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Effects of High Temperature Stress on Heat Resistance and Related Genes
Expression of Pear Trees
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Abstract: To understand the effect of high temperature stress on Pyrus trees, the changes in antioxidant substance,
antioxidant enzymet and osmotic substance in leaves of 2-year-old ‘Huangguan’ (P. pyrifolia ‘Cuiguan’) and
‘Cuiyw’ (P. bretschneiderix P. pyrifolia) seedlings were measured, and the expressions of related genes at different
stages were analyzed by qRT-PCR. The results showed that under high temperature stress, the chlorophyll content
in leaves of ‘Huangguan’ and ‘Cuiyu’ reduced, while MDA content gradually increased. The activities of POD and
CAT in two cultivars were both reduced, but those in ‘Huangguan’ were higher than in ‘Cuiyu’. The Pro content in
two cultivars was increased with stress time. And the ASA content increased at first and then decreased in two
cultivars. The contents of IAA and ABA decreased with stress time in two cultivars, but those in ‘Huangguan’
were higher than in ‘Cuiyu’. The expressions of related genes in leaves were consistent with the changes in
contents of ASA, IAA and ABA. Therefore, the heat resistance of ‘Huangguan’ was stronger than that of ‘Cuiyu’,
and the turning point of physiological change in two cultivars was the fourth day under high temperature.
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b5 A BRARIE A S, SRR AR AR 1T
1 25 vy it P PR PR PR, g s SRR Pl Fe
IR E R R 2 — . MHE(Citrus reticulata)(t 52 2 =i
B S LR LA T ZE I B K, M ARG E T
et R th i B R 3R (Malus pumila)
SO R EiRMNE, O, FENM, A
fi (Superoxide dismutase, SOD) il i % 1t ¥ fif
(Peroxidase, POD)¥& 4 T & H. TN % (MDA) & =1
T, 4 A A AR N A (Vs
vinfera)fE1E W JGIER, 40°C SR priE S 2 M Y
Pn W& FREAZRAAFFSHHER, mMaEIE
AL PS TT AR A 1 R0 S 7 A0 14 DA S 0K fig
S, At etk 2P e
W (Ziziphus jujuba)#h T 7 AHXS S 7K 8 200 A
W, HBEE s a0, 4R AR AR
JE BR300, [0 P £ i 2 7K A e e 2 4
L P SR LR, iR A 25
EARL I R AL, L A B ) ) AN 5
s G S EL RO RO SR (P =17 SER G
FL A B RN A ENLEE R E D, R, JF
JE AL v il 3 SRR T o A

IR S ERR N U AP e e SR AW S | B O
AMEM0)E 2, BHA KGR, 25lEdmum
R T HTIR LR 1 S AL WU B (Ascorbate peroxidase,
APX)Z A FH A ML (Ascorbic acid, AsA) N HL ik
PRI H0, IS BRI siE i T A ) % Fhig
EYENRE, AR RAEEE, WIREEMER
(Abscisic acid, ABA)RE4EHF SOD A1 POD HiEME, H
BB I E A E o 9-IR S SREHE s 200
% (9-cis-Epoxycarotenoid dioxygenase, NCED) &
FEEHY) ABA EWIE e — 0 s
184> S| 2,2 (Indole-3-acetic acid, IAA) & &%
I, fERM ARSI MR K 7 A 2 XT
TR SE R AR S B)IE  E T AR Rk IZ
& I (Gretchen hagen 3, GH3)/2 1M IAA AW &
J ) S g . — U1 Mk, APX. NCED #1 GH3
B DRI R 2% fige AR 52 vy T Wl i 477 T S A S A o

‘56 (Pyrus pyrifolia Nakai ‘Cuiguan’) ‘32
K°(P. bretschneideri x P. pyrifolia)Z &3 EH " A I%
B R G Fh, RZT KI5 E. KRS
F AL T AT R AL, W E R BB A A B A
PrE Y ASE Y& &, RAH qRT-PCR J7
DA B APX. NCED FI GH3 JE R Rk &1

A, DM miR B e B Fr s, AL
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1 BRI %

1.1 #k

RN KIAFEAR—FL, I F 58 4 R ) 3%
7tk *(Pyrus pyrifolia Nakai ‘Cuiguan’). ‘3% K (P
bretschneideri x P. pyrifolia)fFh 2 SFAEL T 9 X,
FERRIMATT | H B E RN TAEE, 3
BRA 1 /X, SemE M 12 h/12 h, HRIRE 25°C/
17°C, JGHREREE 72 pmol m s, AHXHEEE A 75%.

e U B S TR P2 DR AE 78%, DG A I 12 I/
12 ho 1 d 40 6 MEFEBL(20:00-24:00. 0:00-
04:00. 04:00-08:00. 08:00—12:00. 12:00-16:00 FI
16:00-20:00), X7 &R 32°C. 36C. 40°C,
42°C.38°CHI36°C . M EHEN T M5 %= N BEHLHES
el e B AR 18:00 B8 1 K, BUMRIEK 7R
R, IR AR A B DA RIE A KA B
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F-80°CUKFH .
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1.3 TRiRMMEARER KFRE

I3 LA e AR R i R AN 04 24 4. 6 A
8 d [t i RNA AR, %4 cDNA 56—
B, fR4E NCBI © 315/ NCED. GH3 1 APX F#: [
1475, {41 H Primer premier 5.0 W iH4F R 14 5]
%) PONCED-F il PbONCED-R . PbGH3-F 1 PbGH3-R.
PbAPX-F Fl PbAPX-R (3 1), AZY Actin FEFI AN Z,
5191°4 Actin-F Fl Actin-R, 3 /X EE & . f# ff| STEPONE
I ' PCR AT =404, 2R TaKaRa
AF ) SYBR® Premix Ex Taq™ II, #4F 141855



14

F ST RO BE AR B PR B S bR KA SCHE N R BRI 45

# 1 JOtER PCR P ®: 514 KL R 51l

Table 1 qRT-PCR amplification required primers and sequences

5|4 Primer ¥4 Sequence (5'~3")

5|4 Primer J¥%1 Sequence (5'~3")

PbNCED-F GTACGGTGGTGACCGTTTT
PbNCED-R ACCGTAGCCTCCAACTTCAT
PbGH3-F GTGTGTGAATTTCTCGCCCATC
PbGH3-R CTACGTTGTTCTGGGGTCCA

PbAPX-F TCGGACACGGAGAGGGAAA
PbAPX-R ATCCGTAAAGATGAACCGGCA
Actin-F TGGTGTCATGGTTGGTATGG
Actin-R CAGGAGCAACACGAAGTTCA

VR BHEAT, SEH 2 22T AR B AN ik
2 BRI HT

2.1 FRMHEXTHSER R MDA & &R

PASr=Dln Y7/ S TE N N P oA I A R U A SIS S
O B S5 B A B TR PR RE T T B BRI A Y
MRS EENIE 8 dIf5HE 0 dBALL TR T
33.0%, ‘FEMITET 31.9%. [FK, e A
SRR S B ME R — B R B AR
m(E 1:A).

EERA R, T A SR R R MDA &
BRI, B 2 d s H A MDA
SELACBRRTIIN T 33.6%, Ab¥E 4 d J5 X T
8.5%, AbHE 6 d XIEINT 33.2%, AbFE 8 d MY
19.5%. i 2.d (321 MDA & & LU A AT
BINT 21.7%; 4P 4 d ELACEE ATRS G R % T 0.8%;
AbFE 6 d XNIHGIN T 20.8%; 4bEE 8 d LLACEEFTHE I T
12.3%. UtIHANMRAE S iR iE R 28] 7 — e fE
(47355, 1 B2 52 B s2 KT 3w (B 1: B).

2.2 HEMEXT Pro SRR

ERRMIA TR, B AR L H A Pro & &
1 i Pl AL 8] (1) R S35 (B 1 DY =il
EALFE 8 d HEE R Pro S ELALER TR I T
117.6%; KCEERIHET 2 d WK, (UM T 17.3%,
ARFE 4 d FUBGRIEZINTR, H0 T 102.6%, 4B 6~
8 d ZZMBIEK T 19.4%. FRE M F i Pro & &1L
SEFRRTHAR KGNS, RN 14.3%; K03 2 d J5Y
K hntk, HE0EA 93.2%; AbH 4~6 d Fl 6~8 d [IIEK
B8, A HIHEINT 20.5%A1 0.7%. AT WL, <35 el AR
TR R RR I R, (EAHECT E, B
PLRMEE R TR E .

2.3 HEMHEXT ASA B, POD F1 CAT iHH:KIR M
EERMNEAT, EE SRR AP ASA &

HEIERBEAMEA, BNk TEE TR 1 C).
TEMMIERT 2 d B R ASA & B RAEUR,
AR FT A N T 149.4%; WA kbFE 6 d J5, ASA
TR, THMT 37.6%. MK HHH
ASA S EEAIERT 2 d T 142.6%, TEALEE 4 d.
6 dF18 doil FI%T 18.9%. 18.2%A133.7%; Hf
DA HH 32 1 52 3] e ek P 1) 52 B < 35 e K
EFIRA S, R R H A POD
PEYIRIUN G T LI IR (A 1: E).
HERL AN ER T POD IR PEEALBERT 4 d FREE TR
B, fihid 2 de el A 3R i i POD 3 5 Ab R
B0 5 B B 17.7%F0 10.2%, 463 4 d A5 FBE T
36.4%7FH 25.4%, “HEjE M POD &N Rl B L
GRE K. ALFR 6 dHE D AIER R ) POD i
A PECALFR T ETF T 13.4%0 13.1%, AbFE 8 d<if
7R POD i 5 AR EE AT R BRI B L SR
N, CRRERRET 37.1%, 1S H N T 23.5%.
TR X B R POD SR R R R R Sk
AHEABL,  FIRE B ) TR (A SE K POD 5 14 R B4
R T, BRI CAT FEPER 5% TR
Ja ETHR R BRR S, 2R R B R CW TR (& 1: F).
SO 2 dCBE M CAT i PE 2RI R, FET
60.7%, LT T 59.6%, HWEELA. b
4 d I B TR R R T ) CAT 3 M B AR BT 4351
FETHT 107.6%F1 383.6%. ALFE 6 d I <3 & H A 1)
CAT Vi8N %, BRIEA 11.2%, FIRE T
B 1 72.2%. AbBE 8 AP i I ) CAT vl M4k S T
B, PBEOESN 16.7%, 1<% R Sl BF, T
375.61%. WHEWIHA SR 1 CAT SRR &>
B WA R R R, < HE R ) CAT &1
R, WORE BT, R R ST RE, R
GRS R BT T R

2.4 HERENH R RE IAA 5 ABA FIH
HE AT TAA SRR NG TR
FRE R EMEIRERE 20 A). AR
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Fig. 1 Effects of high temperature stress on contents of chlorophyll (A), MAD (B), Pro (C), ASA (D), activities of POD (E) and CAT (F) in ‘Huangguan’ and ‘Cuiyu’
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Fig. 3 Relative expression of PbAPX (A), PbGH3 (B) and PbNCED (C) in leaves of ‘Huangguan” and ‘Cuiyu’
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