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Grey relational analysis of relationship between limonin compounds
accumulation and functional genes expression of Citri Reticulatae Semen
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Abstract: Objective To study the biosynthesis mechanism and transshipment law of limonin compounds in Citri Reticulatae Semen,
traditional medicinal variety Citrus reticulata “Dahongpao” . Methods In the process of seed growth and development, the contents
of limonin, nomilin, and obacunone in stem, vane, peel, and seeds were determined by UPLC tangerine; Using grey relational analysis
method, the correlation analysis between the contents and the cloning of squalene synthase gene (ss), squalene epoxidase gene (se),
and glucose transferase (Igt) expression was performed. Results Limonin compounds in different organs had the largest accumulation
in seeds; The accumulation of limonin compounds in different organs was significantly correlated with ss, se, and Igt gene expression,
but in the seeds the accumulation of limonin has the most closely correlation with ss, se, and gt gene expression; The ss gene
expression had the largest contribution on the accumulation of limonin, nomilin, and obacunone. Conclusion The study provides
reliable and scientific envidendce for the synthesis mechanism and transshipment law of limonin compounds.
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Fig. 1 Growth process of tangerine seeds
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Fig.2 Chromatogram of mixed standard (A) and sample (B)
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F1 BYHBSNEER n=3)
Table 1 Assay results of active ingredients (n = 3)
ARBEHRENH B 2R/% TR %  EHIE %
S J-1 0.822°5 0.664 9 0.006 9
J-2 0.8363 0.466 1 0.003 5
J-3 0.795 5 0.168 0 0.002 3
J-4 1.1337 0.2423 0.002 0
J-5 0.987 8 0.163 9 0.001 6
J-6 0.718 7 0.1273 0.002 1
J-7 1.268 3 0.279 4 0.009 9
J-8 1.020 8 0.200 6 0.001 5
J-9 0.881 7 0.173 8 0.001 8
It Y-1 1.264 4 0.4419 0.0129
Y-2 1.513 1 0.543 7 0.023 2
Y-3 1.408 2 0.446 5 0.013 6
Y-4 1.003 7 0.336 9 0.0133
Y-5 1.160 8 0.403 3 0.018 2
Y-6 1.464 0 0.486 4 0.022 6
Y-7 1.401 1 0.645 7 0.026 2
Y-8 1.036 2 0.452 8 0.022 2
Y-9 1.394 6 0.5136 0.027 0
P P-1 1.566 5 0.570 6 0.033 4
P-2 1.346 7 0.496 4 0.037 8
P-3 0.984 9 0.383 4 0.014 0
P-4 1.344 2 0.600 8 0.022 7
P-5 0.711 4 0.302 6 0.012 3
P-6 0.956 4 0.397 6 0.018 0
P-7 0.592'1 0.2509 0.007 9
P-8 0.6520 0.301 4 0.0111
P-9 0.713 7 0.3439 0.016 4
Fhr H-1 0.4116 0.5373  0.0000
H-2 0.191 4 0.3522 0.000 0
H-3 0.8879 0.892 4 0.049 2
H-4 0.658 3 0.607 8 0.026 8
H-5 0.786 9 0.608 4 0.034 8
H-6 1.048 9 0.8813 0.067 5
H-7 0.570 7 0.569 0 0.026 8
H-8 1.700 3 1.026 6 0.109 8
H-9 0.520 4 0.563 9 0.013 8

22 IEeRERlESRIE

2.2.1 & RNA $2HURT cDNA A8 RNA $2H S
OMEGA A4 2 wlAE ) 5 ki) e W - by vk —
CIE TR i 3 0O R D BRIEAT o Bl e
FLVKAS I 457 (1) RNA AT RBe s, IS
it Y; TOYOBO i 5% e Nl il & (b %
FSK-100) A i3 W 1545 4 20 ik A 710,

i % #F Primer Primer 5.0 . 7E £k % 14
http://bioinfo.ut.ee/primer3-0.4.0. http://www. yeast
genome.org/cgi-bin/web-primer, L3 2. DA cDNA A4
i, i) 2 X Taq PCR MasterMix Ciii4<kP) 34T PCR
P18, AR 20 uL: 2 X Taq PCR MasterMix, 10 pL;
IEM5IH 1 uls RIM514) 1 pL; cDNA B, 5 uLs
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Table 2 Primers of functional genes

FER EM5Y (5°-3°) KI5 (5-3°)

gs® AAGAATGGGTGCTGGGATG CGAGAGAACAAGGAGGAAGC
se* CGGCAGGAGTTTCCACAAT TAGCGTAGCACCAATCCACA
Igt* TAGCGTAGCACCAATCCACA CCTGTTCTCTGCCTCTCCAC
ss? GTTGGATGGGACGAAGACGAT CAAGAAACGGGGCGATATT
se” CACGCCTCATTTTGACTACACC TCCGATTCTGTGCTATCCCTC
Igt® GCCCGTGGCATCTACAATAA CCTCCAAGCCCTAAATAATCA

SHT AW RESLR S b SIFEIS 19, © T Db SE R IA FRT-PCRIG Y, T

*Primers used to analyze gene cloning and sequencing, °Primers used to analyze gene expression patterns by quantitative real-time PCR, same as bellow
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Table 3 Reaction conditions of functional genes
el R
ss* 95 ‘C, 5min, 1fi¥; 95°C, 30s; 58°C, 30s, 30fE¥; 72°C, 90s; 72°C, 10 min, 17EFf
se 94 °C, 4min, 17{¥; 94°C, 30s; 56 °C, 30s, 30 7{H; 72°C, 120s; 72 °C, 10 min, 17FFF
1gt* 95 ‘C, 4min, 19§¥%; 95°C, 45s; 55°C, 30s, 30 7E3; 72°C, 90s; 72°C, 10min, 17EIF
ss? 95 °C, 5min, 17E¥F; 95°C, 30s; 58.2°C, 30s, 30fE¥F; 72°C, 90s; 72 °C, 10 min, 1 fHFF
se? 94 C, 4min, 11E¥; 94°C, 30s; 57°C, 30s, 301E¥; 72°C, 120s; 72°C, 10 min, 1 {H¥f
1gt® 95 ‘C, 4min, 1f¥; 94°C, 30s; 57°C, 30s, 307F¥; 72°C, 120s; 72 °C, 10min, 1 fE¥H
£4 EEZRESR HllabrEAL A~
Table 4 Gene expression results Xi(h)= Xi(k)-Xi
AR R E N ss JEE se BEDR gt FEPA '
ES J-1 1.0000  1.0000  1.0000 Xk AFRHAEAL JG IO AR, X M IR — TR IME, Xo(k) A 5l
J-2 0.7923 0.703 5 0.1538 B, S hhrdesE
J-3 27638 24773 23408 SR AR
J-4 05347 03156 0.4485 .
L= Amin + pAmax
J-5 06311 17470 03185 o ool + pAmax
J-6 17790 2.0230 1.1309
1-7 05153 01761 03188 xo B S HAL T 5 x; FIRBRRBER R N Lok), B/NE
-8 0.5228 0.5088  0.4848 R Amin, I KZE{EHR A max
39 05062 0.6357  0.2082 KEREE AR
- Y-1 1.0000 1.0000  1.0000 R
Y-2 02489 0.0788 03729 rot ‘NZ#f““
Y-3 29642 1.8383  1.0814 e A
Y-4 07022 12074 02456 N AP
- . . .. Q‘_‘: E .
Y-5 0.1590 13177 0.0719 3 EmRSDM L L
Y-7 06525 16183 04225 PR RTE 2 . WORARS SEAAEN 3 P ROE o i &
Y-8 08781 13474 05793 Fl ssy se lgt FER KX B A —NIKE RS, L
Y-9 0.1851 09516 04626 3 AT R S B RS, ss. ses lgt FEA
REE P-1 1.00001.0000  1.0000 AXS R IE AR KT A, X R G B R bR AL AR e
P2 0.0927 05199 04628 N " . .
3 02320 06130 05987 0 0.5 YE N HEREL S50 A min BUE K &7 FIME
) ' ' ' 4% 2 45 LR AR :
b4 19661 24305 14108 ﬁF/@XT%{Eo‘ ,E%Ju 3 M 5. Mﬁ:n%ﬂ%u.
P-6 1.0870 12643 15029 2 AESEHIES 2R EMIFIES ss. se.
P-7 10256  0.6590  0.903 8 lgt BRI H BN CHE, (HAEFF Ay 5=
P-8 0.8049  0.5548  0.6326 FIAR B Y ss. se. gt FEFRIRH Y], Hr ss B
P-9 0.7830 0.5523  0.6141 FIEFTFFETT 25 L W RAR . SRR R R DTk K
Fl H-1 1.0000 1.0000  1.0000 A
H-2 12385 1.0360 0.4629 4 Uit
- . . B Y '3‘_',“ 2 m e /. 2
H-3 1.5987 1.1952  0.5988 ‘%%ﬂH%?ﬁNﬁﬂWEﬁﬁﬁ?idgﬁﬂﬁ¢’
H-5 32603 24197 12285 BIEZEL Wy HER R AR R AR A AR —
H-6 29524 10578 10133 B, HIFEI A 25 > K > SN o ss-
H-7 21631 08940 0.9041 se~ lgt FERIAE [A]— 3% B o )R IR AR G A SE A AR
P8 1483305208 03282 S R R B AR (i )
H-9 12953  0.5139 0.1426

AR IY], Py T A AR AT K YIAE A



¢ # % Chinese Traditional and Herbal Drugs 35 48 % 252 #§ 201751 A *349 «

= 0 s e Tk - H0 . :
g a5 AR, ‘ S as AN, Bk
& =g K =i
S “hem 520 —
= 2 gt Tk
i ey Rikht g 10 —ass ikl
B —se FikE ¥ 05 ——se RILE

0.0

Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9
"

_ 40
& B350 SN, Aaw Bk
) R % 3.0 1 1
S w220 ' ot
= e B ot b
& lgt KikE & lgt ik bt
s s isht o 10 =g Kkl
=8 ——se FiEE K 8(5) ——se Rk

P6 P7 P8 P9I

P4 PS5
ENid

H-1

H2 H3 H4 HS5 H6
iy

H-7 H8 HY

3 FRHREBELETRNPMEERREISAYRSEXR

Fig. 3 Relationship between functional genes and active ingredients in various organs
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Table 5 Grey relational analysis

AR KA =
FrEETiE R BRI
£ ss 0.5852 0.658 6 0.661 4
se 0.602 0 0.583 9 0.603 9
Igt 0.5899 0.6819 0.691 4
- ss 0.599 3 0.593 0 0.646 1
se 0.5922 0.563 9 0.643 4
Igt 0.583 2 0.5810 0.665 5
BRE s 0.643 2 0.646 2 0.653 8
se 0.668 1 0.703 6 0.665 5
Igt 0.6389 0.641 7 0.6252
T s 0.700 8 0.637 7 0.735 1
se 0.663 6 0.591 4 0.6417
Igt 0.6327 0.548 4 0.625 6
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