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Screening of genes related to glutathione metabolism responding to freez-
ing stress in Malus sieversii seedlings in vitro based on transcriptome se-
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Abstract: [Objective] To explore the response of glutathione metabolism and screen the glutathione
metabolity-related genes responding to freezing stress, the possible pathway of freezing resistance was
analyzed in Malus sieversii seedlings in vitro. [Methods] The tissue-cultured plantlets of M. sieversii
were used as the material, the phenotype, maximum quantum yield of photosynthetic system II (F./F..),
electrolyte leakage, malondialdehyde (MDA), hydrogen peroxide (H.O) and glutathione (GSH) con-
tents were determined in M. sieversii seedlings in vitro, with the treatments of the control (CK), T6h,
T12h, T36h and HF24h at -3 °C. Transcriptome sequencing analysis was performed on leaves of M.
sieversii seedlings treated with CK, T6h and T12h. [Results] Compared with CK, there were no signifi-
cant changes in leaf shape and color after treatment at —3 °C for 6 h, the edge of top leaf on M. sieversii

seedlings showed reverse winding, the leaf color became dark, and the apical tip tender leaves were
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wilting after treatment at =3 °C for 12 h, the leaves on M. sieversii seedlings treated were wilting and
drooping, and the leaf color was further dark after treatment at -3 °C for 36 h. After recovery at 25 °C
for 24 h, the leaf of wilting curl stretched, the leaf color also became bright, and the brown small spots
appeared on the leaf. Compared with CK, F./F, decreased by 20%, 30% and 53% at T6h, T12h and
T36h in leaves on M. sieversii seedlings under -3 °C low temperature stress, and there was no signifi-
cant difference between HF24h and CK. Compared with CK, the electrolyte leakage did not increase
significantly at T6h, but increased significantly by 50% and 175%, respectively at T12h and T36h,
and the electrolyte leakage at HF24h was 48% lower than T36h in leaves on M. sieversii seedlings un-
der -3 °C low temperature stress. Compared with CK, the content of MDA did not change significantly
at Toh, but increased by 57% and 86% at T12h and T36h, and the MDA content at HF24h was 23% low-
er than T36h in leaves on M. sieversii seedlings under —3 °C low temperature stress. Compared with
CK, the hydrogen peroxide content did not change significantly at T6h, but increased by 171% and
291% at T12h and T36h, and the hydrogen peroxide content at HF24 h was 30% lower than T36h in the
leaves on M. sieversii seedlings under —3 °C low temperature stress. Compared with CK, the glutathi-
one content significantly increased by 40%, 89% and 110% at T6h, T12h and T36h, and no differences
were observed between T36h and HF24 h. Transcriptome sequencing was performed on M. sieversii
seedlings with the treatment of CK, T6h and T12h at -3 °C under simulated freezing conditions. At the
transcriptome level, 18 different genes of glutathione metabolism pathway (map00480) were screened,
and compared with CK, BGI novel G000969, Msi_11B024060, Msi_11B002610, Msi_15B018350
and Msi_11A024060 were down-regulated at T6h and T12h, Msi_08B010370, Msi_11B013970, Msi_
17B006200, Msi_12A020080, Msi_14A011470, Msi_14B010870, Msi_09B008290, Msi_06A008160,
Msi 03A025150, Msi 10A018630, BGI novel G001892, Msi_09A009610 and Msi_07A023660 were
up-regulated at T6h and T12h. The transcriptome data were analysized by KEGG database, and 18 dif-
ferent genes were annotated as GGCT, GSS, GGTI_ 5, CARP, speE and IDHI. DPX, PDG and
IDH Iwere respectively involved in the GSH and GSSG homeostatic pathway, so as to reduce the dam-
age by hydrogen peroxide, superoxide anion and other oxides on the tissue-cultured plantlet cells. GST
was involved in the reaction, in which GSH reduced substances with high oxidation potential. GGT1 5,
CARP and GSS were involved in the process of GSH degradation and synthesis. q- PCR showed that
three of the five genes BGI novel G001892 (GST), Msi_03A025150 (GST) and Msi_10A018630
(GST) were down-regulated compared with CK at T36h. Two genes including Msi_06A008160 (GPX)
and Msi_11B013970 (GST) were up-regulated. Analysis of the expression of GPX and GST at HF24 h
showed that BGI novel G001892 (GST) was down- regulated, and Msi 06A008160 (GPX), Msi_
03A025150 (GST), Msi_10A018630 (GST) and Msi_11B013970 (GST) were up-regulated. [Conclu-
sion] The damage of M. sieversii seedlings in vitro increased with the extension of treatment time
through the phenotype and physiological indexes determination in M. sieversii seedlings under -3 °C
simulated freezing stress. GPX and GST were the key genes in glutathione metabolism pathway, which
were up-regulated in response to freezing stress in M. sieversii seedlings in vitro.

Key words: Malus sieversii seedlings in vitro; Freezing stress; Glutathione metabolism; Transcriptome

Fh ] S b R R SR AR PR B L R FEW AR T UK B KT RS R,
bR i RRURN = 2 et R B 1 50%" . Y AT b r ] 39 SR AR 7 8 T Il &% A AR R TR ) R
SR/ IREINESRSINT ¥ I 7S S LR -T2 s R S Jpr. T 58 BT 3 R (Malus sieversii) X ¥k %€ B+ 3¢
T2 X 3 AR T2, R R AT B AE AN [F) s & A 76 175 B R PACHEE SR B e, P IR 2 R E



55301 TRV, S5+ BT I SR 2L 0 e 7 0 3 0 X SR AL N R T A I A AT SR AR 2 R 831

BAPFE PR DU R B, B 5T
R P S R P I DL S AR P T A A DG I A, X
SER R HLIEE PRI b I R A e B B LI I S
B

4% I H BE (glutathione , GSH) 7E 1929 4F B Hop-
kins f 5 R ILIF T RLaw 4497, A B AR F IR
AH R 4 B = K. FE YD 4H I N GSH & ik
T H R AR T AR T SR AR RN SR A R T 2R I
K& — M E Z PR, 2 5 AsA-GSH JEFRY.
1£ AsA-GSH fig ¥5 v, Hih ifi B i 546 4 Bl CAPXO
DLt 34 1L R (AsAD 4 HL 1 fE 4 i Ak T A A &
(H.0,) 38 JR 7K, i Z 5030 1ML 2 38 J5 i (DHARO 1l
FH A I R $2 £ 0 F 0 e S PR 1L B2 (DHAD 38
JE N AsAM M, FLUR & GSH W #5 BE 2 fiL A AL 7 1]
#:2 5 ROSTHE/R" . U2 2N Pans, ik 732
JOEH K 5 5 A F TR S R S AL T B Ak A A
REE R E S AP EE AR KA
IRV Sk S KA e = RF A A NI BRI DE= R S AN
T8 5 2 B E N Y R TS S AR R FE R
GSH/GSSG A PAAE g AL % A8 S5 1 30 1
AR DL B E AR R P IR AS 5 K IR (SAD
AR A JHERR" (ABA H ZHH" N (EDE 5
o125 0BT S AT R . A IEH AR
Wb 3 AN E B RS, B B KL SR 8 (gluta-
thione reductase , GR) « 2 Bt H Ik it 46 4 I (gluta-
thione peroxidase , GPX) Fll 25 Jbt H JIk #% % ¥ (gluta-
thione S-transferase, GST) ¥ 4 [ 4% 1k 5 48 W) X} 34
2 38 ()BT B DDA G, AR A R (A5 I KL 5
it CGRO {4 450 A 28 45 Jot H Ik Coxidized glutathione
disulfide , GSSG) AE HGIE J5 Y 23 It H K (reduced glu-
tathione , GSH) ; I 4 £ 41 Jfl N 55 GSH/GSSG tb %
AEEEH, AR &R T 5 s e i
o SR L H G SR R AR . Horb GRI
N GR2 A 1 #% 5% DL M GR35 14 7K~ B 2 B TP,
W H BRI S ALY (GPXO A& A=W ML AR P B 217
PG —, BR] DAV B pLAR A B i St SRR
s A BEL T i PR A S LA ) — D 4
55 72 ARk P B A S MR A R R BR A £
B HURIR ARG, BT A PeGPXs RiIE &
KA R ARALS . A T K e 5 (GSTO (1)
F BT RE A2 R B A0 Tt LA e WIEAR U A 25 7 1) 1 4
HO, GST i 3R ik E 52 v M 5% ROS BL K 2 )&

Cd™ R BRBE 77, MUTT 1 55 M 5% 5 V48 \NaCl
Tt 32 HE 7%, 72 RN 52 AN [R) 24 53 1l 20 v 4% B 52
TRYE T, IX 3R WY e AT A A MR ol e it A v LAy
HEREM . R TR TR TR sEE SE RS M
ARARH HLAR] OB TE e b o 28 3 AE ARSI ST DL R BR
A (3 9R T S SR AL RS WOATRL R 5 3 R AL I Y
BIF FC (R J i, 07 e 1R 55 L5 SR T S SR AL B A e
R 5 B0 2 B, DA D g A 5 B < SR A
BN ) T LR 2% .

1 AR 7

RET 2021 46 1 H £ 202243 HEA W T K%
A 2 el 25 B R (0 B A T S R R YRR
[ 5 S0 = T .
1.1 R RL R AL IR

B9 S AR ok B R s R AL A R e B IR ME
WE . MR ZRALE, MHELE S cmx10 cm 7T
B, s K 2 6~8 FrHE, LT 2~3 em 25
BONAMERATH AR IR . SR RECR 7L
BEAT B R L I, BERE 1A 4R 1 9, B
BUF IR Bk R AR ZE AT AR AR B 97, K5 97 60 d S5 ik
PAEK —BUN B AT B, R RN TR
B3 724 (RXZ BB AL, T VL R A A ) D%,
B IR ¥ 0N B IR 5 000 Ix. A 25 °C/14 h
23 °C/10 h, FHXF IR 75%

=3 CCREUL R TR 00 Ak B 2 2 Y 58 RS O
% 18N T BUE (1 UK #8 (%5 7 BD/BC-310MS) H it
AT RO, VKA I 260 - R B EE 5 000 1x L/ 25 °C/
14 h % 23 °C/10 h, M3 JE 75%. DL 25 °C R H5 3%
(IR LA I (CKO it B2 A 25 °CHFAR L4 °C-h' %
& -3 °C, 1E-3 CHAUR FH 24 F4b3 6 h. 12 h.
36 h(43H1ic N T6h T12h.T36h) , -3 °CALFE 36 h )5
SERIHCE 25 °CHE 7R K E 24 h(HF24h) , 3£ 5 4~ 4b
RN 6 PR T, 3 IRE ., WA R AL EE KA
Ak S A FRAR AR, B R1E 5 5 Excel A # £ 45
1.2 EIBIEFRATNE

K 8 % ot Bi% & 8t (MAX-Imaging-PAM,
WALZ, EEDME Y RS KR T2 R (FJFD
FIXT L SR S A AP 7 s T S =
K AT Z iR e s T A S =R A
FEREVENNE : 2% Dt H A2 &K F DTNB & (7K€ .



832 3 L)

S 4

40 %

1.3 AhtHRKEXEFEEFIE

S VR AT R B2 AN 25 °CHT R L4 °C - h!
Pl 253 °C, 75 -3 CCHMIR FH 26 T AL 6 ho12h
1) 34T 98 BT S92 S 2H 8% v A0S R 3R AT e s A W P
FE 1 43 A )5 ) DEseq2 75 74 3E 4T DEGs 1)
K, O-value<<0.05 (adjusted P-value<0.05) ] 3
Rl ON B3 22 R 3R B R W A Ak BEAE X CK
7 AE B4 E N 1.5 LL_E 1) DEGs & XU R 3%
ZE RIS FA . B3 KEGG B 7 , 3R AU B H ik
ARG B FE ], S8 J5 K 7E KEGG U4 22 38545 1 25 e
HRA A DG Ik R 5 e 5) 4H B0 KEGG VR S Aadk

AT BB, M 0 4 H 4 S AR 50 s v o I8 38 SRR A
HRARES B S R AT 23 B
14 AHEHKEXERRIEZERE qRT-PCRIIE
FR A 28 2 VR 2H 117 B3R 08 32 UBQ W N 2 ik
DK%, 1 F Primer 3 B¢ qRT-PCR 514, 51 ) & B H
LAY TREAF SER (R 1) CAAS A AL B 3
58 Y 5P BLAH KR E I RNA AR AR , 2 8 ABM /A &)
% 7R & U8 B & A cDNA.  gRT-PCR #% 1
Green Real time PCR Master MIX iR 7| & (TOYO-
BO, H A AT , 5 R R 08 5K FH AN i & 2k,
Bl log, (T/CKD 434 »

*1 AMHKREEXERREEE qRT-PCR 51457

Table 1 qRT-PCR primer sequences for differentially expressed genes related to glutathione metabolism
KR ID ElEvEA s S AI(57 -37)
Gene ID Primer name Forward primer sequence (5’ -37)
Msi_11B013970 Msi_11B013970-F AATCTGCTCCCAAATCCG
Msi 11B013970-R ACACCAGTGCCTCCTTCA
Msi_ 06A008160 Msi_06A008160-F TCGCCGCTTCATCTGCTTC
Msi_06A008160-R CATTTGTCCCTGGCTCCTG

Msi_09B008290

Msi_11A024060

Msi_17B006200

BGI_novel_G001892

Msi_10A018630

Msi_03A025150

UBQ

Msi_09B008290-F
Msi_09B008290-R

Msi_11A024060-F
Msi_11A024060-R

Msi_17B006200-F
Msi_17B006200-R

Msi_10A018630-F
Msi_10A018630-R

Msi_03A025150-F
Msi_03A025150-R
UBQ-F
UBQ-R

BGI_novel G001892-F
BGI_novel_G001892-R

CAGATGACCTGAGCCTACAAA
TACGCATATCCAACCACAAAA

CATTGAATCTGTGGGTC
ATTGTTCGCATCTGTAA

ATAGCGGAGGCTTATGATGTA
TCAATACTCTTTGCACGGATC

TTCTAGTAGCCATAAATGACGAAAG
GAAGCAGCCTAAACGGGAG

GAAACTTTGATGCGTCTT
TGTGGCTATTATTCTTGC

TTGGCTGTGGTTCTTGATGT
ATGTATGGTGGGAAGGTGGT

CTCCGTGGTGGTTTTTAAGT
GGAGGCAGAAACAGTACCAT

2 HR550
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Fig. 1 Changes of morphological of Malus sieversii seedlings in vitro under freezing stress
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Fig. 2 Changes of chlorophyll fluorescence of M. sieversii seedlings in vitro under freezing stress
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Fig.3 Changes of physiological indexes of M. sieversii seedlings in vitro under different low temperature treatments
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Fig. 4 Analysis of transcription of glutathione metabolic differential genes of M. sieversii seedlings in vitro
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