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Relationship analysis for Ludisia discolor germplasm resources based on SCoT
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Abstract: Objective To make a distinction between Ludisia discolor and its relatives genus in molecular level, SCoT markers were
employed to assess the genetic relationship and construct the DNA fingerprint. Methods Orthogonal design method were carried out to
optimize the suitable SCoT-PCR reaction system based on five factors. The optimum annealing temperature and SCoT primers were also
screened. The 12 germplasm resources were used as materials, the screened primers were selected to analyze the genetic relationship of 12
materials. POPGENE was used to calculate the genetic diversity, NTSYS was performed to analyze cluster, and DNA map was
constructed. Results The optimized SCoT-PCR reaction system was constructed and a total of 12 rich bands were screened out as the
primers of SCoT molecular marker with polymorphism ratio of 98.98%. According to Nei’s genetic similarity coefficient, a total of 12
materials were divided into three cluster when coefficient was 0.45. Goodyera schlechtendaliana was in category I with seven L. discolor
lines, indicating that these samples had close relationship. In category I, there were three samples came from Anoectochilus roxburghii.
Moreover, a green L. discolor sample was alone clustered into category III. The DNA fingerprint map by the SC8 primer could identify the
12 materials. Conclusion There are rich genetic diversities in 12 samples of L. discolor and its relatives genus, and the construction of
DNA fingerprint map provides a theoretical basis for the identification of L. discolor and its relatives genus, which were tested in this study.
Key words: Ludisia discolor (Ker-Gawl.) A. Rich.; SCoT marker; reaction system optimization; genetic relationship; DNA fingerprint
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Table 1 Morphological detail of samples used in this study

, T
G5 4 —
Ziit ) n kA R e i

I BRH4R L discolor (Ker-Gawl.) A. Rich. LDY. BEE GEY o) 1 4HAH wat 12~2 At}

2 HAH L discolor (Ker-Gawl) A. Rich. LWY. BEE  GEY L) SE&&AM wat 1~3 At

3 BEEL discolor (Ker-Gawl) A. Rich. LMY, BEE  GEY L) S AREBEHAMN At 1~3 At
BB

4 4 L discolor (er-Gawl.) A. Rich, LMJ. BEE GEY L) SESAEER: AN Ak 1~3 At
EAR YT

5 484 L discolor (Ker-Gawl) A. Rich. HDI. BEE GEY L) | 452 F ik wat 12~2 At}

6 414 L discolor (Ker-Gawl) A. Rich. HWI. Ba GIER L) SESAEER: MM Ak 1~3 At
pireilie

7 4%4% L discolor (Ker-Gawl) A. Rich. HMJ. Bas GIRKER £ 23 SESAEER: AN Ak ~4 A
EAR Y

8  BRE L discolor (Ker-Gawl) A. Rich. LSC. ge TRRKRT o) SEFAETH AMNE  REE 10~11 A4
a4k

9 BEREZ dnoectochilus formosanus Hayata SRFONIELY GERIE Sl HE MK qf 10~11 A

10 WHTEL= A zhejiangensis Z. Wei et Y. B. Chang WA SRR e il SAEME RELE 7~9 At

Il B Goodyera schlechtendaliana Rehh.f. il SRR ge F A AR REE 8§~10 Afp

12 HRESLIE 4. roxburghii VN, {AH g Lo g LM ) 7~8 At




T84

Chinese Traditional and Herbal Drugs 2% 51 4% 35 153 202048 A

* 4013 -

oAl RSN WG4 61T Nano Drop
ND1000 spectrophotometer( NanoDrop Technologies,
Wilmington, DE, JE[H); #E PCR X (3£H ABI
NH)D; B S 48 (3L Bio-Rad 2 7]); EPS301
KA (£[E Amersham A F]).
2 HE
2.1 &Y DNA ZESHEM

DNA FRIBCR I R 41 DNA $2H000 &
HARDERZZ U 4. B DNA %H Nano Drop
ND1000 spectrophotometer Jll 5 ¥ f& N4l &, i i
T MW L e F i s U JEE LR 2H DNA e84
2.2 SCoT-PCR # 1&ix AL

IR IEAS et o3 Ixt s Bidk & p Mg”*. dNTP.
Taq B, primer A1 DNA HESIE#ATI. BAH
w4 KT, St 16 MR (R 2), FAMAbEE
3AES, X2 SCoT-PCR ¥ ik Rk 4Ttk
2.3 PCR #8127 R R R =448

PCR ¥ #4727 4y 94 CTIALME 5 min; 94 CAZ
P 1 min, 51 ‘CiB’K 1 min, 72 ‘CZEf# 2 min, f&

35 W 72 CHEAH S min. I RMLHE,
HU S uL #3872 7E & Gold View JeRLH 1.5%3 i
BBt e A AT FLIK, VK S RS R R 740
KERE.
24 FHIERSHIUTSHN

HLYk 257 g it Quantity One #KAFHEAT IR
A, WoRE AR N 17, AN AL E A KA
[PIAsA “0”, 357 0/1 HiFE . JEidk NTSYSpe 2.10e
WAFSAT ALY (Simularity) 2871, TERAHLR
B, 32 AR B T 353% 77 (unweighted pair
group method arithmetic averages, UPGMA) 4T
FHorHr. B Popgene 32 #AE, At HEEZ AN
{7 5 H 4> % (percentage of polymorphic loci,
PPL), #A45% (Shannon’s information index )
FER Z MR (Nei’s gene diversity index) W
M= BRI % (N,, Oberved number of alleles )
1 RN HE L (N Nei 38 4% — 505 R Nei 18
e A2 4. W IEZ B TX SCoT-PCR ¥ 1%
RTINS RIRA S .

F2 [MM= SCoT-PCR KA RIEXRIIT
Table 2 Orthogonal design in SCoT-PCR reaction system of L. discolor

%5 Mg*/(mmol-L™") dNTP/(mmol-L ™)

Taq/U(25 pL)

31 4/(umol-L ™) DNA/ng P4y

1 1.5 0.1

2 1.5 0.2

3 1.5 0.3

4 1.5 0.4

5 2.0 0.1

6 2.0 0.2

7 2.0 0.3

8 2.0 0.4

9 2.5 0.1
10 2.5 0.2
11 2.5 0.3
12 2.5 0.4
13 3.0 0.1
14 3.0 0.2
15 3.0 0.3
16 3.0 0.4
K, 8.750 2.500
K, 8.500 9.500
K; 8.500 11.750
K, 8.250 10.250

R 0.500 9.250

0.5 0.75 10 1
1.0 1.00 30 10
1.5 1.25 50 13
2.0 1.50 70 11
1.0 1.25 70 4
0.5 1.50 50 15
2.0 0.75 30 6
1.5 1.00 10 9
1.5 1.50 30 3
2.0 1.25 10 8
0.5 1.00 70 16
1.0 0.75 50

2.0 1.00 50

1.5 0.75 70

1.0 1.50 10 12
0.5 1.25 30 14
11.500 4.750 7.500

8.250 9.250 8.250

7.500 9.750 9.250

6.750 10.250 9.000

4.750 5.500 1.750
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3 HBRESH 11 (FER N 16 700, BERAIHAE 1 Cy 170, 1E

3.1 MM SCoT-PCR ¥ 1&{K RAVIET
RAEA BT BT 5 B 4 KPP Lig R4
A, BRI 2, PCR ¥4 IRE 1.5%BRIapE&E
WG ILE 1. DL 2L, STh &
FHARE, K16 NMAEKKEATIR Yy, AP E

5000 bp
2000 bp
1 500 bp
1000 bp

500 bp

- W W W N

250 bp
100 bp

100 10 10 11 11 11 12 12

5000 bp
2000 bp
1 500 bp
1000 bp [

500 bp . mEEmT™

250 bp
100 bp

BB RN SR

AW TR FEE T, B AE R R 8] (1
VEAE T, RABHROR 2 DR 200 s B A 28 (R S e P e
K, Bk, A@FFEH ANTP X SCoT 43 e bifk & i
WG, HUGEGIWREE, 37 Taq BE. DNA
B Mg R FEXH R R IR R J

13 13 13 14 14 14 15 15 15 16 16 16

M-marker 1~16-% 2 H1f] 16 MRPARHA A, M3 KES
M-marker 1—16 represent 16 reaction combination listed in table 2. Each reaction conducted three repeats
1 SCoT-PCR # 1&{F B IE3Z4H & EIKE

Fig. 1 Agarose gel electrophoresis results for SCoT-PCR amplification of orthogonal combination

3.2 MAt= SCoT AN FiricHmERMNRERERE
S4B

PR 1E A2 1RG0 285 SR B A IR B A R0 IR K il
FEBHATRERERS, WoE 12 MEERERE: 45.0. 455,
46.0. 47.0. 482, 49.4. 50.6. 51.8. 53.0. 54.0. 54.5.
55.0 Co BRIBKEEAFSL, RNFEF 5 IEAS R
AR BECRF 1 SHES SRR, IR I2 SCl.
WE 2 Fow, RS2SR, 5B
IS BONIER, RILART IR 494 CIHENEBOG
B . M 40 2% SCoT 5I¥HiiER] 12 KiE 6=
RHEY B4 SCOT-PCR 5141 (I 3), 519550
TRl 7. SEY I8 04 S, ZATERER
N 98.94%. A, 514 SC8 ¥t RE, &
PEELZE 100%, 514 SC39 § £ SR N
88.89%, HoarG|Wd MM 2 AL ERIIN 100%.

M1 23 45 67 8 9 1011 12

5000 bp
2000 bp
1 500 bp

1 000 bp
500 bp

250 bp
100 bp

M-marker 1~12 73 RIBKIREEN 45.0. 45.5. 46.01 47.0 482,
494, 50.6. 51.8. 53.0. 54.0. 54.5.0. 55.0 CH Hf{I PCR /"4
M-marker 1—12 represented PCR amplification products with
annealing temperature of 45.0, 45.5, 46.0, 47.0, 48.2, 49.4, 50.6,
51.8,53.0, 54.0, 54.5 and 55.0 C, respectively
2 REHE R KE
Fig. 2 Agarose gel electrophoresis results for PCR

amplification of gradient temperature
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M 1 2 3 4 5 6 7 9 10 12 13 14 15 16 17 19 20
5000 bp
2000 bp
1000 bp
500 bp

250 bp
100 bp

5000 bp
2000 bp
1 000 bp

500 bp

250 bp
100 bp

M-marker
M-marker

1~40-SC1-SC40 514
1—40 represented SC1-SC40 primers

3 40 £ SCoT 5|47k A E ik &

Fig. 3 Electrophoresis results for PCR amplification with 40 SCoT primers screening

33 M ZRERGBEITESRRARSHEEST

BT FIREAR PCR VAR R (Mg™ 2.5 mmol/L,
dNTP 0.3 mmol/L, Taq 0.5 U, 541 umol/L, ki
70ng), HOEIEKIRE (49.4 C) AifHER SCoT 5
V) Gk 3) XF 12 Bl 22 & HIE SRR SR T
PCR ¥ 48, FAKHEAIK KT EL 01 56FE. BT SC8
FSCO 51447 141 12 4 Fo o BE R FRLK 25 S LI 4.

NTSYS srirs R (B 5), 8 SRR (44
) MBSO AT A BED, SHAWRR
I 22 M4 2822 W HRARImPIRE R R, EE
S¥HM, SAREMESE, HHERES &AM
(R Kk, 2Pk ) L W S AN 1 1 e i ik, TS TR
oeth, SHAMBESZERBRK, WMEPHA.
3T EE RILE 6.

M1 2 3 4 5 6 7 8 9

5000 bp

2000 bp
1500 bp

1000 bp

500 bp

250 bp
100 bp

&3 IHIER SCoT 5149
Table 3 List of screened SCoT primers
EIEZEA SFA (5°-3) I B
SC2 CAACAATGGCTACCACCC 6
SC3 CAACAATGGCTACCACCG 6
SC8 CAACAATGGCTACCACGT 13
SC9 CAACAATGGCTACCAGCA 11
SC11 AAGCAATGGCTACCACCA 7
SC12 ACGACATGGCGACCAACG 6
SC13 ACGACATGGCGACCATCG 8
SC21 ACGACATGGCGACCCACA 6
SC24 CACCATGGCTACCACCAT 7
SC26 ACCATGGCTACCACCGTC 7
SC33 CCATGGCTACCACCGCAG 8
SC39 AACCATGGCTACCACCGC 9
10 11 12 13 15 16 17 18 19 20 21 22 23 24

1~12 JGERIET SC8 514, 13~24 JIGERIET SCO 5147 1K) PCR HIKAAHT . 1~12 Rl 13~24 JKIES M BHARIILIRZE 1 (AT
1—12 lands and 13—24 lands were amplified bands by SC8 and SC9 primer, respectively. The template of 1—12 lands and 13—24 lands were listed in

table 1

4 SERNERPOEIE

Fig. 4 Verification of optimized reaction system using SC8 and SC9 primers
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Fig. 5 Genetic relationship analysis of L. discolor and its
relatives genus constructed by NTSYS method
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Fig. 6 PCA analysis of 12 germplasm resources

SRR (1 5). &R (2 5) Mg%E4E (49)
BRN—ANYH, GEEGER (35), 484 (5
EOL ahig (65 Ma%Es (75) HFEFA I
FBE, X 22 P A 2 bR B LA
KRB AN ik 2 €2 73 A1 55 9 A n DA i 4 F
X3P, gE KW, N TR EES R A
I RFEAR I, SR ZEFT N B EMRER (35
(ERBE 52 AR AR RIAE i, HAH
KEBNT F 2. thoh, 1 KBra — A EE
4352, BI11 S5 (BEM-22) Fp, BERF225 1258
(1 LAt P S E A% BE B AR XL, R EE N 0.54,
EAZERWER, ZMAZEFEY, 24860,
EiRgkt, B A AN SORBESL, Ik sk
i, 7 UPMGA it FIRRRIE F, RIL G R =
GE). WHTL &> (G5 HEpEeds GE) BA
I 258, BB 9.4 10 AT 12 SF1 5 . K popgene

X 12 Rl BRI AE 2 FEE AT b, SRR
B, P34 Ne 4 1.8828, 1Bifk ZFEMHE4EECN 0.467 8,
FARIEECH 0.660 4,
3.4 Mt=ZREIFEEESY) DNA B EEHE
ML 12 5% SCoT 51 Wik £ 2 A5 PE e i 1Y)
0514 SC8 KR 12 f ifi i =2 Ko I i 25 J@ Aot 5%
JRFESUEIRE (B 7)o 1% 51 P mT S50 B s R,
E b %5 e T, AN AL SC8 5140 £ () i -
22 bR R IEHEAT PCR 3 YA B IS B B L vk A
AT EE G Z AR 2 A5 S F K DNA FrgU i,
TR SE 1% 12 4 Fh 5T B B it 3R

7 BT SC8 51 BEERM 12 M = R HIFGRE
%5 DNA 1e5 &t
Fig. 7 DNA fingerprint map of 12 L. discolor and its

relatives genus samples based on SC8 primer amplification

results
4 e

SCoT #2& Collard A1 Mackill J& T4 3L K
ATC BHVERCUA AT SV 3 7 1) (9 O < 1 i B R )
— 3 R AR, NEEIY), 5 ISSR FR
it RAPD Fric AHMIE SCoT 4 Fhric i —Fh H
IR 7> Fhrid, HAGTEEE H 2R —i 5
55 H AR R BB RN E A S KR
RAPD #ric K, g LI RAPD dricd EE MIF; [
IR B 5l R BRAK R £
N R =T S AR E el Fm¥ Sl % K7 bt 2 i
PERISE 208 R B CTE Fe il . o R
ISSR Frich X A [7) 1 DX e B 1 4 2 22 S A AR )
RGRAZDITRIL, {EFAIFREL 0.65 &b, 50 1344
BEATUA N 4 ANZREE,  FAS R B RYEI AT 73 1% 8 A4S
FhEE. i FHFISEUISRH SCoT Jridant 22 ANEEE
HATFE BT SR GR R T, RIS R] = A~ B
BEEEEZENE, HiZ %A X 53 A=
O SEevrp /15 % I i B ' S 4 7 = g = 3 ]
AELL SCoT #ict PCR & R FAHN ) SCoT 514,
WF RIS [E) i RACRE LTI — AN 3, TR A &
RN EAEEAMARLE CKF 0.75), FLEH
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SCoT W LA &1 F T 1UAE 41 IR P SR 46 R bt
AR RIS T o AT 17 BBk bk i 2R
TR, K SCoT Xf H AT I % Z A AN S 43 #T,
SERRM, iR SCoT 514 WP 2 &1
FEZEH 95.1% . 17 M BRA B AL ] (1) T~ 35 53 4% 1 g
fH4 0492, {EBMEEEEA 0.460 [F7KF E, 17
MEIRT 38 4 2H. SCoT #ic AT AR FHRAERk IR
BRYID S e, NPT AR SR A R
SEFRARR T HE . Safari 2517 H ISSR 1 SCoT J7
X 18 MK R BRI A SR GO RIATIIAN, &5
REW, 5 ISSR bric#H Lk, SCoT 4 Fhric B 4F
BELA = p S (TR R i 8 B R S =P [
Z M. Jalilian 2RI SCOT briddh & A
FRIEXT 30 1 ALB Y B IRSE SO0 SRR PR 45 ) it
ITHHIC o TEASFRFAEAEAS R T FRE A ) R B
KAFSE, FEF X SR AEREAT 4 2 tH B B X 70 A [+
[FPFH. 12 & SCoT 51374 83 M B, £24&
PEILE] 95.9%, [FIRFIE A5 2] — 16 Fr By 5 B s ik
ZIAFEAE R A oM. BhAh, SCoT 4rFhric e
FBAT, BRI S5 2 P B 25 A E R ) e
iE T A & R w] FE S,

k22 B 52 R, s N TR A
T, A BRI R, RIEAEAME B4
LR AL, BRI I AR AR B R . ASHE SO BT
TG LR 12 I TS 22 S L 22 R 4 2 22 %
JEHEAT SCoT ¥4, BAEMS T /K P~ X LePf it
SRR R, L& RIS (DNA S
IR, REEFRE RS E R RS E . KA
LT M 2L BRI SCoT-PCR ¥ BIfA &R, fifik
H 5 AEM SCoT 519, F4 HE3RAFAHA T 12 fFi i
CELE 7 ORI 220 3 &2k 2280 2 f R R0k D 1
ZaMA, FHHHMTRE KRR DNA fE8UE
TER A . AT FUR F IEAS SEE XS 2% SCoT-PCR
MEZAHERIEATHAL, SEREH, INTP ZE AR
BN, X 5 HESEPIE SR _E R4 R —
3, B A PR 2R B I N R R AN [ 1T A7 2% 5
X REAE SCoT F 48wy 75 % S MiAd R HEAT DAL ) JE
DK o ASHIF 7T 0535 0 12 4% SCoT 51 M7E I 2% B i
HAREMZENE, FHZEMEEN 98.94%, &
FAZ% 0 AL TR SRR PR 22 B P 2 sk T
gyt BRI, X SRy P26 2 5 5 R A IR A
RIRIE T5 B — 2 PUF L.

FREE 2 FE X RAE DM A S L, 216

BT RIIRN R B R B SE R 2 AR, )
X 21 A R DXV ) 4 4 =2 Je Halr A e AR
TREREVEN 0.3, MM AR R ORI 4 28 24 K
GRS 8 ANFEE, BARREEZ NS
0.322, TMASEIGH, 12 M Fii SEIR R isHE 2 e
N 0.4678, X AT RESE FUNANHE 5K FH RE A 2203
S22 JE AT E 22, 1At 2 T T TS
22 @A R 2R T IXTE RGERMEA
AL R BT e — AR SE,  QiAHE 78 L 2= g Al
TFJE 22 & 18 % BE B8 AR 6 ez, AL &R 37
0.45~0.52, Tfi4x2k =2 e Fo il Zfh (R AR AL 2 2500 7
0.65 £ M. BbAh, FEARFF T, MM 2208 7 b
JRVAA—i%, SBEH= BARIERRE KR, 1 3
W E LR MR — N0, RS LERE
E A 2 5 AR AR LR ELCR 0.45, Hh
O —%. I, AR B 22 2 J8 1 1
=2 & () — PR TR, TSR AR S ==
G223 3 FhEtiR, U2 THHAM i R 40E
D, KRR 1) 2 SRR Tk — RS

WHEATH 751 09 8 i 45 R BoR, @05
) SC8 HITT X 4rixX 12 i, ik SCoT 4 F#%
0 E A I 22 R H i 4 8 A 4 e O AT E 1)
— PP FRRIC TR FR TR S R e 4
—5, RN SRS IR, ML 22 HE )
H AT 2 R E R RS, ™=k, HIREEER B,
X3 FHRIC I VER PR GHIR b RS e K,
F L3R SCoT J5ikAE ML == J& 43 AN B i) i 111
Mo, R R A I 50X T I 22 @ A A 7 2R I 7
HABEMETE

S Ak
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