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Sequence analysis on rDNA-ITS region of germplasm resources from Dioscoreae
Rhizoma
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Abstract: Objective To provide the scientific evidence for molecular identification and phylogenetic evolution by analyzing
internal transcribed spacer (ITS) sequences in 14 different germplasms from Dioscoreae Rhizoma. Methods The ITS regions
were cloned by PCR amplification and sequenced bi-directionally. The ITS sequences were aligned using Clustal X software
(version 1.83), the genetic distances were calculated using Mega software (version 4.1), and the phylogenetic trees were
constructed through the Neighbor-joining (NJ) and maximum parsimony (MP) methods. Results The length of ITS sequences
obtained ranged from 558 to 594 bp, of which ITS1 was from 141 to 165 bp and ITS2 was from 146 to 158 bp. There were a lot
of transitions and transversions in ITS sequences, and the transition/transversion ratio among 14 different germplasms was
5.347. Both in ITS1 and ITS2, 102 variable sites were further observed. The kimura 2-parameter (K2-P)genetic distance among
14 different germplasms ranged form 0 to 0.517 2. The phylogenetic trees suggested that there were close genetic relationship
among Dioscorea opposita, D. persimilis, and D. japonica, they grouped closely into Clade I; Furthermore, D. alata and D. fordii
also shared a closer genetic relationship comprised another clade (Clade Il). Conclusion The phylogenetic analyses based on
ITS sequences can present a foundation for clearing the evolution of germplasm resources in Dioscoreae Rhizoma; The variable
bases can also provide reliable molecular evidences for identifying different genotypic germplasms of Dioscoreae Rhizoma.
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1112 Dioscoreae Rhizoma *4j 2 i J& Dioscorea L
JA7E#40  (Enantiophyllum Uline) #8641, i 5
WA HO X TV g — AR A=, AT H
MM, RER LG EEKYML Rz B,
HT CQlifgLe), FEAC CPURHEEEE) A 1 2 i Fh 2
BRI BRI R P, RAQ (BB 5 R
BB, WAL CREHH D, EAR <<1‘E%%;&l§l?%>>
sEpgEch I L2 A M e . 24,
(M 1li24) Dioscorea opposita Thunb.. 2 (Il
Dioscorea alata L., #5417 () 741l124) Dioscorea
persimilis Prain et Burkill. 1112 ()" 4 1112 ) Dioscorea
fordii Prain et Burkill 4 111 24 5 i 7 K T RS
BBl e T KB X R, H¥E A
g3 11124 Dioscorea batatas Decne. J5 = H [
Moy M X, J& H H A # % Dioscorea japonica
Thunb. 8 Hk 1 A1, 102 28 J0) AT B 57 i 0
JE AR A BRI, BN A AR oR g B A R
Dioscorea Hamiltonii Hook. f. L% 4 2 ¥ 440 B
F LT AR A K R AR T R,
B RO R R — AP A A e ﬂ
DL, PR L 24 1 B Rk A OC R A AE AR AR 2 5t
THZMHYRR K GBI

FIRZREA DNA (rDNA) & i 5 B 2 5

s R Bg X . o, A kAR X Cinternal
transcribed spacer, 1TS) T Frs2HIIEFE K 7178
WA R R MR WP T, W
/= TN il TN 2 RV S 5 (19 e N TV S22
BRI B, JRT, TS AL 2 U
EZPRNEEE . M AS[E] S APg AL 22 5 o0 i A
RECRF LI Iz NI, e E Fh ) RS
KERFR L, wr NS FIH trnL-F. matK. rbcL J¥51
PRI, SO E G M I E SR R
4 Ding 502 g4y 07 0A0 80, ST R A
MARGK G T WA AT IRE R 2 112555
PEFPIE] RPN TR E SN, Az AN,
ARSI AR E AR i Il 25 Bt U,
BHITS PR T REK B RER, IAEE L
AR ARG AL S TR R
1 w5
11w

DL 5 Dioscorea opposita Thunb. % 3 4Nir &%
2% D. alata L.. 1% D. fordii Prain et Burkill.
M35 23 D. persimilis Prain et Burkill Fl 4 f#) 14 Fi
W 2Rl R, B AR A B i i, 37 B AR
PRI TR B, HNET-20 C MR R
ARSI & S RS R AN =W R (/L AW o N T R

(PR A s, R A B B G 5 X G 55 1 RME, WAk 1.
x1 #MRMER
Table 1 Information of materials
FiltJ5t e Yikh KA T it Gl Wikh KA
PARILZ TIS i D. opposita e | KT CTS HH A B
KAy TGS WA | ARFE/NE LNS B30 i
fkrlizy HzZS  EH ML | By NPS HH A8 g g
HEiZs BYS iR HEZ%  BSY Z# D. alata W RS
WEIZE QYs WEERE | %2 sy ¥ WL B 2z
Kdhiligy SIS B T i ek J"&Ii#) GDS 11 % D. fordii WY Lo 22
WEiZs HNS  EH R | JPEILgy GXS WHEH D. persimilis WHT 54
1.2 iF 2 Fk
Tris 7%, EDTA, DNTP mix Tag DNApol £ 2.1 = DNAZEL. PCR # 1%
W (10X PCR ZEph#i, & Mg™), Tag DNA DNA EHIthAL Y CTAB 421, DNA F 4

polymerase (_[-#f SANGON A]), ITS ¥ #4514
CGRIIHERIERD, 3lasE (L SANGON A #]D,
HAbR I R 3 #rali. PCR 388 7= alifh ik 751 &
(BIO BASIC INC).

2 MR IA—20 CORAF & o 0.8%B B IR Lk A
U DNA $EHURAL . ITS 38 5 | IR BTN AR RCIE LN 22
"G, ITS-F: 5°-TCCTCCGCTTATTGATAT CG-

3, ITS-R: 5’-GGAAGTAAAAGTCGTAAC AAGG-3'.
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PCR § M NAKFR 20 pL: i 10X 2Pl (&
Mg®) 2.0 uL, dNTP mix (dATP. dCTP. dGTP.
dTTP % 25 nmol/L) 1.6 uL, L FiF514 (10
mmol/L) % 1 uL, 5 U Taq /i 0.2 pL, #i4k (20 ng/L)
2.0 uL, ddH,0 %552 20 pL. T PCR #FFRMY
(45 E EPPENDOLF A 7)), 48 94 ‘CTiAZ 4 2 min
Jis 94 CAxtE 30 s, 53 CHME 30 s, 72 CiEfi
60s, 5E/% 35 M E; 72 “C FLEfH 5 min.
2.2 B R BB RN F

HUPCR 724 20 uL T+ 1.5%35 g 9 058 fise Hi vk A
R, O] S H 4, W EE ) DTIOE
DNA e O & el [, 243 PMD-18
Bk (Takara 2 7)), R WAL K 1 DHSa
S, 4 X-gal/IPTG PRIk, M/ H
P vE P B AR VR S IOTORLEE “2.17 T VA
1T PCR ¥ 38500, i€ & A Ul AN S . 1B
HAT SO R, 15 TN AR JE DR A =) 3t
Ty, RS IEM, BEASFEN 2 /DIRFE
343
2.3 FHIEEES

Clustal X Cversion 1.83) X 14 Ffi1l 251 5751
HEATEEXT, Mega version 4.1 & B35 ZeBR BB
(gap), Gt &P yIZ AT IRA S L S st Ak ey, 16t
L 85K 1 Kimura two-parameter (K2-P) BRI EA
DAHEIR 254 (Stenophora Uline ) 143 15 235 Dioscorea
collettii HK. f. var. hypoglauca (Palibin) Pei et C. T.
Ting (DQ267931) KM, Mega (version 4.1)
b R AR (Neighbor joining, NJ) Al A
fiiZ1ik (Maximum parsimony, MP) & 1112475 5
DT RERKEW, WOIRE P RE— 4 SCHEAT #HT 43 B
(bootstrap), HREE L HBE N 1000 X, LLIFOTHY
R ATAT R
3 FBEREHR
3.1 PCR /i

PCR 914/ W EH 47 5 % 5 | ) TV 50 Uk 1)
SO, BERATRIN e AR 5 o SIE0 R v B 7RI 14
Pl 258051 1ITS J# %1 (fL# 18 S rDNA. ITS1,
5.8 SIDNA. ITS2 126 S rDNA), PCR £l 600 bp
JeATEMWA (B D, 5TUHR BOMMERF S, B
S HIAAT, AR AL o
32 ITSFHKE

14 Bl 25 F e SIS AL E S, 75 NCBI_Fi
1T Blast AL 2, B 7418 HbRIv41. 455

Marker TIS TGS HZS BYS QYS SJS HNS CTS LNS NPS BSY ZSY GDS GXS

2000 bp
1000 bp

500 bp
100 bp)

1 14 MM ITS F3I8Y PCR # 18 EE
Fig. 1 PCR amplification of ITS sequence from
14 germplasms of Dioscoreae Rhizoma

R, 14 Blali2gfps ITS p R B R, K
B DSR2 0 (558 bp), ZkiIlizh . K12,
XTI 2555 7 Pl 25 Fh st K (594 bp) (£ 2). R
P NCBI H13 2 H A 215 D. japonica (FJ860085)
FEARE R, FlaE TS, 1TS2 K HAh R4 A1) i X
(£ 2), Hrp, 1TS1 KN 141~165 bp; 1TS2
Kk 146~158 bp; 5.8 S HAT & R E, K
%1%y 156 bp. i, G+C it RMSEL KRN E
T, SFG o RBEEIE L G+C ARz M,
MFE 2 TRl I, 14 Bl 25 R ITS1 X G+C &
 43.0%~51.9%, ITS2 X G+C &N 47.3%~
59.9%, A WL ITS1 % ITS2 [X G+C &H4 W B 257,
I 7 25 L 2R TIB A 2 S K
33 ITSFIESFRIEEZES

BERR S WoR, BARILZy . KEiZ. ekl
25, Akigy. Ky, WL, by
IR RSN 0, S 5 A 2 MR B 5k,
9 0.517 2, $&7R S 5K 2P TR AL R R B
g )V I 2 5 AR R Ll 2R B B, O 0.012 7,
RPN HERG XA ToME (GR 3D,

14 Pl Z5F0 R ITS P AIAEAE - & i L AR
S, MR EAR B A B, S HES JE 1TS
A7 102 A S AL A, S 90 AR Z9ME BT A
12 AN —AR A7 0T (B 2); 1TS2 A7 fE 102 A
S R, b 86 MR LME B A, 16 AN —
SR (B 3. B2y, Ry, ekl
2y ARy, K2, YR 2 AR L 2
(1 1TS JF A 56 4> — 80, ASAFAEATAT ok 3 4 10 B AR
e o 14 Tl il 2500 5T 1 TS 741 46 / g L %60 5.347,
DA A B )k 2, UL T—C Btk
e N, AL RIAF] 39.95%, X5 T. CHRFE)
SER G RO K. — SRS R Rl
A 5 R s e Lu], X P 2= AR GO R
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2 14 MULBHE ITS FIKERMEHES %
Table 2 Length and base frequency in ITS sequences from 14 germplasms of Dioscoreae Rhizoma

e ITS1 ITS2 AKTS
i KJE bp (G+C) 1% K bp G+C) /% KFE 1 bp (G+C) /%

TIE 165 43.0 158 49.4 594 46.1
TGS 165 43.0 158 49.4 594 46.1
HZS 165 43.0 158 49.4 594 46.1
BYS 165 43.0 158 49.4 594 46.1
QYS 165 43.0 158 49.4 594 46.1
SIS 165 43.0 158 49.4 594 46.1
HNS 165 43.0 158 49.4 594 46.1
CTS 156 51.9 149 56.4 575 51.1
LNS 141 432 146 472 558 459
NPS 156 52.0 149 55.7 575 51.0
BSY 153 51.7 154 51.3 577 487
zsY 151 47.7 151 60.3 574 51.6
GDS 148 50.0 151 54.3 569 49.6
GXS 141 44.7 155 48.4 567 465
S 157 4538 154 51.3 582 477

F3 L4FWLBMER ITS (ITSI+ITS2) FHIRY K2-P B REEE
Table 3 K2-P model genetic distances of ITS (ITS1 + ITS2) sequences among 14 germplasms from Dioscoreae Rhizoma

MR TIE TGS HZS BYS QYS SJS HNS CTS LNS NPS BSY Z8Y GDS

TIE
TGS 0
HZS 0
BYS 0 0
QYS 0 0 0
SIS 0 0 0 0
HNS 0 0 0 0 0 0

CTS 0.4069 0.4069 0.4069 04069 04069 0.4069 0.4069

LNS 0.828 01828 0.1828 0.1828 0.1828 0.1828 0.1828 04427

NPS 0.4069 04069 04069 04069 04069 0.4069 0.4069 00025 0.4427

BSY 0.4653 04653 04653 04653 0.4653 0.4653 0.4653 04188 04641 0.4143

ZSY 05172 05172 05172 05172 05172 05172 05172 04608 05156 0.4656 0.3044

GDS 0.4682 0.4682 0.4682 04682 0.4682 04682 0.4682 0.3734 04337 03777 0.2579 0.2839

GXS 0.1797 0.1797 0.1797 01797 0.1797 0.1797 0.1797 0.4334 0.0127 0.4334 0.4596 0.5054 0.4288

HATe R =5.347
transition/transversion R =5.347

RBEP TN B3 . LA 5 RMEILASEL KR 34 ITSFIMWUARERFEAERMBIME

I, B/ N 2,021, SRS RIT )4 HAE 14 il 250 ST P45 5L, 4 NCBI ) H
SN L 2540/ B L 2 )k 0.874, KEBL  AZH JAP) J¥4I (FJB60085), Ff ITS1. 5.8S.
FAR Fprp DL 2 T ITS2 JP A X AR — AL A M &, Lok &

0
0
0
0
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TIE CACAAATATG AAGGCCTCGT TGCTATTATT CACCCTGTCT TACTTCTGTT TCCTTGGTGG GTCGCCCCCA CAGGACAAAA ACCTTTTGTT TGCAATCACG TCAGTAACAA ATTAAAATTA C [121]

TGS oot . [121]
HZS o . [121]
BY S o [121]
QY S e [121]
S0 e [121]
HN S e . [121]
CTS .. AGTGGTCT ..CCAG. TC. ..T.CCG.C. .TGTTGC..C GGGGCGCCC. G....C.G.C .GG..T..GG GT.....CT. .A..C...CG .AACT.TGA. ..T.AGTA.. C......... A [121]
LNS .CT.G.GT.. T....T.T.C ...... CIC. T....A.... ...C.TC... .... Covrie i GAT........ ...C....C. . A..... .T.AA. C....G.... [121]
NPS .. AGTGGTCT ..CCAG. TC. ..T.CCG.C. .TGTTGC..C GGGGCGCCC. G....C.G.C .GG..T..GG GT.....CT. .A..C...CG .AACT.TGA. .. T.AGTA.. C......... A [121]
BSY ..G.GTATCC ..CT..AT.. CT..G..GCC TCGG. GAAGC ... CCGGACC ..GCGCCCC. .GG. ... .. GGC........ .A..C.GI.C .T.GT.G.TA ..T.AGTGIC T.ATT.G.C. A [121]
ZSY ..G..C.T.T TGCAT.CT.C .CT.G..GC. TCGG.G.GIC .G.C....GG GGAGGC. CCC AAG. ... .. G G...TTTTT. .A..C....C .TAGTGGT.T ..T.AGCA.. CCA.....C. A [121]
GDS . CG. GT. TAC .. CT..CT.C CTA.G..GCC TCGG. G. ATC AG. CCGGCCC . GTAAMAC. . . AG. .. ... CG.....CCT. .A..C.GT.. .TAGTGG..T ..T.AGTA.. .CA.....C. A [121]
GXS .C.G.GI.. T....T.T.C ...... CTC. T....A... ...CTC... .... Covie i, GAT........ ... Covivs o TALA. C....G.. . [121]

2 14 MULZAMR ITS1 SR L4 R
Fig. 2 Comparison on ITS1 sequences from 14 germplasms of Dioscoreae Rhizoma

TIE TGTACCCTCA AGCTTTGCTT GGTGTTGGGC GTGTCTCTGA GACTCCCTTA AAGTATTGGC AGCCGGCCTA GGTTTCGGCG CAGCACAAGT CGCACTCTCT ATCAGCAAAG GTAGCACCAT TAGCCTTTTT TTCA [134]

LT T [134]
74 T [134]
BY S i e e e e e e e e e e e e [134]
[0 [134]
808 i e e e e e e e e e e e e [134]
HN S e et e e e e e e e e e e e [134]
CTS .CAC.A.... ... CCov vohene, AA. CGGTCCG CGTG. . TCA. . TCG. CC... T.GGTCTTCT .CCCC.T... TT.TGG..AC TT.G..AAAG GGTGTTCGG. AGTA.G..G. A.A..CA... C.A. [134]
LNS ...... Tooo e Covee et T, Clo vvvvee G AC e Goo Aol L. T...TC. ...G..T.GC .CICAT..C. ACGA..... A ALTACA. .. .. AC [134]
NPS . CAC.A.... ... (SR A AA. CGGTCCG CGTG. . TCA. . TCG. CC... T.GGTCTTCT . TCCC.T... TT.TGG..AC TT.G..AAAG GGTGTTCGG. AGTA.G..G. A.A..CA... C.A. [134]
BSY .CA....CT. ... ACA.... AT....... A C.ACGG..CG T.G.T..CC. ... A...... G. AGT. G. AG . TCC..T... T..T.ATTC. .T.G..T.TG T.AG..GCT. CCCC.G..G. A.A..AA.. .. TC [134]
ZSY .CA...... G G..0CGT.CC ..C......G C...GATCT. CGGA...CG. ...A.G.... G.AGCCG.CT .C.C..A... T..T.ATTC. .T.G..GGGG GG.GA..GC. ..CTTG..G. ..A...A..C..A [134]
GDS .CA..onn ... (6 A C..CGGTACG CGT....CA. .TCG...... G. T.ACGTCG . C..C.A... T..T.ATCA. .T.GT.ACTG G.A.T.GTC. CGCA.G..G. ..A..AAC.. C.G. [134]
GXS ...... T Coveve e Toiinns (61 CoviACovvn e Goo A an T...TC. ...G..T.GC .CTCAT..C. ACGA.G...A A..TACA... ..AC [134]

3 1AFLZAMER ITS2 FHIBILE &R

Fig. 3 Comparison on ITS2 sequences from 14 germplasms of Dioscoreae Rhizoma

BUASNREE, gap AEE IR 0T, MEGA XA

HIJE ITS KB 571 A7 %, o af 4567 5 361 4, ove| FH )
R E B 5 2554, 49 3 5 A1 K RE 1 63.2% gg

H144.6%. QUEEANE KT LA B RGMLE Te .
Ay E AL (UL FURSCHR LR %52 S ’
RO (B 4) KW, 15 MR (5 HAZEHD Cladell I Wb | Ew )
W 2 A% R Hd, 4% 1 (Clade D F 1l e A
- g L e
SRIB 2 MRS, H5 5 RINZE 52%L 1 Clade VT R
YRR R BB S, 1SS 525 S U . BEER 1 Rz
URTE, WESCHRERAE 98%LL . 4357 11 (Clade 1D 0.05
RS H AR EFAISEEE 3 TRIR L, 4 Bt BABOLROLBERRGES B
FHM T IORGR AT ML, PRy, KA iligh, Fig. 4 Phylogenetic trees of Dioscoreae Rhizoma resource
fekrin gy, K2y, JHELZ . aRZy. e constructed using NJ and MP methods
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2525 7 AR, DLAKAT /N 7P L2y 2 A Fl
JFHAAE 99% LA 3 FR R NS . (EfHERZ,
RPN AR EE L2 SR E PR AR, PR
1331 94%LL F 130 RE o H A BT 4052 1 R,
75 51%LL PR RS E W WA H RN R
.
4 1
41 EFITS FIIMLAZFRRFH LS

EHEBET, CHPFFONT AL 48R,
TRy, SRR . et Bi B 557 T fis AT
PR IR A R, A RRRZE AL B s R 4
111 A AU S B AR ) ARSI, (R T
SR L 2 IEHEA DG R W G T 18 . A SEIG B
TATS FH iR, S5 INERRNE,
REAE—E (Clade 1D, ERGNE FALTFREW
B, SEERE T ARG, BHERTA L 2
HH S 2B 2 Rk D. hamiltonii FHE 41 2 1 228 1w ok,
MASSEE 1TS B, HHMECR LS80 Tt
B, JEASCERIXAhAENT . Hok, EEL W
HAZER KRGS, Al %R (Clade D. Ji~
TR [E (K T, A2 B e h A A ke,
R | HARZEFEIIALT RIS, AL
SEE R AR, 1TS AL SRR RHENT. 1l
ZIRBEHAT IR FERZE, 200 14EAE, Ytk
X=10, HHZRAREILFRIE, R0 R G
IR T S N A AR ZE AL S ek, 2
T, AL 3 R rbeL JRAIRFGTIA N Ll 2 2 i &R
BE, VR T IR A SRR, AR 92 DUHGIR ZE 40 1Kk
HEB (2n=40) {ESPRBEEM TR, %12y
P Ist AL 22 S Y T F /BRI A4, b0 3R
PRl 2y Jm s AR AL, SR SE IR T R 2
A RN LT
42 BEERSEHRFREXRRIT

SR b, MR T B T AR
RFEBI L 3R B R K, MBI R 4~
8 ik, WERMIMIKIE, ERE WA ZERBK.
{EL 5 5 0 S PO o R LSS, o W T 14 A 5
ks Wb PN A& 3R B 3
B, EBF S JES0EMT, 2 oias P otk L
UFSEPI Y 2 A0k, B Ea P s FLKm,
WA AE . SER b . Yt H % 45 A~ X
TEAAEIR, R BRI AR o — 2K,
RAEHE, 1[I, WA LHEIRE KR

1o )PP 2R ARAE Y ) VG (L 2 KR A e
WA, YRR, 7V 2 A L e ] BT
PRI F R, Y B AERR AT RE T, 2Lk
ARRIEEERET AR, HE— DB S Hi —
FAS KA, IR R, X aEPIE N 18 S
RNA W PEFFER I, S5 BRI JE PRk 2
T 100%, IALEEESA 0, FRH I AL i E i
(b AR S 2R ARSI 1TS TS o, M
EEHR AR LR RS, 193] 94%
DL b H R ESCHE, W st Bl 0.012 7, 1F—
AR SRR A S R A T AT SR & O R,
SCREX R PEOU AT
43 ITS FIEREZEFRLGEFNFHEX
WE R FERE T 2%, W
Pl 1A 4 R, b EHTh ChE 240 2010
RS, SRR T SRR gy ) 2y
PR Bah, HIARZESHE H AR L 25k 8,
WE 2B LT WS G0 A0, (AR E I
KHENFE AT B 1L Zi AR R, RYE
%, HESZIES. R, A%
WIS 2 il . DNA A A Ao A% 5 AR AR,
IEDRIKP 5000 22 FE S M B HAR A . Az,
14 Bl 2580 B AE A S PR E 22 5, ITSL. 1TS2
X HA 102 AN ZE R, T L 25U 4 e it
AAEMARHE . A, PREEARIT b mT g SO R ()
Ak, W R DX 6 AN E R TOCIIE R, T
FEMRER X 4 AN EH R REAAAEIE AL 5, A
DX 2 BRI 22 S W S, SR A 5 I 7 S 1 O &
15 | M T8 256 vhn] AR IE

S 30k
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