DOI:10.11931/guihaia. gxzw202502019

DEMAR SRR BNTNGFAIRAE, ERASKEEDTH

ZERFIR L2, BRETAE 2, MpEE Y, HYETE 2, ARIRSCS
(L J7PIMYE RS Adn Rl 22508, T 08 FEAK, 541006; 2. |7 PEHHE E ¥ RO EE6 5T
B, B AR R 5 AN TR AT UL, oS R TR ARG, TR
FM AR EE B E i, T, 5300025 3. ) P& AR X EA KK, IS,

547200)

W OB MEEE. WK, SRS R ED B EMWEZE iR, LR EEY
Wi FeF- TR IR P e IR FT 5 AR AR 73 BERARUE UL, 20T s IR, 2 +81
BRI R, WS REER R REEMNE AT . &R EKH; (D 3
Fho BRI M TN R R MR E. NER. FEEANSEATREER, KU
NEZTRSIEHSESIVER, JURHA IAA/ABA Al IAA/CTK &K, 2T AN
HMEVR FESEACHYBRESHTRE. TREREMEREEK. (2) ZREIERENE
KEGG 73 #7225 S B FOK R AEN) G B S BB AU N I 20 b e I8 9 A EL 31 S ad i
H— B IESRAEYIN R E T @RI Z R REEER 35 4. 3 &t ki, 4
Mo ZEE A K TR LA RR SR E S 5IE S BB R, ez, mipk, kX
EARREAMEM G BT LRRIE, WEAEKREZETSEEL THLEM TR LB, 1%
WHAHIE Ha R D AN A S B R ) 22 S R AR B, i % D AL 1) B ik 2
%,
KEE: SN, B FESENY, ZERRIAERE, WIREER
HESES: Q943 EIIRE: A XERST:

Analysis of endogenous hormones, metabolome and
transcriptome in apical buds of Pinus massoniana with

different branch types

LI Yifan'2, CHEN Xinhua?, YANG Zhanggqi**, FENG Yuanheng?, ZHU Zhenjun?

(1. College of Life Sciences, Guangxi Normal University, Guilin 541006, Guangxi, China; 2.
Engineering Technology Research Center of Pinus massoniana of National Forestry and
Grassland Administration, Engineering Technology Research Center of Pinus massoniana of
Guangxi, Guangxi Key Laboratory of Superior Timber Trees Resource Cultivation, Guangxi
Forestry Research Institute, Nanning 530002, China; 3. Guangxi National Qinlian Forest Farm,
Qinzhou 547200, Guangxi, China)

Abstract: The improvement of traits including stem straightness, internode length, and branching
is an important breeding objective for Pinus massoniana breeding, as branching directly affects
stem form and timber yield. To systematically decipher the molecular and physiological
mechanisms underlying the formation of distinct branching phenotypes in Pinus massoniana, this
study integrated targeted hormone quantification, metabolomic profiling, and high-throughput
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transcriptomic sequencing to analyze apical buds from three representative branching types:
fox-tail type, multi-stem type, and normal type. The results showed that: (1) The contents of four
key endogenous hormones-auxin (IAA), cytokinin (CTK), abscisic acid (ABA), and gibberellin
(GA) -in the apical buds of the three branching types differed significantly, with accumulation
levels following the order multi-stem type > normal type > fox-tail type. The ratios of IAA/ABA
and IAA/CTK were highest in the fox-tail type and lowest in the multi-stem type.
Hormone-related metabolites were predominantly enriched in pathways such as plant hormone
signal transduction and zeatin biosynthesis, which are closely associated with the regulation of
plant growth and branching development. (2) Kyoto encyclopediaof genesand genomes (KEGG)
enrichment analysis of differentially expressed genes (DEGs) revealed that significant enrichment
in pathways including zeatin biosynthesis, amino acid metabolism, and pentose and glucuronate
interconversions. Further functional annotation and strict screening identified 35 DEGs
specifically associated with the plant hormone signal transduction pathway, thereby highlighting
the central role of transcriptional regulation in the formation of branching traits in Pinus
massoniana. (3) Integrated analysis indicated that cytokinins, auxins, and their associated
metabolites and corresponding regulatory genes play a regulatory role in the branching process of
Pinus massoniana. Specifically, compounds such as tryptamine, indole, and trans-zeatin showed
an upward trend in the fox-tail type, while dihydrozeatin ribonucleoside showed an increasing
trend in the multi-stem type. This study preliminarily elucidates the differential hormonal and
regulatory mechanisms underlying branching variation in Pinus massoniana, providing a
reference for endogenous hormone mediated branching regulation in this species.
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Fig. 1 Different branching types of Pinus massoniana
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Table 1. Growth increment differences in Pinus massoniana seedlings with different branching types

e T
?a;?pél%e E (em) FHK (em) 42 (mm) Numfgjio%ateral
Height Main branch length Ground diameter
name branches
CK 159.2+7.35B 75.1+£19.5b 28.671£3.2b 5.0+0.9b
H 215.7£18.2A 172.5+£27.5A 33.50%t4.2a 1.5+1.5C
M 95.0+26.6C 37.7+5.3¢ 23.67+3.2¢ 7.8+ 1.7a

E: AFRKEFRRRERBEE (P<0.0D) , ARE/NGFREFORARMG ) ZREZE (P<0.05) . T
&,

Note: Different uppercase letters indicate extremely significant differences between samples (P <<0.01), different
lowercase letters indicate significant differences between samples (P<<0.05). The same below.
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Fig. 2 Comparisons of hormone content in different comparative groups
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Fig. 3 Differences in plant hormone ratios
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Table 2 Statistics of differential metabolites in each combination

syl 5T H IR AR R

number of differential

Group name accumulated metabolites Down regulated Up regulated
CK vs H 19 5 14
CK vs M 13 2 11

H vs M 22 11 11
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Fig. 4 KEGG enrichment of differential accumulated metabolites
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Table 3 Sample sequencing quality statistics

FE b JE AR A RS R B R 0 . GC & &
Sample Raw Reads Clean Reads Q20(%) Q30(%) GC content(%)
CK1 54 691 796 53514632 98.24 94.99 44.16
CK2 52352814 50 953 864 98.26 95.13 44.47
CK3 57118 868 55959376 98.25 95.05 44.60
H1 63822210 62 673 604 98.27 95.04 44.65
H2 52276 424 51628 368 98.21 94.92 44.83
H3 65453 220 64 545 862 98.24 94.99 44.56
Ml 56287 284 54 998 426 98.29 95.13 44.67
M2 65 464 482 64073618 98.35 95.37 44.63
M3 42 562 012 41765 636 98.18 94.84 44.62
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1691 2 Fifls M 5 CK Z[BAF1E 22 7 ik BRI 053 7 3 956 %%, 11 DEGs 437l A 1 818,
N DEGs 051 2138, H5 M Z[A145 1129 % DEGs. i+, #£ H vs CK fil M_vs CK
) R ZE R RIBREEA 13674 (H6) .
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Fig. 8 Analysis of differentially expressed genes in Plant hormone signal transduction
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Fig.9 pathway-related differential expressed metabolites
3R

WMt ZMmARSHERENIE, HEYBEATL P KEE CENIEH
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LRRE, 2021) o HrP AR KRS BRI AS I K. Y TAA/ABA 1 TAA/CTK
() b5 A 2 A 0 A A SR ) B FE B (Li & Bangerth, 1992; Wang et al.,, 1994) . /N3

(Triticum aestvum) ~ TK (Zea mays) WIHFRITBEELS IAA/CTK 2 HAHK (U755,

2012; ZHESE, 20000 . AR S ES RN, 215 EMTIU K] IAA/ABA &
R TIVR G BT, 52 M A KIS (Pinus bungeana) A f] IAA/ABA
HAEBAREA R AR, (B85, 2021) o sbAbh, JNRBLTEF Y IAA/CTK HUf ey Ho 2 T 3
TP A B R, W LU I O v] B 5 RS o B R AT B 5 A

T3 IE S TAA A%, Auxin FETZF A R, @I it is dm 2000 2, A K sz 3
%] (Kebrom, 2017) . AUX/IAA 25 Auxin #3115 515 (Luoetal., 2018) . AUXI
ENERKEN A EER, S4KEWMME T (auxin response factor, ARF) tHHEAEH &
% Auxin (Yang et al., 2006) , TizZE&GE =N IAA [ FiafdEeEmzE i &g, HAKS
FIHNH], 4 FE T AL % (Mallorie et al., 2016) o 78 A B 5T 1 1 B o AUXT 1 2 A

(cluster-66375.0+ cluster-66375.9+ cluster-55644.5 %5) fEANER 5 BAATIZF _FIFRIE, M



Z TR IR BB KR 2 FRRIA, HENUR R 5 s T AR 35 ) lion] Bt 5 AUXL A
SHAEKRRAZHA XK. AHP XiEEF S5 CTK /i FHIBIRE (S 514 S, 257
WY E LK (Hejatko et al., 2009) . R IA AHP2 L SRR CTK SR,
M 30 1) 35 4k 4l T ) R BE Bl {8 K (Suzuki et al., 2006) o ASHF 5T R VE RN AHP
cluster-34534.2 /£ 2 TR % LKA, 7R AHP BT HRETEES 5L R
AT RAEK ISR

Tz ABA S iHIEM ALK (2hitE, 2023) . £ ABA 5 4& @B+, PP2C #
AR ORI R T, PP2C I T8 58 ABA 55 % S, ABF WG A R FI0E T
JiF ABA Wi 5 3 Rl () 35 (Robert et al., 2006) « AHF 7, £ TR D ERATH 2 BN PP2C
%A Ccluster-53519.7+ cluster-65287.0+ cluster-53519.6) Nk, 1EFA ABF 3£

(cluster-31604.2. cluster-59466.1. cluster-11026.1 FiAFIA, FEIEE L EM P RIERFE;
i HZ T8 GRS ABA R &R Em T HA B2 SRR, #Ell ABA 251
WETRMSEIRE, &SR T 6] .

G A ORI TAM K DOR— B #A N2 TAA A BT HT /4R (Mano & Nemoto, 2012)
TEMH S (Nicotiana tabacum) {1053 EH LA @A AL, PR S E (Solanum tuberosum)
FIKZZ (Hordeum vulgare) WM H, [FIfI AR 14C A REDS 4 TAA (Quittenden
etal.,, 2009) . AWFFAINER LR TTFMERKRZIZYT (Indole. TAM) 5 AUX1 £
(1) EVRZFRIE, HEMIIURE MR IR IE BT B2 T 2F o AR K 3 AT AR FAR DG L R R 4%, DN T 2R 5
SRAEKIRE T R NG SR, CALYERF SR Tum e . BN ORI, S5 AR R
RBATEMARE, Z AR D RIANRDN B, HEW 2 AT 8 AR RAS [ 50 B i ) 25 2
JRKZ —. T4Hi 2L 2BATAEY) ((ZOG. DHZR) #EL TR D BT ZE T Fif, bk
AN R AR SR AR AT AR A M oy S 3 S R R T o A B O R R A 4 BERE SR A 1)
FM (Cynodon dactylon) ~ MNE 1A (Paulownia) FEKH H LML > 2R Wt RI8 (5K
HFAESE, 20235 ZENAE , 2023)  FEART T4 R K15 5% i@, CRE1 (cluster-21588.2).
AHP (cluster-34534.2) (3K EilEE . tZOG M1 DHZR A] 3k — B HAL N TE T 4 i 7 24

(CTK) , Z540k#% (Tomasetal., 2016) , 1fi H2 TR CTK & & 2 2 18,
A CTK/IAA LB TR, HEMURE PR RORE 32 T A0 45 R 55, 380 CTK XA 28 (1)
B EEER, AR RS FEN R, #MEsE TR 5 (Xiao etal, 2022) .

A FAPCIRT TIVR I D R fs 2 T8 5 B An 5 105 70 F (1) B R b T 28 iR 22 5 R
¥ o IR S A T RIS RS T 2F 2 BN A o R A AR K R b Rl g e, Hod
i, Mk, RAEKESEIER LR L TR B A Kb 5 /R . A4
AR TN RS S B R 2 e E AL, IR R S R O BT Fi At S %
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