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Abstract

Pyrus sinkiangensis is a distinctive fruit tree of Xinjiang; it serves as a key parent in the breeding of
numerous pear varieties and is one of Xinjiang’s primary agricultural export products. However, with the
frequent occurrence of supercritical low-temperature weather in winter, pear trees suffer severe frost damage,
which in turn triggers major secondary diseases, seriously restricting the sustainable development of this
industry. Previous studies have found that overexpression of the PsHBI2 gene, which is highly expressed
during winter dormancy, can significantly reduce the cold tolerance of paper mulberry (Broussonetia
papyrifera). Further studies indicate that the PsHBI2 gene positively regulates the expression of the
PsPP2C50 gene, suggesting that PsPP2C50 may be a key downstream target of PsHBI2. To investigate the
role of the PsPP2C50 gene in the cold tolerance of Korla pears, this study employed a combination of
bioinformatics, molecular biology, and genetic engineering techniques to systematically elucidate its
molecular mechanisms. The main findings are as follows:

(1) Bioinformatics analysis shows that PsPP2C50 encodes a hydrophilic protein localized in the
endoplasmic reticulum, featuring a typical PP2C domain at the N-terminus and belonging to subfamily A of
the PP2C superfamily. The promoter region contains multiple stress-responsive elements, including AREB,
LTR, and MRE/MYB. Expression pattern analysis indicates that PsPP2C50 expression is induced by ABA.

(2) Overexpression of PsPP2C50 in Morus alba L. followed by low-temperature stress treatment
revealed that PsPP2C50 overexpression significantly reduced the plants’ cold tolerance. Under 4°C and -4°C
treatments, the overexpression lines exhibited more severe wilting and browning, a significant decrease in
relative water content, electrolyte exudation rates increased significantly, and the accumulation of proline
and soluble proteins was inhibited, indicating that PsPP2C50 negatively regulates plant cold tolerance.

(3) To elucidate the downstream molecular network of PsPP2C50, four candidate interacting proteins
were identified through analysis of the Korla pear genome and winter transcriptome. Validation using yeast
two-hybrid, BiFC, and GST pull down assays demonstrated that PsPP2C50 and PsSnRK?2.7 exhibit a specific
interaction within the endoplasmic reticulum.

(4) Subcellular localization shows that PsSnRK2.7 is localized in both the nucleus and the endoplasmic
reticulum, and its gene expression is induced by ABA signaling. Overexpression of PsSnRK2.7 can
significantly enhance the cold tolerance of mulberry, which is opposite to the result of PsPP2C50
overexpression.

(5) Using virus-induced gene silencing (VIGS) technology, the expression of the PsPP2C50 and

PsSnRK2.7 genes was silenced in dormant Korla pear branches, respectively. The results showed that as the
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temperature decreased, intercellular water content in phloem tissue tended to increase, while intracellular
water content decreased. However, silencing PsPP2C50 significantly increased intracellular water content
and decreased intercellular water content, whereas silencing PsSnRK2.7 exhibited the opposite trend.
Additionally, branches with PsPP2C50 silenced showed a decrease in free water content and an increase in
bound water content, while those with PsSnRK?2.7 silenced exhibited the exact opposite characteristics.

Conclusion: During overwintering, the phloem tissue of Korla pears employs an intercellular freezing
strategy. As the temperature drops, excess intracellular water is continuously exuded into the intercellular
spaces, thereby effectively preventing the formation of intracellular ice crystals. However, excessive
exudation of intracellular water can easily lead to the withering of branches. This study found that the ABA-
induced PsHB12 gene upregulates the expression of the PsPP2C50 gene, while PsPP2C50 suppresses its
function by interacting with PsSnRK2.7. Through this ABA negative feedback regulatory mechanism,
cellular water balance is maintained under cold stress. This research not only contributes to understanding
the molecular genetic background of fragrant pear overwintering but also provides a theoretical basis for the
breeding of cold-tolerant fragrant pears.

Key words: Korla pears; PP2C; SnRK2; ABA signaling; Overwintering
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SERR. R, ARSI R, DAV ICIE I K SO B KR R4,

PEBERKRVER, M EIRRARALR, 5 e R AT L), (R AR AR
W, MITAERHRIR R, BRI, (CRIIL A% S 260 R 25K T FAD 503k
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PRE B, 2R DE R iR I R e s, B R AE & ZRIR A B P (10 i 52 1
PO, ERAR A P RIS TR R v BE 0, 9 Zm B B A B3 2 A

1.2.3 SR HHI S AT IR

K25, T BRI ) 3 2 UM — R A N S5 0K . DK E AR N SRR RS
A B0 A M 5 K P A AN AT A E Y, e 2 S A AE T X — iR aE
RATEDEHACI IR TE R T PIEBT LS, BRI AL 5 i ih . i v L] m] ik
TN KT G, K AR T UK RS TS ER RIS . 20 B A4 D e it {56
SR EE BRI =, KA BT, BARERA R TG ETRIE R, T oK e . —
HWEVER, AT RAORIEM AR & 2 M B b IR W A G I e A

¥ ML (Deep supercooling) M 4R B 7E AR wi IR 25 F T 5 BE R 800 AH 1) e
B, BEFURI, YT (Sasa senanensis) W AEAZ= ALk VA HLE, {3 PRI O £ —
20°C M AN PRFFRAS AN VKB, I v WL H A BB 4ERF 22 —40°C A fa, T LAY
FE TR T T 185 A N 3B 1 4 RF 4 v 1O

i P RS, I AL R AERE R PRI, 403k N 55— b B AR i K AR 4R
A, BNt . EARIR B FE L ACSRAE T, 45T Hh BRI 7K 23 R0 Jog DR 86 2 el T v
MRA KT RIK i, AR —F G E T AESRAS T “ IR E A7 BT, bk 40 Bk
ANRAMRIR PR, (M EEH AR UK SR, A BT YE . X — i BEASPR 4t i
WAk, HARRFUR K FARE R BUK 4 8w, 00K SR R, B AR A 1)
MR A (—196°C) HKIAAAIEI, Rflth, 7E BRI, PRt AR A
PIHENR IR FES (A1—50°C) 26440 T IS TR 7 SRR . EAR Y (Populus)
FogkH, MRS TR —28°CLAT I, A E K ALK, TREEAN
To e LA AR IR Fh AR S A2 E K2 —45°C, B JG 7E —70°C LA N K AR B IR B 3 AR 162
B iR I FE AR 2218 (<5°C/h), TEYAHL U RE R RIS TE,  8E G oK 0T 41 Bt i Rl
A, 25 b, ARAHE B A R AR I 2 A ad ik &R ) P R 2 e % 4 AR R i 52 42
M ABA 57EX AN IR KA HEAER

1.3 ABA N1 SHEYIMEESESME

1.3.1 ABA &R RANSKLMESES

ABA &M 2 AAAE TAEYIA N RO 2Pl B, AR IRHR WA S g s B
RAFRBERIEERCY . AR T, WAL ABA KR ETF, JFSEKRITUERE
TVEYIRR, s A AR A i) ABA 55 RIS HL e 6 2 IR AR 510, A1 ABA 4k



