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Quality ecotype of Panax quinquefolium L. based on heredity-
chemistry-ecology characteristics
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Abstract: Medicinal materials in China differ in quality by different ecological types. Our research group
found that there were two ecotypes of domestic Panax quinquefolium L. according to the characteristics of ginsen-
osides, inside versus outside Shanhaiguan. The genetic and ecological mechanisms of quality variation of Panax
quinquefolium L. is unknown. Based on the genetic-chemical-ecological strategy, transcriptome and HPLC technology
were used for comprehensive correlation analyses of transcriptomic data, ginsenoside content and environmental
climate ecological factors. The transcriptomic results showed that key genes of ginsenoside biosynthesis, such as
HMGR, AS and FPS, were significantly down-regulated in the inside Shanhaiguan ecotype. HPLC results showed
that the quality of outside Shanhaiguan ecotype Panax quinquefolium L. was higher than that of the inside ecotype,
with the content of ginsenosides in outside Panax quinquefolium L. was higher than that of inside ecotype except
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Rb,. Correlation analyses revealed that content of Panax quinquefolium L. ginsenoside is positively related to the

expression levels of ginsenoside biosynthesis key genes (MK, HMGS, HMGR, and AS), and negatively related to

the expression of glycosyl transferase (GT). The content of ginsenosides is negative related with climate factors,

such as temperature, sunshine, and is positively related with moisture in both ecological environments. This study

has provided a new mechanistic insight into the quality variations of two ecotypes for Panax quinquefolium L. and

established a scientific basis for studying the ecological factors for the quality of traditional Chinese medicine.

Key words: Panax quinquefolium L.; quality ecology on chinese medicines; transcriptome; ginsenoside; daodi
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Table 1 Information of Panax quinquefolium L. samples. All samples are roots with a growth age of 4 years
Ecotype Sample ID Sampling site Longitude/® Latitude/®
Outside Shanhaiguan DBl  New House Town North Port Participation, Changbai Mountain, Jilin 41.5836207800 127.3892081200
DB2  New House Town North Port Participation, Changbai Mountain, Jilin 41.5861100000 127.3952900000
DB3 New House Town North Port Participation, Changbai Mountain, Jilin 41.5918778844 127.4018935661
Inside Shanhaiguan SD1 Zhang Jiachan Town, Shandong 37.0999326500 122.0990977200

SD2  Zhang Jiachan Town, Shandong
SD3 Zhang Jiachan Town, Shandong

37.1007800000
37.1064385767

122.1041300000
122.1107613345

FBENL 5 Y (random hexamers) 5 i cDNA 2 —4%%, 28
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Feo SCEERSEESE RS, Jefd FH Qubit2.0 58 )t e S AX (3§
B AT R, B CESR 1 ng-ul!, BE 516
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B FERGIE IS, AN IE SO R A BOKFE X B AR T
ML & 1 75 3K & I /5 21T Tllumina HiSeq /7
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Figure 2 Transcript sequence of Panax quinquefolium L. Tran-

script sequence and Unigene sequence length distribution
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Figure 1 Analysis of saponins in two ecotypes of Panax quinquefolium L. (a) Content of 7 saponins (b) PCA analysis of saponins

Table 2 Panax quinquefolium L. transcriptome data information

Sample Raw reads Clean reads Clean bases Error/% Q20/% Q30/% GC/%
SD1 1 34893434 33390538 3.34G 0.03 98.60 94.94 45.11
SDI1 2 34893434 33390538 3.34G 0.03 97.92 93.75 45.16
SD2 1 31758271 30599780 3.06G 0.03 98.62 94.95 45.46
SD2 2 31758271 30599780 3.06G 0.03 97.85 93.57 45.52
SD3 1 32188565 30832289 3.08G 0.03 98.65 95.08 45.10
SD3 2 32188565 30832289 3.08G 0.03 97.91 93.75 45.15
DBI 1 32292768 31196124 3.12G 0.02 98.73 95.29 44.35
DBI1 2 32292768 31196124 3.12G 0.03 98.06 94.11 44.39
DB2 1 33767990 32488000 3.25G 0.03 98.66 95.08 44.92
DB2 2 33767990 32488000 3.25G 0.03 97.97 93.87 44.98
DB3 1 32465989 31029001 3.1G 0.03 98.65 95.08 44 .85
DB3 2 32465989 31029001 3.1G 0.03 97.92 93.78 44.90
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Table 3  Panax quinquefolium L. transcriptome gene annotation

results
Database The nurr}ber of Percent/%
the Unigenes

Annotated in NR 28 580 40.37
Annotated in NT 15264 21.56
Annotated in KO 9 804 13.84
Annotated in SwissProt 21205 29.95
Annotated in Pfam 22901 32.34
Annotated in GO 28 873 40.78
Annotated in COG/KOG 11529 16.28
Annotated in all Databases 4380 6.18
Annotated in at least one Database 34050 48.09
Total Unigenes 70 793 100

%, 1E B 3 KEGG ¥ J# (1A 9 804 4%, v B 3 GO,
KOG 38 11145 % 4 28 87311 529 %, A 4 380

SREIX T KA R IR

4 T A Unigenes 5 GO ¥ & b xF (K 3a), &
28 873 7k Unigenes #¢ 70 i = K26, Rl “ AW 2 78
(biological process)” ~ “4f it 2H 43 (cellular component)”
1“4 7 IhRE (molecular function)” . “A= )24 L 45 fix
Z I Thae 325, 24H 1 331 4k Unigenes. 1E“44)%
ROy 2Rk, AR R 2 ) A L 2H o) i H 2N AE )
4 A% (cellular process)”, H K A “AR T i& 42 (metabolic
process)”, M X L8342 5 AU = W B & cE 5. 3t
H 387 % Unigenes yE BRI “YN I 2H 537 /3 2 rp, Hop
EE 5] #2212 “ AR I (cell)” 5 4A o X 35, (cell part)”,
“YI B 25 (organelle)” F k. 1A 172 %% Unigenes 7 F¢
B o T IIRE” Iy 2K, Ho S (Binding)” ot LU i 5t
K, F“MEAC RN (catalytic activity)”.
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Figure 3 Functional annotation of two ecological Panax quinquefolium L. transcriptome genes. (a) GO classification map (b) KEGG classifica-

tion map. A: Cellular processes; B: Environmental information processing; C: Genetic information processing; D: Metabolism; E: Organismal systems
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Figure 4 Analysis of differentially expressed genes between two major ecological Panax quinquefolium L. a: Volcano map; b: Hierarchical

clustering map; ¢: GO enrichment analysis of DEGs; d: KEGG enrichment analysis of DEGs
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Table 4 Two major ecological Panax quinquefolium L. ginseng saponins biosynthesis pathway-related KEGG pathway

Ko . The number of
KEGG pathway Key unigene .
Number the unigenes
ko00909  Sesquiterpenoid and triterpenoid biosynthesis comp75083 ¢c0, comp65271 c0, comp76120 c0, comp59474 c0, 10
comp69688_c0, comp70679_c0
ko00900  Terpenoid backbone biosynthesis comp58220 c0, comp58220 cl, comp77697_c0, comp76561_cO0, 72
comp69124 c0, comp65081 c0, comp76232 cl, comp67432 c0,
comp65471_c0, comp72369_c0
ko04146  Peroxisome comp69588 c0 108
k000280  Valine, leucine and isoleucine degradation comp67540_c0 77
ko00100  Steroid biosynthesis comp70267_c0, comp61865_cO 24
ko02020  Two-component system comp53463 c0, comp53463 cl1, comp63076_c0 122

Z Bk b, 2 267 AN E ERE S, H A 2 PR T RE K
VS TRe 2 . WRAESHIEHES )2 B #
B JZ IR (Bl 4b), Hgta A B X N 1 R R R 1A
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Table 5 Key genetic groups of two major ecological Panax quin-

quefolium L. ginseng saponins biosynthesis pathways

Gene ID
comp75083 c0

Gene name EC

Farnesyl-diphosphate farnesyltransfer- 2.5.1.21

ase (SS)

Squalene monooxygenase (SE) 1.14.13.17  comp65271_cO
comp76322 c0

comp76120 c0

Phosphomevalonate kinase (PMK) 2.74.2 comp58220_¢0
comp58220_cl
comp77697 c0

Diphosphomevalonate decarboxylase ~ 4.1.1.33 comp76561 c0

(MVD)

Mevalonate kinase (MK) 2.7.1.36 comp69588 ¢0

Isopentenyl-diphosphate delta-isomer- 5.3.3.2 comp69124 ¢c0

ase (IDI)
Hydroxymethylglutaryl-CoA synthase  2.3.3.10 comp67540_c0
(HMGS)
Hydroxymethylglutaryl-CoA reductase 1.1.1.34 comp65081 _c0
(HMGR)

comp76232_cl
comp67432_¢0

Farnesyl diphosphate synthase (FPS)  2.5.1.10 comp65471 ¢0
comp72369 c0
Cycloartenol synthase (CAS) 5.4.99.8 comp70267 c0
comp61865_¢c0
Beta-amyrin synthase (AS) 5.4.99.39  comp59474 c0
comp69688_c0
comp70679 c0
Acetyl-CoA C-acetyltransferase 2.3.1.9 comp53463_¢0

(AACT)
comp53463_cl
comp63076_c0
Dolichyl-diphosphooligosaccharide- - comp70364 c0
protein glycosyltransferase (GT)
comp60837_c0
comp75027 c0

comp64229 ¢0

Yo Bl 1 (B 5). MIE B & P aT o B R AR S T
2[R R A A B () 22 S G O, it PP R TR R
ol (GT) 4, KHB 7> Bk K Rk B 2 2 R A i T
FAL .
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Figure 5 Biosynthesis metabolic pathway of two important Panax quinquefolium L. ginseng saponins
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monooxygenase (SE, EC: 1.14.13.17, comp70679_cO0)
B -5 B & BB beta-amyrin synthase (AS, EC:
5.4.99.39, comp76322 c0), H.iX 7 />3 [K 75 5 Py A i
SR E N SRR KA ALY & R R
AN 22 5 58 IR 03 ) O v e 2 R B IR & A farnesyl
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¥ R IR R A R A L R B hydroxymethylglutaryl-
CoA reductase (HMGR, EC: 1.1.1.34, comp67432_c0),

[FIFEI), I LSRR PRI PE DG Y LG R 5 P 2
6 FESESSEERFSH

M SR EHE N AR AL S L AR P G S
FE rity SR B b B 3T 1) R B, AR 1951~2013 4 ]
24N R T HIBE (3R 6), BRI XU AR X3
P13 DR ) A0 i g AR AR 3k A B it e 16 L A i ¢ o
AU S BN AR L 2R OR B (/Y)W e e
SIS NN &N 5§ S O P NV UES WIS L BT 3N

E AN

B K T 2 IR P~ 22 XU 1 8l - 22 LB T
PRI P BIAR S R R T S R AR R T B



o wesE BT R AL AR R VS UL S T T -+ 1703

Table 6 Ecological factors of two major ecological American ginseng samples. 54725: Shandong Huimin; 54843: Shandong Weifang;
54776: Shandong Chengshantou; 54161: Jilin Changchan; 54292: Jilin Yanji; 54374: Jilin Linjiang

Ecological factor

Item

54725 54843 54776 54161 54292 54374
Extreme wind speed /m-s™ 219.4545 230.937 5 331.6122 2359167 268.714 3 178.888 9
Extreme wind Direction 8.7273 10.225 8 9.5745 11.4167 13.8333 10.5556
Extreme minimum station pressure /hPa 9916.1190 9890.071 4 9859.771 4 9615.767 4 9673.750 0 95242750
Extreme minimum temperature /°C -155.269 8 -148.555 6 -96.016 4 -289.682 5 -268.852 5 -304.7213
Extreme maximum station pressure /hPa 10 899.761 9 10 381.2857 10 338.571 4 10 113.7674 10 149.1500 9987.150 0
Minimum relative humidity /% 7.454 5 7.4255 11.904 8 7.208 3 59130 9.4318
Evaporation capacity (small) /mm 18323.6275 19336.1200  14437.0169 166109412 132189592 10701.5714
Extreme maximum temperature /C 377.0159 378.714 3 297.450 0 335.8254 345.868 9 336.163 9
Maximum daily precipitation /mm 833.7302 1234.8413 1066.596 8 684.193 5 493.465 5 647.508 2
Precipitation /mm 5760.206 3 6172.1429 7154.983 9 5877.682 5 5199.541 0 8323.901 6
Mean station pressure /hPa 10 156.2222 10 120.111 1 10 114.322 0 9868.1111 9928.3667 9 764.508 5
Maximum wind speed /m-s™! 163.062 5 153.500 0 252.022 7 209.254 5 172.195 1 107.791 7
Maximum wind direction 7.0227 9.9750 10.952 4 11.0196 13.029 4 9.9333
Average wind velocity /'C 29.428 6 329524 63.161 3 38.666 7 254754 12.409 8
Average temperature /°C 125.444 4 124.888 9 113.573 8 54.793 7 53.262 3 51.508 2
Average temperature anomaly /C -0.603 2 -0.1429 -0.4590 -2.269 8 -0.786 9 -1.5410
Mean vapor pressure 119.206 3 118.904 8 120.774 2 83.158 7 82.573 8 87.147 5
Average relative humidity /% 65.730 2 66.555 6 74.129 0 63.666 7 65.065 6 70.082 0
Mean minimum temperature /'C 74.000 0 74.349 2 91.3115 4.460 3 -3.836 1 -3.163 9
Mean maximum temperature /‘C 186.984 1 186.984 1 140.983 3 111.2857 121.377 0 121.366 7
Daily number of days precipitation = 0.1 mm 70.063 5 78.047 6 89.225 8 100.825 4 102.508 2 138.803 3
Percentage of sunshine /% 58.096 8 58.152'5 55.660 7 58.698 4 52.233 3 49.8833
Sunshine duration /h 25751.0000 25764.288 1 24714.2321 26071.1429 232009333 22 166.233 3
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Figure 6 Correlation analysis based on genetic-chemical-ecological characteristics
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