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Abstract: [Objective] Growth-regulating factors (GRFs) and GRF-interacting factors (GIFs) play im-
portant roles in plant growth, development, and response to environmental stresses. As an important

woody food resource in East Asia, Chinese chestnut (Castanea mollissima) is affected by numerous en-
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vironmental stresses during its growth and development process. In this study, the Chinese chestnut
GRF and GIF gene families were studied to provide a theoretical basis for analyzing the potential func-
tions of GRF and GIF genes in Chinese chestnut development and response to environmental stresses.
[Methods] The GRF and GIF gene families in Chinese chestnut were systematically characterized us-
ing bioinformatics methods, including physicochemical properties, phylogenetic relationships, gene
structure, conserved motifs, collinear and evolutionary relationships, chromosome distribution, duplica-
tion types, promoter cis-elements, and interactions with transcription factors. The expression profiles of
CmGRFs and CmGIFs in five Chinese chestnut organs (seed kernel, female flowers, male flowers,
ovules, and buds), as well as under three abiotic stresses (drought, freezing, heat shock) and infection
by Drycomusk kuriphilus were analyzed using RNA-seq data in NCBI database. The expression of
CmGRFs and CmGIFs during Chinese chestnut kernel development was validated through RT-qPCR ex-
periments. [Results] A total of 10 CmGRFs and 3 CmGIFs members were identified in the Chinese
chestnut genome through bioinformatics methods, and they were shown to be distributed on seven chro-
mosomes. Analysis of the physicochemical properties of these CmGRFs proteins revealed that their
lengths ranged from 236 to 602 amino acids, with an aliphatic index ranging from 45.51 to 68.71. The
instability indexes of CmGRFs were all above 40, and the grand averages of hydropathicity indices
were all less than zero, indicating that all the CmGRFs belonged to unstable hydrophilic proteins. The
isoelectric points of CmGRFs were between 7.74 and 9.41, indicating that the CmGRFs were all alka-
line proteins. Subcellular localization prediction showed that 10 CmGRFs were located in the nucleus.
Similarly, CmGIFs were shown to be located on three chromosomes in the nucleus and considered to be
unstable hydrophilic acidic proteins. Phylogenetic analysis divided the CmGRF's into four branches, and
CmGlIFs into three branches. Each CmGRF contained 2 to 9 conserved motifs and 2 to 5 introns. All
three CmGIFs contain only one conserved motif, three introns, and four exons. Members of CmGRF's
located in the same branch had similar gene structures and protein conserved motifs. A total of 270 and
86 cis-acting elements were identified in the promoter regions of CmGRFs and CmGIFs, respectively,
mainly related to light response, environmental stresses, growth and development, and plant hormones.
The collinear analysis within the Chinese chestnut genome indicated that segmental duplication was the
main driving force for the expansion of the CmGRF and CmGIF gene families. The collinear analysis
between Chinese chestnut and five other representative species (Arabidopsis thaliana, Quercus, Vitis vi-
nifera, Oryza sativa, and Zea mays) suggested that the GRF and GIF families might have undergone in-
dependent duplication events after the differentiation between dicotyledonous and monocotyledonous
plants. Transcriptome data analysis showed that CmGRF3 and CmGIF2 were consistently highly ex-
pressed in female flowers, while almost not in male flowers (FPKM<(1). Additionally, CmGRF3 and
CmGIF?2 exhibited extremely similar expression patterns, suggesting that they may work together and
may be involved in the differentiation or development of male and female Chinese chestnut flowers.
During the development of Chinese chestnut kernels in Yanshanzaofeng and Yanlong, the expression
levels of CmGRFI and CmGRF3 significantly changed, and CmGIF3 continued to be highly expressed,
suggesting that they may be related to the development of Chinese chestnut kernels. The rapid changes
in the expression levels of CmGRF2, CmGRF3, and CmGIF3 during freezing and heat shock stresses
suggest that they may be involved in the response of Chinese chestnuts to these temperature stresses.
Under drought stress, CmGRF’s in Yanshanzaofeng and Dabanhong were almost not expressed, indicat-
ing that they may not be related to the response of Chinese chestnuts to drought stress. The infection of
Drycosmusk kuriphilus significantly induced the expression of CmGRF2, CmGRF3, CmGRF7, and Cm-
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GIF1, indicating that they may be related to the response of Chinese chestnuts to D. kuriphilus infec-
tion. Furthermore, the expression levels of all CmGRFs and CmGIFs in Chinese chestnut kernels at 60,
70, 80, 90, and 100 days after flowering were validated by RT-qPCR experiments, and the results were
consistent with RNA-seq data. In addition, the transcription factor families predicted to have the most
interaction with the promoter regions of CmGRFs and CmGIFs included MYB, Dof, bHLH, C2H2, and
TCP, indicating that they may play an important role in regulating the expression of CmGRFs and Cm-
GIFs. [Conclusion] A total of 10 CmGRFs and 3 CmGIFs were identified and systematically analyzed
in the Chinese chestnut genome. Some CmGRFs and CmGIFs showed significant changes in expression
levels during different developmental stages of five Chinese chestnut organs (seed kernel, female flow-
ers, male flowers, ovules, buds), as well as under three abiotic stresses (freezing, heat shock) and infec-
tion by D. kuriphilus. RT-qPCR was used to validate the expression levels of CmGRFs and CmGIFs at
five developmental stages of Chinese chestnut kernels. This study provides a reference for further inves-
tigating the functions of CmGRFs and CmGIFs, and their potential roles in Chinese chestnut growth, de-
velopment, and response to environmental stress.
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1R 5 (Castanea mollissima) #& 5¢ 2} F} (Fagace-
ae) 5L J& (Castanea) Wl , 72 1 [B 5 E AR A BB
o B LRI B LT Rl 2 — o BREEAEZR
X V2 500, I OB BRE ) BRI
HARENATAESHE. BEEREREACE TR
F=5@ 5 0 H A SRR ) KSR AN 245 R A AR
KR B I Hh 7 RS % AR S b A , i i I
T5 3 aE PL R R FY. R R B M5
oI LR G 25 R 5 I ) 468 R A T SR AE X FH 4 1
Bt AT AR B U AR SR A R B R A L
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i AR R & RSN TT T A A S S e
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SEfbiE v i SCEE F Ca 8 2 UE SEAIRIE .

4K % A T (growth- regulating factors,
GRFEs)AF Ny —A~ B (1) S DR 7 B R 50k, A2 A A)
AR B R i S R A EER Y. GRF iR
AN i X886 2 AR 57 B9 25 )5 Gln-X3-Leu-
X2-GlIn (QLQ) 1 Trp- Arg-Cys (WRC) ™', QLQ X}
GRF FHAth 2 (1 A BLAE B B0 E 2L, WRC & A 1%
€I 1E 5 M DNA 456G 2L P, 1h4h, 45 GRF #%

SR C g X 380k 55 TQLGGPL 1 FFD 3t 3 /™
PRAFEERPIRT GRE R 1 FIRT AR T %
g, I BT RefE A FIAE PR 2 AL A — &
(R D RE 22 J At IOt — P LAY A R
P DhRedeft 7 HEL R, 3 MKFE(Oryza sati-
va) OsGRFIE N5 — NI S € HE A FH R
(gibberellic acid, GA) 5 5 ) 25 i & o ) 4% 55 L %2
(IR E Y, 5 2 5T R IR & GRFs 2 5189
(AR R B R, AtGRF4 2\ I+ (Arabidop-
sis thaliana) W40 I3 5 7RG KB FI 2R 4E
HERE TR, AtGRF7 7] U5 % W ie
M 37 355 [R] (1) 208 SR b7 IR AR CE 8 26 R AR K2
MY, OsGRF6 I A K 3R (auxin, IAA) B A%
TEF A i GA B K RE R = Y, AR
K i 77 B ¥ B AF B (GRF- interacting factors,
GIFs) /& GRF W s L Bs R 7, HAEEI K &
i EAE L Re ) 2 AR B 9 GRF & 135 17
1™ GIF & 8 T SSXT & K ik , KAF W) %
S OE B AE Y. GIF 82 BB & — 4> SNH
(SYTN A b [FJ %) 45 Ky 35k , % 5 4 3841 3 5 GRF
(1) QLQ 25 14 3k i) A BLAE TR i Dy e % sk 2 A
Y. fEXFE AT, GIF ¥ SWI/SNF (Switch de-
fective/sucrose non-fermentable) 4% & Jii 55 ¥ & &5 W)
P55 2 L REFL ], 30 7 GRIF %% S5 30 sl 4 il R 1
BEHEYMEK K EMEAERLED, GRFs M GIFs
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g R FAERE Y A B AR PR 38 R [F)
AR S Z ™™, /N ) GRF4
GIF1 85 H 456 AR Ui A R mT DL 38 48 & /2 F K
T 1 AR OCR P, LEATAE (Citrus reticulata) 15 %
(Fragaria ananassa) ' I 0F 50 R B, A A 4 A 1
GRF-GIF ik &) 2 EAE A FIRE L 32 m @ 4 21
R 2F B AR AR, W R AR B /. 5B AR A
L, ZmGRF11-ZmGIF2 F1 ZmGRF2-ZmGIF3 [ 1t 3
BN T KK (Zea mays) 16 7 ZE W AE K™, KK
(Hevea brasiliensis) 1L 315 HbGRF4-GIF 1 J5 7] LA
33 B v 2 L) P AR AR R (Citrullus lana-
tus) CIGRF4-GIF1 JEA ] TR 8w RUi ARk &, JF
5 CRISPR/Cas9 % G4 5 SLBL 1 5 K 2 4550, 4R
1M, GRF F1 GIF B K 5 JRAE RS i AR KR & A
I 38 2 () S TR e R A AR SRk TR 4 R
U, FAE A D Re A FEAL A i AR AR

S AEAHIE FT P I oy A AR I R DR 2, B
€ T GRF M GIF B Z R, I AT R 4807
M, G RGK B KRR FEF R AR IET I
LA NG R YL AR oA I 2R A, T
NP TofE b SR s A EAER . tkak,
W 45 £ RNA-Seq H4 Al RT-qPCR 525 , 43 By i £ 3
PIEA R H 2R AS [F) B B Berb g ik i =, BL&
XV 5 AR T T 5 38 R0 S8 ( Drycosmusk ku-
riphilus) 12 3% () K2, DL R 3t — 26 52 CmGRF Al
CmGIF W YjRede i 2% .

1 FRATA

1.1 #RZE GRFs M GIFs KR EE

M BE J& 2 K] 4H %0 22 (Castanea Genome Data-
base: http://castaneadb.net/#/) T %k H 5 5 P8 2H 2 ¥
ALFE R R ZH SO R IR P 1D B E U (R 2R 1R
J¥ 80 < Fik (R 45 74 75 B S (General Feature Format
Version 3, GFF3 file) . M Pfam £(4 = # T % QLQ
(PF08880) . WRC (PF08879) Fll SNH (PF05030) ff] &
R Al AR A (Hidden Markov Model, HMM) . |
F HMMER 3.0 A1 %) i S8 2 E SO AT 48 % [F)
I & A QLQ il WRC 5 #4380 ) 5 F 7 41 A 9
GRF 25 [ B3 26 i 51 » 5 SNH g5 /43 1 2 (17 51
BN A& GIF B e st . s, R AR IE Y
FURIIT H 1 GRFs Al GIFs 1) & H 7 5IE NS5 75
XA ZEFT A 8 7 51 HEAT blast A R, DLE g5 4

¥ b 22 NCBI-CDD # — 35 it , LA i GRF J A
B4 QLQ M WRC PN 1438, GIF 1A & SNH
SERIR. HET BAHE ) CmGRFs Fl CmGIFs fE (1
A L (AR A2 B A0 73 i 44 9 CmGRFI~CmGRF10
M CmGIFI~CmGIF3. CmGRFs 1 CmGIFs % 1 7
5| I f& & Expasy (https://www.expasy.org/) 35 B
CmGRFs Fll CmGIFs & [ ¥ 31 A0 4 57 A
1.2 RELRENH

LB 7T GRFs Fl GIFs 5 H 7 4 N 8 H TAIR ¥
vl Chttp://www.arabidopsis.org) . 7KF& GRFs 1 GIFs
& 751 K . B MSU-RGAP W 3 (http://rice.uga.
edu/index.shtmD) . HARY) ) & H1 )7 412K H Phyto-
zome v13 (https://phytozome- next.jgi.doe.gov/) » F|
HI MEGA 7.0 %73 53l % GRFs Fll GIFs 2 H ¢ 41
172 P A0 EE XS, R H B KA SR VE SR K 3 GRFs I
GIFs M RFAREM .
1.3 EEEHARTEEE

CmGRFs fll CmGIFs 1) 5 [ /7 51| % _E.A% % NC-
BI-CDD VA 3k B & 45 & 55 45 #4042 11 hitdata S 1F
CmGRFs fll CmGIFs [ & H /7 51 # I % 2 MEME
(https://meme-suite.org/meme/) LA 3k B4R 57 5 ¥ 15
B CmGRFs# CmGIFs If) 5 [ 45 1) (5 & (UM 8.7~
B ) SRR T SRR R 2 1) 45 R 1 R S A (Geener-
al Feature Format Version 3, GFF3 file) .
14 Bzt FIRXIER RS

B CmGRFs 1 CmGIFs £ R 2 4 %05 7 L iif
2000 bp i1 7 %1 , 3 F| Fi PlantCARE 5 5 FE (http://
bioinformatics.psb.ugent.be/webtools/plantcare/html/)
TN LA A FH oo, X S R BEATVE B B3, DA
fifl & AR ] oA b 26 e oA &, I6F) FH TB-
tools B AFBEAT ATALAL 73 BB
15 FEEDHMILLM

CmGRFs 1 CmGIFs {15t 78 73 Aii 15 8 M AR
5 DRI 25 1) 285 #6033 B SO (GFF3 file) 3R, 2 J5 #1
TBtools # 47 F] AL 73 #1 - {#1 F Multiple Collineari-
ty Scan toolkit(MCScanX) 3K 73 1 b S 3 PK] 2H Py 0 1)
LR, DA MR SR DR A 5 40 e I AR AR (Quercus
robur) 7 %] (Vitis vinifera) « K FE 1 B K [P HE 251,
Jf H. 38 G AR SE R DR 2 N R 3 2 g i 3R X
CmGRFs 1 CmGIFs [f) 5= il 38407,
1.6 FRARIESHAAE LS

M NCBI % # /£ (https://www.ncbi.nlm.nih.gov/)
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R T AT RIS MR S A AN R K B
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ZE W& (Drycosmusk kuriphilus) 17 %% T Y] RNA-seq
B XLHIERIE T ONTHE, BUH 525008
PRINAS512447. PRINA731244 . PRINA791965. PRI-
NAS818064. PRINA862256. PRINAS883560. PRI-
NAS885276. PRINA957852. PRINA1166987™ ** 1,
i i Sratoolkit 3.0 K RNA-seq S M SRA ##% 5% i
°A Fastq #% 20", i ] Tophat2 # 1X £ Fastq SC {4 Bt
53225 B R 20 DU e A, 28 B R4 ok
F Castanea 2 [K 21 3 45 F£ (http://castaneadb.net/#/)
FIN11-1", A H TBtools ' ] “scale method” X} &
IEEHE AT A — A b B, FF 3 T X0 H i 6 [log., (FP-
KM+ 1D E A Bl 7 5 R R I 7K1 R 74 & B
1.7 CmGRFs 1 CmGIFs 5% FE F E{EM K
Il

{5 F Plant Transcriptional Regulatory Map(https://
plantregmap.gao-lab.org/) Xt 7] B¢ /E | T- CmGRFs
CmGIFs L7 (2000 bp) [X 35k (1) % 5 A~ 64T Tt
FAd H Cytoscape (v3.9.1) B AT AL 79 BT &% 55 (K] ¥
5 CmGRFs Fl CmGIFs FIAH AR«
1.8 RT-qPCR43#f

RT-qPCR iR 36 A4 KK F ] AR i 2 e 5
T 1 (N 40°06", B 119°227) K 38— 5 A KAl
(1) 5 AF A e 1L B Rl R A REER . BilESE S
60.70.80.90 A1 100 d REE e 11 L AR AT IR,

AN ) R AR R B, 7 B R 8T AN TR T Je B
B AR R, B IR BRI R M R 2 i . 2 il
OB RE SN L2 AR IE I 50 mL B0, IR IRGE
B TWET EZR T4, WO EE & O e v
o o B RE A A7 T80 °CHUMRIR KA, T
J&i 4 %F CmGRFs F1 CmGIFs () RT-qPCR SZ254& . fi#f
F RNAprep Pure Z #2472 RNA $2 U &
(DP441, RARAEAMFHE AL TE R A A, A6 5O FR IR
B4 RNA. # ] PrimeScript 25 — %% cDNA %
A 7T £ (TaKaRa, H A J 86 5% & AL EE cDNA.
W& CmGRFs Fl CmGIFs /)3 K 5 %1 , {# ] Primer
Premier 5 & 1145 5140, UL I8S AN S HEK (R D,
{§ F§ TB Green Premix Ex Tag (TaKaRa) i 7] & 7%
ABI 7500 gRT-PCR (Applied Biosystems, USA) -
17 QRT-PCR 5156 . SR FH 222" J5 15115 CmGRFs
CmGIFs [ X Rk &

2 ERE55¥

2.1 CmGRFs# CmGIFs )% EFIBIL M R

TEMR SEHE PR AH L %5 5 2 10 4> GRFs 214,10
A CmGRFs 5K A5 51 14y A 7E 589,10, 11 AT 12
Sk . CmGRFs 3 R 9 i 236 1~ F 602 N
B/, > TR EAN T 25.78~64.97 ku. CmGRFs & H
AT REIYTE 40 LA E, I HopK SR E /T
0, & ¥ CmGRFs J& T A E M B KEEA .
CmGRFs ] 5 L /5 £ 7.74 (CmGRF8) #| 9.41

F 1 SERTRJEE PCR 549

Table 1 Primers for real-time fluorescent quantitative PCR
S 4.5 LS (5-3) T (530
Gene name Forward primer (5'—3") Reverse primer (5'—3")
CmGRF1 GTGCAGCAGGGATGTGGT GGAGGCTACCACACGCTT
CmGRF2 ACTTGCAGCCCAGTGGTG AGAGGCCCCGTGGATCTT
CmGRF3 TCGGAGAAGAGCCTGGCT TCAATGCCTCCGCTAGCG
CmGRF4 CTGGCTCACCCCTGCTTC CGGCAGTTGGAGACGAGG
CmGRF5 AAACTGGCTCACCCCTGC CCGGCAGTTGGAGACGAG
CmGRF6 TGCTGCCAGAAGGTGTCG GGCGGCCTCTGTTCATGT
CmGRF7 GCTTCAGTGGTGGTGCCT GGTGGCTGCGGAAGGATT
CmGRFS8 ACGCGTACCCGGACTCTA TCCCATTCCCACTGCTGC
CmGRF9 CGGCTGCACTAACCCCAA TGAAGGTGGCTGTGATGGG
CmGRFI10 TGGACGTGGGTCTGGACA TGATGTGGCACGGGAAGC
CmGIF1 CCCATCCACAGCCACCAG TGTTGCCTGGGGATGCTG
CmGIF2 GACACTCGGGGTTGGTGG TCTTGCTTGCTCCCACCG
CmGIF3 TTGGAGGTGGCAGCAGTG CCACTTCCATGCCCAGCA
188 CGGCTACCACATCCAAGGAA GCTGGAATTACCGCGGCT
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(CmGRF10) 2 [i] , % B CmGRFs A E H . T
Y1 B s A T $2 715 5 10 ) CmGRFs 25 2 5% 67 141
MiA% (% 2). 34 CmGRFs 24> HI6E T 4.5 F1 10
ZRUL i b 7R AR SEEE R 2 3t % e B 3 GIFs
KA. CmGIFs 8 A K B2 53 ot & 2 A T
216 3] 223 N FER , 23.44~24.55 ku. CmGIFs & H
(R AN B Fi HOR 55 K M3 2 0 A T 60.84~80.47

F1-1.159~-0.647, X i B CmGIFs s& A~ F2 52 1) 55 7K
PEEE . CmGIF2 fl CmGIF3 2 [ 45 i £ 5.93,
CmGIF1 2 [ {155 H 5oN 6.1, 1% % B CmGIFs /2 12
PEER Ao 20 P e AL T 27 , 34 CmGIFs £
LT A% (R 2) .
2.2 CmGRFsH CmGIFsH RS A B8O

BT RG0 G, R ARFEA0)FUFETF ) KA

#* 2 CmGRF 1 CmGIF 5 3% EFRIGIZWHHE
Table 2 Physicochemical properties of CmGRF #1 CmGIF transcription factor families

WA E R R 2T RE A

AFaE R R R ORI E

JEK 9w 5 K2R Y

AR RABHR Gk Subcellular  Number of Molecular Theoretical Instability — Aliphatic Grand average

Gene ID Gene name Chromosome .. R . . . . -
localization amino acid weight/ku pl index index of hydropathicity

GWHGANWHO019233  CmGRF1  Chr5 2 % 492 53449.27 9.10 51.10 65.06 -0.551
Nucleus

GWHGANWHO028142  CmGRF2  Chr8 A% 602 64 968.37 8.09 51.37 65.12 -0.542
Nucleus

GWHGANWH029569  CmGRF3  Chr9 A% 399 43 804.76 8.25 58.32 62.38 -0.651
Nucleus

GWHGANWHO031596  CmGRF4  Chrl0 A% 572 62 055.87 8.93 52.93 56.12 -0.646
Nucleus

GWHGANWHO031598 CmGRF5  Chrl0 A% 572 62 055.87 8.93 52.93 56.12 -0.646
Nucleus

GWHGANWHO032077 CmGRF6  Chrl0 A% 551 59984.76 8.86 54.54 68.71 -0.554
Nucleus

GWHGANWHO032078 CmGRF7  Chrl0 itlilakz3 436 47839.58 9.34 51.68 68.49 -0.580
Nucleus

GWHGANWHO032327 CmGRF8 Chrl0 2 % 332 36 560.21 7.74 50.95 4551 -0.787
Nucleus

GWHGANWHO011417  CmGRF9  Chrll i % 409 46 189.89 7.79 61.15 50.07 -0.905
Nucleus

GWHGANWHO012657 CmGRF10 Chrl2 i % 236 25777.04 9.41 46.70 68.14 -0.511
Nucleus

GWHGANWHO031602 CmGIFI  Chrl0 i % 216 24 554.02 6.10 80.47 49.35 -1.159
Nucleus

GWHGANWHO017022  CmGIF2  Chr4 i % 223 23 683.24 5.93 61.40 53.09 -0.647
Nucleus

GWHGANWHO018956  CmGIF3  Chr5 4 M % 220 2343930 5.93 60.84 61.86 -0.680
Nucleus

U2 ERM (Populus trichocarpa) (19 F17§ %] () )3
58> GRF & #4444 173 3 (Group 1 ~Group4) (K] 1-
A) . 1E Group3 (CmGRF2. CmGRF6. CmGRF7) Fll
Group4(CmGRF3.CmGRF8.CmGRF9) H153 147 34~
CmGRFs % [ . Groupl (CmGRF4 Al CmGRFS5) fll
Group2 (CmGRF1 Al CmGRF10) 43 3 43 5l 4% 2 4~
CmGRF i 7 o Group {X AL & X HHEY 1) GRF J%,
G HAR 3N 3N B R AR TR GRF B
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Fig. 1 Phylogenetic tree of the members of the GRF and GIF proteins among Chinese chestnut and other species



557 3

EFBEE 5 W GRF A GIF 5 R 5 1) 42 2 R 21 45 58 ARk 2 i

1429
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A. Conserved motifs of CmGRF proteins; B. Structure of CmGRF genes; C. Conserved motifs of CmGIF proteins; D. Structure of CmGIF genes.
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Fig. 2 Gene structures of Castanea mollissima GRF and GIF and the conserved motifs of their coding protein
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CmGRFs [ JE3)+ X ikt . HA CmGRFI R+ X
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Fig. 3 Cis-elements of the promoters Chinese chestnut GRF and GIF gene families
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A. Transcription factor regulatory network analysis of CmGRFs; B. Transcription factor regulatory network analysis of CmGIFs.
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Fig. 4 Transcription factor regulatory network analysis of CmGRFs and CmGIFs
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IE(EJG 20,2530 A

A. Expression of CmGRFs and CmGIFs at three developmental stages (July 15, July 20, and July 25) of fertile and abortive ovules; B. Expression

of CmGRFs and CmGIFs in male and female flowers (FFF: First flowering (female), SFF: Secondary flowering (female), FFM: First flowering

(male), SFM: Secondary flowering (male); C. Expression of CmGRFs and CmGIFs at five developmental stages (60, 70, 80, 90, 100 days after flow-

ering) of C. mollissima kernels of Yanshanzaofeng and Yanlong; D. Expression of CmGRFs and CmGIFs at three developmental stages (20, 25, and

30 days after flowering) of buds.

B 6 CmGRFsF CmGIFs fEREIALHHFRIL
Fig. 6 Expression of CmGRFs and CmGIFs in different tissues of C. mollissima
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A. Expression of CmGRFs and CmGIFs at different freezing (-15 °C) and heat shock (45 °C) stress times. CK serves as the control, D5h, D10h,
and D15h are frozen (15 °C) for 5, 10, and 15 hours, respectively, while G4h, G8h, and G12h are subjected to heat shock (45 °C) for 4, 8, and 12
hours, respectively; B. Expression of CmGRFs and CmGIFs in Dabanghong (DBH) and Yanshanzaofeng (YSZF) under drought stress for 0, 10, 20,
30, and 40 days; C. Expression of CmGRFs and CmGIF's in different stages (April 7th, April 10th, April 15th, April 26th) of Chinese chestnut galls
(Gail: Formed by Chinese chestnut leaves being infected by chestnut gall wasps); D. Expression of CmGRFs and CmGIFs in the leaves of Hongli
(HL: Susceptible to Drycosmusk kuriphilus infection) and Shuhe- Wuyingli (SH: Partially resistant to Drycosmusk kuriphilus infection) at different
stages (April 7th, April 15th, April 26th) of chestnut gall wasp infection; E. Expression of CmGRFs and CmGIFs in leaves (Galledleaves) and insect
galls (Insectgalls) induced by Drycosmusk kuriphilus.

£|7 CmGRFs F1 CmGIFs TERREINE THIFRIE
Fig. 7 Expression of CmGRFs and CmGIFs in C. mollissima under different stresses
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Fig. 8 Expression analysis of CmGRFs and CmGIFs at 60, 70, 80, 90, and 100 days after flowering
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