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Abstract: Objective To provide scientific support for the Fuzi (Aconiti Lateralis Radix Praeparrka) industrial development in Southeast
China, assessment of the genetic diversity, agronomic trait and quality component of the Fuzi germplasm resources collected from Yunnan
province and surrounding areas have been conducted, aiming to initially select core collections with high breeding and developmental
potentials. Methods The genetic diversity of 25 collected Fuzi germplasm resources was analyzed by the SSR molecular marker
technology, and data of important field agronomic traits was meanwhile gathered. Measurement of the contents of several key primary
(crude protein, soluble sugar, polysaccharide, starch) and secondary metabolites (total alkaloids, aconitine, hypaconitine, mesaconitine,
benzoylmesaconine, benzoylaconine, benzoylhypaconine) in the mature Fuzi tubers was carried out via HPLC and other techniques.

Results The 25 Fuzi germplasm resources could be divided into five major groups and 13 subgroups at the genetic coefficients of 0.75
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and 0.86, respectively, displaying significant genetic diversities and obvious genetic differences among germplasms. Analysis of agronomic
trait data showed that the total yield of Fuzi was positively correlated with the plant height, number of functional leaves and seed setting
rate per plant, but had no significant correlation with stem thickness. Principal component analysis (PCA) further indicated that the Fuzi
materials collected from Diqing were highly distinct from others in the field performance. In terms of the quality components, primary
metabolites demonstrated significant content differences among the 25 Fuzi germplasm resources, of which the protein and soluble sugar
had showed higher variations relative to the polysaccharide and starch. Likewise, the contents of medicinal secondary metabolites also
demonstrated obvious discrepancy. Specifically, the content of total alkaloids and aconitine varied most significantly in different Fuzi
materials. Conclusion A total of five Yunnan Fuzi materials coded as D3, L4, D8, D12, D10, respectively, were selected from the overall
25 germplasm resources, which may harbor the potentials to be preserved and exploited as core collections. These materials could help lay
the foundation for the subsequent breeding of low-toxicity, high-yielding, high-quality, highly adaptable Fuzi superior varieties.

Key words: Aconiti Lateralis Radix Praeparrka; core collections; genetic diversity; total alkaloids; aconitine; hypaconitine;

mesaconitine; benzoylmesaconine; benzoylaconine; benzoylhypaconine; agronomic traits
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Table 1 Source information and basic trait statistics of 25 Aconiti Lateralis Radix Praeparrka

F5 95 e KT lom B2 lom e Elg HHR/m R A7 E
1 Dl ZEEEHRERT LTS 2.9~5.0 2.0~3.0 5.87~20.00 1920 E:99.469N:27.36°
2 D2 mEEEFERT (U0 REED 3.5~6.5 2.1~4.1 547~37.71 3226 E:99.949N:27.31°
3 D3 =R ERE BT R Bk E LAY 4.7~6.8 2.2~2.6 8.84~19.95 3226 E:99.949N:27.31°
4 D4 A5 I PN 4 TG SIS B A )1 Ak 2 3.7~6.0 2.3~3.8 15.51~70.54 2400 E:99.189N:27.18°
5 D5 7 FgE G B T B BRI B AR A 4.0~7.0 1.8~2.7 5.32~13.48 2600 E:99.559N:27.20°
6 D7 =FH &M AT BRI A A E A 4 29~6.1 19~22  352~19.91 1800 E:99.439N:27.08°
7 D8 = FgAE E A B T G Bk R B 25~55 21~46  4.03~30.82 2600 E:99.559N: 27.20°
8 D10 = Fg48 & i B hu i = HIgh it e ns B 5.1~6.6 2.7~45 10.16~35.61 2600 E:100.099N; 27.27°
9 D12 =g k% B T e Bk = LAY 2.8~6.0 1.7~3.4  3.31~22.72 3226 E:99.949N:27.31°
10 D13 =R & B Hr T BBk s 2411 2.8~4.4 2.0~4.1 6.39~19.81 3200 E:100.019N: 27.30°
11 L1 =AML ER EEH 2 KPR 3.3~55 21~27  6.97~20.00 2800 E:99.469N: 27.19°
12 L2 =AW KRB A e 3.0~5.0 2.8~3.8 452~16.51 1859 E:99.969N: 26.87°
13 L3 Z=MEWLHERESEE S REN 3.6~7.7 25~35 11.29~22.41 2570 E:103.39N: 27.1°
14 L4 =rEWNILT R EE M 2 2 KA 6.2~8.0 25~33 8.88~20.92 2900 E:99.509N: 27.15°
15 L5 =FEAWLTEEE L2 3.7~5.2 1.9~25 4.43~13.20 2900 E:99.509N:; 27.15°
16 L6 =FgEWNILT B EEm 2 f st 4.7~75 2.0~34  7.07~24.23 2800 E:99.59N: 27.22°
17 L7 =rEWNILT B B a6 2 9 maH 7R 6.2~8.7 1.7~3.7 5.18~27.36 2700 E:103.39N:27.1°
18 L8 =rEWNILTE B ERL L RKEH 7.0~8.1 34~40 26.68~60.49 1550 E:100.439N: 26.33°
19 E1 =R REEMES PR BRI T 6.4~8.1 35~4.7 18.01~31.38 2190 E:100.119N: 26.30°
20 B2 =FAEKRENESERE S A 4.2~8.0 24~27 7.64~20.47 3000 E:100.019N: 27.30°
21 Q2 =AM SEERXNS 6.5~8.5 25~32  6.24~18.64 3100 E:26.429N: 103.16°
22 Q3 =mEBMET S X AE S W EN TS 2.7~5.7 25~39  455~13.48 2102 E:103.349N: 25.19°
23 C1 =raE N i e B4 ) B s A 4.9~6.5 2.2~35 8.97~22.21 2200 E:102.199N: 25.38°
24 S1 DY) YLy T AP AY 45~6.7 24~4.1 6.66~23.28 1860 E:104.129N: 30.25°
25 S2 DY) gaRE b)) B/ 2 5.2~7.6 25~26 10.15~24.09 1199 E:104.039N: 32.04°
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Fig.1 Morphological characteristics of 25 Aconiti Lateralis Radix Praeparrka from Yunnan and surrounding regions
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Table 2 Information of the 20 pair SSR primers used

95 1Y (5°-3%) B KR C RRZ BTN

Y1 F: TTCATATAAATAGGGGTGCAT 50 16
R: TGCTCCATATATTTGTCACT

Y2 F: ATTATAAGGAAAACACGAGGT 52 6
R: ATCTCTGAAACTGCAACCAAG

Y3 F: GACTCTTTCTCTTCCGCTGT 55 6
R: ATAGGGTTCTTACACGGTTTG

Y4 F: GACTGTTTTTCACATGCCACA 57 12
R: GAACCTCCTCTTCCTCCTCCT

Y5 F: TACCGCTTCTACGACAGCTC 57 14
R: CCGAATCTCAGGAAAAGCGAT

Y6 F: ATACCGAATTAGAAACCCAAG 56 9
R: CCCCTCTCCCAAATTCCAC

Y7 F: GAATCCTTTGTTGAACCGAAG 53 10
R: GGTGTTCTTCATCTTCTTCT

Y8 F: CGAAGAACAAACCTTAATGCG 57 10
R: CTCCTCCCCTCTCTACCAT

Y9 F: GCACACCGACTTCATAGAACG 54 7
R: CTAGAAGAAGAAGAAGAAGTT

Y10 F: CTAGTAGTGTTCTGATGGTTC 54 10
R: TCCAGAAGATAAAGCCGTT

Y11 F: CTCTAAGCTGCTTCCTGGCA 59 13
R: CTCGGGAAGCTGAGGGATTC

Y12 F: CCGAGAAGCGCTGACGATAT 57 17
R: ACTACACTGCAACGTTCGCT

Y13 F: GGACGTGTGCAATATCATAAC 55 17
R: GGTACAGGTGGTTGTTTGAC

Y14 F: AAAGGCTGCAAGTCGTATCCTCTCA 62 13
R: AGGCAGTACATCAGGCAGAGGAGGT

Y15 F: CATTGAGCCACCCATAGA 55 14
R: GCAACAATCCTGGTAGTGA

Y16 F: TGGGCCCTACAAGTGATGATATTCC 59 10
R: ATGGAATCCAGGTTTGTGAATGTGA

Y17 F: GTCACCGTCGTCTTCATC 55 15
R: CTGGACCATATTTCGTTGTATG

Y18 F: GGCGTCTTTGTGTGAAAGAACT 58 6
R: GAGCAAGGCAATCTACATTCTACAC

Y19 F: GTTATCATGTAGTCCCTCAAACACC 57 13
R: TTTAGTCATGTGCCCTCCT

Y20 F: CATACCTCCATCATGATGCTGCTGT 61 11
R: ATGAAGGCTCAGTAAGAACCTCGGA
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Table 3 Chromatographic conditions
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Table 4 Regression equations and correlation coefficients
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Fig. 3 Genetic cluster analysis based on SSR molecular

markers
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Table S Phenotypic analysis of agronomic traits in 25 Aconiti Lateralis Radix Praeparrka (X + s)

%y Fkeilem ZEH/mm DIREm/ v FRREE I A B R E L

D1 86.80+9.14bcde 9.00+0.42abc ~ 17.6712.15ghijk 7.7541.53hij 128.561-15.63dfghi 1 285.65+156.25dfghi
D2 67.40%+8.81le  7.9310.13abcdefg 15.87+1.05ijk 7.831+0.58ghij  108.27+11.56hij 1 082.73+115.65hij
D3 115.00%+6.44a 9.931+0.27a 26.73+2.47bcd 12.08+£0.79ab 214.43+£23.11ab 2 144.311+231.14ab
D4  88.6019.64bcde 8.87+1.17abcd  22.80+2.72bcgefghi 2.72bcdefghi  7.75+0.50hij 108.29 £7.76hij 1 082.87 £ 77.57hij
D5 84.33%+9.47bcde 8.1310.29abcdef 19.73+2.70defghij 9.5840.79bcdefgh 115.42+7.99hi 1 154.23179.93hi

D7 101.87+6.11abc 8.1310.29abcdef 23.00+0.72bcdefgh 11.42+0.98abcd  171.90410.33bcde 1 718.954103.27bcde
D8 101.4747.96abc 8.5310.66abcde 29.53+0.81ab 10.58+1.06abcdefg 145.98+7.50defgh 1 459.85+ 74.97defgh
D10 106.27+4.49ab  9.8040.64ab 34.33+131a 13.25+0.88a 251.64+19.55a  2516.38+195.54a
D12 87.47+1.73bcde 8.8040.72abcd  19.07 +1.04fghij 9.0040.5cdefghi  93.49+5.96ij 934.91+59.59ij
D13 85.1313.17bcde 9.0040.40abc 21.60+1.10cdefghij 1.10cdefghij 11.25+0.29abcde 201.53+7.67bc 2015.33£76.67hc

L1 67.60+9.06e  7.93+0.3abcdefg 15.27+1.94jk 7.17+0.68hij 125.33+10.93fghi 1 253.274109.35fghi
L2 94.33+8.46abcd 8.80+0.60abcd  27.8743.15hc 11.00+0.14abcdef 186.30+12.77bcd 1 862.98427.71hcd
L3 72.47+6.03de 8.53%0.24abcde 11.531+2.51k 6.5840.71ij 90.76 + 11.74ij 907.604117.36ij

L4  98.07%5.54abcd 8.97 £ 0.6abcd 28.27+2.03ahc 10.83+0.82abcdef 169.52126.06cde 1 695.20+ 260.59cde
L5 93.67+9.18abcd 7.13+0.88cdefg  19.5342.49efghij 8.75+0.58defghij 118.47+12.50ghi 1 184.73+£125.02ghi
L6 79.20+7.18cde 7.07%1.31cdefg 19.8712.96defghij 7.0840.60hij 68.76+3.67] 687.63136.68]

L7 100.87+7.5labc 6.6710.13efg 26.20+0.81bcde 11.83£0.71abc 212.82+12.67ab 2 128.221+126.76ab
L8 97.87+7.67abcd 6.87+0.29defg  25.20+1.93bcdef 10.7540.63abcdef 161.36+12.57cdefg 1 613.611125.68cdefg
El 82.13%8.55hcde 7.7310.66bcdefg 18.53+2.28fghij 8.25+0.76fghij  114.34+13.45hi 1 143.45+134.46hi
E2  92.87+6.18bcde 5.93+0.55g 26.20+1.63bcde 10.92+0.93abcdef 202.861+24.56bc 2 028.57 £245.56hc
Q2 104.20%+3.14abc 8.87+0.59abcd  27.60+0.42bc 7.83+1.01ghij 134.84+9.3%fghi 1 348.39493.88efghi
Q3 80.07%8.78cde 7.73+0.37bcdefg 21.27+2.84cdefghij 2.84cdefghij  6.00+0.80j 97.34+7.59ij 973.461-75.93ij

Cl 94.801+9.53abcd 6.13+0.57fg 2460+ 2.81bcdefg 11.25+1.09abcde  165.821+14.70cdef 1 658.254147.04cdef
S1  80.33+6.87hcde 7.07+0.55¢cdefg  21.47+2.29cdefghij 2.29cdefghij ~ 8.50+0.87efghij 127.76+6.74efghi 1 277.56+67.41efghi
S2  78.401+9.45cde 6.87+0.81defg  16.47+1.85hijk 7.17£1.48hij 108.32 £7.90hij 1 083.17 £ 78.97hij

A5 i Jm AN AN S 7 B OR LSD K5 2 AR R — PR B 22 5 i3 (P<<0.05).

The same column of data followed by different lowercase letters indicates significant differences (P < 0.05) among materials for the same trait according

to LSD test.

RKEEZAMEL Hrhgi's D3 5D 16 Rk ZHER

FERE TS Ji's L4 5HAR 16 125508 RAREREL
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K 4-A BoR T 6 DPTIE I 7R SRR bR

[ ARORNE, AR, 6 AMPIRIAITY 122 IR R
#, EERBUE S ENBATER L, fln sl
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Fig.4 Agronomic correlation analysis (A) and PCA (B) of 25 Aconiti Lateralis Radix Praeparrka
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79 0.83 F10.90. FKflih, PCA B KE Sl HRTEEE 70.18~167.94 gkg, ARAUIREELE 98%
BHERZMRED L AF —EMaRME(E 4-B), 4, Ho Q2 HEA S EME & T HAih 24 4
X EE S LA EACKIEA K, HHSKk MR, RESEOETH 167.94 gkg: DAHEAS ERK
V5 E R AENN D3 D10 SRR H —& K, RS HCN 74.18 glkg. Al VERE & B0 AL

2 5% T 31.23~340.16 glkg, LAIRBELE 309% /247, Hrp
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Fig. 5 Quality comparisons of primary metabolites in 25 Aconiti Lateralis Radix Praeparrka
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JREHON 31.23. 33.25 gkg. HHELZ N, ZHERE
TEN B AR A B AR KT BN, A BITE 8.99~
24.56 g/kg CRALIRELE 15.57% /47 ) Fl 26.74~64.67
glkg CBALIREELE 37.93%44). #E LS s
B E m T AN 24 AP RL, A EIAF 24.56 g/kg.
D4. D5. D10, El. CI fiek & &N & T H
fi 20 L, Ry HuR ik F 64.67 ghkg (D5).
AR, ANTRIIE F& RIS B 7 BHE R A AR 5 s 2
MATERRESR.
34 25 MFA R0 E IR M A

W 6 fion, it T SR M1 18 LAEYIBCN
R AW R 2R FES D3 RS
IR A 08 1.75%, FL RN L3 L4 TR & 53 50N 1.58%,
FE i D2 S 1.02% HARM B 2 122 F IR R .

TEMEF B AE R A b, BT Bl R 4
FRA IR Sl RSk, 2 3kmR. 2K I
B SRR, o S SRS R s, Y
4 0.204 8%, 7E L4, D8. D10 Sl it & & 535w
THAh 22 3Rl B SBI)  B R AR A W
5, T2 D10, N 0.046 9%, U2 DS (0.036
3%), KM E2. ML R, D10 MRS Skl &
& (0.0690) tHEEET DS MAh (0.0451), {HE
D8 S FPAN B2 AR S Skl R B

At A= B R Gn 2K FE R Sk R . R H RS

SLJRB 2 R VK 1 Sk SRR ) A A it B
TG E R, REMCEERIC. Fla, &
FR 3 % Sk el 5 B X TEDA 0.004 0%~~0.022 9%, 1t
=2 D13, D4 Al 2K AR LS Sk A o L IX ) Ay
0~0.003 1%, L4 &&Hm (0.003 1%), TMifE D4,
D5. D8. E2 FRUIAAGI H s 2K FH BRI Sk S
LX) 0~0.007 5%, H L4 FEfem, DS K
RO o I 28 SR S R S e H B 1 A= i 4. 43 S
B BAEAN A8 AL YR AR A 22 R 80K, 1T RE A
ZE| T BB AE KRB R0 .

25 P B9 S Sk B A EAE 0.013 6% ~0.046
9%, AFAVIRIELE 0.0333%A 47, Hh R E k& D10
790.046 9%, BALHISE E2 FiFhh 0.013 6%; K15
ST B BE 0.177 2%~0.029 0%, AR{kIEREAE
0.1482%/c A7, Hrri s S2 fFiy 0.177 2%,
RILHZE D13 FiFhN 0.029 0%; #13 Skhs & E1F
0.292 3%~0.115 9%, ILIFEETE 0.176 4%/ 4,
HAEE R L4 AN 0292 3%, SR D2 5
N 0.115 9%.

3.5 MmERRSTRIEXM S

B b o (R IR DG PR A BT s SR L 60 MR
P EE, MR A R SRS R R R A
K, H5ZBE. MES. AR BE RS K
TR AL AV 1 A AU = P AR S HEAS B3

=6 25 MMIFMREMHESELE (x+59)

Table 6 Comparative analysis of alkaloid content in 25 Aconiti Lateralis Radix Praeparrka (X £ s)

R 5 %

W5 aETm

EPNL

VPN

15 K il

R BT 5 S Sk R P % LI A I IR S e ik

D1
D2
D3
D4
D5
D7
D8

1.43+0.01d 0.028 51-0.000 2def 0.061 740.000 3gh 0.226 8+0.000 7bcde 0.019 6+0.000 1c
1.0740.01m 0.017 840.000 3ij

1.75+0.02a
1.1240.001
1.1240.011
1.2940.01g
1.48+0.02¢

D10 1.42+0.02d
D12 1.47+0.01c
D13 1.21+0.0j

1.28+0.01g
1.25+0.02h
1.58+0.02b
1.58+0.01b
1.21+0.01]
1.34+0.02f
1.38+0.02¢
1.16+0.01K

0.034 6£0.001 3bc
0.021 0£0.000 1hi
0.030 1+0.014 7de
0.033 8+0.000 1bc
0.036 3+0.000 2b

0.046 9+0.000 1a

0.032 3+0.000 6cd
0.016 3+0.000 1j

0.029 9£0.000 3de
0.023 9£0.000 2gh

0.117 6+0.000 6¢
0.018 4£0.000 70
0.053 8+£0.000 2i

0.0295+0.014 4n
0.082 0+0.000 4e
0.045 1£0.000 2kI
0.069 0£0.000 5f
0.041 5+0.000 91

0.029 0+0.000 1n
0.044 6£0.000 3kl
0.049 8+0.000 2j

0.026 8+0.000 1efg 0.064 7+0.000 2g

0.0315+0.000 1cd

0.0719+0.000 2f

0.026 4£0.000 1efg 0.034 2+0.000 1m

0.029 9+0.000 1de
0.016 8+0.000 1j
0.016 5+0.000 1j

0.058 8£0.000 2h
0.0351+0.000 1m
0.010 8+0.000 2p

1.22+0.01ij 0.027 4:0.000 lefg 0.043 60.000 1I
1.24+0.01hi 0.013 6+0.000 1k  0.047 8£0.000 1jk
1.24+0.01h 0.017 3+0.000 1ijk 0.036 4+0.000 5m

1.3040.00g

0.0150+0.000 1j

0.0350+0.000 5m

1.11+0.001 0.02550.000 2fg 0.099 1+0.000 5d

1.20+0.03]
1.17+0.01k

0.018 60.000 1ij
0.017 140.000 1j

0.157 9£0.000 5b
0.177 2+0.000 7a

0.115 9+0.001 Ok
0.246 6+0.008 8b
0.228 7-+0.000 6bcd
0.185 6+0.090 9ghi
0.206 8+0.001 4defg
0.290 7+0.000 6a
0.286 5+0.000 3a
0.242 8+0.003 2b
0.167 4+0.000 5ij
0.203 6-+0.001 Gefg
0.175 8+0.000 5hi
0.235 5+0.000 7he
0.292 3+0.001 2a
0.205 4+0.000 9defy
0.208 7+0.000 6defy
0.171 7+0.000 6ij
0.151 5+0.000 7j
0.173 1£0.000 5ij
0.188 1+0.000 6ghi
0.206 3+0.001 1defg
0.127 4+0.000 6k
0.169 3+0.000 9ij
0.215 0+0.000 7cdef
0.198 3+0.001 0fgh

0.012 2+0.000 1f
0.021 7£0.000 6b
0.004 0£0.000 1n
0.0058+0.002 9Im
0.006 54-0.000 1kI
0.010 0£0.000 1h
0.008 50.000 Oi
0.014 6+0.000 1e
0.022 940.000 4a
0.019 0£0.000 3c
0.015210.000 1e
0.014 6+0.000 2e
0.021 340.000 1b
0.007 9£0.000 4ij
0.012 5+0.001 of
0.018 940.000 3¢
0.015140.000 6e
0.0054+0.000 Im
0.0151£0.000 7e
0.008 340.000 5i
0.007 54-0.000 2j
0.007 1£0.000 1jk
0.017 4£0.000 2d
0.011 040.000 3g

0.001 9+0.000 1d
0.001 5+0.000 1f
0.0029+£0.000 1a
0.000 0£0.000 Oi
0.000 0£0.000 Oi
0.001 0+0.000 29
0.000 0£0.000 Oi
0.001 0£0.000 1g

0.005 7£0.000 2b
0.004 1+0.000 29
0.0050£0.000 2¢
0.000 5+0.000 1n
0.000 0£0.000 Oo
0.000 7£0.000 1Im
0.0010£0.000 2I

0.000 8+0.000 1m

0.001 8+0.000 1de 0.0055+0.000 1b

0.002 3+0.000 1c
0.002 6£0.000 1b

0.003 7£0.000 Oh
0.004 7£0.000 3e

0.001 60.000 1ef 0.003 5+0.000 1i
0.001 6+0.000 1ef 0.0050+0.000 1c

0.003 1+0.000 1a
0.001 5+0.000 1f
0.001 9+£0.000 Od
0.002 3+0.000 2¢
0.001 8+0.000 3d
0.000 7£0.000 1h
0.000 0£0.000 Oi
0.001 5+0.000 2f
0.001 5+0.000 7f
0.000 9£0.000 1g
0.001 8+0.000 1d
0.001 5+0.000 1f

0.007 5+0.000 1a
0.004 4£0.000 3f
0.004 8+0.000 1de
0.003 3+0.000 1i
0.001 2+0.000 1l
0.000 6£0.000 1mn
0.0050+£0.000 1cd
0.001 740.000 Ojk
0.001 8+0.000 1j
0.001 6£0.000 1k
0.004 5+0.000 1f
0.005 0+0.000 4c
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Fig. 6 Correlation analysis of principal quality components in Aconiti Lateralis Radix Praeparrka based on Pearson

correlation coefficient
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