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Stress physiology of lotus embryo under temperature stress
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Abstract: In order to reveal the tolerance of lotus seed embryo to different temperature stress and explore the
physiological response of lotus seed embryo cells under stress, mature lotus seeds were used as materials to perform
morphology, stress physiology and quantitative analysis of antioxidant related gene expression. The results were as
follows: (1) TLotus seeds had a good tolerance to high temperature and ultra-low temperature stress. The germination
percentage and germination length of lotus seeds had no significant differences between the 70 °C, =196 C and the

control group; at 80 C and above treatment condition, the germination percentage of lotus seeds decreased more than
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50% , and the germination of seed bud was slowed down. (2) The lotus seeds were germinated after high temperature

treatment, the activities of antioxidant enzymes in lotus seed embryo cells gradually increased, the content of non-

enzymatic antioxidant and the degree of membrane lipid peroxidation were continuously decreased during the whole

germination process, and the integrity of plosma membrane recovered. (3) The oxidative stress-related genes including
DHN Rab18, Cu/Zn SOD, Mn SOD, PODAl, POD73, CATl, GR, APX were up-regulated response to high

temperature treatment, indicating that these genes had positive responses to heat stress. Furthermore, the DHN Rab18,

Cu/Zn SOD, PODA1, GR and APX were up-regulated significantly in the 100 °C treatment group. In summary, lotus

seed embryo has good tolerance to high temperature and low temperature stress, and the antioxidant system and stress-

resistant protective proteins may play important roles in maintaining the cell viability of lotus seed embryo under different

temperature stresses.

Key words: lotus seed embryo, high temperature, morphological index, stress physiology, gene quantification
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Table 1 qRT-PCR primers of Nelumbo nucifera target gene =—2cm
1R KRR
s L [K]
E[%gﬂ 595 (5'— 3") Annealing HH A
rimer . , , Gene
Primer sequence (5'— 3") temperature
name ~ name
()
ACTIN2-F GCGTTCTGCCGTCTTCTAAA 55.5 Actin 2
ACTIN2-R CCCTCTTGGATTGTGCCTC 57.3
CATI-F GGAGGAGCCAATCATAGC 54.9 Catalase
isozyme 1
CATI-R CACATCAAGAGGGTCAAAGT 53.4 Glutathione-
reductase ,
cytosolic
GR-F TGATGCCGAGACAGATAA 54.6 Serine/
threonine
protein
kinase
OXI1-
like
GR-R ATTGTGCCTTGGTTGCT 54.3
OXII-F GTTTGTTAGCGGGCATTT 50.3
OXI1-R TCCTCATATTTCCTCGTGTC 53.4
Cu/Zn SOD-F  TGCTCCCGAGGATGAA 53.1 Superoxide
dismutase
[ Cu-Zn]
Cu/Zn SOD-R  ATTGGGTCCAGAAAGAGG 55.2 By N 5 e
e Bl 1 &SRR TS T AN SE R
Mn SOD-F AGGGTTAGGGTTTAGTCAT 50.9 fl{‘f"” oxide  Fig. 1 Morphological differences of lotus seed germination
tsmutase .
[ Mn] under high temperature and ultra-low temperature treatments
Mn SOD-R AAGAGCCTTATTGTAGTTGG 51.3
APX-F CAACCGTGAGTGAGGAAT 526 L-ascorbate 9() °C F1 100 °C kb HH 20 iy 3% T2 K & B2 (K
peroxidase . s
2, eyosolic 1), R ZFFRAXF CK 4143 51 i & FEAK 39% .52%
APX-R AATCGGAGCATCAAAGG 50.2 F157% , ¥ T Fh 2F K AR o CK 20 43 531 i 35 B A%
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41-like . - . y
RIS ) TG 0 35 ) S5 - 7R 4% 52 IR AL S
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R PR 15 58 4F 09 A2 K& B I P 3 1 M RB 2
POD73-F TCAGCACAACTTAGACGGAACT  51.6 Peroxidas N N D N por
Ta e O 70 ~80 °C R e LB AE e I L R AT 0 W 38 T A7 g
V; A N - ShEe N > 3]
POD73-R CCGAAGCATCACAACCCT 50.8 1, B W AEL R BE ) T iR, 34 (1 Jr 0 2 U A 7
N 2% sl i = S = £ B S
Rab18-F ATGATGGACAAGGTGGAA 55.6 dehydrin E: ’ k ﬂiz N ;FEF =& k E i/«j ﬁ Z: IEJ *I E E/J F%{E& o EB ﬂ:
DINI- £ 90 CAHI 100 C il Ak BN, SR B 5 A2 fk,
e
Rab18-R TAGCTTCTCCTTGATCTTG 52.9 Pt sE CK(H At ) (80 °CHI 100 °C #EAT B

2 HEREAH

2.1 SEEBRIBAETEMENEERESR
ABAEIR (-80 C F1-196 C) 5 EriR 70 C i

AEBENTE AR R B WR BE R, R R

LHRZER AL CK AT B2 (K 2. A, B);80,

0 AR FEPEALN
2.2 HIRE5BRIEAETEMENEEERNE
FIE 3 A %0, CK 440 80 °C Ak 41 3% Fh ik iy
AR L R AE WK B & 18 h 0 1) (B 35 T Bk 389% A1l
20% , M1 100 °C Ab FH 20 2 Ff A AH Xof FiL - 8 A W 7K
KRS SR B AE 80% LA b 88w /K S ALAE 12
h #1124 h B4 /N R, CK 4 .80 °C Al 100 °C 4b
PRAASERDIR ) S K B AE 18 h ¥ P 25 BT, xt
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A ETRFER, B WTMIFKE, ARKE T 8FRA IR AL B B & 18445 R BA B#EE2 R, «=0.05,

A. Lotus seed germination percentage; B. Lotus seed bud length. Different capital letters indicate significant differences in the results of each

index between different temperature treatment groups, a=0.05.

K2 i B AR AL B R TR S fe bRl E

Fig. 2 Determination of morphological indexes of lotus seeds under high temperature and ultra-low temperature treatments
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Thm ks, CAT 36 J1 Bk - 23 T JE L THY
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h B3 ETH(E 4.E) , WK &k fi v, SRR Y
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teiivie 8 A BRWAER
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[F AL PRAL ) GSH 1 AsA 5 & 78 3% IR WK i & 1
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FRRT HL 55
Relative electrolyte leakage (%) >
(=)
(=}

Qb B 4% A4 Treatment condition

w

807 0on D3h B6h SI2h @I8h @24h ®36h

Bk
Water content (%)

Qb B4 Treatment condition

O0h BO3h Be6h NI2h E18h ©@24h H36h

80°C 100 C
kb P 44 Treatment condition

A, FIEARXTHL G B MRS K C. fIREEE, AT
KB R 378 AN [ T Jab 38 26 18] A [0 05 7K o ) 4% i s 2 2R
BA RS R IE] /NG TR 2 8 AR [ IR B A 2 N AR
K Al & f8 AR 45 R B A BEEE R («=0.05, P<
0.05,LSD), F,

A. Relative electrolyte leakage of seed embryo; B. Water content
of seed embryo; C. Fresh weight of seed embryo. Different capital
letters indicate significant differences in the results of each index
of the same rehydration time between different temperature
treatment groups, and different small letters indicate significant
differences in the results of each index of different rehydration

time within the same temperature treatment groups (a=0.05, P<

0.05, LSD). The same below.

K3 A TR AR f e SR S e AR Al
Fig. 3 Changes of relative electrolyte leakage, water
content and fresh weight in lotus embryo

under high temperature treatment

233 ZH A RNEMNEERLALS A ETNY
W ETIROK W &R Tt A AL (H,0,) &
AT (0, - ) Wl J1 F1OH - 16l fig 7 I
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h b3 H,0, SN B E TRE(E 4.H) ;10 0,
e 7 22 A B R s, CK 45,80 °C #1100 C

K2 EMEREIEDSREMETHZHEETL
Table 2 Changes of high temperature stress tolerance

index during the development in lotus seed embryo

\ 80 C A 100 C4b#gH
ALI‘IEH].LIEJ 80 °C treatment 100 °C treatment
Treatment time (h)

group group
0 1.06 0.76
3 0.87 1.10
18 1.01 1.19
36 0.98 1.45

A FRAAE N K B % 3 h PR BE 0, - S RE 1
BE FFH(E4.1) ; OH - #IHE S AR L LR R
[FAbPRL 2 [B] A —E 22 5%, CK 4119 OH - Hij il 5E
THEAA BT o 25 5,80 CAABA e E T
W J A3 A R |, TT 100 °C 2 F3H ) 3 B0 1 2%
ETRE EFE R FRBEABER (R 4.]) . LAWK
B & A i SE A P AL IS S ROS 44y
N 235 S ] ) | 3 b IR AR WK B 2 w13 H, 0,5
0, KRS BT, Bhad B b bt AL R 5 i & 1
YEA, st H,0,5 0, BBl 68 1, Iimijdids 1
SEFR AN i 22 37 () SR AR B 155
234 HRABNSEMELERAT WAL TN
R VR A I R R A5 R R, CK 4
80 °C i1 100 °C AbHLL Y Pro % i TR,
Hor CK £ A1 80 °C AbBRA 43 B4 3 .18 h HiFH Pro
SEN B E T, 100 C AL B JerE 3 h b
Pro M B LT FB#T TR (E 4.K) . ITHE
25 A L [ 1) Joip 36 T 37 8 B 2% 2 TR, 80 °C Ak
B 1) S R AE W /K 3 R v e 38 TS 37 T8 BOR AR
XHEE , H Pro & i 1 T M R 5 CK 41 KEH
], 100 °C &b A (1) Tif 32 48 B de 2L LT, BB Pro
SR TR AT CK 2, il WL, Bl 5 1 K
WY & HEAT , S VR 192 328 I 30 10 B MR R AIC, 20
ML Pro % HEAZ MIREAR, 80 °C Ak 2H FE A R 1)
ofh 360 55 473 6 W K S0 T 4 5 A e, A R o 6 A 1
TR AZ HE 7 510 100 °C Ab 3 25 3 b IR K A 018
20 L ) 3 T A7 R ) A2 B K
24 SEAETEMENREERRIEIEE
L3055 R 7 o A 00 25 R R B, CK 4 B T K
i & B A B S IR 9 APt 4R B L R G A
XpF A AR F R LTS TREMESE,18 h
R FRIAE B ;80 °C b I 2H Fifi 25 % F R 1
KT K HEAT , Prisi BE R Rk 5 Rk - 2 B &
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Fig. 4 Determination of physiological indexes during embryo development of lotus seeds
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Fig. 5 Changes of resistance gene expression during embryo germination of lotus seeds
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