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Abstract: [Objective] The objective is to study the genetic diversity and genetic relationship among
introduced, crossbred and wild samples of Anoectochilus roxburghii in Zhejiang and Fujian Provinces, so as to

provide a scientific reference for the identification of germplasm resources of 4. roxburghii and the breeding of
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new cultivars (lines). [Method] 48 samples of 4. roxburghii fresh leaves were used as materials, and 11 pairs
of primers with good polymorphism and clear amplification bands were selected by ISSR and SRAP,
respectively. After agarose gel electrophoresis imaging, the number of amplified bands was counted, and
UPGMA clustering analysis was performed using NTSYS-PC 2.1 and POPGENE 32 software. [Result] A total
of 86 bands were amplified by ISSR, including 84 polymorphic bands (Ppg = 97.67%). A total of 88 bands and
86 polymorphic bands were amplified by SRAP, and the Ppg was 97.73%. Both ISSR and SRAP markers
showed high polymorphism. The genetic distance and genetic consistency between different samples indicated
that the germplasm of A. roxburghii in Zhejiang and Fujian was seriously mixed, while the genetic diversity in
Fujian was higher. In addition, the UPGMA clustering results based on ISSR+SRAP markers showed that the
48 samples from different provenances could be divided into 4 major groups according to the distance of their
genetic relationship. The classification of clusters was affected by certain regions, but the cultivars in each
region were mixed in the 4 categories. [Conclusion] The genetic diversity of 4. roxburghii is relatively high at
the species level, and genetic exchanges among regions and cultivars are frequent. The genetic diversity of A.
roxburghii in Zhejiang and Fujian can be revealed at the molecular level by ISSR and SRAP molecular markers,
and the analysis results of ISSR and SRAP markers combined are better than those of single molecular markers.
[Ch, 4 fig. 3 tab. 24 ref.]
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G ERFE Anoectochilus roxburghii N % B} Orchidaceae JFJ5 22 J& Anoectochilus Z4F - WARKY), B4 4
LA 2%, FEOMTETEMEE . WL, cEMaESEmIX . SEERSTAHERE. 2L &
YIRS, HZGHAME H 259 AL, T & 4GEXT AR KRB ER ™%, LW A SR R A
SR ELECWIGK L, R B R A LT IR A PRI o A BT B RIS Tl st A% 2 REPEITAN 2 42 2k
SE PRI R FERE RS TAE . 43 FHric vl LLFE DNA KF IR YRR AE A8 5, JE—Mia e il 55 /Y15
&4 Mr kP, T B EE 2 P 8 (8] 3 3 22 254 (inter-simple sequence repeat, ISSR) FlF 5 A P 14 2 854
(sequence-related amplified polymorphism, SRAP) £ Z4F X AEFE TP HN AT 3G, XTI 47515 S
B Z Mo AW, BET, 4390 F H ISSR. SRAP 45 Hi— 73 F-FR 10 X} 4 48 3% jit 15 22 FE 1 109 1F
WME WG T —E i, (R FhRiCRoR &R Z B RS . SIY R 22 . B
WAEPRIC EWITH A FR R, ANREE SN A mE 2R, MEiGiz HEMorFirid, femk
BEMRARE SR, BT, 454 ISSR 5 SRAP 3 FHric £ R © 248 0 H T 38 faf Mentha
haplocalyx""* . ¥ Nicotiana tabacum" ™" | A3 Allium tuberosum "™, ¥eF Gardenia jasminoides "' “EHff
o AWK ISSR 5 SRAP AHZS & (1 7 6T T SR SF b 5 | Bl . 2258 5 BF 26 1 A 2 S A it R A 7
5, R BLIEARR SRR RIS L ok, A SR IER IR R R R 2%
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1.1 ##
48 1 & LR BT AR TR LR 1.
1.2 A&

12.1 A B4 DNA #9325 4m 2 DNA $2 B0 & Ul D] 1552 iU 4311 DNA, 1539 DNA H]
50 pL AZEIK (ddH,0) . DL ddH,0 JRxf I, i FH G 3 O EETHAG TN DNA VA 0k B2 DA S S E
122 4%£% ISSR 314 ff ik BAE M SRATAME LI KA A B4 9 £ 100 4~ ISSR FH 5 #)F 41, ik
SUERLEYIRA IR A B A, 3 AT 4RI DNA X 100 4™ ISSR I 7k, ROV AR 2 SR
320 uL, H: 2xTag Plus MasterMix 10 pL. ddH,O 8 uL. ISSR 514 1 uL. DNA #fi## 1 pL, PCR ¥"
WATRFE 98 °C TUAEYE 30 53 94 °C AEHE 105, K CRFEIGIWLE KIREARR) 155, 72 °C LEM 155, FEFF
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Table 1 Tested samples of A. roxburghii

o) i ks | A FEdh KW || S B b
1 fH 15 WL M 17 R AZEGHEE R AEAEAEN || 33 AR R SRR TR
2 @25 LR 18 LT EEAE SR EEIT | 34 e TT R SR HREEE ]
3 SRS WA | 19 I SR wmaEM | 35 N TR ]
4 KR fAET | 20 TR S 2 o wrmEM | 36 pNZE HREE ]
5 {145 5D WILRMN | 21 RN GRS HERM || 37 AN TRAE ]
6 B (LB raE RN 22 P o Fizye | 38 @15 WL N
7 A K A fREEM | 23 P Red Z=MEY || 39 Nl 3 FAE =
8 DL AL BisEgE | 24 7 oL AT || 40 PRITTEMEL WG
9 B e%H BEEME || 25 IS LAl M | 41 EHESEETEMN  EEE]

10 JLU(G) mHE= | 26 IR AR S e B A M | 42 /N =
11 TR A WHAEM || 27 QAR S s e o AR || 43 BRI 52 RNy =Y
12 KIH(H) = | 28 P s £ =W | 44 R AZCEFR  AEEREMN
13 A o B R o fmd=m | 29 B A o B o fmdE=m | 45 Rt TR AR
14 MR () wLEM | 30 T A AR R tWEET | 46 PN FAREES T =]
15 MTFUIRAMTCE.  WLaR | 31 FE /N AT || 47 RMAFSIGERA  AREEM
16 W G R PN 7 32 LA o WL et | 48 B AL M=

350 I 72 C IR 1 min, 4 °C R, XY Bie e e vk R I, Pkt 2L . P45
HETEMT S %) 48 /1> DNA FE i 79 1

123 A% % SRAP 7|1 # ik A tem 28 FERRIOL 259 it I FEd 57 SRAP dRic ik &, it
TERVEYIBHEARA G, B 14 5 BIET Y (Mel~Mel4) #1117 5 T 5514 (Em1~Em17), b
e o1 Wy T FEALLH AR 238 X SRAP S 404 o #1241 B #E LAY DNA Xt 238 %} SRAP 5| ¥y 40 & #4710
P, PCRKZR LY WEREFE Lo BPhie i i 28T . U3 20 TE A0 5 | 05T 48 /1~ DNA Bl 141
124 HAELTZ S5 XF PCR 1= Pyl ki R AT N sy, X934 47 (1) 50 (0) #1748
i, JERL “0, 17 BcPRsERE, 22 3453) ISSR. SRAP K Wi 25 & 0%dE . FIFH Excel Ziit44 v 5149
B RY HAEL. 2RO 2800 5 H 0% (Peg)o 11 POPGENE 32.0 {4 1153 45 47 i PR 4K
(N ARG PIE (V). Nei’s FE ZHEMEAEEL (H) . Shannon’s ZAMEE BAEL (D). BN 2R
PE(H) . FRBENIEH ZREM: (7). S 28 (G =1-HyH) RSP (V,,) L ZRErER 250, I
THE A [ b Y58 0] 14 38 4% 1 B A s A% — B50% , ] OmicStudio T EL Xt it A4 1 85 WE 4T T AR BRI BT (PCoA),
fifi FH NTSYS-PC 2.1 FRAEX T R A 1 4 ZETERE i AT RIS W T el HE AL - 411 (UPGMA) FEAR A

2 HERESN

2.1 SI¥FERYT AN

21.1 ISSREI My pia R Ly 3 % &M Zid 2 Wik, LR 11 FFEBEMEENIY (& 2).
114651 ALy 1 86 2k 2k, Hh Z B M & 84 55, Ppg FHMEN 97.67%, 39 4 44 B
7824, PR ZEBEFWECN 7.64 1>, V1 55 EUR 2 151 ))& UBC880 (13 4%), HIKJ& UBC861
(12 5%), V¥ B/ D2 UBC810 (4 5%). Ppg M 83.33%~100%, H:H, UBC807. UBC810, UBCS826,
UBCS834, UBC841, UBC842, UBCS865, UBC68 Fll UBC861 1) Ppp M 100%, 438 Ak i i 2 4854k,
d BT W) 81.82%; UBCS856 K Ppg f ik, M 83.33%.

2.1.2 SRAP |4ty kit R ¥ 38 % &M 200 2 RIfisE, AT 11 XA BCRIE S 1 W4LE (3% 3).
X5 Ly 1 i 88 2k 2y, Hh 2B MW A 86 2%, Ppg FHIME N 97.73%, FI9 48 4k e
84, FHZEBMLATEN 7.82 4 VS B2 5 WA G Mel 1-Emd (12 4%); HUOZRA A Med-
Eml13, Me2-Eml4 fil Mel3-Em10, #3419 &5 ; VA& H /D E Mel3-Emle G, Ryt
6 5 5c7 o Ppg N 88.89%~100%, H:H, Mell-Em4, Me8-Em7. Mel3-Em7, Mel3-Em16., Me4-Eml4,
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F2 ISSREIMEBRYTEER ®3 SRAPIIMEERIIBER
Table 2 ISSR primer information and amplification results Table 3 SRAP primer information and amplification results
4B ISSREY Fe5l %}“i%"%% %?&:& Ponf% HE SRAPE|Y) NALEIL/ At ek %}”iﬁﬁﬁi% %75% ol
(5'—3") W KR (5'=3)  (5-3) AW AR
1 UBCR807 (AG)T 6 6 100 1 Mell-Em4 BACG DTGA 12 12 100
2 UBCS810 (GA)T 4 4 100 2  Me8-Em7 BTGC  DCAA 7 7 100
3 UBCS826 (AC)C 6 6 100 3 Mel3-Em7 BAAC DCAA 8 8 100
4 UBCR834 (AG)RYT 8 8 100 4 Me4-Em13 BACC  DCTA 9 8 88.89
5 UBC841 (GA)YC 10 10 100 5 Mel3-Eml6 BAAC  DGAT 6 6 100
6 UBC842 (GARYG 8 8 100 6 Me2-Eml4 BAGC  DCTC 9 8 88.89
7 UBC856 (AC)KYA 6 5 83.33 7 Me4-Eml4 BACC  DCTC 7 7 100
8 UBC865 (CCG)y 6 6 100 8 Me5-Emll  BAAG  DCAC 7 7 100
9 UBCR868 (GAA) 7 7 100 9 Mel3-Em10 BAAC DCAG 9 9 100
10 UBC8380 (GGAGA); 13 12 92.30 10 Mel4-Em14 BTCC DCTC 7 7 100
11 UBC861 (ACC), 12 12 100 11 Me3-Em2 BAAT  DTGC 7 7 100
iy 7.82 764 97.67 T 8 7.82 97.73
At 86 84 ait 88 86
Bil: Y=(C, T); P WA H 4R il : BE=TGAGTCCAAACCGG; D=GACTGCGTACGAAT

T; Py NEBNEADFR

Me5-Eml11, Mel3-Em10, Mel4-Em14 Fil Me3-Em2 41 & 1) Ppg N 100%, ¥JRIHEWELZEME, &
5111 81.82%; Me4-Em13 Hl Me2-Em14 20511 Ppp e, N 88.89%.
22 BEBEEMBEE-HESH

ISSR 5% ih st A% —BUE R 0.4767~0.9070, AL E A 0.0976~0.7408, Horf, (e —30% i A0
15525 355175, 455175, 4509070, ENIRBEERR/N, B4 00976, BiHHE
GRARE; wfE—SERKNET7 55225, H04767, HBHEHERK, 707408, BLHH RS
KRB, £ SRAP WFF it f& — B 0.4659~
0.9545, HWIEHEESH 0.0465-0.7638, Hrf, mifeps R4 SLEFREENEE-BESEEER

% Ei /J\ E(J H 36 2 5 37 & N ’fqzh EE%— = j(é/‘] =10 1 Table 4 Genetic agreement and genetic distance among A. roxburghii
populations

|:| _‘/_‘\ S N ‘E,:E' . — — —
9399 L4 ISSR M SRAP AR S . Bt —8 e v i me am on om
JE A 0.5115~0.8793, 5t % 5 Bk 0.1286~0.6704,

T 0.9577 0.8842 0.8416 0.7285
Ho, el RN YR 34 515 375, e E TR 0.0433 0.8916 0.7792 0.7336
BRI 10 55 39 5. ISSR AT 0.1231 0.1148 0.7310 0.6552
Wt 48 ) B i i BE 7= Sk UR 43 A S AN BEIR (i L 0.1724 0.2495 03133 0.5814
L. . 8. LM =am), FlH POPGENE ZH 03168 03098 04228 0.5423
32 BRAEXHR A R A e — SO AT, 2 Wi 0.9853 0.9480 0.7960 0.8351
Wk 4 PR o fE A OmicStudio T. 5L ISSR+SRAP R 00148 0.9531 0.7880 0.8233
RIPRICES R T PCoA s, Z5IRANIA 1 Fios: SRAP B 0.0534 0.0480 0.7796 0.7978
TARAGBE G 1L A D) M= (14 B, TP 02282 0.2383 02490 0.6250
BHEBAD, BOMET. 456K 4 5B 1AM 3 ZW 01802 0.1945 02259 0.4700
LA SR SRR TR AR Wi 09712 0.9160 0.8187 0.7818
23 B EHEDT A 00292 0.9229 0.7835 0.7798
ST T UL AR AR AR A, SRR S T ISSR+SRAP &% 0.0878 0.0802 0.7555 0.7270
7N: ISSR AT R, 43 DRMEFEYIFKF- L, N, R T 02000 0.2439 0.2804 0.6034
1.9651, N_°A 1.4403, HR 02727, 1R 0.4247, ZF 02462 02487 0.3188 0.5051
Ppg H 96.51%; TERHAAKE |, N, H1.7093~1.9302, Uil XML IR Nei's BHEHERY, XML EJ7 0 Nei's

N, H1.3409~1.4325, H 90.2075~0.2668,, 1 40.3207~ R
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0.4147, Ppg M 70.93%~93.02%, AHXF T H1Hh K10 04 P oaTs

a5, BRI AL 2K B, SRAP 45 R 5 P=0.001 -

ISSR 45 ALl 454 ISSR 15 SRAPHIRTHR AMHT:  _ oa | we ee

43 MAEIERIFOKE- |, N, 9 1.9713, N, 13797, 2 /e :. o

Hj 02429, 1 03873, Ppg M 97.13%; FERFIK § ol ("'.: e \

KF b, N, 1.7816~1.9425, FHI{H Y 186215 3 L e &® e/ |

N, 4 1.3578~1.3607, “F¥H M1.3593; H K 0.2239~ = " ‘0°.' '0/
0.2288, “F-I#{H K 0.2264; I/ 0.3488~0.3664, - 02r @ \

PIE N 035765 Ppg N 78.16%~94.25%, -1t N - ra—

86.21%, A JERE { ) 1) 3 5 2 BEHEK P IEAG . I P e

i, M ISSR., SRAP M ZE AR A R HKFE, N,
No. H. I Ppg H3EEA I RARES RTWITA, i
WIS 1 LR R T 2T

WL (@ e (@ &7 @V (@ &
474 ISSR #» SRAP #RiTEL#E#) PCoA H5H7
Figure 1 PCoA analysis of ISSR and SRAP markers data
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Table 5 Genetic diversity parameters of A. roxburghii

IR o %Tﬁ% ﬁiﬂl’%ﬁ Nei’sHH ZHE Shailnon’s%?éﬁ‘fﬂi EZ N vayE]
B (V) R W) TSR (H) (=8¢ q0)] 535 (Ppp)/%
WL 1.709 3 1.340 9 0.207 5 0.3207 70.93
bioha 1.9302 14325 0.266 8 0.4147 93.02
ISSR HEARKE 1.8198 13867 02372 0.367 7 81.98
YrkhoKF 1.965 1 1.440 3 02727 0.424 7 96.51
WL 1.8523 1.380 0 0.2399 0.376 3 85.23
&% 1.954 5 1.284 8 0.191 6 0.319 1 95.45
SRAP REAKT 1.903 4 13324 02158 0.3477 90.34
YK 1.9773 13206 02138 0.350 8 97.73
WL 17816 1360 7 02239 0.348 8 78.16
ISSRASRAP e 1.9425 13578 0.228 8 0.366 4 94.25
HEAIKF 1.862 1 13593 0.226 4 0.3576 86.21
YK 1.9713 13797 0.2429 0.3873 97.13

2.4 UPGMA BE4N#r
24.1

T ISSR ARt ey R %

FHIE 2 BT 0L . 48 3 4 26 SEAE 5 BB A AU R R 0.62~0.91, 2R IE K

0.29. TEBEHIMLRECH 0.67 &b, 48 Iy &LRIERES BRI/ 3 28 76 T 28 b M B R [R) ) 322345 Wi i
WA 1, 20 5, 38 S LA KAREMMAY 17, 25, 26, 27, 44, 455, WiHbIA] Rk & RAMT R 5 1M
I 285 M H R i B S U A R 55 ko3, TE I AR AIE .

242 AT SRAPAREa R E K 3R 48 SRR B A M LIPE RN 0.62~0.95, AR A
033, TEBAZMHBIRECH 0.654b, 48 (3 G LEME MBI/ 225, 121, 5. 38 S ¥k AW
M, ELEFARRL, SORA—Z; WrE M2, AR LU SR 2 /NS, 3t 245 Mo f B 4 AR L
Jir R g S, 5 ISSR ARicAH L, SRAP fRic BEXER] 4020

243 JK T ISSR+SRAP Azt ik K 4 Won: 48 (34 4RERE S R LRI R ECH 0.64~0.88, AR A
0.24. TEBEHIMIRECH 0.68 &b, 48 I &LRIERE BRI/ 4 25, T 28rh M BR A7 B AH [R] 1) = 25 Wil il
ME 1, 20 5. 38 S LIRAE RN 8. 95, Wb ] GEMAAHE SRl T 28rp FZM 0k A AR M
FIRESL, (035 17, 25, 26, 27, 44, 455 M2 HbPRAEAR R 0 B 2A el T 4. 18, 24, 31,
33, 34, 36, 37 SLAMARA =M 12, 13, 22, 28, 29, 485, WiMufal AR E SR REMER K. 2 Fb
S FAMCES A T SRR SR RO R L RIS, 0T A b (A 30 b A7 8 XS SR % O R I R



5540 B 1 WA A ISSR 5 SRAP 43 FHRic s Wi G 4R B SR8 4 e 1 27
1 1
| By N— L — ks
i o ]
: # L L ——— %
| 37 | 4
38 24
| b | %
| 35 | 37
| % | i
| %7 ' 13
I i3 ' 13
| i | L
41 | 20

' 38 il

|

| 23 25
[ 30 ' i
I It | i
| ? | ?
| 2 ' 8
43 | 31

| [ 33
| 3 ' el
| 3 | i
| it | i
| i | i 4
I i 1 ' — bt
i | %

I 23 | 7
| 2 | 9
5 | i
12 L 1 1 1 1 1 39

0.62 0.69 0.76 0.83 091 0.62 0.70 0.79 0.87 0.95

B R 3L AL R
B 2 ISSR #7265 UPGMA #HiK B K 3 SRAP #7i2#) UPGMA #k B
Figure 2 ISSR cluster map Figure 3 SRAP cluster map

3 W54 |

AHFFEH) FH ISSR 5 SRAP X 48 153 AS 7] 3K 6 45
LRTERE SR AT AL R T, RO REIRAS 11 &
ISSR5| ¥, ¥4 86 4 %k, Hp &M &
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FE, SRR RIS 4 2R AR BF AN KT 0 BRI 2, N2 A B 1) B W A A P A AR K
FIEN R I A R R s A ZAEYEZ B A S IR R AYSE IR, T DA B 2 b ) A IS I DA A 4 R
YR 2R
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