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Abstract: [ Objective] This study aimed to analyze the phylogenetic relationship between native Paphiopedilum germ-
plasms in China, clarify genetic distances and coefficients of genetic similarity, providing theoretical basis for formula-
ting strategies of sustainable conservation of Paphiopedilum resources. [Method] Using 31 Paphiopedilum germplasms
from China and two exotic Paphiopedilum germplasms conserved ex sifu as the core experimental materials, and one
Phragmipedium germplasm as the outgroup, iPBS and ISSR primers were selected to amplify the genomic DNA of the 34
germplasms. A binary raw data matrix was generated by manually scoring the amplification electrophoretograms, and mul-
tidimensional scaling analysis was performed using NTSYS-pc 2.1, with genetic diversity indexes calculated using
PopGen 1.32. [Result] The combined iPBS and ISSR molecular marker-assisted phylogenetic analysis results revealed that
when the coefficient of genetic similarity was 0.37, 33 Paphiopedilum germplasms were divided into five groups (I-V).
The Group I, Group II, Group III, and Group IV were corresponded to subg. Parvisepalum, subg. Brachypetalum, subg.
Paphiopedilum sect. Paphiopedilum, subg. Paphiopedilum sect. Barbata in classical taxonomy, and Group V was a
collection of subg. Paphiopedilum sect. Pardalopetalum and subg. Paphiopedilum sect. Cochlopetalum. The genetic diver-
sity at species level of Paphiopedilum germplasms [iPBS molecular marker: effective number of alleles (Ne) was
1.5969, expected heterozygosity (He) was 0.3492, Shannon diversity information index (/) was 0.5210; ISSR molecu-
lar marker: Ne was 1.5515, He was 0.3340, and / was 0.5068 ] was obviously higher than that at group level (iPBS
molecular marker: Ne was 1.4274, He was 0.2730, and / was 0.4292; ISSR molecular marker: Ne was 1.3733, He was
0.2492, and I was 0.4027). This revealed that Paphiopedilum plants showed marked genetic differentiation at species
level, forming multiple distinct genetic groups, as subg. Parvisepalum, subg. Paphiopedilum sect. Paphiopedilum, and
subg. Paphiopedilum sect. Barbata exhibiting the top three genetic diversity among groups. Genetic differentiation was
found between groups of Paphiopedilum, but the overall genetic similarity remained high. Analysis results based on iPBS
molecular markers showed that subg. Paphiopedilum sect. Paphiopedilum and subg. Paphiopedilum sect. Barbata shared
the closest relationship, while subg. Brachypetalum and subg. Paphiopedilum sect. Barbata shared the farthest relation-
ship; analysis results based on ISSR molecular markers showed that the collection of Paphiopedilum sect. Pardalopetalum
and subg. Paphiopedilum sect. Cochlopetalum had the closest relationship with subg. Paphiopedilum sect. Barbata, while
subg. Parvisepalum and subg. Brachypetalum shared the farthest relationship. [ Conclusion ] Paphiopedilum germplasms in
China are primarily distributed across five groups: subg. Parvisepalum, subg. Brachypetalum, subg. Paphiopedilum sect.
Paphiopedilum, subg. Paphiopedilum sect. Barbata, and subg. Paphiopedilum sect. Pardalopetalum, among which the
three groups (subg. Parvisepalum, subg. Paphiopedilum sect. Paphiopedilum, and subg. Paphiopedilum sect. Barbata )
show high genetic diversity level. Obvious genetic differentiation is found between Paphiopedilum groups, implying that
the groups have undergone long-term genetic isolation or possess distinct regional adaptations.

Key words: Paphiopedilum; phylogeny; genetic diversity; iPBS molecular marker; ISSR molecular marker
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1RSI G > 2: TRFEYE > 3. At 4. PEIRSL 5:54E5L > 6: AR
Paphiopedilum Paphiopedilum jackii Paphiopedilum  Paphiopedilum delenatii ~ Paphiopedilum x Paphiopedilum
malipoense micranthum fanaticm armeniacum

7: RS 8: ALy 9: F YR 10: [l fa 5022 1130115822 1245 gE 22
Paphiopedilum Paphiopedilum Paphiopedilum Paphiopedilum Paphiopedilum Paphiopedilum
emersonii hangianum bellatulum concolor wenshanense hirsutissimum

134Ty 14 /N2 15 Bk rg/NB 150 24 16 {502 17: RAg5e=2

Paphiopedilum Paphiopedilum Paphiopedilum barbigerum Paphiopedilum Paphiopedilum
charlesworthii barbigerum var. coccineum helenae tranlienianum

18 A 5122 19: 4919822 20: KB 21 TR 22 ARG 23 it
Paphiopedilum Paphiopedilum Paphiopedilum Paphiopedilum villosum  Paphiopedilum villosum Paphiopedilum
henryanum grarixianum villosum var. annames var. boxallii spicerianum

24 IR TGRS 25 FEREYE 26 G 27 JERRSE 2 28: Y% 29 gt

Paphiopedilum Paphiopedilum Paphiopedilum Paphiopedilum Paphiopedilum Paphiopedilum
lushuiense trgrinum appletonianum callosum venustum wardii

30: 5L 31 R 32: RG> 33: T 34 SEPHNGE
Paphiopedilum Paphiopedilum Paphiopedilum Paphiopedilum Phragmipedium
purpuratum dianthum liemianum canhii schlimii

1 34 =R TERRE
Fig. 1 Flower phenotypes of 34 tested orchid germplasms
T2 T Y P R 0 2 5

The number preceding the species name represented the code for that species
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Table 1 Information of tested primer sequences

5% Primer 5| 4)/741 Primer sequence

iR R (°C) Annealing temperature

GC % (%) GC content

iPBS-2078 5-GCGGAGTCGCCA-3' 51.8 75.0
iPBS-2217 5'-ACTTGGATGTCGATACCA-3' 49.5 44.4
iPBS-2229 5'-CGACCTGTTCTGATACCA-3' 50.8 50.0
iPBS-2241 5'-ACCTAGCTCATCATGCCA-3' 53.0 50.0
iPBS-2244 5'-GGAAGGCTCTGATTACCA-3' 50.9 50.0
iPBS-2246 5'-ACTAGGCTCTGTATACCA-3' 48.0 44.4
iPBS-2249 5'-AACCGACCTCTGATACCA-3' 52.2 50.0
iPBS-2270 5'-ACCTGGCGTGCCA-3' 54.5 69.2
iPBS-2387 5'-GCGCAATACCCA-3' 42.9 58.3
iPBS-2388 5'-TTGGAAGACCCA-3' 38.1 50.0
ISSR-824 S-TCTCTCTCTCTCTCTCG-3' 48.4 52.9
ISSR-826 5'-ACACACACACACACACC-3' 52.6 52.9
ISSR-827 5'-ACACACACACACACACG-3' 52.9 52.9
ISSR-835 5'-AGAGAGAGAGAGAGAGYC-3' 50.2 52.8
ISSR-840 5'-GAGAGAGAGAGAGAGAYT-3' 47.0 47.2
ISSR-844 5-CTCTCTCTCTCTCTCTRC-3' 48.6 52.8
ISSR-855 5'-ACACACACACACACACYT-3' 52.7 47.2
ISSR-856 5'-ACACACACACACACACYA-3' 52.3 47.2
ISSR-873 5'-GACAGACAGACAGACA-3' 46.9 50.0
ISSR-895 5'-AGAGTTGGTAGCTCTTGATC-3' 50.9 45.0

F2 iPBS3I¥X 34 4 F =B ST E FE 42 DNA H# 1845 R

Table 2 Amplification results of iPBS primers for genomic DNA from 34 Paphiopedilum germplasms

5|4 Primer NTL NPL PPB(%) Na Ne He 1
iPBS-2241 32 32 100.00 2.0000 1.4652+0.2530 0.2976+0.1207 0.4643+0.1496
iPBS-2387 33 33 100.00 2.0000 1.4473+0.2897 0.2832+0.1354 0.4443+0.1670
iPBS-2270 33 33 100.00 2.0000 1.3835+0.1924 0.2644+0.0958 0.4278+0.1197
iPBS-2249 29 29 100.00 2.0000 1.3828+0.2404 0.2562+0.1240 0.4120+0.1588
iPBS-2246 25 24 96.00 1.9600 1.4236+0.3222 0.2647+0.1540 0.4157+0.1979
iPBS-2229 32 32 100.00 2.0000 1.4642+0.2437 0.2978+0.1221 0.4627+0.1592
iPBS-2078 33 33 100.00 2.0000 1.4190+0.2467 0.2750+0.1225 0.4357+0.1564
iPBS-2388 19 19 100.00 2.0000 1.2573+0.2455 0.1814+0.1283 0.3102+0.1720
iPBS-2244 31 31 100.00 2.0000 1.3416+0.2272 0.2358+0.1166 0.3876+0.1491
iPBS-2217 32 32 100.00 2.0000 1.2089+0.2143 0.1533+0.1160 0.2721+0.1579

NTL: B0 580 NPL : 238 ME07 5550 PPB: 245
PEARH, F3MEA4THE

LA T 2R 5 Na s MBSV BL R B ; Ne - A7 80 S50 L DB He - 39

%41 5 1: Shannon 7 B 2 HE

NTL: Number of total locus; NPL: Number of polymorphic locus; PPB: Percentage of polymorphic locus; Na: Observed number of allele;
Ne: Effective number of allele; He: Expected heterozygosity; /: Shannon information diversity index. The same was applied in Table 3 and Table 4

M1 23 45 6789

5000 bp

3000 bp
2000 bp

1500 bp
800 bp

B2 35|4iPBS-2246 %} 34 {50

M:DL5000 DNA Marker; 1~34: {l40 50 2 J@ Rl w5 (518 1 %Rz ) o &1 2 7]

EFREEH DNA Wi g Bk ER
Fig. 2 Amplification electrophoresis results of primer iPBS-2246 for genomic DNA from 34 Paphiopedilum germplasms
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M :DL5000 DNA Marker; 1-34: Code for tested Paphiopedilum germplasm (corresponding to Fig. 1). The same was applied in Fig. 2
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# m(o 83), R T H M RGO R Al s TR IR =2
58 2 Y st A2 AL R B A A6 (0.29) , Bl =35 1)
FRERRIGL . TEBEAHLREL0.29 Kb rPRE e g 2=
S HA YR 2 JE T X T s RSB G AL 2R %500.37 4k,

Pl it 33 0 0 2B Fp ) 3k SAAAE, Fo 314y
] 7= 22 @ A R A 7E 5 N REN (I~1V) , KR g

3 ISSRE|¥I3T 34 L EFREE LA DNA B 14

=524 EsN R

KIER —HBE (V)

JE R (ZE R

[8EN] —L

Jb#

Table 3 Amplification results of ISSR primers for genomic DNA from 34 Paphiopedilum germplasms

AVA
i

VA
BN

Rt s k4 gy
AN

RVA
59:3 S

E R TRy

5|4 Primer NTL NPL PPB(%) Na Ne He 1

ISSR-895 30 30 100.00 2.0000 1.4702+0.2839 0.2966+0.1257 0.4633+0.1499
ISSR-873 37 37 100.00 2.0000 1.3048+0.2332 0.2130+0.1201 0.3569+0.1536
ISSR-856 37 37 100.00 2.0000 1.3528+0.2568 0.2382+0.1245 0.3898+0.1553
ISSR-855 41 41 100.00 2.0000 1.5831+0.2387 0.3537+0.1013 0.5328+0.1199
ISSR-844 40 40 100.00 2.0000 1.2616+0.1957 0.191440.1073 0.3291+0.1429
ISSR-840 48 48 100.00 2.0000 1.2651+0.1980 0.1926+0.1125 0.3295+0.1504
ISSR-835 32 31 96.88 1.9688 1.3464+0.2132 0.2397+0.1161 0.3913+0.1540
ISSR-827 34 34 100.00 2.0000 1.3080+0.2218 0.2159+0.1210 0.3594+0.1607
ISSR-826 35 35 100.00 2.0000 1.3714+£0.2129 0.2546+0.1088 0.4132+0.1374
ISSR-824 30 30 100.00 2.0000 1.3462+0.1636 0.2469+0.0885 0.4065+0.1123

M1 23 4 56 7 89 10 1 121314 151617 18 19 20 21 22 23 2425 26 27 28 29 30 3132 33 34

5000 bp

3000 bp

2000 bp

1500 bp
800 bp

E3 3|4 ISSR-895 Xt 34 4512

B REFESDNA B B KGR
Fig. 3 Amplification electrophoresis results of primer ISSR-895 for genomic DNA from 34 Paphiopedilum germplasms
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Fig. 4 Cluster analysis results of 34 Paphiopedilum germplasms based on iPBS molecular markers
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YR GRS RARYEZE EAE 2 MR SRR BURG O R A R L 6. 341352 R
RBILE KM RS FUESE R AR PR LR LR B 0.27~0.84, FURYE >4 5 3L
BIEE L1200 M SR IVA R SRR 22 B SR A ML AR M 1 (0.84) , R A B SR

gt PFREYE S (WYL B s s R, K AT 5 AR YR 24 5 SN Y0 2 s A5 A A 3R Bl
ORI, SEIARE SEIALRE SHINALRE BBVl 8(0.27), Bl - H ARG KRR RL . fERIEHLIR
FEOT BN I e L P R/ N S SRR Y B0.27 &b, 34 43 5E % JE AP E R R b o0 2 R A DS D
SR Y A R W R A BE AL S VAR YRS R RS TR AR R 5037 b, ARG 33 4>
YR AR 5 2R S o2 JE R R 2 R S AN TE . S TR A PR O
2.2.3 %24 iPBSAISSR 4 FARILHF L K 24 BEYEE GRIEYEE RERFYRSE SEARY S B
M LA PBSHWIFIISSR 5 |44 a4k Fpb LA 34403 FAEYE > H ALY > s e~ e 8 3 Fh i ; S5 14
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Fig. 5 Cluster analysis results of 34 Paphiopedilum germplasms based on ISSR molecular markers
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Fig. 6 Comprehensive cluster analysis results of 34 Paphiopedilum germplasms based on iPBS and ISSR molecular markers
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F= R Z A RARTF A il S 5T <1633 -

TR EORSE 22 Al g 22 STl BEdi&%ﬂJFB‘%i
4 Gy b 5 S5 IO AE (& £0RIEE 22 /NI 522
T‘ﬁ/l\%i‘? TN G{LUIENPN (/i \$5F'Jﬁb#\7f%7'3

LR S EL N q L N AN S ey &)
H!% SRIEE L 120 F T SR IV & PR BT 2

EE 2 BHIRTE 22 IR GE 2 R w2 S

2, L6 (Bl 5T 5 VAL S KA IE 22 15 2 fy [ Ak

Y2 B R R (2R RS 22 AT g 22 ) o SHILHRE 5B
T2 B AT RE B TVALRE S 0 X 1 28 gy 2fs 2 vp

/I S SR S S 2 Y = A A =
FAAEBEA S VAR E K g =2 R T
Y S FETiPBS AISSR 2 FARICHILE S
A4S 5 5T ISSR 7 ThRic B9 A b &
HRBARRL
2.3 REERABENEESHEINER
NPL 1 PPB i K, LB P Fh 22 28V E sy, SR

75 Ak ) VR A 3 IO R 5 Ne s, RITA%E 37 5k PR Yo 3¢
FUPER B 1 7 B8 0 i, | 1 — 240 i O 3 v
He F1 1215 5 Wy i Z2 AR PR FE 200 BE B8 b, HE(E
A, VLRI Fh s A% ZRE R & X PR AR i
N/ fiE 778 (R R4S, 2019) . 56T iPBS AT ISSR 43
%ﬁﬂﬂ’by BRI EE R W 2w 5 Ak

Tt 2R b 45 3R (3R 4) R W1, 33 Y 22 J@ F
Fﬁﬁ’a%ﬁhﬂ(%ﬂ%%# P (iPBS 4> F 45 ic : Ne Ky
1.5969, He >4 0.3492,1°4 0.5210; ISSR 43 F#51ic : Ne
h1.5515, He 24 0.3340,1°4 0.5068 ) B} {2 i T 417K
it % Z FEPE (iPBS 43 FARIC : Ne h 1.4274, He
0.2730,17°4 0.4292; ISSR 43 F-#5ic : Ne 4 1.3733, He
490.2492,1°4 0.4027) , #E— Ul B 50 =2 J@ A FED)
FKSF T 2R B0 A i 138t 4% oA ARAE , B LA
A AR R

&4 ETPBSTISSRAFIRCHWR =B R AR BES RN

BT PBS 4 FAmic i i 46 R (R 4) R 56
TZHAE ONEE SR ) 19 35 1% Z2 P B i (Ne 4 1. 3584
He /1 0.2183,1740.3334) , S5 VAL B (K9 2 28
Gp 2 RTE A RS L 2 FE iﬂﬂfﬁ(Neﬁ
1.2625, He }30.1616,1 4 0.2453) , S5 TZH 3 ( 5 e 10
J& ) EETIALRE (Y024 W J8 0 24 4 FISS IV #E (Y0
W B AL BE ) A it Z R 2 A . BT
iPBS 43 Fhric 43 AT 9 51 2 J A ot 41 R N st 15 2 0
PEHE AR U R S TLE >S5 T B> S5 TV 2 B> SR TT4H.
S VALTE,

FETISSR A FHRic A4 R (R 4) R 56
T HENE ) 1)t i 2% i (Ne 2h 1.3614,
He 43 0.2217,1°4 0.3407) , S5 TNZH ¥ (R0 & ) 1435t
fELREMRLR (Ne H1 1.2410, He 40.1407,1°470.2105)
T ISSR 4 Fhric (9 5 2 J& T 0 200 1 P 35k 15 22
PEHE P B T > B L S8 IV B> SR VA
BESEARE
2.4 REERABNEEENIWE

G SR i PR I G5 A0 A A aﬁ,ﬁ'éfiﬂﬂ%iﬁ
e ZZFEEAEFIRE R 19 530 1 O, JLES 3 Bl 7E 0~1
G BRI, R W (] 1) 35 4% 26 S K PR S i Ak
o G<0.05, Fon il 55 oAk, B (R A TC 25 57
0.05<G,<0.15, /R A7k, FRE () A7 AT 2 19
5348 50.15<G,<0.25 , % 7~ P R (B) 47 7 8 5 1Y) B I
o34k G,20.25 , F R FIRERIFEAEA SR 5L , 7T RETE AR
AR . N, S48 B AR AEAS [F] SRR 8] A%
Ui B8 T IR A SR SR . N>, FRon St
R A L A VA RT3 AL AR B 1k Rl ] r= A i
EMAL L, RS AR S Y —
N,=1, Frn 3L 2 Wt 0 7 B 1A - 5 a1 AR 1) )
YR T s N, <1, R B CER A R MA DT 14,

Table 4 Genetic diversity index of Paphiopedilum groups based on iPBS and ISSR molecular markers

Sy Fhrid R LA e NPL PPB(%) Na Ne He Ji

Molecular marker Group Species number

iPBS EEIZH A 8 201 67.22 1.6722 1.3584 0.2183 0.3334
SEIIZH B 4 157 52.51 1.5251 1.3104 0.1846 0.2781
SETIZH B 12 202 67.56 1.6756 1.3149 0.1946 0.3027
IV 6 171 57.19 1.5719 13115 0.1895 0.2888
BV 3 138 46.15 1.4615 1.2625 0.1616 0.2453
K 33 292 97.66 1.9766 1.4274 0.2730 0.4292
LA 33 292 97.66 1.9766 1.5969 0.3492 0.5210

ISSR EEIZH R 8 256 70.33 1.7033 1.3614 0.2217 0.3407
P RE 4 142 39.01 1.3901 1.2410 0.1407 0.2105
SETIZH I 12 245 67.31 1.6731 1.2882 0.1823 0.2877
IV RE 6 203 55.77 1.5577 1.2897 0.1771 0.2720
BV 3 166 45.60 1.4560 1.2673 0.1625 0.2455
HREKF- 33 361 99.18 1.9918 1.3733 0.2492 0.4027
Yok 33 361 99.18 1.9918 1.5515 0.3340 0.5068
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B R b ¥R

57 %

FRRE T U AR SRt AL 22 5, Bl ) [RDHE RS 0 7= A I
{93514 434k (Scott Mills and Allendorf, 1996) . JE T
iPBS FII ISSR 43 hr it (1 Y1 =2 J& F T S AR 2 5 B
(H)53 518 0.2762 #10.2495 , ZHBEZ44 B I INA T2
18 (H) 73514 0.1897 #10.1769. #34E G.=(H~H,)/H,
AR RIZLRER] G, 2000 0.3131 F10.2911, FHHYE
2 JE Fh ST AL RIAE TR SR 1Y 3545 01k (G,20.25)
H 2547 30% 1 S st AL AR ok IR T 22 5. ]
W, A SR 22 R BT A AR N AR S o LA s (R
(] F19 358 A% o3 Ak 2 AR 5 K ST, S SRR AR ) 19 338 A% &5
FZEFAEF . A, FTiPBS MISSR 7 FArid
SIHTI YL 2E TR AT N, 43 114 0.5485 F10.6088 , 24/
T 1, R G 22 A5 LR B A7 A AR08 1 5 PR e
P50 22w A5 AL (] 19 35 R A s R 5 A PR
(I AR LA (25 2 B R r st AR 24 Ak
AL T (B A Ab T ) it 4% 3 AR 22 in s 1) sl 2 i
PR ZE LRTIR , 200 33 13 50 2 i A7 B 2 Y
PR AL A5 A 22 57, ELALHE ] A a4 bl 2 2 P s o
MRS R B
2.5 NEERABNEEXEINER

FIIH PopGen 1.32 1158 918 2% J& 45 4 B[] () st 1%
B3 K Neis st ff— 308, A5 I3 5. JETiPBS
FNISSR 43 A ic 43 B 1) 91 =2 i 4% 2 A (1) 35t 1% P 5
5 Ak 38 43 5 R 0.0955~0.1886 Fi1 0.0650~0.1364,
Nei s it f%— 258 A5 163 Bl 43 3114 0.8281~0.9090 Fil
0.8725~0.9371, & B A [) 41 B 1) 4716 — 22 WO 38 15 43
b AR R bR S s AR AR . 2T iPBS 43
TFARC I HT 45 R Bon | ST B S 28 IVALRE Y
Nei’ s 8 1% — B 5 5 (0.9090) |, it 15 B B 45 3T
(0.0955) , RIIX 2 A2 B A% 2 2 OC FR il SR L4 A
HEEIVAIRFY Nei’ s 18014 —BU% F 18 (0.8281) , 38t f%
F B A (0.1886) , Uil “EH R EL K Ripim . JE

T ISSR 7 FHRic i Mr 2 B R SR IV BE 550V
YR Nei s 1815 — 08 e 55 (0.9371) , it L 1 B i
7 (0.0650) , B IX 2 4N L BE IR 2R 20 00 FR il 5 25 141
FEFN S L A Y Nei” s 15t % —BUE £ fI8(0.8725) , 3%
P B Bt (0.1364) , B 35 Y245 06 R ezt
3 g

AWFFEL4E R WoR , 56T iPBS A1 ISSR 43 FARic
LR TRISHTHTNG 31 03 B 7= Y 22 @ A s sl 43l S A4~
ZHHE, SBIALRE SR TIZERE R I TV ALRE 7 %)
I 2 ML i/ N TR S L S R g
222 Y02 R PR AR BE T2 B VAL BE AL A K
Y 2% 550 oy [ AR SR 24 JE R R (2R EQ R S T g
22 AR YR L R 2 A KA S 22 46 R Y
45 X5 HETH i A AT 288153245 5 (Cox et
al., 1997; Cribb, 1998 ) FE A —F( , (H{H A5 E B 1 )2
(1)FETiPBS 2 FARIC I AR e o0 2% il 2
—ANBE, BETF ISSR A FARiC 2R A 2 Fhar FArid
R 43 AT DU R I 50 22 15 2 3 [ b i 2 b 5 3R
— AYLRE; (2) F T iPBS 43 FARic B4k 4 ik o
LT AR (2 Ry adl) , S a2t
— 3, FTF ISSR A FhRic &G 2 Far FARiC i 4
BRI A BB TR (S R ) o o HLJR R AT g
JE AN 43 7 FR 0 0 KL DR 41 IX I 7 25 22 TR
iPBS 73 F A ic 5 T 3 e S 2 JE 140 AT, REAFE L 1A
A1 AR R SF HLELAT AR B AR S, R R
iy J B SE R 2 TR 2 A8 S, A 8088 o R ] R TR 2 5
2% & % (Kalendar et al., 2010; Kalendar and Schul-
man,2011;Guo et al.,2012) ; Ifif ISSR 43 F 45 i i F
faj PP A AR, 2 A5k i (H 5 32 30 03 A5 BE AR FY
SR, T B8 S 20U A [R) 2B ) 5 2 06 AR AR K
(Archibald et al.,2006) .

&5 ETiPBSFISSR A FIRiCHITHIR = ZEBHRMEIEE K Nei ' simE—HE

Table 5 Genetic distance and Nei’s genetic identity of orchid groups based on iPBS and ISSR molecular markers

SR 4R SETLLRE ST ST SEIVALRE VAL
Molecular marker Group Group | Group II Group IIT Group IV Group V
iPBS SEILLAE ok 0.8569 0.8639 0.8767 0.8576
SETIA 0.1544 HHEE 0.8520 0.8281 0.8302
N ie 0.1463 0.1601 Rl 0.9090 0.8881
SEIVALEE 0.1316 0.1886 0.0955 K 0.9051
SEVARE 0.1537 0.1861 0.1186 0.0998 HHEH
ISSR SEILLHE Ak 0.8725 0.9088 0.9075 0.9057
EDEERiE 0.1364 Rl 0.9050 0.8948 0.9062
SEILLRE 0.0956 0.0998 K 0.9341 0.9301
IV 0.0971 0.1112 0.0682 HHEE 0.9371
EVAULRE 0.0990 0.0986 0.0725 0.0650 HHEE

FMOS AL I7 A et A g, ) f ke B B Ned " s i e — 3405

The bold data below diagonal represented genetic distance, while the data above diagonal represented Nei’s genetic identity
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BL Z A YR AR AR S AR B A, A
Wi N AR AR AL B FE BRI (Souza et al.,2013) . it
& Z2 REPE KT8 Ry , 0 W ol ks P45 728 1 1) 1 FE
Jrbksi , B g R vh A5 LUSESE 5 354 224
PR AR PSR 1 40y o DU T s B 3 1) 2K 408 XU (Pauls et
al., 2013; Breed et al., 2019; Klimova and Jacob,
2025) ANPGRS, S22 JE R o i M A KT a5t
1L Z PRI 2 T REK e Z ek, 580Ul
YU 22 JEAEY TR R K BRI I 0 s A% o Ay
ik, B IME AR R AL . 25T iPBS AIIISSR
G2 R TR 070 TS K T A NI N | A A | A
2R SR JE R B AL 2 AR AL 22 R KR
(LFETIT 3, 2B Y8 2 Ja LE W i J2 TR A 50 1) 335 o 7
77, HaxX 3 BRI i Ak B AR T B Y
WALAR S 5 RGO (2014) XA -1 2% [ 4
(2023 )% St M LAV > B AE Y A 5T 458 —
B, 2L YR E 73R PG R kXA R S SR A 2
FEPE A0 1) EE 2 M (Tsai et al., 2020; Tang et al.,
2025) AHILZT, SR & Y A As 1L ZFE K
BAR, W RE S WS MM R B A G iR 2R
SRR AR 5 S SBORE TS R B UTAE DG, s L
He bR A R B AR S AT Sk . ARBFSEA
7GR JE A AT B AR IBORE , — AR B RR A T
XL NEAL A S ) A TR 7, JCHOR T oA B
B R AR B WU = B REAS U DA TR S Bl
LS 5 A5 4% JR) (Guo et al., 20215 Sun et al., 2022;
Hou et al.,2025) . [HIt, J52eFo8 b 4 KBRS,
T4 o S 2 R M RN, JR A5G 2RS0T
MR HER G850 .

55T iPBS M ISSR 7 TR ic B st 2 45 H 7#r &
B, 98 22w AN A ALREE] G, 35 0.3131 #10.2911,
FWI YR = 8 b BT R AR 5 1Y 35245 31k (G >
0.25) , 2945 30% 1 G5t % 728 S e 5 T 2R A ) 22 5
AR RE N AR S5 (24 70% ) 76 J7 22 3 1 b o b
=L [EE 1) G B WA RS L A TE ) B e
AR 2 I A5 AR T T B I ] Y 352 4% [
BB TE W] S G B V. A, BE T iPBS AN
ISSR 73T Hric s A Y 58 == J@ B 5T N, 551 49 0.5485
10.6088, B/ T 1, 5l 19 G e il 27 B A
AR : 555 B BE PR S O AR U Is A A S T2
HAFIRR NI B R o X LB & 2R TR 1Y
FEAS AN AR A BRI s A% 1 5 E T, XE A4 +F
i =2 Ja A ST A AL Y Ak, B2 =2 @ A BUAAAE
B S 100 B A 3 1 204 2 e, T8 A PRl 12 2 0K 90 1

HOM RS AEAS R £ 5 1. 2R FARic i dT
SRR B P R T A e R . g
% J@ AN R 4L B[] f 35 £ 18 25 B Nei” s it — BUE AT
TE2E 5 , RWIAN R LR A7 — o st A% o Ak, (H B
I BRI AR AR . T iPBS 3 FHRid
(o MT e S i, 024 W 8 Y0 22 21 5 9 22 0 g PR g
BEM- 2 SR 2 0C R A, SE R & 5 90 24 W Ak
BEM L ISR R R I . 3T ISSR 4r FARIE Y 43
Bra s, 9025 W0 & 2 40 KRR 2 16 50 R4 4R
BG4 W R ACBE 2 0 R4 O R EGE , /NE T
J& 5 IR SRS O R B . LR LR R 4
FhRiC e 7 Y0 2% A AL ] B 15 O &R i 2oy —
etk AR S, 2D IR T YR 22w AE Y A
(B85 AR 1R 52 A, AN TR i 8] AT B A7 AEAH S e 4%
A2 B A [a] #7354 (Jiang et al., 2025; Wei et al.,
2025),

T BB RRELR T MFEG LR
Br, SR TE AL Z R0 AT, B AR S5 73 T
iPBS 73 FHrit 5 ISSR 73 FARIC I A — g 25 5%, Al
AES ZH AR IO XU R A G, iPBS 43 FAnid /&
BT e I RS DX, oA A SR A A
X R e FL /S A] 106 (Kalendar et al.,2010) , iEA %%
S WER 2 0 22 48 & B 7 8 (Kalendar and Schulman,
2011) . AHEEZ R, ISSR 43 F-hric T i ] 9 o T3 2
DX 35k DA 5 9 58 A8 R FR, E 2R T DNA W 8
(Ellegren,2004) , % i/ {910 2045 i B Uk H i 8
HISSR 43 FARICTEIRE /- RIZ IR R G kK B 1
Wy B R ) 8 P v I 5 A R 22 (Bussell et al.,
2005) o AN[A] A i PR 3G DBl AR 2 R
FETE 25 57 TERE 7S W Pl Ak G ZR I BAT AN [R] 79
fiE /1 (Cui et al.,2023) , Bl 43 FARIC S B A
R LS IENTAE B, OG- R K T LRI IE
HeWr . PR, TR R G0k B DFSE T L 575 1
SFAMC RGN AR, IR LR G 2R Fhric L
PE T HERA T, AR — A iC i S R, AT
P& 5 R o M 45 R W] FE % (Hausdorf and Hennig,
2010; Huang et al., 2025) . 7EAMWFSEH, 3T iPBS
S FhRiC i s 2 R ARt 2R S TR T
ISSR 73 FAnic B AT 5 , 5B iPBS 43 Fhn ic 7E 48
TN Y02 JE A TR 22 R T T AT R R A R R
S7 HERE T, Re ki B 22 0 TR 0 a8t R AR S A
(Zhou et al., 2021; Yin et al., 2025) . # [ i} 45 &
SSR &Y ISSR 43 i Al 78 i B 32 1) Sk PR 4 IX I,
XoF T I (1) 2 A 1) 3 2 S L o 4
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