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D. alata ¥ MEas A - BAARIIREE RS RN LR KABHEE 7 5 IR (Cameroon) il 8 {[F
BEPIRE(O8 el SnfE) EFCPIE ~ Bk ~ IRE NERESSEAMME AR  LHEAEGELRE R
R BRI R TR DU 7 (Agboregbe & Treche 1995) » EH11IZE(D. floribunda)itf %t ik o 51
Y B M ETHET S B LEEVE PR iR =it 6026 B¢ 839 (Singh et al. 1995) -

LA LISE A2 21 5 1 W B AR B2 FRAE I RO I (AR CR) 2 DU LIS st Ry it
ER TSI ZERL - AR A REGR) L AN RIB RE S & 1 - AMEUR LSS R U SR < DR - R
TERALMTEERBR 2 LR - AR HRHKIP BRI SRR S GR) 73 B = AMH  TRHRHE ~ HEH
WEE AL AR (RISE 2000) - (EHAHTEGR)ELZ B MR EEDT - SNRIPREIRE — B amEEnEE 2
% HEZBREAEZET ARE - BCAHE B E B DNA T ARREETT Al 85l SoBlag MERRS - &l
158 SR S Ty YERE - AERER DL 32 (I LIZEREGR) R MR FEFRSNRIEIRGR & )¢ RAPD 23 455050
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il Je 1 fE 8 fE > G FECR) AR R EERIFEANER 1 - 32 fEI LEERFEGR)R 2001 4F 4 HEENR G R EEEA
FirakBaH - ATHREE Ry 150em X 30em » DU M » fg—EEAEAEIE 20 #k -SRI D RS 52 -
IIRMERREBHFERAE

WRILIEE A RIRFFP AT AN R IEREFA A © (DYIEI SR —BERBHIRFE - SERPABYINA 30cm [Ff » Q)8R
T RRER ¢ B2 BERIR e 2 — i H iz 1% - Q)EIBRE iR ~ ZEGhEME (EMRE$T) ~ B4R ~ 32 KA
HEHE - (DWEFTPRE - WIFERTEIR - Bt ~ 355 - EMEE - OFRTFa & AEEKERE - (605
LR BAAEE TR - MEEEREEAE -
ERIE ISR 5 2 B (RAPD) 53 FIEEC 5407

DNA ZEHY : DL CTAB-PVP EfifiHY 32 a1 LIZE 5 e GR) i SIEE Fr DNA » FEELIZELHEE 0.1g - AN
ik AR RE BRI IR - AR INA 600ul 2%CTAB ZXHUAZ R ( 2%CTAB; 1.4M NaCl; 100mM
Tris-HCI, PH8.0; 20mM EDTA; 0.2% [ -mecaptoethanol ) » F843FEE % 3E A 1.5ml /NEEOVEE » 1R 65°C 7k
WHNEL 30 4388 - IIEAAZARRRE G o DL 14000rpm BECy 10 5388 - K IS WA R 5 —/ Nk LA
BFE A 600ul chloroform/ isoamylalcohol(24:1, v/v)BIZUE il 2 ZLURIRRE  FFLL 14000rpm EftLs 10 43
B 05 —RORH A - N VR TR O 0 A 40ul 10%CTAB(Z 0.7M NaCl)kz 400ul chloroform/
isoamylalcohol JE& & » FFLL 14000rpm Hf.(r 10 43§ W AHSTHE - HUKY 400ul EIHWE RS —HELE
R 400ul CTAB PLHBEEEIHE( 1%CTAB; 50mM Tris-HCI, PH8.0; 10mM EDTA ) » Btk I 15-20
534t > Ti#2LL 14000rpm B0y 10 436 IR 1359 » VERIENE DNA - LA 400pl high-salt TE( 10mM
Tris-HCI, PH8.0; 1mM EDTA; 1M NaCl )&%t DNA » FiIA 800ul 95%ethanol » L 14000rpm $f.0» 15
5388 o BIER LB 0 IIA 400pl 75%ethanol #FEL 10 4358 DU VERERE - MR FIFRIEDEIK - B35 10 2058
fli DNA BZ 8% - JOA 100p] fEERZXEE7K DL DNA » HY 10ul DNA JFHITA 990u] Z& g7k (RIFHHEE 100
f&5) » MR 53 R EEEHHIE ODaso Sz ODogo WHAH ©

JF I DNA R (ng /ul)=0D,60 FEAE X 100(FHFE RS B X S0(HREH)

RAPD 4#f: L1 Operon /2 &](Operon Technologues, Alameda, Calif)fy 10-mer 3#%5 |7 OPA Jz OPB
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THHAE 40 RS [ F#EFT PCR HERY - KK FEF]F] Perkin Elmer 23 5|2 Gene Amp TM PCR System9700
HEFTICHE o [ FEMABST B 10l + 92 S0mM MgCl, » 200uM dNTP( dATP, dTTP, dCTP, dGTP) » 0.5uM
FIZEREE [ £ 10ng THES DNA K 5U/ul Tag DNApolymerase » #2858 DUE 5 28 84 7k fili )& 10ul - PCR
SREMRE Ry 94°C 2 438 > FELL 94°C 60 # > 36°C 30F » 72°C 90 # » fEER 2K 5 94°C 20 > 36C
2080 > 72°C 90 B - 1HER 40 K > FriG Y AEYIHET T VK AT

Bk 2 PCR EMAEY)IN 29 Agarose By EfTAEVK AT (100V FEEE > 40 53§) - FFfY 0.5pg/ ml
EtBr 418 R 2K Bi/KGR Y% 15 4388 - B08RA 20U M 2 7 -

HRET 2« SRR G ~ SR 120 508k 4K Jaccard (1908)7E AT RE EAHLLEE - FfLL UPGMA
Cluster procedure ETTHEHIAT - PRSI RRIZBIENE o Fr F#EET 73 ATHkEE Fs NTSYS(Version 2.01b,
Applied Biostatistic InC.) °
&1 32 MR MME (GR) Bl kATHE

Table 1. The clusters and names of 32 yam varieties (lines) in this experiment

Cluster Variety (line) Chinese name Species
Cluster of quadrangular stem and Tainung 1 E5E 1R Dioscorea alata L.
white flesh tuber Chun rih HHMZR D. alata.
(HEHRE) TUBA D. alata
Tainung 2 B2 D. alata
Da shan line 2 Kl —5k D. alata
Tai ya R D. alata
Line 11 N D. alata
Da shan line 3 KAL=5% D. alata
San zhi A =Z=ZA D. alata
Zhong guo chang R D. alata
Bei tou bt D. alata
Hong pi chang LRSS D. alata
Er cih ZHIER D. alata
Da ye shou feng it D. alata
Yang ming shan BERHLL D. alata
F155 D. alata
ALAO14 Hrinyz R D. alata
Cluster of red flesh tuber Ming jian chang hong FEERL D. alata L. var. purpurea
(RLANEE) Zih yu xie shu LEME D. alata L. var. purpurea
Pu li line 1 HH—5% D. alata L. var. purpurea
Cluster of round stem and white Xiao ye shou feng INEEEE D. batatas Decne
flesh tuber Da huai K3 D. batatas
(EFEHRAZE) D89AI D. batatas
D89BI D. batatas
Cing sen HHRLR D. batatas
Jilong LR D. pseudojaponica Yamam
Ba gua shan yuan sheng J\ENLE 4 D. pseudojaponica
Heng chun LISE=IITIEA D. doryphora Hance
Jia yi mi shu RREE D. escunlenta
Huang yao shu HHEEE D. bulbifera
Zhong liao SR Smis 2 D. persimilis
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Table 2. Plant morphological trait investigation of yam

Species Variety (line) First leaf ~ Tuber Stem characteristic® Leaf characteristic® Aerial Flowering
expanding” initiation” bulbils
D. alata Tainung 1 E L Gq, GW<lmm, GCco, LI = 12cm, No No
tAC, SD0.5~0.8cm  AbOa, GP
Chun rih E L Gq, PW<Im, tAC, GCch, LI = 12cm, No No
SD0.5~0.8cmm AbOa, GPpbe
TUBA E L Gq, PW<Imm, tAC, GCch, LI = 12cm, No No
SD0.5~0.8cm AbOa, GPpbe
Da shan line 2 E L Gq, Gwpe<lmm, GSco, L1 = 12cm, No No
tAC, SD0.5~0.8cm  AbOa, GP
Tai ya E L Gme at base without GCco, Ll = 12cm, No No
spine and wing, Gg  AbOa, GP
at above, GW<Imm
tAC, SD0.5~0.8cm
Tainung 2; E L Gq, Gwpe<Imm, GCch, LI = 12cm, No No
Da ye shou feng; tAC, SD0.5~0.8cm  AbOa, GP
Da shan line 3;
Line 11;
San zhi A
Zhong guo chang; E L Gq, Pw<lmm, tAC, GSch, L1 = 12cm, No No
Bei tou; SD0.5~0.8cm AbOa, GPpbe
Hong pi chang
Er cih E L Gq, GW =2mm, GSch, LI = 12cm, No No
tAC, SD0.5~0.8cm, AbOa, GP
ALAO14 E L Gq, GW<1mm, GSch, LI = 12cm, No No
tAC, SD 0.5~0.8cm  AbOa, GP
Yang ming shan; E L Gme, Spb, tAC, SD  GCco, Ll = 12cm, No No
F155 0.5~0.8cm AbOa, GP
D. alata L. var. Ming jian chang E L Gq, PW<Imm, tAC, GSch, Ll = 12cm, No No
purpurea hong; SD 0.5~0.8cm AbOa, GPpbe
Zih yu xie shu;
Pu li line 1

* First leaf expanding: E=early, stem length =< 30cm; L=late, Stem length >30cm.

¥ Tuber initiation: E=early, as soon as shoot emergence; L=late, more than two months after shoot emergence.

* Stem characteristic: Gg= Green quadrangular stem; Gr= Green round stem; PGr= Purple green round stem; Gme= Green
multi-edged stem; Gmeb= Green multi-edged stem at base; Br= Brownish round stem; tAC= twining anticlockwise; tC=
twining clockwise; SD= stem diameter; GW= green wing; GWpe= green wing with purple edge; PW= purple wing,; SPa=
spine on above stem; SPb=spine on base stem; SPab= spine on above and base stem; FH=fine hair on the stem.

¥ Leaf characteristic: GCco= Green cordate coriaceous leaf; GCch= Green cordate chartaceous leaf; GSco= Green sagittate
coriaceous leaf; GSch= Green sagittate chartaceous leaf; GSLco=Green sagittate long coriaceous leaf, GOLco= Green ovate
long coriaceous leaf, GHch= Green hastate chartaceous leaf, Ll=leaf length; AbOa = leaf position alternate at base and
opposite above; GP= green petiole; GPpbe= green petiole with purple at both end.
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Table 2. Plant morphological trait investigation of yam (continued)

First leaf Tuber Aerial
Species Variety (line) expanding” initiation’ Stem characteristic® Leaf characteristic® bulbils Flowering
D. pseudojaponica Ji long L E Gr, tAC, GSLco, LI=10cm, Yes®  Yes
SD=0.4cm AbOa, GP <2g
Ba gua shan yuan L E Gr, tAC, GOLco, LI1= Yes © Yes
sheng SD<0.4cm 10cm, AbOa, GP <2g
D. batatas Xiao ye shou feng; L E PGr, tAC, GCch withlobein Yes® No
Cing sen; SD<0.4cm the middle, L1= <2g
Da huai 10cm, AbOa,
GPpbe
D89B1 L E Gr, tAC, GCch withlobein  Yes> No
SD=0.4cm the middle, L1= <2g
10cm, AbOa,
GPpbe
D89A1 L E Gr, tAC, GCch with distinct  Yes > No
SD=0.4cm lobe in the middle, <2g
LI=10cm, AbOa,
GPpbe
D. doryphora Heng chun L E Gr, tAC, GHch, LI=10cm, Yes® Yes
SD=0.4cm AbOa, GP <2g
D. rotundata Africa yam E L Gr, SPb, tAC, SD GCch, L1=12cm, No No
=0.4cm AbOa, GP
D. persimilis Zhong liao L PGr, SPb, tAC, SD  GCco, LI1=Z12cm, Yes®  Yes
=0.4cm AbOa, GPpbe >3g
D. bulbifera Huang yao shu L Gr, tC,SD=0.4cm GCch,L1=12cm, Yes® No
AbOa, GP >4g
D. escunlenta Jia yi mi shu E Br, SPab, FH, tC, GCch, LI=12cm, No Yes

SD=0.4cm

fine hair of upper

surface of yang
leaf, AbOa, GP

A 2mm - AT S E S EGR) o ALAILEENAA R RAD) RALE HAILLIZE(T TUBA » BIR)4)
BR SRR » B D. alata oAt il GRBIEEARE - I HIE R 4000 - S50 "l Fe 5810 » 2 EBLH fZ D. alata
ILIENE 3 9 T BLAREE - AR » RLRZAL PYBEAL B H RS SR PR =0 » DU EERsR & WA A 5
IeAh - 57 B —5% 8 TUBA R 8 Fr BIICR GE T R 17em) » B RALR HFEIRFCGER K 12~
15Sem)ligH A « MR O RBELER - SRS BIPERE - Linh TIEAREHRE - 68 2
Wit R = A FMECRIE EENRIP R AR L B R AR O EEE  LEAREZE
ORIk - RIS RSP R ETE - TEOBIR - PRS2 5REAE - BBk F155
FRINKRICEBILE - EREE R > SBIEXHEIAER > vEHA D. alata FfECRES -

D. batatas -~ D. doryphora J; D. pseudojaponica [l|Z£{%H b/ NEEEIZE %% » B EEEE /DR
10em » [P HELL/N R 0.4 mm - 5B AR (BT o F 0 REERBIAE - B AR S/ VEM LR AR
[11ZE[F] s D. pseudojaponica ¥t » %= Ry B IR (FLEE <2 om) » FERESREER EEMI=MATF - A
ELFE AT INIEE - D. batatas(8i D. opposita AH[E)¥7fH .2 KEEHEIL ~ /NES S ERR LRk 3
Fr B8 - il A %I o (&R (D. doryphora) SORE s EE 15 - 8P ZE Fr 2 5 1 2R - FEINILI%E
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(D. rotundata) Fs#k (% ~ AVEZE - B RE KR 12em - 52 (D. escunlenta) & 5325 (D.
bulbifera) ¥ & By IEIF &1 fie 1t - BLE AP AR 2 HEERGE FEEBEREKRO > K AR
T EAWE  MEEELENERT  ZHTA ZREPHRELEKRR 2em)2 EERH - |
EEakR(D. persimilis) B s CIEEE > TR ROPHEE - BEHFRE KRR 12em - ZiH7A 0 ZhiE
HEEDE - |BETE - ARTIRESR R ERR AR -

WAV RMIRF A - BB [BE R SRR A 3 > AL RECR) % HE B K. D. alata ZHf
W B R R BTN 4 - /\{H [ ZEPp7dE i R Fr4niEl 10 1fy D. alata #7781l £ ERERFINRID
REANNE 2 -
RAPD & F1REC 7347

FIFAWIFEE R & 40 {EEH5 7T RAPD 534 - Hrbfg 12 fiEts |7l iR sy 43 8%
TP B - BIANGE 3 b5 |7 OPA-10 RIARIE fids (8 2 AU MM > 707 853 7l#0 R 800 K 400bp -
HE—25 DL AUV Fr B2 SESEEA T8 A (BLRE SRR AT G SR AN 4 - mT905 0 Ty R - M ERAE Y0 2

® 3. JUEILEMR MR R R
Table 3. Key to eight yam species via plant morphological trait

1.Stem twining anticlockwise.
2.Quadrangular or multi-edged stem, stem with wing or with spines at base; aerial bulbil absent; cordate or sagittate leaf,

length =12cm, petiole with wing .D. alata and D. alata var. purpurea
2.Round stem with spine at base; cordate leaf, length = 12cm, petiole without wing.

3.Green or brownish green stem; aerial bulbil absent; coriaceous leaf: D. rotundata

3.Purple green stem; aerial bulbil present, average weight > 3g; coriaceous leaf: D. persimilis
2.Round stem without wing and spine; length < 10cm, petiole without wing.

4.Cordate leaf with lobe in the middle, green petiole with purple at both end D. batatas

4.Hastate leaf, green petiole D. doryphora

4.Sagittate long or ovate long leaf without lobe in the middle, green petiole D. pseudojaponica

1.Stem twining clockwise.
5.Green round stem without spine; globular aerial bulbil, average weight >4g; cordate leaf ------------------- D. bulbifera
5.Green round stem with spine; aerial bulbil absent; cordate leaf, fine hair of upper surface of yang leaf----- D. esculenta

< 4. [L1%E Dioscorea alata ¥f& SRR BERR R

Table 4. Key to different clusters within Dioscorea. alata species via plant morphological trait

1.Purple or purple green shoot; quadrangular stem without spine but with purple; green petiole with purple at both end.
2.Purple yang shoot and yang leaf; distinct purple leaf vein Cluster of red flesh tuber
(ex. Ming jian chang hong )

2.Purple green yang shoot and yang leaf; indistinct purple leaf vein Cluster of white flesh tuber
with red inner skin (ex. Zhong guo chang )

1.Green or brownish green yang shoot and yang leaf; quadrangular stem with wing but not spine.
3.Green wing with purple edge<Imm; cordate chartaceous leaf Cluster of bottle-shape
tuber (ex. Tainung 2 )

3.Green wing<lmm; cordate coriaceous leaf. Tainung 1
3.Green wing > 2mm; sagittate chartaceous leaf. Er cih
1.Multi-edged stem without wing but with spines at base; green coriaceous leaf----------=-=---------—- Cluster of long length tuber

(ex. Yang ming shan )
1.Multi-edged stem at base without spine and wing, green above quadrangular stem with green wing<lmm ---------------- Tai ya
Characteristics of D. alata: Stem twining anticlockwise; quadrangular or multi-edged stem, stem with wing or with spines at
base; aerial bulbil absent; cordate or sagittate leaf, length = 12cm, petiole with wing.
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1. J\fE LEEyfdEh FEYPIZRE - (A: Dioscorea alata L.; B: D. rotundata; C: D. persimilis; D: D. batatas Decne; E: D.
pseudojaponica Yamam; F: D. doryphora Hance; H: D. escunlenta; G: D. bulbifera).
Fig. 1. Plant shoot morphological of eight yam species. (A: Dioscorea alata L.; B: D. rotundata; C: D. persimilis; D: D.
batatas Decne; E: D. pseudojaponica Yamam; F: D. doryphora Hance; H: D. escunlenta; G: D. bulbifera).
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2. [LIZE Dioscorea alata Y8R 718 = EMREREIMRIEIE (A © SWIRERE - BIAIG R 1 5%+ B © RLAAILZERE - fIa04
HRAL  C & AL AILIZERE » BIANHEIRSLR D SR - BIANE R 2 5% 5 E - REILZE - BIaniLgsR) -
Fig. 2. Plant shoot morphological of five clusters within Dioscorea alata species. (A: Cluster of clumpy yam, ex. Tainung 1; B:
Cluster of red flesh tuber, ex. Ming jian chang hong; C: Cluster of white flesh tuber with red inner skin, ex. Zhong guo
chang; D: Cluster of bottle-shape tuber, ex. Tainung 2; E: Cluster of long length tuber, ex. Yang ming shan).

YIRS o A —HEFy D. alata ) » A 21 H2EAMSIEGR) » ATRE S R TR - B
—/NERER B HMAK TUBA SRR EE B LZE - 55 —/NFE Ry kL 2 AL AL LIZE(D. alata var.
purpurea) » {H ARy KL A LIS 2 37 B — SR I BE 23 A —/ N BR =/ NEFRALZ A (HEIREE A R) » 38
PO/ NEE Ry R B IIZEEG WL R F1SS (s - BRI > S A/ MEE R R 2 98 ~ i b — =2 AR
i 8 R ahsR ANl T 5REL S R 2 SREAEECR[E] > A0ELRY RAPD A5 SRABELANRMEARFA SR AT & (HiE—
A BRI A B E A R - AR - FR R ESR(D. persimilis) P FEETEAEAE D. alata 2 -

HANVSEERIS> A2 D. escunlenta » D. pseudojaponica » D. batatas » D. doryphora » D. rotundata jz
D. bulbifera - H:h D. pseudojaponica Eid D. batatas F#5#3T » 1fif D. escunlenta 2z D. bulbifera HIJHH B8 j
53 HY -
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3. MIAIEHES [T OPA-10 1T RAPD 2 16 fHILiIZETE (R) ZAEVkEE -
Fig. 3. RAPD patterns of 16 yam varieties (lines) obtained with random primer OPA-10.

S

HNRIPREIRA R Y BRI BV 08 ~ M RFIV 2 - ZE5R B35 (1999) 1K
Pt YR 2 46 {81138 R AR B 2R IR MET T o0 28 - I LIZESY B 2 EP7E - 5 {8388 E - 10 {8l St AF - 2
I8 YR Ry 3 38 | LIZE(D. batatas Decne.)E2[T1E(D. alata L.) ; %5 113850 Ry (1158 e b 113E 2 {8 fi > =
EERETE I R N — A3~ RRAERFLIPEE 3 A HEE - fR gty 1 (MR HES Ry
RAEIE ~ HEE RRSP 3 8 R8T R 5 A R B S A R (BIfEE SRt 2
RS 5o T H AL SRR SRAL AL A AR » AEABR T D. batatas 9.2 Kifdti % ~ D89AT J D89BI f#
FHORRE 5 5 - BIEEE R (1999) 2098 > KifEdR ~ BERRdcR ~ /NEES R K D89AL iR
[BEETE 2 BN = AmZEAIERY - T D89BI1 R MAPRA — AR LR IR R IEF R
i 15 8 H A PR R LB 32 D. batatas fis% ke 1888  AGER.2 D. alata 73#f /7 x( B £E35 52
FH(1999) . WA > 1518 H AT LT 1 S IR W B A LR A - (SRRLIAIILIEE R, D. alata & —1d
#7d D. alata var. purpurea > Jth4h - DUESLREE(E Ry S0 BUIR A M E » AIARRTREE < Kl SR
A 80cm - ffi pi A4 MM E RS v5E 200em DL 1 o AR T BB IR B S B BR B R i AR E -
Bindroo }z Bhat(1986)$f #f111%E D. deltodea pRJE REHETT 22 BT E M 70 17 - il RN B #E A diosgenin
TR B RERREREENIEIREE > MRRARE - O RERRERENLE - B2REE
%o MR 2 Fry IR ERERF ERERMIR - BATRE - WIS - KB EESNRIPRERT
WItE W o AN R L LSEY)RE > S22 D. alata P9 A AS [FERLY R 1L1EE - HFE—ERA@EIHEE
AB BB e fitasR) IS S W 73 - T 2L 7 gl -

Lebot < (1998)¢t#f D. alata 269 f&l iR T A hls ~ JMRIPRE R BALRF I T 04T Je r i > fH
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Study on Morphological and Molecular Markers of
Yam (Dioscorea spp.)' Germplasm

Jui-Sheng Lai*?, Jui-Lung Kao?, Yi-Kung Lin®, Min-Fu Hu?
and Sin-Yi Liu®

Summary

Lai, J. S., J. L. Kao, Y. K. Lin, M. F. Hu, and S. Y. Liu. 2005. Study on morphological and molecular markers of yam
(Dioscorea spp.) germplasm. J. Taiwan Agric. Res. 54:195-206.

Thirty-two yam lines of nine species, including Dioscorea alata L. (17 lines), D. alata L. var. purpurea
(3 lines), D. batatas (5 lines), D. pseudojaponica (2 lines), D. doryphora (1 line), D. escunlenta (1 line), D.
bulbifera (1 line), D. rotundata (1 line) and D. persimilis (1 line) were used in this study. Variation among
and within yam species was investigated via morphological and RAPD analysis. Forty random primers were
carried out in RAPD analysis. Forty-three polymorphic bands generated by twelve primers were used in
cluster analysis. The result reveals seven clusters consistent with classification yam species. D. alata
species is the largest cluster, and can be further divided into five sub-clusters. The first sub-cluster is
clumpy yam. The second sub-cluster is bottle-shape yam. The third sub-cluster is white flesh with red skin
yam. The forth sub-cluster is red flesh yam. Another one is long tuber length yam. Although it is still
difficult to identify specific line within the same cluster, such a RAPD analysis corresponds with
morphological analysis reveals that it is possible to proceed breeding cluster by cluster.

Key words: Yam, Morphological trait, Molecular marker.
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