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Abstract: In order to confirm the molecular basis underlying flower color variegation between Cymbidium
hybrid ‘Yufeng’ and its mutant ‘Shuangyijinlong”’, we used targeted metabolomics and transcriptomics to
identify the differentially expressed metabolites (DEMs) and differentially expressed genes (DEGs) in-
volved in flavonoid biosynthesis. The results showed that: (1) by using targeted metabolomics tech-

niques, we identified 271 flavonoid metabolites, in which 30% —50% metabolites were flavonols and fla-
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vonoid metabolites. A total of 38 DEMs (15 up-regulated, 23 down-regulated) were identified. Among
these, the content of dihydrokaempferol-7-O-glucoside (flavonol) in ‘Yufeng’ was 124 444 times of which
was in ‘Shuangyijinlong’, while the content of uralenol (flavonol) in ‘Shuangyijinlong’ was 7 244 times of
which was in ‘Yufeng’. (2) KEGG analysis showed that flavonoid biosynthesis, flavone and flavonol bio-
synthesis were significantly enriched. In flavonoid biosynthesis pathway, the contents of phlorizin, xan-
thohumol, dihydrokaempferol, dihydromyricetin and epigallocatechin all increased, the contents of naring-
in and dihydroquercetin decreased. In addition, the contents of trifolin and quercetin decreased in flavone
and flavonol biosynthesis pathway. (3) By the transcriptome, a total of 563 DEGs were identified, 220
(39.1%) DEGs of which were up-regulated and 343 (60. 9% ) DEGs were down-regulated in the ¢ Yufeng’
vs. ‘Shuangyijinlong’ comparison. KEGG analysis indicated that flavonoid biosynthesis-related DEGs
(CCoAOMT , CHS, CHI, F3H and FLS) were found to be signiflcantly enriched. (4) QRT-PCR valida-
tion showed that the expression level of flavonoid biosynthesis-related DEGs (CHS2, CHS3, CHI, F3H
and FLS) and transcription factor gene HD -ZIP were lower in ‘Shuangyijinlong’ than those in ‘ Yufeng’. In
general, the expression of genes showed a same trend to the accumulation of metabolites, suggesting that the color
change of ‘Shuangyijinlong’ might be attributed to the down-regulation of CHS, CHI, F3H and FLS that led to
block the downstream metabolites synthesis. It is speculated that the genes involved in the flavonoids biosyn-
thesis may be the key genes for the flower color variegation in Cymbidium hybrid.
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1. Flavonols; 2. Flavone; 3. Dihydroflavone; 4. Flavanols;

5. Flavonoid carbonoside; 6. Chalcones; 7. Dihydroflavonol;
8. Isoflavones; 9. Anthocyanins; 10. Dihydroisoflavone;
11. Sinensetin; 12. Proanthocyanidins; 13. Tannin;

14. Other flavonoids
Fig. 2 Relative contents of flavonoids in ‘ Yufeng’

and ‘Shuangyijinlong’
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Table 1 Differentially metabolites between ‘ Yufeng” and ¢Shuangyijinlong’
95 ﬁ:%ﬁ%ﬁ% L7/ G S VIP log, FC  ZFJM
Index Compound Class Il (YF/SYJL) Type
Lmmn004625 &4 W-7-O-# % #ii H Dihydrokaempferol-7-O-glucoside  # i i Flavonols 1. 36 13. 60
mws0041 W & % Baicalein # [l Flavonoid 1. 36 11.10
Lmtp003079  AJZ{ER-3-O-2 F M Peonidin-3-O-rutinoside 17 # Anthocyanins 1.35 1.68
mws2118 R Phlorizin 7 /R Chalcones 1.25 1.59
Lmf{n004093 Mz Z-4"-O-#j % BT Phloretin-4'-O-glucoside £ /Rl Chalcones 1. 24 1.51
pme0321 11 25 {3-7-O- L 2= B Kaempferol-7-O-rhamnoside il {5 Flavonols 1. 34 1. 46
mws0744 445 #HFZ Dihydromyricetin — SR Dihydroflavonol 1. 31 1.43
pmel399 85 B Xanthohumol 5 /R Chalcones 1.31 1.22 )
mws0042 FWE T JLE E Epigallocatechin e B Flavanols 1.10 1.16 J[:Jlfj
mws1094 A L% Dihydrokaempferol A B Dihydroflavonol 1.28 1.15
HINO74 JEAETH E A6 Procyanidin A6 JE A % Proanthocyanidins 1. 30 1.15
mws1290 iﬂé%i;gﬁgiii{iﬁ;m)%%ﬂgﬁ: Kaempferol-3-O-( 6" A EE Flavonols 1. 24 1. 10
Hmqn003268 ﬁygrfxydfhyémﬁqﬁf: AW 5, 7,30, 4% 5 Pentas — sgem Diydroflavone 1.22 1.09
Hmep002316 5 22 -3-O-F Hi {44 H Isorhamnetin-3-O-arabinoside [ % Flavonols 1. 34 1.01
Lmhpoozgoo 2 FEAES T AURIA AT A1 O WA 27 Hydoxys g6 1soflavones 1. 28 1ol
pmp000365  3,5.7,3".4"-FHEEHE-5'-5 L IR I # ] Uralenol B Flavonols 1.23 —14. 38
pmp000638 58 B 111 2 B 8-Prenylkaempferol # [ Flavonoid 1.08 —9.77
pmb2999 4 X R R -5-O-H A B 1T Chrysoeriol-5-O-glucoside Bl Flavonoid 1.32 —4.14
mws0988 flZE % Rhamnetin H i % Flavonols 1.33 —3.35
Zmhn001257  JLASE-5-O-H &1 Catechin-5-O-glucoside HBE M Flavanols 1.05 —2.92
pmb3014 ﬁ%if&?{gggﬁ:&i’sx}i;jgll{:tfilﬁﬁ e ] A # i Flavonoid 1.25 —2.07
pmb2979 fﬁf;géiﬁ — ) i 4 4 Hesperetin-7-0-(6" — S EE Dihydroflavonol 1. 34 —1.94
mws0913 =M 54} Trifolin 5 [ i Flavonols 1.31 —1.77
ws0089 W 25 -7-O-4 29 K 1 Kaempferol-7-O-glucoside [ B Flavonols 1.34 —1.68
pmb2996 BB R A H-7T-O- M HHEIE R Velutin-7-O-glucuronide # i Flavonoid 1.22 —1.67
Lmgp004731 YRR E-7-O-LFLH 1T Genistein-7-O-galactoside SFH Isoflavones 1. 30 —1.61
ws1326 Fi% Herbacetin T B Flavonols 1.32 —1.53 <
pmp000588 ﬁ’ﬁmﬂ:li;j;ogii?;%jﬁ — B 1 % i 4 Diosmetin-7-0- # i Flavonoid 1. 26 —1.43 Down
mws0046 Ml % F Naringin A ¥ Dihydroflavone 1. 36 —1.30
pmn001642 (Z'T‘(;Eﬁdfet(;giliiuiﬁfﬁ%*ﬁ%ﬁ“ﬁ Kaempferol-3-O- s mame Fiayonols 1.17 —1.26
mws0044 &M 2 % Dihydroquercetin A HAEE Dihydroflavonol 1. 25 —1.18
pmb0738 iﬁﬁ;&;ﬂﬁ T A B AR Tricin7-0-(2"SE gemg Blavonoid 1.25 1.17
mws1066 Tl B F-7-O-28 F Wi 1T Naringenin-7-O-rutinoside T # W Dihydroflavone 1.36 —1.10
HJAPO11 4 2 W F-8-C-Hj # B Chrysoeriol-8-C-glucoside # i Flavonoid 1.34 —1.08
pme2954 il iz & Quercetin i % Flavonols 1.23 —1.08
pmp000120 A E-6-C-1#j 4 B 1 Diosmetin-6-C-glucoside # ] Flavonoid 1.19 —1.06
Lmspoogads 5735 <F Cfixty}‘ldv T AU 3. 30 5 Trihydroxy g Dibydroflavone 123 —1.05
Hmpn005101  $FIEAR 1 Sieboldin # /K Chalcones 1. 30 —1.05
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Fig. 3 Volcano plot of differentially metabolites

between ‘ Yufeng’ and ‘Shuangyijinlong’
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Fig. 4 Enriched KEGG pathways of differentially metabolites
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Table 2 Data quality of RNA-seq in ‘ Yufeng’ and ‘Shuangyijinlong’

Sffnj;le Eﬁ%ﬁiiﬂ (J:?-_e(fnﬁjzjd Cligg l?ﬁais%/(} Errﬁ% ii/ % Q20/% Q30/% GC/% Mal[%pggdrfzjd( 5(dzE?f%?Ei/c:ﬁn)cy)
YF-1 47 990 018 47 562 748 7.50 0. 04 97. 65 93.12 46. 25 26 541 984 (57.95)
YF-2 48 226 254 47 625 936 7.50 0. 04 97.72 93.27 46.18 26 963 212 (56.61)
YF-3 49 715 666 49 212 742 7.38 0. 04 97. 86 93.58 46.12 28 190 784 (57.28)

SYJL-1 46 677 362 46 198 636 6.92 0. 04 97. 82 93.50 46. 27 25 477 998 (55.15)

SYJL-2 51 309 490 50 740 444 7.62 0. 04 97. 67 92.92 46. 69 27 698 356 (54.59)

SYJL-3 51 935 166 51 156 814 7.68 0. 04 97.59 93. 36 46. 29 28 421 550 (55.56)

Bt Total 295 853 956 292 497 320 44. 60 163 293 884 (55.83)
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Fig. 7 Joint analysis of metabolite accumulation and related genes expression in flavonoid

biosynthesis pathways of Cymbidium hybrid
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Fig. 8 Expression analysis of seven structural genes in the flavonoid biosynthesis pathway by qRT-PCR
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Introduction of the Plant Front Cover: Rheum nobile

Rheum nobile J. D. Hooker et Thomson, also named Gaoshan Da Huang, belongs to a member of the
genus Rheum from the family Polygonaceae.

The plants are perennial herbs, having stout roots and rhizomes which can be used as medicine. The
stems are simple, erect, 1—2 m tall, with numerous basal leaves, stem leaves and leaf-like bractes. The
basal leaves are rosulate, orbicular, ovate, or cordate-ovate, 20— 30 cm in diam. The stem leaves and leaf-
like bracts are smaller upward, suborbicular, 5—13 c¢m in diam. The bracts are yellowish, covered with
each other to form an airtight and translucent tower shaped greenhouse to resist high altitude, low temper-
ature, strong wind and strong ultraviolet rays, and protect the axillary inflorescences inside the bracts.

Rheum nobile needs as much as 15—45 years of vegetative growth to accumulates enough nutrients
until it matures. It blossoms once a lifetime, then the plant dies as the fruit matures with the final nutri-
ents distributed to the seeds. Flowering from June to July; fruiting in September.

Rheum nobile is an endemic Himalayan species, growing on alpine scree slopes and meadows at eleva-
tions of 4 000—4 800 m above sea level. It belongs to a group that has evolved and specialized with the rise
of the Qinghai-Tibet Plateau and to adapt to the special environment of high mountains. Because of its ex-
tremely harsh growth environment, and long vegetative growth and phenological period, R. nobile is aw-

fully rare.

(LUO Jian)



