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Abstract Pinus taeda is a fast-growing and highly adaptable coniferous tree species. The exploitation of
metabolites in the needles and bark tissues of P. faeda is still in its early stages, so it is of practical importance to
investigate the metabolites in the needles and bark tissues of P. taeda. In this study, UPLC-MS/MS was used to
identify the metabolites in the pine needles and bark of P. taeda, and the principal component analysis, orthogonal
partial least squares analysis, and polymerization were used to identify the components of the metabolites in the
pine needles and bark of P. faeda. Methods such as class and enrichment analysis are used to compare and analyze
the composition of their metabolites. The results showed that a total of 523 metabolite components were identified

from the bark and pine needles of P. faeda, mainly including amino acids, phenolic acids, organic acids, tannins,
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lipids and flavonoids. There are significant differences in the content of metabolites between bark and pine needle

tissue of P. taeda. Among them, the content of quercetin, cyanidin, proanthocyanidin, eugenol, and epicatechin

in the bark tissue were significantly higher than that in the pine needle tissue, while naringenin, kaempferin,

kaempferol, zearanthin and aesculin were higher in needle tissue. In addition, 302 metabolites with significantly

different contents were significantly enriched in the flavonoid biosynthesis pathway, biosynthesis of secondary

metabolites pathway, biosynthesis of pathway amino acids, and starch and sucrose metabolism pathway.
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Fig.1 Total ions current of mass spectrometry analysis of mixed samples of P. taeda in positive ion mode
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Table 1 The content of 70 kinds of flavonoids and 7 kinds of amino acids and their derivatives in P. taeda needle tissue is
significantly higher than that in bark tissue

e Y YR o2 CAS % 2 AR
Formula Compounds Class 1l CAS Number Fold change
C,,H,,0, 5,.2°- T RFE -7 8- A SR T B 0.000 000
C,H,,0, ITESE 3 AR 1090-65-9 0.000 002
CsoH,6015 AW -3-0-(27- R F WL )- B -D- A s B 137018-32-7  0.000 002
C,;H,0,, 25 - 2B AT G 0.000 003
CHy015 HIZE W -3-0-(67- R A F R )- B -D- #Z& b TE TR 68170-52-5 0.000 006
CyHaO15 11 %5 7-O- B -d-(67-O-(E)-p- T 5t ) HA MY B 0.000 006
C3oHy O, Wit 3R -3-0-(67- IS A AL )- B -D- 2L FLIH BT 0.000 006
CsH,0; 7,8- "R -5,6,47- = H A SR B 0.000 006
CyH,40,5 LIZRER -3-0-(67- R kL )- B -D- 2 FUMT BT - 0.000 007
CysH, 0, RS i 855-96-9 0.000 007
Cy;Hy,0, 23y -3-0-(67-0- L1t )- #H%EH i 0.000 008
C6H,,0, BRAN R A /KT ESRENT| 18956-15-5  0.000 019
C,H,,0, TR -7-0- B -D- i (TR ) HE T 75829-43-5  0.000 021
CyH3Os6 Iz -3,7- — -O- B -D- MM E 4 1 il 0.000 027
C,Hy,0,, Wiz 2% -3.47-0- — AT ] 29125-80-2  0.000 048
C¢H,,05 8- HEAL AR (NHEEK) H 1] 632-85-9 0.000 098
C,H,,05 FEAER (5.4°- —FRSL -7- RSB ) B 437-64-9 0.000 103
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Formula Compounds Class II CAS Number Fold change
C,H,,0, RAER P 90-19-7 0.000 147
C6H,,0, FRISEIR HEf 20243-59-8  0.000 621
C3Hy 0,4 Wit 3R -3-0-(67- IS A kAL )- B -D- Hij A i 17 BT - 0.000 699
C,;H,,0, i 2 -3-0-(67-0- LTk )- “FFLBHTF HE L - 0.000 733
CyH,40,; LLZEH -7-0- B -d-(67-O-(E)- XJ 75 S0k ) ~FFLp T BT - 0.002 431
C3HyO ARFRELZ - W FR AT gl - 0.002 974
C3H,0;5 LR i il 20316-62-5  0.003 180
CyHyO5 LLZR W -3-0-(27- A& LR )- B -D- 2P7LBE T HE T - 0.003 208
C,;H,,0, 3,7- — -O- WML &R pa 2068/2/2 0.003 963
C,,H,,0,, LIHERE R -7-O- ML BT 36191-03-4  0.009 172
C,,H,,04 T i il 4423-37-4 0.009 769
Cy5H3,0,5 FIHARZE -7-0- EFWEH BT - 0.010 681
CyH3,0,5 FMARZR -7-0- Bl B i HE T 38665-01-9  0.011 555
C, H,0,, LILZE ) -7-O- Fi% p 16290-07-6  0.012 044
CysH,,0, T AR 480-39-7 0.018 814
Cy;H,,0,, AR -3- RARHT gl - 0.031 201
C,sH,,05 T 2 AR 480-41-1 0.039 770
CyH0:, HRHH ST 94396-09-5  0.041 780
C,sH,05 RN R A T 548-82-3 0.041 861
C,H,0, L7 -3-O- FAPRET (ST )( HETT) P 480-10-4 0.043 946
C,sH,,05 1B 2 A /KR A H-i 73692-50-9  0.044 580
CysH ;05 ESES AT 492-14-8 0.050 885
C,,H,,0,, SRZEE -3-0- RN G - 0.059 920
C,;H,,04 5,6- 3 7,40 T A SR BT 10176-71-3  0.066 028
C,H,,0,, L7 -3-0- 2EFUBT ( =M 5 ) iy 23627-87-4  0.074 476
C¢H,,0, BRINER AR 480-37-5 0.091 710
CyH 50 HABETT B 5041-67-8 0.092 208
C,,H,,0,, B 3R O- O HE L - 0.124 060
CyHyO1 WitlaR -3-0- LFUMET i 15648-86-9  0.131 126
CyHy;0\ 6+ A ME -3-0- HMEH WHR - 0.179 466
CyHy0, 6- FREEILZR I -7-O- A HE T BB - 0.189 316
Cy1Hy040 FERER 5-O- AT B 28757-27-9  0.190 507
Cy,H, 0,5+ KRR 3-0- ZHMET HEHFR 28338-59-2  0.207 924
C,H;0,, L7 -3-0- B -D- H AR Tl - 0.238 008
Cy7H30,5 AIBHFZK -7-0- ZEHWHT HET 3563-98-2 0.252 641
C,H,50,, AR -7- S - WA MR Y 1] 27740-01-8  0.254 472
CyoH 0, WkgE -3-0- BT B L 132679-85-7  0.267 021
C,H,{0,, 4- FEILTER -7-O- AT BT - 0.269 932
CosHy, 0+ HRZEA R -3-O- HiAHHIE R WHR - 0.288 216
CyHy0, Mt 3 -3-0- B -D- #AMH ( St ) P 482-35-9 0.320 298
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Formula Compounds Class II CAS Number Fold change
C,sH,,05 ELOPNIRS i EipSHIEES 24808-04-6  0.323 632
CsH,,0, REEFRILER BERS 970-74-1 0.327 900
C,;H,,0, PRI R B[ 18085-97-7  0.329 250
C,sH,,0, BEFILER eI 970-73-0 0.335 938

CyH,, 0,6+ MEFEZ 3-O- HAHETT HEHR 47684-27-5  0.361 061
CpH, 0,5+ RAFEZ 3,5-0- AT WHR 17334-58-6  0.361 647
C,sH 004 1Lz BT B 520-18-3 0.377 799
CyH3,0, SEREER -3-0- Hits B pay i 55033-90-4  0.398 860
Cy7H30056 LIZE Wy -3-O- B -D- #HET (MR R ) B 19895-95-5 0.404 631
CxH,,0,, HTER 5-0- HHEMH Hefi 32769-00-9  0.429 502
C,H,0,, S RAER -3-0- WA T P - 0.464 458
C,,H,0,, SRR -7-0- WA B - 0.479 626
C,H,,0,, PEREH AT 529-55-5 0.481 269
C,oH,;;N;0,S AT I i 5 BRI 70-18-8 0.002 387
CH:,N:O,,S, A Ak BRI 121-24-4 0.038 627
C,H, N;0, 1- HIBEZH 2R B 368-16-1 0.039 864
C;H;NO,+ I B2 R 2 e BIEMRA 1195-94-4 0.144 535
C,H,\NO, Z ¥ DL- RNAR B 63-84-3 0.147 197
C,H,,N,0, L- &R AL 73-22-3 0.176 079
C;HN,O,S L- Desmfit B 56-88-2 0.346 268

TE: Z5AHCN SPISZ . SP FRW S, SZ FonitmHEl.
Note: fold change value was calculated by SP/SZ. SP is bark tissue. SZ is pine needle tissue.

R2ENEMWEAATSERES TR AL 35 MEHEFLSY 20 MEEBRRELTEY
Table 2 The content of 35 kinds of flavonoids and 20 kinds of amino acids and their derivatives in P. taeda bark tissue are
significantly higher than that in pine needle tissue

fhaga Y IR 2532 CASS 25
Formula Compounds Class Il CAS Number Fold change
CyH;005 KERFHE -8-C- BT -O- BT BT - 2.155226
CyHy0,, KREBFZR -4’-0- B -D- H4gH H 6920-38-3 3.065 975
C, H,,0,, SR -7-O- AT A B 38965-51-4 3.174 847
C,sH,,04 LA E HEBEREAS 154-23-4 3.253 109
C,sH,,0; B[R LA YL 2545-00-8 3.817 183
CyH; 0+ RAFEL 3-0- ZEFWELT WHE - 6.201 892
C,H,,05 PUAFRINIE 7 - 2 B P 53472-37-0 8.842 252
CyH g0+ KEAGHE O- THMR HE - 9.793 812
C, Hy0, it & -3-0- FRZMEE (M) B A 522-12-3 12.358 258
CyH;0,, N2 -3,7-0- - BRAHT (ILhZs1) B P 482-38-2 12.730 502
C,sH,,0, 6- RREARRER # i 18003-33-3 13.228 100
C,H,,0; RRFEZ peyu 480-19-3 14.278 124
CyHy0,, FHIER -27-0- AR AR 64820-99-1 15.153 199
C,sH,,04 VNGRS BT 491-70-3 18.674 362
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Formula Compounds Class II CAS Number Fold change
CysHy055 =R OB REAS - 20.210 911
C,sH,,04 FTILEZE PR 490-46-0 20.264 574
C,sH,,05 MR #E x5 60-82-2 25.415 505
CyyH,00, Mtz & -3-0- il Lo pi T B P 117611-67-3 27.928 024
C,sH,,05 3,47, 7- =R Bl P 1226-22-8 34.515 983
C;sH,,0, A R (AR ) A T 480-18-2 44.495 680
CsH,,04 TEAPR (AR ) AT 27200-12-0 45.485 710
C,sH,,04 SEHE AT 552-58-9 68.921 033
C,sH 004 LI B Pt 529-44-2 160.058 285
C,oH,,04 BEFIRNE (PG) Eples 121-79-9 347.122 222
CyH,s0,,+ TKMEFR -3-O- FTHA BT HH - 568.666 667
C,,H,,0; AR AT 24211-30-1 793.248 148
CosHaO M1 2 -3-0-(27- T TWER )- B -D- HAWETF T 69624-79-9  4161.074 074
CysH,00,5 IIZEE -3-0- B -(27-0- LI - B -D- % BHEETR ) B - 4276.629 630
CyH,,0,, Tt - A AT T - 5447.851 852
CaH,,0 5+ HRZE M -3-0- TN B AT HE - 7083.851 852
CyH3056 AKRERFR -7-0- B -D- Je MY T - 7257.444 444
C3H,0,, FIAZRRBTFR AN RS - 8 735.370 370
CysH, 06+ RKEHHR HE 13306-05-3 43 612.222 222
CyH,014 Hit iz 2 -O- BT ZRmE S HH B - 90 676.296 296
C,sH,,0, it & e e 117-39-5 1139 088.888 889
CsH,N; ZH W BRI 51-45-6 2.161 149
C,H,NO, 5- AR FHR 660-88-8 2.629 235
C,H,NO, L- 2% R BRI 72-18-4 5.041 037
CH3sNO, L- AL AR BRI 73-32-5 5.094 383
C¢H;NO, L- a R RAFEMR 61-90-5 5.252 556
CeH3sNO, L- 5% R TR 327-57-1 5.610 261
C,H,NO, D- 22 BRI 312-84-5 5.786 232
CHiN,0, L-(+)- B R FIIRIE 56-87-1 6.771 260
C,H,,N,O, L- AR W BRI 56-85-9 6.956 262
CeHi3N;04 L- NATR TR 372-75-8 7.880 096
CH, NO, WRBER BRI 4043-87-2 8.193 481
C4H,N,0, L- &R TR 71-00-1 9.680 903
C,H,NO, N,N- “H S H & BRI 1118-68-9 10.928 368
C,H,NO, L- RAHR FILR 56-84-8 15.802 047
CeH,N,O, L-(+)- K2R EREN 7S 74-79-3 36.253 576
C,HN,0; L- RAWERE FHMR 70-47-3 52.319 202
C,H,NO, L- fER AR BRI 98-79-3 913.537 037
C,H,2N;0.S S- FH LA IBE H K TR 2922-56-7 2 659.555 556
C,H,(N,O, N6- £ -L- #i2R BRI 692-04-6 3305.888 889
CsHyNO; 4- Ik L- R AFRE 3913-68-6 6172.222 222

T 25580 SP/SZ . SP IR B, SZ Fonttit4i4l.
Note: fold change value was calculated by SP/SZ. SP is bark tissue. SZ is pine needle tissue.
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Group Group

\ MH\

ll {\ Il

\
\

Class
Flavonoids

Phenolic acids
Amino acids and derivatives

— Lipids

!

Others

Tannins

Lignans and Coumarins

Nucleotides and derivatives
[ Organic acids

Alkaloids

i

I

\II M “

Terpenoids

Class

SP1 SP2 SP3 SzZ1

SZ2 SZ3

E: Group N34, Class AW ; SPFRRR AL, SZ FoRititdigl,
Note: Group for grouping. Class for substance category. SP is bark tissue. SZ is pine needle tissue.
4 ZRREMBERE

Fig.4 Different metabolites cluster heatmap
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Statistics of KEGG Enrichment

Valine, leucine and isoleucine degradation 1
Stilbenoid, diarylheptanoid and gingerol biosynthesis 1
Starch and sucrose metabolism 1

Pyruvate metabolism

Penicillin and cephalosporin biosynthesis
Oxidative phosphorylation 1

Nicotinate and nicotinamide metabolism 1
Lysine degradation

Histidine metabolism

Folate biosynthesis 1

Flavonoid biosynthesis 1

Carbon fixation in photosynthetic organisms 1
Biotin metabolism

Biosynthesis of secondary metabolites

Biosynthesis of amino acids {1 @

Benzoxazinoid biosynthesis 1
Arginine biosynthesis
Anthocyanin biosynthesis 1
Aminoacyl-tRNA biosynthesis {

Alanine, aspartate and glutamate metabolism 1

Pvalue
ms 1.00

. 0.75
. 0.50

- 0.25
o 0.00
number
® 20
@ 40
@® 60

[ ]

0.7 0.8 0.9 1.0
Rich factor

B 5 R R KEGG B&E S

Fig.5 The KEGG enrichment analysis of differential metabolites
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