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stress response in Chinese chestnut

LI Jinmei, NIE Xinghua, GE Jingyi, CHU Shihui, LIU Yang, QIN Ling, XING Yu"

(College of Plant Science and Technology, Beijing University of Agriculture, Beijing 102206,
China)

Abstract : [ Objective 1 The reversibility of protein palmitoylation is a key mechanism for
regulating cellular function. Palmitoyl transferase is an important part of this mechanism, which
can connect palmitic acid to the cysteine residue of the target protein. Protein palmitoylation is a
post-transcriptional modification that plays a critical role in protein transport and function.
Palmitate transferase (PAT) catalyzes the occurrence of acylation. Acylated PAT proteins may be
involved in a variety of stress responses in material transport and signal transduction. Palmitate
transferase plays an important role in growth, development and response to harmful stresses in
plants. However, understanding of PAT genes in chestnut is limited. Here, we performed a
genome-wide identification of the PAT gene family in chestnut and subsequently analyzed how it
responds to various stresses in Chinese chestnut. [Method] HMMER, NCBI-CDD and SMART
searches were performed to identify PAT genes throughout the chestnut genome. The domain

information of the candidate gene family members was obtained through preliminary screening,
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and the protein sequences without the DHHC domain were eliminated. Ultimately, 21 members of
the chestnut PAT gene family were identified. The bioinformatics methods were used to study the
phylogenetic tree, gene structure and gene motif, protein physicochemical properties, subcellular
and chromosomal localization, collinearity and promoter cis-elements of the PAT genes. To check
the stress resistance function of PAT gene family, Yanshanhong was used as experimental material.
For salt treatment, the seeding roots were submerged in a solution containing 200 mmol * L' NaCl
and samples were collected on the 7th, 10th and 14th days. Drought treatment was also carried out.
Samples were collected and tested at different water contents in fresh leaves, specifically at 0, 5,
30, and 50%. To treat disease resistance, Chestnut Blight Mycelia Blocks were cultured on PAD
medium. After 3 days, the PAD agar blocks containing chestnut blight mycelia were placed on
perforated branches. Samples were collected at 0 h, 12 h, 24 h and 3 days after inoculation. Fresh
branches that were only treated by punching served as controls. All samples were then harvested,
immediately frozen in liquid nitrogen, and stored at -80°C. The influence of salt, disease resistance
and drought stress on the expression pattern of the PAT gene family was examined using real-time
quantitative fluorescence analysis. [ Result 1 Through a comprehensive genome search and
identification, we acquired 21 members of the PAT gene family in the chestnut genome that
possess the DHHC domain. In the phylogenetic evolutionary tree, they grouped into six branches
with 24 members of the AtPAT gene family. By analyzing the physical and chemical properties of
the protein, it was found that most members of the CmPAT family are hydrophilic, basic, stable
proteins and that their sequence lengths vary significantly. Subcellular localization showed that
CmPAT7 was localized in the chloroplast, CmPAT4 in the nucleus, CmPAT23 in the cytoplasm, and
the remaining PAT proteins in the plasma membrane. Gene structure and motif visualization
showed 10 conserved motifs, and 21 PAT family members all had the DHHC domain, which was
the most conserved. Their gene lengths also varied widely, ranging from 3750 to 24,300 bp, and
each family member contained 7.28 introns and 8.57 exons. Members of the PAT gene family
were unevenly distributed across the nine chromosomes. The CmPAT gene family was more
conserved in the process of species differentiation. There are many abiotic stress and hormone
response elements in the promoter region of the CmPATs gene. These include basic cis-acting
elements, light-response elements, hormone-response elements, and many stress-response
elements, of which cis-acting and light response elements account for the largest proportion. An
examination of the transcription factor prediction word cloud identified up to 39 transcription
factors related to the control of 21 CmPATs gene. Of these, the Dof protein family was the most
abundant at 22%, followed by the AP2/ERF protein family and the BBR-BPC protein family at
17% and 10%, respectively. These protein families may play a crucial role in regulating PAT genes
in chestnut. Analysis of the expression pattern revealed that several CmPAT genes were involved
to varying degrees in the involves in responses to disease resistance, drought and salt stress.

[ Conclusion] A total of 21 CmPATs gene families were identified. The study found that the
expression levels of CmPAT24, CmPAT7 and CmPATI14 were significantly increased in response to



salt and drought stresses, demonstrating their involvement in the regulation of these stressors.
Notably, the CmPAT7 gene showed significant upregulation under salt, drought and disease
resistance stresses, indicating its role in regulating all three stress types.
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Table 1 qPCR primer sequence information

FEHID s Y TSIV

Gene ID Upstream primer Downstream primer
CmPAT3 TGATAGGCGGATTGGTTCTC ATCTGATTCAGGTGGCTTCG
CmPAT4 ACAAGCGAATGATGGGAAAC TTGCTCCCTAACAAATGATCG

CmPATS ATAACCGTGGGTGTGCTCTC CTTTGCCCTGAAGTTGTTCC



CmPAT7

CmPAT8

CmPAT10

CmPAT11

CmPAT12

CmPAT13

CmPAT14

CmPAT15

CmPAT16

CmPAT17

CmPAT18

CmPAT19

CmPAT21

CmPAT22

CmPAT23

CmPAT24

CmPAT40

CmPAT77

TCCAAATATGGGGAAAGCTG

CCTTCAATTCCCTCGAACAA

GATGGAAGTCAGCTGGGAAG

ATGCTGGGGTTGTGGATTAC

GAATTTGGAGGCTGGTGGTA

CCCCAAACTGGAGACCTGTA

GGGACAGACCAACGA

CTCTCCATCCCAGTCTCAGC

AGACCCCGATAACCCAATTC

ATGGCAGTGCAGTGGG

ATGGTGGGAATGGCAATTTA

GGGATCATTCTTCTCCGTCA

TTTGTCCGATGCTTTGTTGA

GGATGGCAACTTCCTTACCA

TTCATTATGTGGCGGTTCAA

TGGCAATGTTGATCACTGGT

CTTCCCCAC CATCCAA

CTACAGCTGTTGGCCTCCTC

TGCGCTTCACAATTATCTGC

CGAGGCGGTCGATATAACAT

GCAGTTGTTCCTTGGGGATA

GATTTGTTATGGCCCCACAC

GTCCGTCAGAAGACCACGTT

TGTGCCTAAACCTGGTCCAT

TCCTGGGAATCAAAGTCAGG

CCCAGCTGAGCTCTGTAACC

CACGGGGAGGCTTATACTGA

TCAGCCCAACTTTGATTTGG

TTGTGATTTCCGCAATTCTG

CCCCCAACTTCACCTACTGA

TGCATAAGGCCACCACAATA

CCCAACAAAAGGAGCAAAGA

CTGGGAAGCCTGTGAGGTAG

AGCATGGTTGATCCACTTCC

GAAAACAAAAGCCGAAGCTG

CCAAATCGGCAGATCTCATT
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Fig. 1 Phylogenetic tree of chestnut PAT family members
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Fig. 2 Chestnut PAT gene structure and motif visualization

2.3 1IR3 PAT EREZikHIE BRI BT AR I 48 B e {iL

FIH pfam #4052 5 HCEE V4 JE BRI AT EExS 204, 3045 T ACRIE BRI 8 % — 4> DHHC
SERIEIN 21 AN o BEJE0 H R B 7 ST H A BURA R A T R, R A B 2 RO
1E 274~794 N B 2 1], ZEERK LR CmPAT77, SFLWIRZ CmPATIS. V344551
JiE N 51.27 kDa, “5HLRAE 5.91~9.82 (8], Ht R CmPAT3. CmPATI4. CmPAT23,
CmPAT24. CmPAT77 3% 5 NERE) PL/NT 7, VLA 2 B0 SE PAT & (A RIUAIE, DECH
M. NI HR e 73.60~14.69 Z Ii]. HE KK (GRAVY) {£-0.279~0.419 Z[fl,
Hr GRAVY NIEEA 10 4> CmPAT & H, HEKA 114 CmPAT EHH. @ EAG. 2
KT KRB, X CmPAT12. CmPATI3. CmPATI16. CmPATI7. CmPAT40. CmPAT77 iX



6 I~ PAT HE A JIEN RECKT 100, NHUKIEEE, HARWAFOKIEES: F, £ 124 PAT
HAMATE RECUNT 40, 94> PAT HEAANFE REKT 40, RIS PAT Kk KN
FasE B o CmPAT77 B T B3k PAT FRIEAT ¥ DHHC R 57 25 MM B AR 57 2 &
BT 5 . 38id WoLF PSORT Prediction 347 Y41 M & 7 &K I, CmPAT7 58 L TERF 24K,
CmPAT4 SENLAEM ML, CmPAT23 5EALAELMGT, Fol42 18 A PAT & E R AE B (R 2D,
3R 2 CmPATs BRI ST AL A0 E (L

Table 2 Physicochemical properties analysis and subcellular localization of CrmPATs protein

EHAK AERH STRE AN ARRERE bR
AR R SRR 7.2 i) 5 iz
Protein Aminoaci-  Molecular Y% Instability Aliphatic
pl Domain Subcellularlocation
name dsize weight GRAVY index index
CmPAT3 425 47 821.67 6.63 -0.205 35.98 78.14 DHHC JFi %% plasma membrane
CmPAT4 430 5109513 7.11 -0.279 37.59 73.60 DHHC #HJf#% Nucleus
CmPATS 430 48 985.74 8.84 -0.104 44.86 79.51 DHHC JFi %% plasma membrane
CmPAT? 443 49 843.42 8.99 -0.118 36.29 79.37 DHHC %% 44 Chloroplast
CmPATS 426 48 148.08 7.92 -0.144 41.83 86.92 DHHC JFi %% plasma membrane
CmPATI0 349 4022800  8.69 0.112 46.10 93.04 DHHC A plasma membrane
CmPATI] 338 3860026  8.87 0.270 41.78 91.15 DHHC JF I plasma membrane
CmPATI2 311 3498496 7.14 0.359 34.80 104.69 DHHC JF % plasma membrane
CmPATI3 356 4025422 853 0.340 31.97 102.64 DHHC A plasma membrane
CmPATI14 307 3469635 670 0.221 41.18 97.13 DHHC JF % plasma membrane
CmPATIS 274 3104734 875 0.340 41.36 95.29 DHHC JA % plasma membrane
CmPATI6 286 3217758 8.44 0.301 45.27 103.53 DHHC JA % plasma membrane
CmPAT17 392 44 253.72 8.91 0.334 34.41 100.97 DHHC JFi %% plasma membrane
CmPATIS 507 58 404.28 9.82 -0.206 39.20 85.33 DHHC JFi %% plasma membrane
CmPAT19 735 7948622 8.66 -0.186 53.02 75.09 DHHC JA % plasma membrane
CmPAT21 659 7187275 8.02 -0.09 56.44 84.01 DHHC JF % plasma membrane
CmPAT22 628 6876381  8.93 -0.129 34.41 84.20 DHHC A plasma membrane
DHHC ANKYR
CmPAT23 546 60 336.61 6.59 -0.080 33.23 90.46 i1 )5 Cytoplasm
Ank 2
DHHC PHA03095

CmPAT24 641 7020233 636 -0.199 32.29 87.38 JF % plasma membrane

Ank 2




CmPAT40 329 3694534 851 0.419 38.13 104.26 DHHC JRJE plasma membrane

DHHC
CmPAT77 794 88 528.14 591 0.066 35.85 102.70 JFiJI% plasma membrane
El_enzyme

2.4 tRER PAT EE BB EE ML 5347

23t CmPATs JERITEQL 4k B A B, IR 1~12 5 QAR R B RAE G Ak 1
Ao 21 DEFFBERARBEINAEL S, 35, 45, 55, 75,85, 105, 115
12 Stk b, 25, 6 59 5Pk BEH CmPAT 2534l . CmPAT24. CmPAT7
CmPAT8 .CmPAT21 5345 T 1 54tk b, CmPATI9 /3 A #E 3 5 4ettfk |, CmPAT17.CmPATI1
CmPATS ! CmPAT22 4y #ifE 4 S Y tifk b, CmPAT77. CmPATIS. CmPATI3. CmPATI4.
CmPATI2 534 T 5 S YR, CmPAT40. CmPATI0. CmPAT23 5334 #E 7 5. 8 SAHI10
SYEAE b, CmPAT3« CmPAT4 J CmPAT16 53 AG1E 11 S Yetifk, CmPATIS S AitE 12 54
Ok (E3) o MBRAEFUFE T PAT FER BEAT I AN R I, FERRE SRS I+ 2 [BAFAE T
10 NMEA LM R PATS, TERRSEIATCILEME X R I PATS . HRIFEFURE TN PAT %0 H AH
ZEAK, B CmPAT 3K ZIEAED RN 3 A FE H LE LR~ (B 4)

. Chr9

Pficel

CmPATI8 T

CmPatey —

MNPATIg

r 4
&

[

&l 3 CmPATs R BIRENM

Figure.3 Chromosomal localization of CmPATs
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Fig. 4 The collinearity comparison of PAT genes between chestnut and Arabidopsis thaliana
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