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Abstract — Tiny leaf fragments were found in the Annals of the Joseon Dynasty, which were compiled about 500 years ago.
The records describing the detailed process of compiling the Annals indicate that silk bags packed with the powders of ‘Cheo-
ngung’ and ‘Changpo’, which have been used as traditional herbal medicines in the northeast Asian countries such as China
and Japan as well as Korea, were put in the wooden storage boxes together with the volumes of the Annals. However, there
is no record that parts of plants were used in the process of compiling the Annals. The botanical origin of leaf fragments was
identified as Ligusticum sinense ‘Chuanxiong’ by the analysis of #7nK of chloroplast DNA as well as the examination of leaf
surface with SEM. The comparative analysis of #rnK sequences showed that the chloroplast DNA haplotype of ‘Tocheongung’,
a triploid species cultivated in Korea, was identical with Cnidium officinale, but different from L. sinense ‘Chuanxiong’. The
molecular results provide a new suggestion on the botanical origin of crude drugs used as 'Cheongung', which has been disputed

in Korea.
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Fig. 1. Leaf fragments in the circle were found in the Annals
of Yeonsangun compiled in 1509. According to the literature
describing the compilation process of the Annals of Yeonsa-
ngun, powders of Cheongung and Changpo, traditional herbal
medicines used in Korea and China, were kept in silk bags,
which were put together in the storage case to protect books
from insect damage.
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Table I. Leaf fragments found in the Annals of the Joseon Dynasty

Sample Source Volume Year of Compilation
KJG12727 V.122 The Annals of King Seongjong 122 1499
KIG12727 V.123 " 123 1499
KIG12727 V.124 " 124 1499
KIG12727 V.133 " 133 1499

KJG12728 V.1 The Annals of Yeonsangun 1 1509
KIG12728 V.25 " 25 1509
KJG12728 V.30 " 30 1509
KJG12728 V.35 " 35 1509
KJG12728 V4l " 41 1509
KJG12729 V.34 The Annals of King Jungjong 34 1550
KIG12729 V.36 " 36 1550
KIG12729 V.57 " 57 1550
KIG12729 V.64 " 64 1550

Table II. Plant materials used for DNA analysis to identify choloroplast DNA haplotype. Voucher specimens are kept in the
herbarium of Natural Products Research Institute of Seoul National University(NPRI)

Common name* Chloroplast DNA

Sample No. (Part used) Collection haplotype**
VS13032001 Chuanxiong (Plant) China: Sichuan: Chengdu, 2013.3.20, YS Baek Ligusticum sinense
‘Chuanxiong’

VS13071510 Cheongung (Plant) Korea: Gyeonggi Prov: Yongin, 2013.7.15, HY Choi Cnidium officinale

VS13082325 Cheongung (Plant) Korea: Gyeongbuk Prov: Angong, 2013.8.23, HY Choi C. officinale
& BJ Kim

VS13082326 Cheongung (Plant) Korea: Gyeongbuk Prov: Angong, 2013.8.23, HY Choi C. officinale
& BJ Kim

VS13083014 Tocheongung (Plant) Korea: Gangwon Prov: Donghae, 2013.8.23, HY Choi & C. officinale
BJ Kim

VS13091415 Tocheongung (Plant) Korea: Gangwon Prov: Jungseon, 2013.9.14, HY Choi C. officinale

CH20131019 Chuanxiong (Plant) China; Hubek: Anguo, 2013.10.19, HY Choi C. officinale

MG150511-1 Tocheongung (Plant) Korea: Gyeonggi Prov: Goyang: SNU Medicinal Plant C. officinale
Garden, 2015.5.11, HJ Ko

MG150511-2 Cheongung (Plant) Korea: Gyeonggi Prov: Goyang: SNU Medicinal Plant C. officinale
Garden, 2015.5.11, HJ Ko

KDSR1404212117 Cheongung (Crude drug) Korea: Gyeongbuk Prov: Bonghwa, Cultivated by KB  C. officinale
Kim, 2014.4.21, HY Choi

KDSR1404212118 Cheongung (Crude drug) Korea: Gyeongbuk Prov: Yuisung, Human Herb, C. officinale
2014.4.21, HY Choi

KDSR1404212120 Cheongung (Crude drug) Korea: Gyeongbuk Prov: Bonghwa, Dongyihanjae, C. officinale
2014.4.21, HY Choi

KDSR1404212121 Cheongung (Crude drug) Korea: Gyeongbuk Prov: Yeongyang, Samheung-geonjae, C. officinale
2014.4.21, HY Choi

KDSR1404212122 Cheongung (Crude drug) Korea: Gangwon Prov: Pyeongchang, Cultivated by SI  C. officinale
Joo, 2014.4.21, HY Choi

KDSR1405082019 Cheongung (Crude drug) Korea: Gyeongbuk Prov: Angong, Gwangmyeong-dang, C. officinale
2014.5.8, HY Choi

KDNR1405082032 Cheongung (Crude drug) Korea: Gyeongbuk Prov: Bonghwa, Cultivated by YG C. officinale

Won, 2014.5.8, HY Choi

*Common name claimed in cultivation

sequences.

or commercial trade. **Haplotype was determined by the analysis of chloroplast #nK
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AlEe dakrd7] 1ol e A& KIGI2728 Vs
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of 22 WHO R DNAES FZ3I00th 55 € DNA?| &
S+ 0.75pg A DNA-Hind III digest(Takara Bio Inc.,
Japan)2} &7 0.5 pg/ml ethidium bromideE X 3H3}=
0.7% agarose gelollA 100 EERZ 4587 A7|9% & %,
UV zrgatellA] B71E A4S Hlaste] g1k

PCR 7|Hg 0|88} tmK F8Xt 3F - PCR 7|H< ©]
G3to] JEA A fRIsE 1K FAAE 3
t}. PCR 532 TaKaRa Ex Taq(Takara Bio Inc., Japan)S
ARE-Ete] 3=, 50 um WS- -2 TaKara Ex Taq
02 U, 1X Ex Taq Buffer, MgCl, 1.5mM, Z- dNTP
0.2mM, Z} primer 0.2 pM¥} 5% DNA 20-100 ngS X3t
Sl=S 3kl PCR 53 42 2 7He] 2kolslet, ¢
XA 0. 2= L. sinense ‘Chuanxiong’, C. officinale & B3
& Aele] Aolg AesiAl HSsl7] f1ste] mark 37
7F WEE] A= intron 77HS E3tek= HA oK 4
b F2RE 7F B dEshs ARE U4 E PCRE

Table III. Sequencing primers for chloroplast #nK analysis
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st g5 358] WHEgE &, 72°CollA 2027 HE A=
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ste] FZ ¥ PCR AHES gQlgh §, High Pure PCR
Product Purification Kit(Roche, Germany)E AFE-5}o] A
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primer Chu-trnK 493F(5'-ATG TGT GTG TAG AAG
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CTC TAA CAC-3)& AH&-aFaL,'” whe-& 94°Col A 3%
7F AA 8 TR, 94°ColA 40%, 50°ColA 30%, 2] 3L
72°CoA 1302 A 2% sl A S 353 gt
5, 72°CollA 10327 HF Ao g egsiglon, o
9] PCR ¥hg & A 2 L3It

H7 MY ZE % Hlu 24 — FAE PCR A= 971
2142 ABI PRISM BigDye Terminator Cycle Sequencing
Kit(Applied Biosystems, CA)E A}-8-3}] PTC-225 Peltier
Thermal Cycler(MJ Research Inc., MA)Z thermal cycle
sequencing WF$-S 43§35 $oj|, ABI PRISM 3730XL
Analyzer(Applied Biosystems, CA)Z H71A<ES £2A131%
o oK ARF A 7R H71KE 272 PCR primer
o]9]o] F7}4 ¢l sequencing primerS A}-&5}$] 3 (Table

Primer

Sequence (5' to 3") Ref.

Forward primer
trnK-3914F
Chu-trnK 493F
N-IRD-trnK PT2045F
SNU-matK-1312F

Reverse primer
N-IRD-trnK PT713R
Chu-trnK 1217R
N-IRD-CX-trnK 2R
IRD-matK 1219R
trnK-2R

TGG GTT GCT AAC TCA ATG G
ATG TGT GTG TAG AAG AAA CAG
TAT ACT TCG ACT GTC TTG TGC
CTA GAA CTT TGG CTC GTA AAC

TGA AAC ATA GTG CGA TAC AG
GGG TAT TAG TAT CTC TAA CAC
ACC ATA GAC TGT CCT GAA AGG
GTC GAA GTA TAT ACT TTA TTC G
AAC TAG TCG GAT GGA GTA G

Johnson and Soltis (1994)

Zhu et al. (2007)

Modified from Zhu et al. (2007)
Designed for this study

Modified from Zhu et al. (2007)
Zhu et al. (2007)

Modified from Zhu et al. (2007)
Zhu et al. (2007)

Johnson and Soltis (1994)
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2 Cnidium officinale =2 Ligusticum sinense ‘Chuanxiong’
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Fig. 2. Leaf surface viewed in SEM. 1. Leaf sample (KJG12727 V.1) from the Annals of Choseon Dynasty; II. Ligusticum sinense
‘Chaungxiong’ (VS13032001); III. Cridium officinale (CH20131019); IV. “Tocheongung’ (VS13091415); A. Adaxial surface of leaf
material; B, C. Abaxial surface showing stomata. See Tables I and II for the information on samples.
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TS A9z o2 PCR T33t] Q7IMES vl #4¢
A}, 2AYRAT] ATAF, ANEY7], TFHFAA
FHE Yo 27t AX L sinense ‘Chuanxiong’>} &Y
3 2o 2 A Erk(Table 1) A S22 Ago] &
2]& Table 1o 23=]o] e AR o]9lel] Aird7] 25
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VE13032001
V813071510
MG150511

V813032001
V813071510
MGL50511

V313032001
V513071510
MG150511

V513032001
V513071510
MGL50511

V513032001
V513071510
MEL50511

V813032001
V513071510
MG150511

V513032001
V313071510
MG150511

VS13032001
V813071510
MG150511

V813032001
V513071510
MG150511

V513032001
V813071510
MG150511

V813032001
V513071510
MG150511

V813032001
V813071510
MGE150511

V513032001
V513071510
ME150511

V313032001
V313071510
MGE150511

V813032001
V513071510
MGLS0511

V813032001
V313071510
MG150511

V813032001
V313071510
ME150511

V813032001
V513071510
MGL50511

V313032001
V813071510
MG150511

V513032001
VS513071510
MG150511

V3513032001
V313071510
MGE150511

V513032001
V513071510
MGL50511

V513032001
V513071510
MGL50511

V813032001
V513071510
MGL50511

V813032001
V313071510
ME150511

V513032001
V513071510
MG150511

V513032001
V813071510
MGL50511

V313032001
V513071510
MGL50511

VS13032001
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CCAATTATAT AATCATTCCC TAGCTCTTCT GGGCTATCTA TCAAGTGOGC GACTARACCC

CTTCTTCCAC TTOGCAGAGG TTATATAGAR GGUGTATTTG
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Fig. 3. Aligned sequences of #nK from Ligusticum sinense ‘Chuanxiong’ (VS13032001), Cnidium officinale (VS13071510) and
“Tocheongung” (MG150511). Shade boxes at 5" and 3" ends are two parts of #nK exon, and arrows are the primers used for PCR
amplification. The solid line box delimits marK gene, which is nested in the intron of #nK gene. Dark circles indicate the base dif-
ferences between L. chuanxiong and C. officinale. Dotted line box is the region, which was analyzed to determine species for all
other samples included in this study (see Tables I and II). This study determined that the site 28 (%) was T in stead of A, which
was reported in a previous study (Zhu et al., 2007). Since this site is in the stem region of tRNA-Leucine, which must be very con-
served and complimentary, the base sequence at the site 28 should be T as shown in this study.
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