants: a

review[J]. Frontiers in Plant Science, 2022, 13: 875774.

[10] OLENSKA E, MALEK W, WOJCIK M, SWIECICKA

I, THIJS S, VANGRONSVELD 1J. Beneficial features
of plant growth-promoting rhizobacteria for improving
plant growth and health in challenging conditions: a
methodical review[J]. Science of the Total Environment,
2020, 743: 140682.

[11]MOYER CL, ERIC COLLINS R, MORITA RY.

[12] MISHRA  PK,

Psychrophiles and psychrotrophs[M]//Reference
Module in Life Sciences. Amsterdam: Elsevier, 2017.
BISHT SC, RUWARI P,

SELVAKUMAR G, JOSHI GK, BISHT JK, BHATT JC,

GUPTA HS. Alleviation of cold stress in inoculated
(Triticum  aestivum L.)
psychrotolerant Pseudomonads from NW Himalayas[J].
Archives of Microbiology, 2011, 193(7): 497-513.

wheat seedlings  with

[13] BISHT SC, MISHRA PK, JOSHI GK. Genetic and

functional diversity among root-associated

psychrotrophic Pseudomonad’s isolated from the
Himalayan plants[J]. Archives of Microbiology, 2013,

195(9): 605-615.

[14]SUYAL DC, JOSHI D, KUMAR S, BHATT P,

NARAYAN A, GIRI K, SINGH M, SONI R, KUMAR
R, YADAV A, DEVI R, KAUR T, KOUR D, YADAV

AN. Himalayan microbiomes for agro-environmental

sustainability:  current perspectives and future
challenges[J]. Microbial Ecology, 2022, 84(3):
643-675.

(157 TR, o 5 it M R0 G RV ) PGPR TR AR U 16 K 45

R RE A JE (D], 22 M 22 MRS L 2 38 5L,
2023.

GAN YN. Screening of PGPR strains of typical
legumes on alpine grassland and construction of
synthetic bacteria[D]. Lanzhou: Master’s Thesis of

Lanzhou University, 2023 (in Chinese).

(16] A, il & 1 72 A ) AR o ke A TR ) B 1 L% AR A= 2L

JEWFSE[D]. BIAT: B AR R 24 83, 2016.
WANG W. Screening of low temperature adapted plant
growth-promoting rhizobacteria and investigation of
their promoting effects[D]. Nanjing: Master’s Thesis of
Nanjing Agricultural University, 2016 (in Chinese).

[17]JIAO LY, CAO XS, WANG CX, CHEN FR, ZOU H,

YUE L, WANG ZY. Crosstalk between in situ root
exudates and rhizobacteria to promote rice growth by
selenium nanomaterials[J]. The Science of the Total
Environment, 2023, 878: 163175.

[18] XIONG YW, LI XW, WANG TT, GONG Y, ZHANG

CM, XING K, QIN S. Root exudates-driven
rhizosphere recruitment of the plant growth-promoting
rhizobacterium Bacillus flexus KLBMP 4941 and its
growth-promoting effect on the coastal halophyte
Limonium sinense under salt stress[J]. Ecotoxicology

and Environmental Safety, 2020, 194: 110374.

[191GUO QQ, YU J, SUN JG, WANG CJ, CHEN SW,

YANG CL, YANG Y. Exogenous inoculation of
microorganisms effect on root exudates and rhizosphere

microorganism  of  tobaccos[J].
Microbiology, 2021, 11(9): 510-528.

Advances in

[20] SREAN, 4=W]E, RPLH, 2, HEE. BHRER

53U ) X K A A A A RS 3 WO S ). A )

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FHE F | (REEEE KRS S AT E R HE R E X EE R R 5 IR 2961

B IR G IREIR, 2007, 13(3): 458-463.

GUO YL, LI MH, WU HT, YUAN L, HUANG JG.
Effects of root exudates on growth and nutrients uptake
of tobacco seedlings[J]. Plant Nutrition and Fertilizer
Science, 2007, 13(3): 458-463 (in Chinese).

[21] NAIK PR, SAHOO N, GOSWAMI D, AYYADURAI N,
SAKTHIVEL N. Genetic and functional diversity
among fluorescent pseudomonads isolated from the
rhizosphere of banana[J]. Microbial Ecology, 2008,
56(3): 492-504.

[22] PATTEN CL, GLICK BR. Role of Pseudomonas putida
indoleacetic acid in development of the host plant root
system[J]. Applied and Environmental Microbiology,
2002, 68(8): 3795-3801.

[23]ROCA A, PIZARRO-TOBIAS P, UDAONDO Z,
FERNANDEZ M, MATILLA MA, MOLINA-
HENARES MA, MOLINA L, SEGURA A, DUQUE E,
RAMOS JL. Analysis of the plant growth-promoting

encoded by the genome of the
rhizobacterium  Pseudomonas putida BIRD-1[J].
Environmental Microbiology, 2013, 15(3): 780-794.

[24] AKULA R, MUKHERJEE S. New insights on
neurotransmitters signaling mechanisms in plants[J].
Plant Signaling & Behavior, 2020, 15(6): 1737450.

[25] XUlehe, Whdh. o € By TG TR AE AR B i A T ok
Y E KRR EIESE[I]. BOl2EHR, 2022, 31(8): 178-187.
LIU XT, YAO T. Screening, identification and
characteristics of low-temperature-tolerant plant growth

properties

promoting rhizobacteria in alpine meadow[J]. Acta
Prataculturae Sinica, 2022, 31(8): 178-187 (in
Chinese).

[26] ZHANG CS, FENG C, ZHENG YF, WANG J, WANG

FL. Root exudates metabolic profiling suggests distinct
defense mechanisms between resistant and susceptible
tobacco cultivars against black shank disease[J].
Frontiers in Plant Science, 2020, 11: 559775.

[27]LIU YX, LI X, CAI K, CAI LT, LU N, SHI JX.
Identification of benzoic acid and 3-phenylpropanoic
acid in tobacco root exudates and their role in the
growth of rhizosphere microorganisms[J]. Applied Soil
Ecology, 2015, 93: 78-87.

[28] MIYAKE Y, HIRAMITSU M. Isolation and extraction
of antimicrobial substances against oral bacteria from
lemon peel[J]. Journal of Food Science and Technology,
2011, 48(5): 635-639.

[29] ZHAO S, TANG H. Enhanced production of valtrate in
hairy root cultures of Valeriana jatamansi Jones by
methyl jasmonate, jasmonic acid and salicylic acid
elicitors[J]. Notulac Botanicac Horti Agrobotanici
Cluj-Napoca, 2020, 48(2): 839-848.

[30] DAKORA FD, MATIRU VN, KANU AS. Rhizosphere
ecology of lumichrome and riboflavin, two bacterial
signal molecules eliciting developmental changes in
plants[J]. Frontiers in Plant Science, 2015, 6: 700.

[31]PHILLIPS DA, JOSEPH CM, YANG GP,
MARTINEZ-ROMERO E, SANBORN JR, VOLPIN H.
Identification of lumichrome as a sinorhizobium
enhancer of alfalfa root respiration and shoot growth[J].
PNAS, 1999, 96(22): 12275-12280.

[32] SANCHEZ J, MANGAT P, Angeles-SHIM RB.
Weathering the cold: modifying membrane and storage
fatty acid composition of seeds to improve cold
germination ability in upland cotton (Gossypium
hirsutum L.)[J]. Agronomy-Basel, 2019, 9(11): 684.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


