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Analysis of Genetic Diversity and Evaluation of Heat Resistance of
Anoectochilus roburghii

LI Heping, ZHANG Shuhe, LIN Jiangbo, ZOU Hui, DAI Yimin"
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Abstract: Anoectochilus roburghii is a rare and endangered medicinal orchid with high economic value. High tempera-
ture is the primary limiting factor for its extensive production and cultivation. Breeding heat-resistant varieties is one of
the most economical and effective measures to resist heat damage caused by high temperature. In this study, we ana-
lyzed the genetic diversity of 24 A. roburghii germplasm resources by Start codon targeted polymorphism (SCoT) mo-
lecular markers, and evaluated the heat tolerance of 20 samples by multivariate statistical analysis. The results of genetic
diversity analysis showed that at the genetic coefficient was 0.602, A. roburghii germplasm could be divided into two
groups: I and II, Group I was divided into two subgroups A and B, Anoectochilus formosanus was classifiedd into Group
II alone. In subgroup A, except W from Yunnan, all the other resources were collected in the north and west of Fujian.
Subgroup B mainly came from Southern Fujian and Guangxi. The cluster diagram showed that the relatives of A. ro-
burghii from the same origin was close, and the presence or absence of reticulated veins was not the basis for the classi-
fication. Five physiological parameters were measured in the 20 samples. It was found that the chlorophyll content and
SOD activity decreased obviously after heat treatment, and the relative conductance increased obviously, while the
malondialdehyde and soluble protein contents of each resource were different after heat treatment. The preliminary
evaluation of heat resistance was conducted by the multivariate statistical analysis method, and the results showed that
four resources (TL, L1, A20, GZ1) were heat resistant, while five resources (TJ, HX, L, M, A21) were not.
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The letter codes in the figure represent different sources, detailed in Table 1.
1 AESRRE L% E R RE G

Fig. 1 Resource graphics of A. roburghii from different sources
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Tab. 1 Resource Information of Anoectochilus roburghii
¥ No. A% Code HKUR Source FAIEA Description
1 M linyiy 2oy Al FTAFGI K, R RSk, K TE 0.98
2 M R e AL L HaeL, ERmEg, K 1.03
3 A20 B TR AE DR A FRA HEL, W ERmGHIRL A, HAKIEH 1.22
4 A21 JE T TR R A R AT R A Hak, W ERESHIRAE, AR 1.34
5 B FREER AR 1 e, W ERELLPMHHEAE, i KIE 1.45
6 C (YIS A4k, ERmEan, HARKER 117
7 HX TR 7R [ 3SRl T FTAFGI K, R, A KSE L 1.34
8 0 TR AR AL T 2 Hadk, W ERmMELPEAG, HAKELL 116
9 TJ GG HErk, M ERmsE, HARKER 114
10 D fiayia eIl Bag, "t ERmMEL A, HKIEH 1.01
11 TL T ARGk, M ERESE, AR 1.07
12 TLI1 liyie~uy Aa, W EREEEG, KL 1.25
13 Y i S Bedk, W ERmRaa, HRKTEL 1.05
14 HJ TR R AR A BRA B BaL, " ERmMEL A, KL 1.25
15 K mE S n Fagk, " ERESE, KL 1.03
16 F IR gk, mERmsm, HrKIEl 1.03
17 H P HaL, /A, M ERmSE, HRAKIER 1.21
18 N taHEv> B 2 AeL, W EREGG, HAKIELL 1.14
19 w PRl Badk, W ERmRg G, HRKELL 1.61
20 G i} H4&4, LEmRaa, Rkl 1.26
21 L TR TR T4 Bk, W ERERAEA, AR 111
22 L1 TR AT AL JeAE Nk, i RRmESE, KTk 131
23 GZ1 i3 =RES TGk, M ERmSE, KT 1.05
24 GZ2 bikEip s AaL, W ERmgO, A RIELL 1.28
M 1 12 13 14 15 16 17 18 19 20 21 22 23 24

ERR e

3 4 5 6 7 8 910 11

M: 100 bp plus DNA ladder; 1~24 F% IR % 5 .
M: 100 bp plus DNA ladder; 1-24 by resource number.

B 2 2434 #1H SCoT-PCR # 1% 45 (5] # SCoT9)

Fig. 2 SCOT-PCR amplification results of 24 test materials (primer SCoT9)
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Tab. 2 Primer information used in this study
Frs GIEE S J75 (5'-3") MR EZ03i ke EZ0%
No. Primer Sequence(5'-3") Total bands Polymorphic bands Polymorphism rate/%
1 SCoT3 CAACAATGGCTACCACCG 7 5 71.43
2 SCoT5 CAACAATGGCTACCACGA 11 6 54.55
3 SCoT7 CAACAATGGCTACCACGG 10 6 60.00
4 SCoT9 CAACAATGGCTACCAGCA 16 9 56.25
5 SCoT12 ACGACATGGCGACCAACG 8 8 100.00
6 SCoT20 ACCATGGCTACCACCGCG 10 3 30.00
7 SCoT24 CACCATGGCTACCACCAT 6 4 66.67
8 SCoT25 ACCATGGCTACCACCGGG 10 5 50.00
9 SCoT28 CCATGGCTACCACCGCCA 8 5 62.50
10 SCoT33 CCATGGCTACCACCGCAG 8 5 62.50
11 SCoT34 ACCATGGCTACCACCGCA 9 6 66.67
12 SCoT39 ACGACATGGCGACCAGCG 11 8 72.73
Ml
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3 24 &EMIKMEIE SCoT HREREE
Fig.3 SCoT marker clustering diagram of 24 A. roburghii
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Tab. 3 The results of each index determination of A. chinensis

_ o . Al v I =Y
HikE REE S Rt SOD ¥tk o RERITE
Chl/(mg-g”") REC/% MDA content/(umol-g')  SOD activity/(U-g™) o e/(li;;:f})con et
h b A ahr Asfes b AR i3 B SIS Vi3 el R4
Vari- CK  Treat- Rateof- CK Treat- Rateof- CK Treat- Rateof- CK Treat- Rateof- CK  Treat- Rate of-
ety ment change/% ment change/% ment change/% ment change/% ment  change

A20 197 174 -11.55 17.80 37.26 109.40 10.15 10.15 0.01 221.81 68.53 —69.11 1.18 1.46 22.98

A21 1.63 1.13 -3049 2032 26.50 30.42 8.05 7.10 —-11.78 170.12 77.30 -54.56 1.04 035 —66.46
F 234 2.03 -13.12 16.67 35.64 113.81 7.74 6.81 -12.08 180.02 8535 -52.59 1.39 1.44 3.39
K 2.71 2.58 —4.81 18.32  29.02 58.35 9.57 841 -12.15 122.82 110.48 -10.05 1.60 1.65 3.19
M 2.60 2.28 -12.27 19.17 3446 79.75 9.97 6.76 -32.13 119.52 8842 -26.02 1.62  0.72 —55.53
N 242 224 -7.29  20.33 21.08 3.67 10.02 8.80 -12.23 154.35 113.02 -26.78 1.88 1.86 -1.23
C 1.65 1.63 -1.29 9.32 2352 15248 2229 2697 2099 122.11 61.11 -49.96 226 223 —-1.47
G 2.44 241 -1.38 893 20.13 12533 21.46 22.52 491 18496 103.61 —43.98 1.83 1.83 0.22
H 2.62 153 -41.67 1090 1552 4238 26.66 30.14 13.03 148.47 5556 —62.58 242 270 11.41

M1 232 229 -1.36 10.89 5851 437.15 1929 18.60 -3.58 167.25 101.94 -39.05 2.39 1.50 -37.31

w 2.17 1.72  -20.63 10.26 29.08 183.39 17.99 21.83 2134 15943 55.09 -65.44 1.71 1.80 5.42
HJ 1.84 155 -15.62 12.65 12.69 0.34  18.31 20.77 13.45 176.68 109.69 -37.92 2.06 2.05 -0.77
HX 0.01 0.01 -49.81 12.75 16.43  28.86 3.74 373 -0.17 15091 123.28 -18.31 1.74 1.46 —-16.04
L 3.15 190 -39.58 9.54 11.11 16.38 14.13 18.77 32.84 101.49 61.55 -39.35 2.60 2.03 —22.11

L1 223 2.13 —4.88 9.54 12.14 27.15 2851 2650 -7.05 128.05 56.15 -56.15 2.60 297 13.95
Y 142 120 -1542 12.04 29.11 141.69 1155 13.22 14.45 99.77 51.25 —48.63 2.45 1.83
TL  2.53 2.29 -9.60 6.20 7.68 23.82 20.83 22.04 5.79 67.03 40.03 —40.27 1.05 1.95 85.96
GZ1 2.89 2.12

-25.29

-26.58  23.42 2457 491 2524 2257 -10.56 152.08 9.06 -94.04 2.06 246 19.08

GZ2 248 1.75 -29.68 18.75 25.52 36.14 22.61 18.86 -16.59 155.67 64.86 —58.33 2.07 1.68 -18.54
TJ 1.97 1.13 -42.62 10.12 30.03 196.64  20.98 20.29 —-3.27 204.48 16730 -18.18 1.14  0.58 —49.34
x4 BEGEGHRBRIEKE
Tab. 4 Coefficient and contribution rate of each comprehensive index
LERTEIR R E . ) - ; Al v fra R TR

SRRREM g g momal sopintr  RRITER g RRULE
omposite index Chl REC MDA content SOD activity oluble protein Contribution rate umuiative
coefficient content contribution rate
CI1 0.121 0.342 -0.569 -0.634 0.851 0.316 0.316
CI2 0.882 —-0.673 0.042 0.015 0.185 0.253 0.569
CI3 0.358 0.585 0.707 0.090 0.254 0.209 0.778

% RMEKIEB N D TR, Ak
20 MM B R 3 328 TL.L1.A20,
GZ1 J 125, DIEKRT 0.6, BIHHEA,; F, K,
N. C. G. H. W, HJ, GZ2, M1, Y EN Tk,
D KT 0.4 /NF 0.6, B EEMHER,; HA s
M ELEMT D E/NT 0.4, JEAHFASEA,

3 it
AL 12 25 SCoT Bl 24 1)y 4 483
SR PR 70 2R B RO 2 3 AT, AR PRSI (]

Y

UPGMA RE4GHr, KB, | VA= ilcsE
1) 5 5 A AR Ml b B 2 S I AR S, (R BL T R [R] Hl
XA 5 15 22 53 5 s PG B A A G e RN, T B
T 4 26 5 ) N AR 1Y 4 2 S W U B A B B AR
WG, BEREAERSNZ . FIUT . e T
SERFRE B R . TV e 4 2 A T TR IR
FRG KRR, AEELES ENSLERE
B A S . IbAl, ERIRRE oL 2R 4 4855
FRNLS . HRER G LRIERR N, FBai % %
A 2R 5 TOLR 4 2R P T AE S8 S BRAR o B O AT
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Tab. 5 Comprehensive index values and comprehensive evaluation of various categories

=] i = AN 13
Vuaﬁiy ci L2 ci3 uxl ux2 uxs DI-Dvﬁle Compreli:n;i 1:E/aluation
A20 55.2 73.3 164.3 0.703 0.770 0.450 0.657 it

A21 -30.1 21.3 162.5 0.197 0.106 0.424 0.228 NE

F 19.7 69.8 169.4 0.493 0.725 0.525 0.577 H TR A
K -0.9 66.7 185.8 0.370 0.686 0.765 0.579 r R i A
M —63.3 55.5 186.1 0.000 0.543 0.770 0.384 NI
N 17.0 41.0 201.8 0.477 0.358 1.000 0.579 r 2 TR A
C 30.6 82.9 146.5 0.557 0.893 0.189 0.567 F 2 T R
G 22.6 80.5 159.2 0.510 0.862 0.375 0.588 H B TR A
H 51.8 29.1 156.2 0.683 0.206 0.331 0.433 B TR A
Mi -26.0 91.3 140.9 0.221 1.000 0.107 0.444 TR i A
w 42.6 69.7 137.2 0.628 0.724 0.053 0.505 r 2 T A
HJ 39.2 30.3 181.6 0.608 0.221 0.704 0.508 r 2 T A
HX 4.7 13.0 162.9 0.348 0.000 0.430 0.257 PN

L 21.7 13.9 150.4 0.504 0.011 0.246 0.274 NE
L1 46.4 57.2 189.0 0.651 0.564 0.812 0.666 T 4

Y 5.7 65.0 139.9 0.409 0.664 0.092 0.407 r R i A
TL 105.2 64.6 199.1 1.000 0.659 0.960 0.878 Tt #4
GZ1 75.4 27.4 191.9 0.823 0.184 0.855 0.624 Tt #4
GZ2 8.3 33.3 177.3 0.425 0.259 0.641 0.429 F 2 T R
TJ —49.1 42.9 133.6 0.084 0.382 0.000 0.158 NE
R 0.406 0.325 0.269

TE—2tE, A S R, i )
Wit RAPD /3 THRICA M B AR K ES,
W B ST s F . AWFIE s, HLMIL KA S
35 S 5 R[] of Y5 b 11 AN ) PR SRS AE AL AR R
v, P LS O & LS AR AL,
SRS, SRS I 45 R — 2
FEE Y A K R B I E AR T,
R R A IR AR KRR, s e
P28 O VAN VA o <o i la o e o | e F o 1 i ok )
e e, MUBRBMEAREAARE G, H 25
TS o Rl SRR R G T S AT O L %
SEFPEGIAZE, Al ROk Ak 7 AR AR A S A b
Bkt kel BET, T EFE 4458 A A 5w &
PEMMARE T 18 AR RS SE —, B2 HRErE . %
FE FE AR I B B PR T 06 R DA 0 G, HiT AR
T NN AN AR A U T
A= AL A RE XA A T P A T HE AR PR A, N4
RIEMAE S et T S H 4R, TR IR
B2 S, ShEERKZEE . TSR, BE
SRR R R A RERTAE . Ik, AHES

WA BEAIL A B XTI AR EAT PR, R 2g
Ko, M SR N TEES R SOD {hfk A
AT S i S MR B AR AR, Sl O
IR ARSI AL 3 LR G TR, Ry
1300 B LAt b M RSO SR 8 s AOE TR 285 PN
D fE, #KHs D (eI TR =5t BE 7 A58 55, A Fp
Ve T 4 Oy SRR RE . AT A g 2 o
TR TR HEA T B AL PP, 0 26 ) AT A 0 D T
MG LIERME T RIS %
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