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Abstract: [Objective] Castanea mollissima is one of the major species in China’s distinctive nut industry.
Its fruits possess both nutritional and medicinal properties, making them of high economic value. Improving
fruit yield and quality is thus crucial for promoting industrial development. This paper aims to elucidate the
molecular regulatory mechanisms, by which bHLH transcription factors mediate MeJA signaling to
influence fruit development, quality, and nut set in C. mollissima. It also seeks to clarify the key role of
MelJA during fruit development, thereby providing valuable genetic resources and technical strategies for
breeding of high-yield and high-quality C. mollissima cultivars. [Method] In this study, C. mollissima
‘Zunhuaduanci’ was used as experimental material. The physicochemical properties, sequence
characteristics, and evolutionary relations of C. mollissima bHLH transcription factor family were
systematically analyzed. Gene expression patterns were detected using transcriptomic data and quantitative
real-time PCR technology. Different concentrations of MeJA and its inhibitor (DIECA) were sprayed during
the key periods of C. mollissima pollination and fertilization as growth regulators, and various fruit quality
indicators (including single fruit mass, soluble sugar content, starch content) and changes in endogenous
hormone levels were measured in different treatment groups. [Result] (1) A total of 93 CmbHLH genes
were identified in C. mollissima genome. Among them, 63% encoded acidic proteins. Phylogenetic analysis
divided it into 20 subgroups (A—T). Jasmonate-responsive cis-elements were found in 70 of CmbHLH genes,
and numerous light-responsive, endosperm-specific, and meristem-specific regulatory elements were also
detected, indicating a close association with MeJA signaling and plant developmental processes. (2) A
majority of CmbHLH genes exhibited significant differential expression (P < 0.05) between normally
developing ovules and abortive ovules at the 18th day after pollination, suggesting their involvement in early
ovule development and providing molecular evidence for identifying key developmental stages of fruit set
and abortion. (3) Exogenous MeJA treatment modulated the expression of CmbHLH genes. Furthermore,
MeJA application improved bract morphology, significantly increasing transverse, longitudinal, and lateral
diameters, as well as bract mass. Notably, 400 mg/L MeJA treatment produced the most pronounced effects,
significantly increasing the number of nuts per bract and the fruit set rate. (4) MeJA application elevated the
levels of MelA, gibberellins (GAs), and abscisic acid (ABA) in C. mollissima fruits, with higher
concentrations producing more significant effects. In contrast, DIECA treatment reduced these hormone
levels. The three hormones exhibited coordinated changes, with the most notable increases observed under
the 400 mg/L MeJA treatment. (5) In terms of nutritional composition, MeJA treatments enhanced fruit
protein and starch contents, with the 400 mg/L mass concentration showing the strongest effects. These
results suggest that CmbHLH genes may regulate nutritional quality through MeJA-mediated signaling
pathways. [Conclusion] CmbHLHs genes could respond to MeJA signaling and modulate both
morphological traits and nutritional quality in C. mollissima. These findings provide new insights into the
molecular mechanisms underlying C. mollissima fruit development and establish a theoretical and technical
foundation for the application of MeJA in high-quality cultivation of C. mollissima.
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Tab. 1 Gene information of CmbHLH family in Castanea mollissima
BSR4 £ 1D SRR XS THEMDa FHA ARUERE BRSSPSRk WANiE S
CmbHLH1 ~ Cm03G00939 611 67 685.08 6.00 4535 80.92 -0.506 A%
CmbHLH10 ~ Cm04G00540 272 29 726.87 5.61 49.41 55.18 -0.881 BN
CmbHLHI1 ~ Cm12G00301 304 34246.15 8.35 57.57 86.97 -0.415 4 A%
CmbHLH12  Cm01G01713 548 59 438.42 5.34 53.71 74.05 —0.530 A%
CmbHLH13  Cm09G01555 431 46 500.50 5.65 50.36 61.04 —0.659 BN
CmbHLH14  Cm02G00592 255 28 632.66 6.24 48.62 64.59 —0.680 4 A%
CmbHLH15  Cm01G00634 484 51619.78 6.12 43.93 62.56 —0.703 A%
CmbHLH16 ~ Cm08G01093 319 35524.19 6.55 52.70 74.26 -0.670 BN
CmbHLH17 ~ Cm07G00349 445 48313.20 5.38 55.76 58.09 —0.694 4 A%
CmbHLH18 ~ Cm03G00950 537 59 027.82 6.14 61.64 59.50 —0.697 A%
CmbHLH19  Cm04G02638 781 84 253.90 5.92 55.43 66.43 —0.475 BN
CmbHLH2 ~ Cm06G00808 91 10 293.60 9.17 76.05 96.48 —0.626 4 A%
CmbHLH20 ~ Cm01G03092 293 32370.29 493 65.56 56.59 —0.943 A%
CmbHLH21 ~ Cm06G00678 284 30 406.68 5.05 61.65 60.85 -0.682 BN
CmbHLH22  Cml12G01884 240 27 150.95 5.63 50.81 97.46 -0.412 4 A%
CmbHLH23 ~ Cm12G01885 243 27 247.12 8.10 50.38 81.40 —0.434 A%
CmbHLH24 ~ Cm12G00317 705 77 267.77 5.56 51.86 68.07 —0.624 BN
CmbHLH25  Cm09G00427 493 55065.77 521 77.71 50.71 —0.840 4 A%
CmbHLH26 ~ Cm12G01537 633 70 659.11 5.75 54.87 84.27 —0.401 A%
CmbHLH27 ~ Cm06G01788 405 42 853.09 8.56 65.25 56.62 —0.682 BN
CmbHLH28 ~ Cm09G01503 244 26 971.17 8.62 46.31 66.72 —0.756 4 A%
CmbHLH29 ~ Cm02G01987 181 20 430.20 7.03 34.33 77.02 —0.555 A%
CmbHLH3 ~ Cm09G00211 520 56 544.84 6.35 54.90 63.44 -0.698 BN
CmbHLH30 ~ Cm02G01501 412 46 668.30 9.49 64.80 85.95 —0.456 4 A%
CmbHLH31 ~ Cm11G00847 350 38 669.05 5.79 57.91 66.97 —0.687 A%
CmbHLH32  Cm08G00892 335 37 560.46 4.87 56.29 71.91 —0.504 BN
CmbHLH33 ~ Cm08G01615 228 25 888.26 5.86 65.13 68.55 —0.810 4 A%
CmbHLH34  Cm12G00938 714 79 467.89 5.66 64.61 73.33 —0.655 A%
CmbHLH35  Cm01G02993 471 52 594.64 7.06 44.11 81.06 —0.384 BN
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LR 44 R %M 1D RAEMEE  MXITRE/MDa FHA ARt IR SCPSKE TN e ST
CmbHLH36 ~ Cm04G01908 348 36 641.08 5.94 51.12 70.98 —0.407 N A A%
CmbHLH37 ~ Cm08G00872 353 39304.40 6.33 46.19 77.39 —0.485 A%
CmbHLH38 ~ Cm08G00873 358 40 378.51 6.57 52.55 77.37 -0.565 A%
CmbHLH39 ~ Cm04G00714 459 51 482.69 7.50 4221 77.30 -0.519 N A A%
CmbHLH4  Cml12G01626 630 69 228.13 931 58.57 67.52 -0.562 A%
CmbHLH40 ~ Cm10G01878 327 36 208.48 8.17 55.83 62.60 —0.896 A%
CmbHLHA1 ~ Cm11G00880 407 45 268.53 6.56 4745 68.75 —0.535 N A A%
CmbHLH42 ~ Cm06G00945 293 32292.64 9.06 68.87 61.64 —0.583 A%
CmbHLH43 ~ Cm12G01952 389 44 611.85 4.90 60.50 83.19 -0.359 A%
CmbHLH44  Cm07G00853 358 40 183.44 5.55 4331 83.55 -0.353 N A A%
CmbHLH45 ~ Cm07G00611 479 53021.17 9.14 66.99 65.20 —0.494 A%
CmbHLH46 ~ Cm01G01867 387 42 851.52 4.91 63.35 63.23 -0.967 A%
CmbHLH47 ~ Cm02G00555 207 23 184.54 5.88 46.52 94.69 —0.366 N A A%
CmbHLH48 ~ Cm10G01700 442 48 553.52 5.75 48.55 63.96 —0.569 A%
CmbHLH49 ~ Cm12G01805 373 41280.81 5.12 51.84 68.23 -0.716 A%
CmbHLH5 ~ Cm10G01202 168 18 911.31 9.04 62.37 89.94 —0.646 0 A A%
CmbHLH50 ~ Cm12G01806 424 46 766.14 5.37 53.71 70.59 —0.682 A%
CmbHLH51 ~ Cml11G01415 156 17 611.91 7.82 58.57 69.87 -0.651 S A%
CmbHLH52 ~ Cm08G00358 316 35289.37 8.78 49.02 84.21 -0.336 0 A A%
CmbHLH53 ~ Cm11G01412 159 18 034.38 8.57 57.77 70.38 —0.665 A%
CmbHLH54  Cm06G00067 347 38 936.87 6.04 48.14 65.99 -0.591 A%
CmbHLH55  Cm12G02163 506 56212.38 5.45 47.26 78.74 —0.447 0 A A%
CmbHLH56 ~ Cm01G00291 340 38 155.97 5.24 51.62 94.59 —0.555 A%
CmbHLH57 ~ Cm05G01729 239 26 786.40 8.23 53.79 66.61 —0.585 A%
CmbHLH58 ~ Cm12G02130 296 31320.33 5.69 44.68 71.93 -0.386 0 A A%
CmbHLH59 ~ Cm03G01666 513 55 162.02 8.26 50.51 52.20 —0.583 A%
CmbHLH6 ~ Cm05G02398 213 24 173.61 8.76 57.00 86.01 —0.466 A%
CmbHLH60 ~ Cm11G00417 249 28 401.44 6.76 56.40 97.03 —0.448 0 A A%
CmbHLH61 ~ Cm06G01061 585 63 931.96 8.18 53.74 62.02 -0.795 A%
CmbHLH62 ~ Cm05G00212 499 55 682.71 5.58 51.77 82.79 -0.455 S A%
CmbHLH63 ~ Cm05G01405 262 29139.22 8.34 4234 85.61 -0.326 0 A A%
CmbHLH64  Cm08G01300 557 60 756.58 6.07 51.01 62.93 -0.752 A%
CmbHLH65 ~ Cm11G00479 237 26 698.58 7.67 55.45 91.35 —0.441 S A%
CmbHLH66 — Cm03G00249 284 32252.67 5.19 54.27 80.70 —0.449 0 A A%
CmbHLH67 — Cm02G01802 275 30 158.97 7.50 46.93 75.60 —0.479 A%
CmbHLH68 — Cm08G00656 260 28 988.86 9.28 48.74 80.27 -0.306 A%
CmbHLH69 ~ Cm05G01549 205 23 499.75 6.14 4223 87.51 -0.515 0 A A%
CmbHLHT ~ Cm05G02399 260 29 845.61 5.90 53.33 82.50 -0.524 A%
CmbHLHT0 ~ Cm08G00666 402 43971.14 5.20 66.11 74.25 -0.562 A%
CmbHLHT1 ~ Cm05G02400 260 29937.76 6.22 57.89 78.77 —0.567 0 A A%
CmbHLHT2 ~ Cm05G00253 397 45 578.58 5.93 61.13 74.13 —0.679 A%
CmbHLHT3 ~ Cm01G04246 246 27389.17 8.63 69.13 63.54 -0.583 A%
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Tab.1 (continued)

HR 4K $£H 1D QAR AXSTHE/Da A ARuERE BRSSPSRk WANME AR
CmbHLH74  Cm04G00023 343 37 998.79 5.76 49.86 65.69 ~0.906 Al A%
CmbHLHT5 ~ Cm03G01161 470 53 183.95 5.30 47.49 71.30 —0.657 il A%
CmbHLH76  Cm10G02023 660 74 482,31 5.57 46.84 73.70 —0.610 4l A%
CmbHLHT7 ~ Cm10G01056 343 38 700.35 8.16 56.26 83.62 —0.444 Al A%
CmbHLHT8 ~ Cm01G04253 241 2721420 7.05 55.00 84.98 —0.442 il A%
CmbHLHT9 ~ Cm01G04254 337 37122.28 5.54 78.31 70.59 -0.601 I A%
CmbHLHS ~ Cm02G02790 572 63 804.69 6.18 47.84 76.56 -0.498 Al A%
CmbHLHS0 ~ Cm03G02597 415 46 150.33 8.36 45.84 60.67 —0.764 il A%
CmbHLH81 ~ Cm05G02449 237 25 967.57 7.63 48.52 74.14 -0.610 I A%
CmbHLHS2 ~ Cm10G01360 307 33612.88 6.61 49.02 70.16 —0.469 Al A%
CmbHLHS3 ~ Cm07G00071 353 39 401.14 6.23 68.31 80.68 —0.674 il A%
CmbHLH84  Cm01G02022 512 58 623.44 8.17 67.04 79.43 —0.475 4l A%
CmbHLHS5  Cm05G01145 257 28 621.63 8.75 54.17 84.98 -0.386 Al A%
CmbHLH86  Cm01G02397 246 28 110.97 5.36 63.40 82.48 —0.548 Yl A%
CmbHLH87 ~ Cm08G00381 218 23992.70 10.28 39.85 76.83 —0.490 Il A%
CmbHLHS8 ~ Cm08G01231 231 26 244.60 5.79 61.13 73.46 —0.700 A%
CmbHLH89 ~ Cm04G02147 329 36 845.38 5.35 60.94 75.26 —0.494 Yl A%
CmbHLH9 ~ Cm09G01891 341 37 599.65 5.57 65.57 85.69 —0.406 4 A%
CmbHLH90 ~ Cm10G00185 332 37270.35 6.01 44.63 62.86 -0.751 A%
CmbHLH91 ~ Cm08G01358 417 47 497.78 5.50 64.61 79.45 ~0.560 Yl A%
CmbHLH92 ~ Cm08G02326 193 2171439 7.61 77.15 109.53 —0.007 Il A%
CmbHLH93 ~ Cm06G00059 528 57 944.93 5.34 48.33 73.71 -0.537 BN

2.2 CmbHLHs K& RGH N 5

F B % CmbHLH £ 5 545§ 7+ bHLH & H i
TR, A BT @i [R5 b T L D e . xF
%52 I 93 4 CmbHLH 2 A5 122 4~ AtbHLH &
HHT RGER BN (& 1. S8 E R IE ST
R T B9 407 AP, GRS IF bHLH & 340 23 A
W%, Bk 5E CmbHLH K & & A 70 A7 T H 20 4>
WA ~TF . e, ELREHR ONMREEA
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F8N LI C WIS A 1 /MREEE .
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V) bHLH S0 Th e - i 76 C Bk, M T i 3E
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fitlh, S 7 ARS8 s A R RR ) R B AR AR |

oA ZE S, W0 F WRNSER 3G 7 20 > MdbHLH
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Fig. 1 Phylogenetic analysis of C. mollissima and A. thaliana bHLH proteins

2 WS FHSFER bHLH & A1 RGE KB 0T
Fig. 2 Phylogenetic analysis of C. mollissima, M. domestica and S. lycopersicum bHLH proteins
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Fig. 4 Analysis of cis-acting elements in CmbHLHs transcription factor family
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Fig. 5 Expression analysis of CmbHLH gene family in different development stages of ovule
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Fig. 6 Expression analysis of CmbHLH:s after treating with different growth regulators
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I ANE 2 RIEF s, BRI, Hp
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ZmT CK(P <0.05); MMM 1005 200 400 mg/L 1)
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PR EF P <0.05) (K 7, % 2). 1ERIAAI T
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PR R ERE RREANECH 2434, AR E
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£ 400 mg/L MeJA b3 J5 % 7 i 3% ; Wijti DIECA
Ji > L YA SN 1 O BB A FE 1 = 0 R 400 mg/L
DIECA Ab# 5 & s R LN S CK A E &35 FEIC
(K8,

5 CK M, 100, 200, 400 mg/L i MeJA kb
BT R A E R, Hh 400 mg/L 1) MeJA #50R
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Fig. 7 Effects of spraying different growth regulators during pollination

and fertilization period on external morphology of

C. mollissima at different developmental stages

400 mg/L (1] DIECA 5 X} FEAH bb 22 5 2. 35, iyt 2R
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2.8 WEiE MeJA #1 DIECA MR ER L HREMER
A1)

55 it MeJA J&, MIE MeJA. ABA. GA &tk
— B, Py A v B R i B, BT CK

R2 BRMZHEBEELENRESREL SRR ERSHERRE

Tab. 2 Effects of spraying treatments during pollination and fertilization period on morphological indicators of

C. mollissima bracts during early embryonic development stage

Fhk R/ (mg- L) B R /g 142 /mm P42 /mm 4% /mm
0 13.750 £ 0.703b 32.450 £ 0.799b 34.440 £ 1.712b 34.900 + 3.357b
50 13.910 £ 0.952b 34.790 + 3.152ab 34.560 + 2.892b 35.160 + 1.331b
100 13.580 + 0.936b 32.970 +2.555b 34.770 + 2.545b 34.020 £ 1.326b
MelA 200 15.270 £ 0.792b 35.310 + 3.039ab 35.150 £ 1.134b 37.160 £ 0.980ab
400 19.830 £ 1.928a 39.070 + 2.222a 37.140 £ 0.542a 41.330 +2.610a
0 13.750 £ 0.703a 32.450 +0.799a 34440+ 1.712a 34.900 +3.357a
50 12.130 £ 0.547b 34.500 +£2.981a 33.200 + 1.066a 35.290 £ 1.746a
100 7.270 £ 1.035¢ 25.400 £+ 2.045b 26.810 +3.293b 26.010 £ 0.760b
DIECA 200 6.880+0.189¢ 25.200 £ 1.301b 25.060 + 0.588b 25970+ 1.117b
400 5.260 + 0.480d 23.170 £ 1.554b 21.250 + 1.265¢ 22.950 + 3.108b

T AFRVNG F RS R — SR AR TEAR R A28 AN R AL R B R 7E0.05KF EAF(E R 2R R I,
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Tab. 3 Effects of spraying treatments during pollination and fertilization period on morphological indicators of

C. mollissima bracts during fruit maturity stage

142/ mm

1%/ mm

42/ mm

66.860 £ 2.184b
64.190 £ 0.510b
71.440 + 3.560b
75.760 £ 1.377b

89.280 £ 9.459a

62.700 + 3.895a
59.750 £ 4.377a
62.800 +4.158a
66.650 £ 1.621a

66.850 + 6.442a

54.600 + 3.532b
58.440 £ 1.176b
57.290 + 2.476b
58.670 £ 1.188b

69.410 + 5.344a

36  w K Mk X
iES R/ (mg- L) iR/ g

0 60.610 £+ 3.170b
50 61.410 £ 3.655b
MeJA 100 65.790 £ 7.907b
200 77.830 £4.451b

400 129.740 + 28.830a
0 60.610 £3.170a

50 59.600 + 2.432ab

DIECA 100 54.830 + 4.984ab
200 51.620 + 6.200b
400 20.730 + 3.696¢

66.860 +2.184a
67.820 £ 1.282a

61.010 £ 1.443b
59.950 + 2.306b
31.620 +4.528¢

62.700 + 3.895a
62.810+3.413a

59.420 £ 4.158a
56.470 + 1.377a
27.150 £3.719b

54.600 + 3.532a
55320+ 1.983a

52.310 + 2.806a
51.180 + 3.549a
31.680 +5.510b

RE BRI
WA N

@2
o |
&,

8 Fb SR T AN [7] A A R AR R S A S5 S A L PR 5 )

Fig. 8 Effects of spraying different growth regulators during pollination and fertilization period on fruit set and development of

C. mollissima during maturity stage
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Tl Be R A R EAE A
2.9 [EHE MeJA #1 DIECA X145 ZE R 5L R RHI S0
M it A B, 0 R S R S IR A R IR
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EE T B $2 57 15.5%: S S BCH TR AR IS, 400 mg/L
MeJA 4t B B A & 2 BN A 52 T+ 7.14%, 400
mg/L DIECA At 320 5 H 5 & 8O0 I F£IK 105.65%,
THEERWEEE 10). AT AVEERE SR, 411
% & 11 100, 400 mg/L DIECA 4t ¥ 4 & 2% & T 0
2H, T 200 mg/L MeJA AbPE 5 & &8 B E KT X R4 ;
TSI R A R A PR A R AR TN R4, 1H 400 mg/L
MeJA Kb J5 7T i MR & B 49.59 me/g, 50 4L
FHECAN ZE 0.08 mg/g, T FlE R A A iR Ak . Ve

BB AR A — B, B MeJA Wit 6 FE
BN, DIECA Wty B 1 i F B . o, 76
TS R IIN , 400 mg/L MeJA Ab B 2H 3 by 5 & 5t
75 (409.219 mg/g), Xt 2L i 32.67%; 400 mg/L
DIECA #b 3 20 JE By & & 5 i (215.255 mg/g), Fh}
R ZH PRI 30.22% (] 10), X sbst BB, AN [F)mi it
FH A 356 B B S S 7 ) (R RS AT AE R 5
Horf 400mg/LMeJ A Kb HE 7F $1& vy 5 S 5 53 5 T R AR
RO B £, X6 T 00 A A S B S s e FH A 2 5% s L
A EERE L
3039 ®

R SEAE 8 [ ARAE T AR, (H B P, ARCSE S5k
R E T R AR, B AR SE R S R
AR EELTE . MES FEMFANKE,
bHLH % 53¢ K 7 5k O IE SEAEE R BR324
Z /NP rRoE e R SRR RS 5 A S S RSk
B i ARSI AR A BERR L 16T RN R
FRU2 339 AR YuP S WE IR T T HRSE bHLH %5
N7 KRR R, I R £ % bHLH 5778 R 15
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Fig. 9 Effects of spraying different growth regulators during pollination and fertilization period on fruit endogenous hormone contents

of C.mollissima during maturity stage
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Fig. 10 Effects of spraying different growth regulators during pollination and fertilization period on fruit quality of C. mollissima
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o R LR bHLH %% 5% K 78 i i 45 4
JE FE R Rk, kP Al s bl o e R R,
KT U 7 3 SR o 5 ), HEMIAR S bHLH %% 5% R
FRM 25 R E o BT . BN P00 s K
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FIWE i 5, 4% CmbHLHG62 {E N 1543 F PR 3 ik
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7 B A R, 5 JAZ 5 H (Jasmonate ZIM-
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HNSHEASERK X—I%E Li S04
H R SRR AL . TR, WA R BV R G, IRSE SR
SRR S R BE A MeJA VR I T 3, B
DIECA ¥ FE 14 /5 1M P IS, o MeJA 400 mg/L i
it R e 1, DIECA 400 mg/L 15 it R0 R i 22 o 1%
Y Takahashi & PZE 0L RS I+ B8 FEAH L, #8578 T
MeJA XHER = & IR R EZ A, 33— RS T MeJA
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