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Morphological and genetic differences among white-, red- and blue
colored root lines in Codonopsis lanceolata

Ji-Ah Kim - Kee-Hwa Bae - Hye-Kyoung Kwon - Jae-Seon Yi - Yong-Eui Choi’

Division of Forest Resources, College of Forest and Enviromental Sciences,

Kangwon National University, Chuncheon, 200-701, South Korea

Abstract In general, the root color of Codonopsis lanceolata is white, but red or blue-colored root is found at a low frequency

in nature. Red or blue-colored roots have scarcity value, thus farmers wish to produce colored roots. The factors for

determining the color of roots are unclear whether the color is controlled by genetically or simply by environmentally such

as soil environment. Using /n vitro culture system which is advantageous for setting of the same culture condition, we

analyzed the physiological and morphological characteristics and genetic differences among red-, blue- and white lines

of C. lanceolata. In the red colored roots, stems of /in vitro cultured plantlet were colored in dark red pigment. Histological

analysis revealed that the red pigment was accumulated in the outer cortex layer of the stem and determined as

anthocyanin. Chlorophyll contents in red root lines were higher than those in white- and blue root lines. Plantlets from

red roots were smaller in both shoot length and total leaf area than those from white- and blue roots. Genetic differences
among the three different colored C. /anceolata were determined by RAPD (Randomly Amplified Polymorphic DNA)

analysis. Each line of colored roots had clear DNA polymorphism. These results indicate that the occurrence of red- and

blue colored roots in nature was determined by genetic factors rather than soil enviromental conditions.
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Figure 1. Morphology of field roots with different color (A-C) and their in vitro plantlets (D-F) of C. lanceolata. Plantlets cultured on 1/2
MS medium after 4 weeks of culture. A, D: White line; B, E: Red line; C, F: Blue line. Inserts in A-F are enlarged views for the parts
indicated as small square boxes. Bars in A-F; 1 cm
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Table 1 Total anthocyanin and chlorophyll contents of white-, red- and blue- lines of Codonopsis lanceolata on 1/2 MS hormone free

medium after 4 weeks of culture

Anthocyanin (mg/g)

Chlorophyll a (zg/g) Chlorophyll b (rg/g) Total chlorophyll («g/g)

leaf stem root
White-line  0.44 + 0.09b* 0.31 £ 0.09b 0.08 + 0.02b
Red-line 0.92 + 0.24a 460 = 1.00a 0.3 0+ 0.09a
Blue-line 0.56 + 0.17b 0.42 £ 0.10b 0.25 + 0.07a

312.6 £+ 34.1a 452.5 + 87.5ab 764.8 + 58.4ab
2934 + 27.3a 564.0 + 92.6a 857.1 + 97.5a
318.6 + 59.9a 301.7 £ 69.3b 620.1 + 87.8b

* Values followed by the same letter are not significantly different at P=<0.05 according to Duncan's multiple range test.
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RAPD =4 5l RO 24

ey, SHY, AuY Age £719F FeEH 03-0.5 g A
=22 A8t Genomic DNA+ Mag Extractor plant genome kit
(Toyobo, Japan)E ©|-8-5}o] 3Z3}9 k. RAPD primer+= University
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ASd} vlas] Zol7t Zop Byt 2fo]E K¢k Demming-Adams
2} Adams (1992) & Niyogi (1999)%= 4|52 01]141]94 Au]g} B3
59l o14A) 298 | 7 95 2L, 5 58 =3
2 mnsison, ¥ dpelds Toi, uele @ A

F

Figure 2. Stem sections of in vitro plantlets of the three C. lanceolata
lines after 4 weeks of culture. A: white-line; B: red-line; C: blue-line.
D-F: enlarged views for the parts indicated as dotted squares in A,
B and C. Bars in A-C; 150 um
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Figure 3. Stem, node and root length of white, red and blue lines
of C. lanceolata after 4 weeks of culture. Values followed by the
same letter are not significantly different at P<0.05 according to
Duncan’s multiple range test

L
ab  gp L
0s |
N |
as ’
0s |
0 b - 5
02 b (S
i ]

‘White—line Red-line

(cm?)

Leaf area

Blue-line

Figure 4. Leaf area (sz) of white, red and blue lines of C.
lanceolata after 4 weeks of culture. [ ] : first leaf from the top, Il
: second leaf from the top, [[] : third leaf from the top. Data are
means + leaf area of three replications. Values followed by the
same letter are not significantly different at P<0.05 according to
Duncan’s multiple range test

Figure 5. Storage root of white line (A, C) and red line (B, D) of
C. lanceolata after 12 weeks of culture. A, B: Storage root of white
and red lines, respectively. Inserts in A and B are enlarged views
for the parts indicated as small square boxes ; C, D: Cross-section
of stem in white-line and red-line. Arrows indicates accumulated
anthocyanin. Bar; lecm (A-B), 150 um (C-D)
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A5t 7|k ol REE Feld S4S melov] olejd &
#o] A4 S wolTt. olefe Ak Aol W Ehs AT
o o] uhef 84| o] opd A2 Aol ffel Aoz
NEEE

W E 9 HOiE w20 Me) HEHE S H|D

7Iell A 45:3F okt Fee Hlejdol= wit Y Ko} oF 33%,
AHgHE oF 16% A= ZAT} (Figure 3). AHA] 9 Auf=]of A 3
| oA} Ajgt vy, Sod, Aoy 7ho] M EHMS & A3t 2}

Ll WY

o] H ¢l o} (Figure 1A-C), 7] AHOZHE doj7 45H 7|

Ul AEAo A9 el e Mol AfolE Kol it (Figure
ID-F). AZAR AEAE &AFA FaL 71U sk AL 125
ol frAlshH ofR W7t AR FH R vidjE=d] of2E v

e FEY Y AEA Fe] FH AR FH2A0] 4% o
2 o ASAet (Figure SB). 3HH HE| S eksto] Wash A 5
Fjof| tEAoRd o] SA% Za WSkl (Figure 5D). 12y o
tygel 7] duohs H249 4E #Ed o+ o
(Figure 5A, C).

4770 vioFEt BEY AEA Y ofdd Heof HE M| A &
A o] WHEA] o2 ol 7ol 2= A dleletr]

MO Role] MazHe Ao Relug) 5 wsjo} piE A
7] whebd] 2AEE Ao BoE A ofgl A o
A Mol 3200] Ao S 471 B Sien 2000, 3
o 7o) A% SHEAOPS d74e) Zalo] ZA5d (Hung
1997), Z51 22 G420l o) FAEhe AE 200, Wl
23} vl A e 2202 wuje] geto] ofiin] Haj
2 YIS 2208 ofel 2 oA Sole 4 gick fele] 4
& Welo) 2 vl A B3t BRI Rotne, B0l o
eo] elofufn] 1 Qo] m2aFe] HNE YAlslo] Fu7t
AE) e, 22 e 47 ok Srie] ofel Wali= 23} v)
ool dofiz] He] ofgiszlo|m e, Mol 2 o] Yoy
e ACE Wolu, 125 o) ¥ Wali= vitjagw} g a7t
AT HA tEAJoPHo] A5 AoR AMREC} (Figure 5D).
Christine 5 (1998)< 7]LHO1]A1 ZHARe] 22 1AL o] 85t 1A
ve] QLEAlol Fe] 24 5 ol e AL AT T A, <
Exjolle] AFEAS Yol ARHE, 5718 Bo) wber o]
Fotcka B uEkIT) (Christine et al. 1998). ST HA| ZAFH o
A E QFEAJopd o] 24} Bt AR & Hie| = o] FE|o] H2E

_‘

o2 Hof dRIZY AR & o] SAHE AR Heldh
RAPD 24 & w72 =4

6712] RAPD primer (Table 2)& ©]-&3}o] witiy, 3y 1]
I AYY AF FA4 Zolg EAEATE 6709 primerof A F
Z%] DNAQ| 37|+ 300 bpofl 4] 2000 bp W] FH™, primern}ch
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Table 2 The sequence and the number of polymorphic bands produced from the selected primers for RAPD analysis

Name of primer Sequence of primer (5'—3')

Total No. of amplification products

No. of polymorphic products

515 GGGGGCCTCA 6 3
518 ACCGGACACT 6 2
534 CACCCCCTGC 8 4
540 CGGACCGCGT 5 2
584 GCGGGCAGGA 4 1
594 AGGAGCTGGC 3 1
Total bands scored 32 13
‘White-lines Red-lines e-lines M ‘White lines Red-ines Blue-lmes
‘White-line
’—Re(l-line
Primer 515 Primer 518 \\
White-mes Red-lines e- lines M White ines Red lines Bluelmes Blue-line
ULIU DISS DETD D.ISS lI‘JU
Coefficient

Primer 534 Primer 540

Blue fines M Whitelines Reddines Blue-lines

Primer 584 Primer 594

Figure 6. Profile of PCR products obtained from RAPD analysis
using the 6 different primers [S15(A), 518(B), 534(C), 540(D),
584(E), and 594(F)]. Lane M; 1 kb DNA ladder, Lane 1, 2; white
line, Lane 3, 4; red line, Lane 5, 6; blue line. Arrows indicate
line-specific bands

33~ 87}14 E& AsIAT (Figure 6). 15 6712] primero]
A TFEAS Bol WiEl A 32702 e 7-ed] 1371, 40.6%
o) f% um“g Ut (Figure 6).
517] 9J5lo] NTSYS computer programe AR&-5}0] dendrogram-2-
AT AT ATASE 094 2 71F0 R QAR e Wiy
AE (group 1) 1|1 FEE 3} A g AT (group 2)9] F Fte
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G oz e 7|y AgAe) sl Fep et A
8 Agol Krh o ALt (Figue 1,3, 4). 22 271 k=
Aopd Zae FeEn Hud AT A et

% 2eduAE A

T O

Figure 7. Genetic relatedness among the white, red and blue lines
of C. lanceolata. The dendrogram was drawn based on the Jaccard
similarity index calculated from the RAPD fragment profiles
RAPDS] A3} A FH Y JuY AT A7 2 AL
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