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Abstract: Through using ultra performance liquid chromatography-quadrupole-time of flight-mass
spectrometry ( UPLC-Q-TOF-MS) metabolomics technology, non-targeted analysis was conducted for the
metabolites in seeds of six subfam. Musoideae species such as Musella lasiocarpa (Franch.) C. Y. Wu ex
H. W. Li, and targeted analysis was further performed for the metabolites in seeds at different maturation
stages and different tissues of M. lasiocarpa, in vitro antifungal activity was also conducted for seven
compounds. The results show that the metabolites in M. lasiocarpa seeds are evidently different from those

i B HE: 2024-10-30

E&TH. ExEAKFAES I 15 H (32070360)

EER: HEB(1998—) 2 WIREARAR A B LA s s , B2 R R P I E 05T

U@ (EVEH E-mail ; ychen@ jib.ac.cn

IR HEE, BB, R BB & M T R TSR R PR A W B R I LA [ ] R URUR 5 R AR, 2025, 34
(4): 74-82.



R, A MBI B A A 2 T SO 07 R PR R A B W R A AR 75

in the other five Musoideae species. The significantly differential metabolites between M. lasiocarpa and
Musa textilis Née are the fewest (279) , while those between M. lasiocarpa and M. velutina H. Wendl. et
Drude are the most (429); the number of common significantly differential metabolites between M.

lasiocarpa and the other five species is 63, with 37 metabolites identified, among which, the relative

contents of four diarylheptanoids compounds in M. lasiocarpa seeds are significantly higher than those in

the other five species. The targeted analysis result shows that 12 significantly differential diarylheptanoids

metabolites are identified in seeds of M. lasiocarpa at four maturation stages, and the relative contents of
most compounds are the highest in black or dark brown seeds. The contents of diarylheptanoids
compounds in different tissues of M. lasiocarpa were compared, and the result shows that these
compounds are mostly concentrated in the underground tissues ( pseudostems, pseudostem barks, and
roots). The antifungal activity assay result shows that the inhibition rate of 2-methoxy-9-phenyl-1H-
phenalen-1-one against Fusarium oxysporum, Colletotrichum gloeosporioides, and Alternaria alternata is
significantly (P <0.05) higher than that of the other compounds. The comprehensive analysis result
indicates that M. lasiocarpa is rich in diarylheptanoids, and most of them are phenylphenalenones with

relatively high antifungal activity.

Key words: Musella lasiocarpa (Franch.) C. Y. Wu ex H. W. Li; diarylheptanoids; phenylphenalenones;

metabolomics ; antifungal activity
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Fig. 1 Principal component analysis of metabolites in seeds of six
subfam. Musoideae species
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Fig. 2 Volcano plots of differential metabolites in seeds between Musella lasiocarpa (Franch.) C. Y. Wu ex H. W. Li and
other five subfam. Musoideae species
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Cl: (1S,3aR,4S,6aR) —1,4—bis(benzo[ d] [ 1,3 ] dioxol =5 -yl ) tetrahydro— 1H,3H —furo [ 3,4 —c ] furan; C2; salvigenin; C3; martynoside; C4.
longifolioside B; C5: thiamine; C6: 1,7a,8a,15—tetrahydroxy—6,10—diphenyl-7a, 8a, 15h, 15¢c —tetrahydro—7H , 9H - diphenalen—[ 1,2-b : 1,2-d] -
furane—7,9—dione; C7; 25R—spirost—4—en—3,12—dione; C8; 14—hydroxy—5E,87,11Z,15Z—eicosatetraenoic acid; C9; 4= (1R,5E) —4-oxo-5-[ (2F,
57) —undeca—2,5-dienylidene ] cyclopent—2—en—1-yl ] butanoic acid; C10; narbonolide; C11; allixiny C12: oleuropeinic acid; C13; norbraylin; C14.
(2E,4E,6E ,8E) —9-(2~acetyl-5,5-dimethylcyclopent—1-en—1-yl) =3, 7-dimethylnona—2,4,6, 8 - tetraenoic acid; C15; tetrahydrobungeanool; C16:
g— carotene; C17: magnolignan G; Cl18: jadomycin A; C19: 6 - angeloylfuranofukinol; C20: wyerone acid; C21: cyperaquinone; C22: 5 —
ribosylparomamine ; C23: S—adenosylmethioninamine; C24: protocatechuic acid 4—0-glucoside; C25: musanolone F; C26: gibberellin A15; C27: trans—
(18,28) -=3-(4’-methoxyphenyl ) —acenaphthene—1,2—diol ; C28; 2—[ 4'—(acetyloxy ) phenyl | —naphthalic anhydride; C29; 2-methoxy—9—phenyl—1H-
phenalen—1-one; C30: veratriloside C; C31; trilinolein; C32: 2—phenyl-1,8-naphthalic anhydride; C33: toosendanoside; C34 . digitoxigenin; C35. 11~

oxo=5E 87,127 ,14Z—eicosatetraenoic acid; C36: cassinicine; C37; quercetin.

3 MBESESEETRS S HENEFEZERRNIEWHNFERE (A) F#HE (B)
Fig. 3 Venn diagram (A) and heatmap (B) of common significantly differential metabolites of Musella lasiocarpa
(Franch.) C. Y. Wu ex H. W. Li and other five subfam. Musoideae species
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B4 FEEARRBSHHF_FEREXUEUNENERE
Fig. 4 Relative contents of diarylheptanoids compounds in Musella
lasiocarpa ( Franch.) C. Y. Wu ex H. W. Li seeds at different
maturation stages
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8a,15—tetrahydroxy — 6, 10 —diphenyl - 7a, 8a, 15b, 15¢ —tetrahydro — 7H, 9H —
diphenalen—[ 1,2-b : 1,2-d ] —furane—7,9—dione; C25; musanolone F; C27,
trans—(1S,2S) =3~ (4’ —methoxyphenyl ) —acenaphthene—1,2~-diol; €28, 2—
[4'—(acetyloxy ) phenyl ] —naphthalic anhydride; C29: 2—methoxy—9-phenyl -
1H-phenalen—1-one; C32: 2—-phenyl - 1,8 -naphthalic anhydride; €39 2-
(4'~hydroxyphenyl ) — 1, 8 —naphthalic anhydride; C40; 2-hydroxy—9—-(4'—
hydroxyphenyl ) — 1H — phenalen — 1 —one; C41: 2 - methoxy -9 - (3',4' -
dihydroxyphenyl ) = 1H — phenalen — 1 —one; C45; 2-hydroxy —4-(3',4' -
dihydroxyphenyl ) =1 H—phenalen—1-one; C46: 9-(3’,4'—dimethoxyphenyl ) -
2-methoxyphenalen—1-one; C47. 3—hydroxy—4~ (4’ ~hydroxyphenyl ) —1H,
3H-benzo| de Jisochromen—1-one; C48. (2S,3S)~-(+)-2,3~dihydro-2,3~
dihydroxy—4— (4’ —hydroxyphenyl ) phenalen—1—-one; C49. 8—acetyloxy—7—-
methoxy — 6 — phenylphenalen — 1 —one; C50: 9~ (4’ —methoxyphenyl ) — 1H -
phenalen—1-one; C51: 2-hydroxy—4—phenyl—1H-phenalen—1-one; C52; 2—
methoxy—1H-phenalen—1-one; C53: 1,7a,8a,15-tetrahydroxy—6,10~di— (4~
hydroxyphenyl ) =7a,8a,15b,15c~tetrahydro—7H ,9H~diphenalen[ 1,2-b : 1,
2-d] - furane - 7, 9 — dione; C54: 2 - methoxy — 9 — (3’ — methoxy — 4’ -
hydroxyphenyl ) ~1H-phenalen — 1 —one; C55: 2-hydroxy —9— (4’ —methoxy —
phenyl ) —1H-phenalen—1-one; C56: 2—(4'~hydroxy—3'-methoxy—phenyl ) -
naphthalene—1,8-dicarboxylic anhydride; C57; (2S,3S)—(+)-2,3~dihydro—
2,3~dihydroxy—4-(4'~methoxyphenyl ) phenalen—1-one; C58: 2-hydroxy—9—
phenyl — phenalen — 1 = one; C59: 2 — methoxy — 9 — (4’ — methoxyphenyl )
phenalene—1-one; C60: trans—(1S,2S) —3—phenyl —acenaphthene—1,2~diol ;
C61: 3,3'-bis—hydroxyanigorufone; C62: (1S,2R,3S)-(~-)-2,3~dihydro-1,
2,3—trihydroxy—4—(4'~hydroxyphenyl ) phenalene; C63; 2—hydroxy—4-(4'-
methoxyphenyl ) =phenalen—1-one; C64; 2—methoxy—4-(4'—methoxyphenyl )
phenalene—1-one; C65: 2-hydroxy—4—(4'~hydroxyphenyl ) —1H-phenalen—1-
one; C66: 2—(4'~methoxyphenyl) —1,8-naphthalie anhydride; C67: 9—(4'~
hydroxyphenyl ) —2-methoxyphenalen—1-one; C68: (—)-cis—2,3~dihydro-2,
3~dihydroxy —9—phenylphenalen — 1 —one; C69: 7b, 14b —dihydro—7a, 14a—
dihydroxy—6—(4’~hydroxyphenyl ) = 13—phenyl = ( 7H, 14H ) —diphenalen[ 2,3,
3a,4-b,c,d : 2,3,3a,4-g,h,i] pyrano[ 4,3~c ] pyran—7, 14=dione; C70: 7b,
14b~dihydro—7a, 14a —dihydroxy -6, 13 —di — (4 ~hydroxyphenyl ) — (7H, 14H ) -
diphenalen[ 2,3,3a,4-b,c,d : 2,3,3a,4g,h,i]|pyrano[ 4,3—c | pyran—7, 14—dione.

Bs5 WESERRALF_FEREREUEYNENESE
Fig. 5 Relative contents of diarylheptanoids compounds in different
tissues of Musella lasiocarpa (Franch.) C. Y. Wu ex H. W. Li
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Table 1 Antifungal activities of part of diarylheptanoids compounds"’
e 4 2/% Inhibition rate
Compound P AR R JE HEs 5 S T HEMS R
Fusarium oxysporum  Colletotrichum gloeosporioides  Alternaria alternata
2-methoxy—9-phenyl— 1 H-phenalen—1-one 67.28+0.74a 59.68+2.82b 75.11+1.20a
2-methoxy—9~(4'~hydroxyphenyl ) —1H—phenalen—1-one — — —
2—hydroxy—9-(4'~hydroxyphenyl ) — 1 H-phenalen—1—-one 56.25+1.33b 27.42+2.52¢d 57.92+5.47h
2-methoxy—9-(3",4'~dihydroxyphenyl ) — 1 H—phenalen—1-one 26.47+0.74d — 30.77+2.07¢
2~hydroxy—4~-(3’,4'~dihydroxyphenyl ) — 1 H-phenalen—1-one 39.71+1.33¢ 18.55+3.30d 30.77+3.42¢
2~hydroxy—9-phenyl-phenalen—1-one 31.62+1.69cd 37.10+4.25¢ 50.68+3.87b
2-hydroxy—4-(4'-methoxyphenyl ) —phenalen—1-one — — —
FA R A Thiophanate-methyl 67.65+2.65a 100.00+0.00a 29.41+3.59¢

D—. FEAMHIE A No inhibition. [ %1 A [ /NG 528k 36 7% 22 5 L 3 ( P<0.05) Different lowercases in the same column indicate the significant

differences ( P<0.05).

BAETE FIEEAR FL B A4 ) 36 2 25 (P<0.05) i T HoAlh
TS, xR AR 7T R B i (67.28% ) 5 JEHT
AT HE(67.65% ) A5, 0 BEAS A1 R 19 41 ) < (75.11% )
WEE T HRESE A, A, 2-hydroxy-9-(4' -
hydroxyphenyl ) — 1 H—phenalen—1 —one I 2 —hydroxy -
9—phenyl—phenalen—1—-one X £ 4% 7 B (1) 5100 il 2R (43
B 57.92%F1 50.68% ) 1 . o T HUEEFEAT T, 2~
methoxy—9-(4'~hydroxyphenyl ) =1 H-phenalen—1-one
#1 2 —hydroxy —4 — (4’ —methoxyphenyl ) —phenalen—1 -
one X 3 P EEITCMHIMEH , 2-methoxy—-9-(3",4' -
dihydroxyphenyl ) —1H—phenalen—1—one X} i i 7% JH P
I

3 b fng

SCHR I UPLC-Q-TOF-MS R4 24 5 AR 53 H7
T HIE 4 S SRR 5 R Y AT R Ak 2R
gy 25 WU E Hh 37 NI I 3 2 AR, TE
A 7 A3 B 3522 A A S &
T EAWAY) 5 FEYRh -, Hoh Z 5 g
FKALEYAE 4 4, X e =55 5 G b 5 9
musanolone F F1 2—methoxy—9—phenyl— 1 H—phenalen—
1-one HAT—FhE 5 1 45 ) —— 4 B AR IR s R 2544
PhPN LG W2 — K AR N ARG BB IEH £
57 BB bE ( diarylheptanoid , DAH) 28Kk =4, &
BAEAE T B A ) 1 HE R} ( Haemodoraceae ) | 5 #5
Bl (Musaceae) B 22 Bl ( Strelitziaceae ) FIH A £E5}
( Pontederiaceae ) #i % HF'>' . PhPN 5k & W8k N
SEH MRS A =R B0, 5 2R

A PR 2 774 PhPN 840 G YRR AR
F SR, PhPN A4 W B AR P B AR,
X R O P s I TR 55 Y AR S e 4
R AGINE] PhPN ZRA6G Y, HHAR X & i 3%
T RARWARLYS 5 AR T O R SO IR A YUK
AR TARRME T IR G, A B i 2 4
b I 4 3 (A DGR DR sl A QA A% | B ) B AR B 1 b
BB 28

FRA T i =I5 P IA S YA E I 3% 1Y)
I3 R L ) A A 2 7 ik gk — AP AR ST H I A
[F] e AR BRI 8 rh — 07 B pele A0 & A
XF i SR R AT B A [R] i SRR T Ak e
B 12 A 05 Bk Bk 2k W 2 AV, Ho,
musanolone F trans—(1S,2S) =3~ (4’ —methoxyphenyl ) -
acenaphthene—1,2—-diol .2—[ 4’ —(acetyloxy) phenyl | -
naphthalic anhydride, 2 — phenyl — 1, 8 — naphthalic
anhydride , 2 — methoxy — 9 — (4’ — hydroxyphenyl ) -
1H-phenalen— 1 - one , 2—(4'~hydroxyphenyl ) — 1, 8 -
naphthalic anhydrid, 2 - hydroxy = 9 - (4" -
hydroxyphenyl ) —1 H-phenalen—1-one , 2 —methoxy—9 -
(3,4’ —dihydroxyphenyl ) — 1 H—phenalen— 1 —one )4
Xt e 7 LT < o S P (L 1 A A € 5 7
ARG, A g hy B (0 B A (I S U 2. 25 7w, O L
XL T 57 R Pk AL A W BR 2 - [ 47 - (acetyloxy )
phenyl ] — naphthalic anhydride ANER & PhPN 251k &
W), Ly %7 HF5E LB, MO 4% 1) PhPN 28464
Wy B RV — 05 FE PR GE 2R AT AR WU AR B T R E R (R
BB ) AEAE, MAER T4 81 5 9 (Rl B 5
IR () i A IS R T 4tk — 0 5k
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R, A MBI B A A 2 T SO 07 R PR R A B W R A AR 81

Biked A& W58 J PhPN 2800 A i B e, HL
PhPN AL G YR Z ARG LL 0, — 55 3 Pk
REA MR 0y (0 L FFE DT, e G <5 3 b B B0 €0 T g
55 PhPN R4 W 7E b5 AN [R] A 09 & i R AU
SR IFH, B LA RN, M B AR B, 1t
Hh AEMBI AN R AL 3R RE 35 > T B
Be2 i 5 22 AU, Foh R 2 o8 PhPN KL &),
HZEPE TS0 RS E 2T
HLUP A

Luis 25 B W M K # ( Musa x paradisiaca
Linn. ) RBEHR I 3815 58] 2 4> PhPN L5491,
Jo £ SO TS 4 T AL ) 2 5 5 B30 T A 1 Bk ) TR Uk
ez h oy B AR ) — R 51 PhPN 06541 dkAE
SEUR A B A B PhPN BMLEWIHET 3 A
W2 BREA ( Staphylococcus aureus ) TR AR 140 78 336 4 52
55, &3 2, 4 - dihydroxy — 9 — (4’ — hydroxyphenyl ) —
phenalenone X 3 F it i 7 15 B A 1 2 09 30005 1
B T AE R T A0 DA M 9 4 5% b 1 FIAR o B AT
#| T 2-methoxy -9 —phenyl — 1 H—phenalen— 1 —one .2 -
methoxy—9 — (4’ — hydroxyphenyl ) — 1 H — phenalen— 1 -
one, 2 — hydroxy — 9 = (4’ - hydroxyphenyl ) — 1H -
phenalen — 1 — one, 2 — methoxy - 9 - (3', 4" -
dihydroxyphenyl ) — 1 H-phenalen—1-one ,2—hydroxy-4-
(3,4’ - dihydroxyphenyl ) — 1H — phenalen — 1 —one , 2 -
hydroxy—9—phenyl—phenalen—1-one F 2—hydroxy—4-
(4'—methoxyphenyl ) —phenalen—1—one , 3*J &7 PhPN 2
LAY R, SO A Tk 7 RS WX 4R ) Bk
FEUBRT | 5 M 2 L Bl A A T D BRI A, AR R T
2-methoxy—9—phenyl — 1 H-phenalen— 1 —one X 3 FfiJj
B A0 1 SR 24 iy T AR B, XA iR T B4 40 o
TS T REFE AT R 2, o B A% A T BLAT 25 ) 41
YEM; 2 = hydroxy — 9 — (4’ - hydroxyphenyl ) — 1H -
phenalen—1—one I 2 —hydroxy —9 —phenyl —phenalen —
1-one X HEAR A B 2 2 B L T HY B840 HE 0 DU BT
Wik, DL 25K PhPN RIS TEPLH R T &
7T EZER X TR SRS W A A e 2~
methoxy—9—phenyl - 1 H—phenalen—1—one [ 47T H B i
M5 T 2-hydroxy—9—phenyl— 1H-phenalen—1-one &
W 2 (37 2 5L LA RE 808 1 9 HT EL BT 5 15 78 C -2 fif
H A FEAFAERT | 2 - methoxy — 9 —phenyl — 1 H - phenalen —
1-one [ HT EH B i P& T 2 — methoxy -9 - (4’ -
hydroxyphenyl ) —1 H-phenalen — 1 —one , & B il % 78 3

b BRI 22 855 DU EL S P, 10 2 - methoxy -9 -
(3',4'—dihydroxyphenyl ) — 1 H—phenalen— 1 —one {4
= F 2 — methoxy — 9 — (4’ — hydroxyphenyl ) — 1H -
phenalen—1-one , & B &5 A B8 | 22 £ 5040 AT fig i i
FAtr A (n U5 sl R0 ARH AR ) BB B T
M C-2 ﬁ?@ﬁé%ﬁi 2 = hydroxy = 9 - (4’ -
hydroxyphenyl ) —1 H—phenalen—1-one B9{5 P& F 2-
hydroxy—9—-phenyl — 1 H—phenalen— 1 —one , & Bl K 31 £
FALXHYTE R PEA IE [ 5Tk, iy C-2 A2
SEFEIUCRESS 58 PhPN AL S W B0 BT B R TG M , TR
PR BAG S BT BB A A DU 1) B
FIREREARIG M L HAE C-2 (i R IR AFTERT) 52) £
FEFEAL (AR — By ) T RE i 1 735 (AL AR EL AR Bk
A 57 E RS T

B2k
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