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Abstract: Objective To provide a basis for the selection of new varieties of Tianma (Gastrodiae Rhizoma) by comparing the genetic
diversity, genetic structure and genetic information among the four forms of medicinal G. elata, i.e. Wutianma (G. elata Bl. f. glauca S.
Chow), Lvtianma (G. elata Bl. f. viridis Makino), Hongtianma (G. elata Bl. {. elata S. Chow); Huangtianma (G. elata Bl. f. flavida S.
Chow). Methods A total of 40 flowering stems of different G. elata forms were collected from different cultivating areas. 15 pairs of
SSR primers with high polymorphism were selected from 80 pairs of primers by polyacrylamide gel electrophoresis and combined
simple sequence repeat (SSR) molecular markers with HRM (high-resolution melting) technique. Real-time fluorescence quantitative

PCR amplification, counting genetic diversity parameters and analyzing population genetic structure of these flowering stems samples
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were performed. The cluster analysis was further conducted in combination with HRM data from the 40 Tianma samples. Results A
total of 114 alleles were detected in the 15 pairs of SSR primers with an average of 7.6 alleles per pair. The mean of observed
heterozygosity (Ho), expected heterozygosity (He) and Nei's diversity index (Nei) were 0.9813, 0.8019 and 0.8121 (n = 15), respectively.
It indicated that the genetic diversity of Tianma was rich. The genetic diversity of the four forms of medicinal Tianma was different with
the descending order of Wutianma, Lvtianma, Hongtianma and Huangtianma. These 40 Tianma samples were classified into four
genotypes based on SSR-HRM data. Most Tianma samples for specific form were distributed in same genotype. The genetic distances
between the four Tianma forms were different. Wutianma was the closest genetic distance to Lvtianma and the farthest genetic distance
to Huangtianma. Conclusion The accuracy of SSR-HRM technique for Tianma genotyping is better than that of SSR technique. The
genetic information in the four Tianma forms is different, but gene exchange phenomenon exists among them. The relationship between
Wautianma and Lvtianma is closest, next to Hongtianma, and farthest to Huangtianma. These differences of genetic information among
four forms of Tianma should be used for the selecting of new varieties.

Key words: Gastrodia elata BL; G. elata Bl. {. glauca S. Chow; G. elata BL. f. viridis Makino; G. elata Bl f. elata S. Chow; G. elata Bl. f.

flavida S. Chow; variant; simple sequence repeat; high-resolution melting; genetic diversity; genetic structure; relationship
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1 AL 5 SRR BRRE 5o ) DNA; Ze3fisigtle M2 BRI R TR R 2021-05
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B, EEAHEW . LRI GIYH TG
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ASHERGE M5 YHET HRM 2547
2.3 SSR-HRM HI& Nk RFNFERF

DABREL 40 475k DNA VEAAR, FiIFH g H
(1) 15 % SSR ki 514, TESEh 7t s PCR X it
47 PCR B4 ANS 0 HR A A AR I 2 43 i . PCR ROV iy
I3 R AR M 28 2 B TV KGRI [2 X HRM Analysis
PreMix (EvaGreen) ], &4 20 uL, 7 2XHRM
Analysis PreMix 10 pL, % DNA 1 pL, . TS
Y% 0.6 uL, K#7K 7.8 uL. PCR ¥ H8FEF: 94 CHi
AVE2 min, 94 CARME 10 s, EIBKIEE FIBK 20 s
(BB KIRENZ 2) , 72 CIEMH 305, TEH 40 7Kk,
HRM F25: 94 CAPE60s, PUEAHIZE 40 C, 1745
60s, F£ELL0.025 Cls HIEEEETHE 97 C.
24 BURGHS S

KRN T (073, 3o 8 5 g L id %,
e B O i o S A= O ) NP N 8
GenALEX 6.502 A 4e it B AR 1 225 (R Y 20 1l
H Powermarker 3.25 i HEH I ZEMEER

(polymorphism information content, PIC) . Z&fi
A% (number of alleles, N.) B RUEALHEFEH
(number of valid alleles, Ne) « WM Z& 5 B Cobserved
heterozygosity , Ho ) -~ B 7% & E (expected
heterozygosity, H.) - Shannon’s ZFEPEFEEL (Nei’s
genetic identity, /) Nei’s Z 455 (Nei’s diversity
index, Nei) %5. H Structure 2.3.4 B4 HrifARist
fR g, Fa gk ] A% 2| Structure Harvester 7E£8 T 2
(https://taylor0. Biology.Ucla. Edu/structure
Harvester/), fliit s E#F 4% FH Archimed Analyzer
V1.0 ¥AF 70 HRM %8, XX 40 4 R BRAHER]
RUBEAT o, JEHEATIRE .
3 ZERE55H
3.1 3|4y

N T 2RSS, AR PCR 4
1 5 BB UK T, AN 80 XS EI Mg 1
27 XTEMWEEST . 2BMEEERGIY: HAIX 27 X
IV 15 XA IEm . 28RS,
S YWO1. YWO02, YWO03. YW06. YW11. YW30,
YW31. YW40. YW41. YW43, YW47. YW54,
YW69. YW72. YW76. X 15 55IWH T J54E 40
1 RIFRAE i fF) SSR-HRM 40 (3£ 2)

®2 HELHE 15 M5ER

Table 2 Information of selected 15 pairs of primers

[Ec] FIE/EZR S S1s (5°-37) 1Bk i/ C
1 YWO01 F: TCCACTGTCAACAACTCAAGATGTT 55.0
R: GCTTATGCGCAATATGTATGCAGGT
2 YWO02 F: TTCACTGTCAACAACTCAAGATGTT 55.0
R: GCTTATGCGCAATATGTATGCAGGT
3 YWO03 F: CTACCTAGTCAAGGTGATCCACATG 54.0
R: GGATTTGGGTGATTATTGGGGAAAA
4 YWO06 F: TGTGCATAAATCAATTTATC 47.0
R: CAATGACAACAACAAAAGGA
5 YWI11 F: TCTGTTTGTTTGCTGTTGTGC 63.0
R: CACCCATACATACACTCATTTACACC
6 YW30 F: AGTGGAGAAGGTTCTACAAT 55.0
R: CATGTGTAAGCATTCTGCTG
7 YW31 F: TCATTTGACCTCTCCATTTATT 55.0
R: CTAACCCTAGTTTATAGTTTGG
8 YW40 F: CAACCAAGACAAGACTCATG 52.0
R: ACATTCTTCCCTGGATGTTC
9 YW41 F: GGCATTATCCTGTTATACTC 51.0
R: GGGCTTTCATTTGATCATGC
10 YW43 F: GTCATGCACATTCTTCCCTG 53.0
R: AGACTCATGTTGTTGATCCC
11 YW47 F: TCTTCCCGCACCTCTTCAAC 58.0
R: TTCAGAAGCATGGCACTGGG
12 YW54 F: AGTCCTGCCTTCAAGCCTTG 54.0
R: GAAGGATTCAAGCATGGGAG
13 YW69 F: CCCACTCATTTGCTTAGGTATCC 57.5
R: TGCATCTAGAGTGTTGTGCAATC
14 YW72 F: TGCCATTTCTTTCGAGCAGG 57.5
R: GTGAGGCGATCTTCACAGC
15 YW76 F: GTGATCTGCTAGCCTCAACC 57.0
R: GCTGAAGCTCTTGGTGTCG
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32 RMEBEAHRIIEE S
HTHIX 40 A RIRSARFEAN 545 Z R,

AWFFATHIE I 15 X5 VDX R BRFE AT 1
PCR ¥ 3, SZHURMBEILEEIR Ik KA, 43
PTiX 40 i RIRFEAIRIEAL 2R (R 3) o 85RO,
15 XFRIHR SSR GIMILE 40 f3 RIRFES:HREII 1 114
NGRS, PRSI NaoA 7.60 A, AR
a2 4~15 4. Hdr, 514 YW06 SEA7FE
iz (154 , ¥R BOIK/NA 248~346 bp.
15X SSREIVMKIZEMEESENZESFELESE
( polymorphism information content, PIC) {4

0.678 4~0.8819, “F¥{EN 0.7723, H =M PIC {EHN
YWO03 51#k5ic (0.8819) . AT SI4bRICHIZ &1
SRS RN PIC H AT 0.6, i H 13 XF SSR 514
PR PIC KT 0.7, BT mE2&rEAr s, Ui
B2 SR - Ne N 3.665 1~9.248 6, “T-¥{E A
5.349 1; H, 9 0.820 5~1.000 0, “F¥J1E N 0.9813;
H. 4 0.727 2~0.891 9, “F¥J{EH N 0.8019; N A
0.736 6~0.903 2, “FIfH )y 0.812 1. HH K4
FRURREfE Z T AR (NN 6.4286,
H. N 0.7890, 191.6829) b, AHFFTUIER 40
W RIRFEA L Z PR

#* 3 RMHEM 15 1 SSR LR HEE SHMESH

Table 3 Genetic diversity parameters of Gastrodiae Rhizoma samples by 15 SSR markers

BB S Na Ne I Ho He Nei PIC
YWO1 8 4.6377 1.695 0 1.000 0 0.784 4 0.794 3 0.752 6
YWO02 6 43011 1.5383 1.000 0 0.767 5 0.777 2 0.728 1
YWO03 14 9.248 6 23665 1.000 0 0.8919 0.903 2 0.8819
YWO06 15 6.859 9 22275 0.973 7 0.8542 0.865 6 0.8400
YWI11 7 5.633 8 1.816 0 1.000 0 0.8225 0.8329 0.798 3
YW30 9 6.425 7 1.962 1 1.000 0 0.844 4 0.855 1 0.8253
YW31 7 47833 1.649 8 1.000 0 0.790 9 0.8009 0.758 3
YW40 6 41237 15169 1.000 0 0.757 5 0.767 1 0.716 8
YW41 4 3.665 1 13425 0.820 5 0.727 2 0.736 6 0.678 4
YW43 4 3.8050 13615 0.9250 0.737 2 0.746 5 0.689 0
YW47 8 5.0955 1.7853 1.000 0 0.803 8 0.813 9 0.776 1
YW54 6 42440 1.5592 1.000 0 0.764 4 0.774 1 0.726 5
YW69 6 5.838 8 17774 1.000 0 0.828 7 0.839 5 0.804 7
YW72 8 57143 1.893 6 1.000 0 0.8250 0.835 4 0.803 3
YW76 6 5.860 8 1.780 0 1.000 0 0.829 4 0.8399 0.805 6
V18 7.6 5.349 1 1.751 4 0.9813 0.801 9 08121 0.772 3

33 ARXRMTEMIEL BT

T HEGX 4 BRI H B iEHE 2
FEME, KRBT A 17X 4 PR A& H 1)
BAEZREESE (K 4) « GRER, X 4 FK
JRAR R % s 2 REHEAN R, M BRI
LRRR SRR LLRMAT KRR, Hd, &R
FRBER AL 25T 1 Na=6.866 7. P13 N.=
5.3572. I=1.733 4 Fll H.=0.803 0 &2k, K
B RIRE A B = s 2 .
34 FRIXMRBRIBHAIRELEM D

TR AL S50 A n X PR BRI T IR, SR
2 B A E R T BHIX 4 R R AR 20 ()

R4 FRRHREERMEESHESH

Table 4  Genetic diversity parameters of different
Gastrodiae Rhizoma variants
KRR N Ne I He
BRI 68667 53572 17334 0.8030
SRR 55333 4.6442 1.5807  0.7754
ZLRME 5.5333 43893 1.5519 0.756 0
BRI 2.6000 2.464 8 0.884 1 0.566 7

PR IBAE SRR E AT O, AR ST 43 T IX 4 Fh
RIFKAETL SSR 43 Fhric 45 A1 SSR-HRM 43-#i7 £
AT T BRI AR S50 3T

341 T SSR S FHRCHIRFREERIE A& 2546 b



FEH 2023FE58 H£54% B 9W  Chinese Traditional and Herbal Drugs 2023 May Vol. 54 No. 9

* 2903 »

S FERIREPWN 75, R4 AK e T stE KA,
oMl AK Bl K BRRIRfetiZE (B 1) o 4 K=3
INF, AUSRME 5K, B 40 4 RIRFEA S 9 3 4H (1 2D
H, AHAE S SRR, 4 R, 3 MR
PR 2 473 B R 5 3 2L 1) 2 B A 32 TR A2 Y 2 I 4
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1—40-TM1—40  A-small number of sample with less gene exchange B-sample not found gene exchange C-small number of samples with gene exchange.

& 2 ZET SSRARICHY 40 D RSB AIREEN (K=3)

Fig. 2 Population genetic structure of 40 Tianma samples based on SSR markers (K=3)

3.4.2 T SSR-HRM K BREFAR B AL 454 50 Bt
Ht—20%% SSR 4> Fhric 5 HRM HiARME &, @it
S 586 5 B PCR WX 40 173 K BRAE i 1) 5 20
Vi 2R34T T 0. S5 REW, 514 YWO06.

YW40. YW43. YW72. YW76 L 5. LA
5191 YW76 ] SSR-HRM 4341 45 5L A1, 40 173 Kk
(1 151 7 He R s it h 2R 350 22 5 AR RSN,
XL RFRFE SN 4 NEEFEBA . 551 HEE NG
KR CELE 17 05 KRR 1 A4 KR , 265 2 &
BURZERIE CELE 10 SR RIRAN 143 55 KK 5 28
3T E RN RIRCELE 4 4320 R RAN 2 4515 KR,
84 HFEOREARM (B 3 MERK, 1 SR
JIRAT T 20 R o BRI S o R A M i R R
WHEAR (B 3-0) ; 4&625E (H 3-A) #
B 40 Uy RERFES G RIREE R (R 5) o X 4 411
ARZEAE R IBRFE S 43 7 TM10 (K JBR) « TM25 (4
RER) « TM36 (ZLKRHK) « TM40 (GERHR) - K
AT o A T 2 0 22 S PR SR e, T
N T ERERBAZ B ZES (B 3-B. D) o HRTl
YIS 45 5 551 YWT76 254, HImiix 40 43
RIRAT N 4 Ho BHIERTIL, X 4 PR RAR B ) B[R]

BAE, (HAAEANNEEFAZ RIS . SSR-HRM £
AR 53 Y 4 B 5 AN [F) R R AR B 1 R BURRAE — 30
35 FARIXMERZ BHFESE AN

NTHTIX 4 Bl R IRAR L 2 18] (SR 200
%, J8id Powermarker B, A Nei 1983 H %1t
AR RBRAR 2 BB e (R 6) o 453
HW, 5 R 2% R BRI A% B B il (0.080 5D,
S RIRPEAE B S e (0.4314) o DUSHEREE
HEEA, FIH Mega #fF, F NI EME 77X 4
KRB REE (B4 . GREW, SRk
SERIRZ BIISRZ R R BOE, H5H KR Z A5
KRR -
3.6 ET SSR-HRM HIER 4R

NT B HTIX 40 4 AS[E R BRAE B RE
Z R RGO, AR 15 X3 H
SSR-HRM 7 #4528, KM Goldstein HiETHE %
B it () (B AE BE 2, 9 FLA NDiREAT TR 20T
(B 5) o S53RERH, BRORMREHESL, HAh 3
PR RAZ & RO . 5 KR 5 5 28 KR
FEM R R R IRIE, SRS RIRZ,
5 RMRBEGE K R
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Fig. 3 SSR-HRM analysis of 40 Tianma samples with SSR markers YW76
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Table 5 Genotype group of 40 Gastrodiae Rhizoma samples with SSR marker YW76
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Table 6 Genetic distance among different Tianma forms
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Fig.5 Dendrogram of 40 Gastrodiae Rhizoma samples
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