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Prospect: Identification of medicinal plant based on chloroplast gene ycf15
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Abstract: The circular double-stranded cpDNA sequence consists of two inverted repeat (IR) regions, a large single-copy region (LSC)
and a small single-copy region (SSC). The function of some genes within the genome is clear. However, it is unknown for such
chloroplast genes as hypothetical chloroplast reading frames (ycfS) and so on. As one of ycf's, ycf15 gene is located within IR regions
with length of 250 —550 bp, conserved among plants and also, its function is often unclear. The gene has attracted an intense attention
during the past decade. This review presents an overview of ycf15 gene including its basic type, structural features, and the application

to phylogenetic analyses. As a potential DNA marker for species identification, future implications of the gene are also introduced.
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Fig. 1 Location of ycf15 gene within chloroplast genome
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Intact ycf15 gene is represented by the black box, pseudogene by the gray box, and deleted region by the white box; Base insertion is represented by the

small gray box in the type Ib

2 yefls BEEERGEHER
Fig. 2 Basic type of ycf15 gene

F1 TE yofI5s ERYTEE (28 APG I RGHET)
Table 1 Species information of intact ycf15 gene (according to APG III)

H &} Fif GenBank &35 K/Mbp

FLESTEH BREBERL (Actinidiaceae) B APRER Actinidia polygama KX345297 249
VUZRRAERk Actinidia tetramera KX345298 249

WHEILFE (Primulaceae) HEAIAE Primula poissonii KF753634 258

WAL IVECHE Primula veris KX639823 249

Fi®}l (Ebenaceae) HIL T Diospyros lotus KM522849 249

fili Diospyros kaki KT223565 249

11 7%%} (Theaceae) LK Camellia reticulata KJ806278 249

W25 Camellia leptophylla KJ806275 249

JHAEH JERHEL (Gentianaceae) Fa58 % I Gentiana tibetica KY213965 231
tHZEZ I Gentiana crassicaulis KY214077 237

SkAEIENE Gentiana cephalantha KY214122 237

& H JEEAL (Lamiaceae) P12 Salvia miltiorrhiza JX312195 249
% Scutellaria baicalensis KR233163 249

KI5 Perilla frutescens KT220692 249

F A Y Lavandula angustifolia KT948988 249

AJEEL (Oleaceae) AREBEM Olea europaea GU931818 255

F1*4%} (Orobanchaceae) WAEE Cistanche deserticola KC128846 249

% 2%l (Scrophulariaceae) K B3 Rehmannia chingii KY397677 240

P #iEL (Solanaceae) MR Nicotiana tabacum 700044 264
i Solanum melongena KU682719 264

W% Solanum nigrum KM489055 264

IR Physalis peruviana KP295964 264

AUl Atropa belladonna AJ316582 264

I TuinEl (Araliaceae) N2 Panax ginseng KF431956 303
=t Panax notoginseng KJ566590 303

Wi¥ES Panax quinquefolius KT028714 303
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i 5Kk 600 bp 2247 o BTHABANS DL R 48 K4y
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L. IV. V 8 yef15 Bk g TR RLR LAY,
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B S8 % H A RIPREE 4 B BT SR
A PR ERE Y T

PRy IX BAZX PRAFIX X
(~50bp)  (~10bp) (~100 bp) (~90 bp)
‘ I I 111 v ‘

Nicotiana tabacum
Solanum melongena
35 f|dtropa belladonna

HiH A %4&1 spicum annuum
Solanum nigrum
Actinidia polygama
Actinidia tetramera
Primula poissonii
Primula veris
Diospyros lotus
Diospyros kaki
Camellia reticulate
Camellia leptophyl,

1 i I

Lavandula angustifolia vl

EBH Scutellaria baicalensis vl
Olea europaea vl

Cistanche deserticola |

Rehmannia chingii v
Panax ginseng vl
I H  FHnFEHPanax notoginseng vl
Panax quinquefolius vl

HESTEH

3 26 XTE yc 15 HER

Fig.3 Amino acid sequence alignment of 26 intact ycf1S5 genes
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Catharanthus roseus: {&rar | |
Jasminum nudiflorum g=—{ TECAT e —=—mm
Scrophularia buergeriana { TATG | —
Scrophularia ningpoensis m=———————ri TATG | ' == I ]
Scrophularia dentater | TATG | | i"ﬂﬂ I ——m
Cuscuta reflexal —— T
Foeniculum vulgarel GLGG | ] ABMAAG | — |
Tiedemannia filiformis @ " anmaG | =1 =T
Anthriscus cerefolium mﬁ ARG =1 |
Daucus carota@} [ anana | — ——
Coriandrum sativum Catee | m —T !H"_l =—T=1

JHHE Nicotiana tabacum ycf15 S NZIR, IREOPFEIREHAEN, A ORF RIS

Base insertion is represented by the gray box and base deletion by the white box; ycf15 region of Nicotiana tabacum is used as a reference

B4 145F1bE pef15 BEE indels T 7 EE
Fig. 4 Analyses of type Ib ycf15 pseudogene within 14 species
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Table 2 Species information of type II ycf15 pseudogene (according to APG III)
g H B (g0 GenBank &35
AT Joii#EH (Amborellales)  TLiliFH (Amborellaceae) (1) AJ506156
(basal angiosperms) ~ FE%EH (Nymphaeales) — ME%FRI (Nymphaeaceae) (2) DQ354691, AJ627251
A=K #H (Laurales) 1Rl (Calycanthaceae) (1) AJ428413
(magnoliids) HE:EH (Canellales) MALEL (Winteraceae) (1) DQ887676
AK=H (Magnoliales) AK=F (Magnoliaceae) (1) DQ899947
HIMUH (Piperales) BIMURL (Piperaceae) (1) DQ887677
LS Rup et/ PI5H (Alismatales) KEIEFH (Araceae) (2) KR270823, KR872391
(monocots) Z%H (Dioscoreales) Z%i% (Dioscoreaceae) (2) KP899622, EF380353
HA&H (Liliales) BHER (Liliaceae) (6) KU230438, KT722981, KT695605, KM088015,
KJ433485, KP125338
K114 H (Asparagales)  &ZFl (Iridaceae) (1) KT626943
228} (Orchidaceae) (6) KM244734, KT722982, KR919606, KT588924,
KX507360, AY916449
AZ&H (Poales) RZLEL (Bromeliaceae) (1) AP014632
AAF} (Poaceae) (3) X86563, EF115542, AP006714
#H (Zingiberales) #Fl (Zingiberaceae) (1) KR967361
FF ) ERH (Ranunculales) — /M3EFL (Berberidaceae) (2) DQY23117, KR779994
(eudicots) IRl (Papaveraceae) (1) KU204905
EHF} (Ranunculaceae) (3) KT820667, KM206568, KX347251
REEH (Saxifragales) 3 KFl (Crassulaceae) (1) IX427551
A%k} (Paeoniaceae) (1) KJ206533
AT H (Caryophyllales) 77l (Caryophyllaceae) (1) KF527884
FHl (Polygonaceae) (2) KR816224, KX085498
H%H (Vitales) AR (Vitaceae) (1) DQ424856
&REH (Malpighiales) K#Fl (Euphorbiaceae) (1) EU117376
PilIRL (Salicaceae) (1) KJ624919

# P H (Cucurbitales)
. H (Fabales)
M H (Rosales)

&MWE (Myrtales)

+574 H (Brassicales)
Hi%%H (Malvales)

LT H (Sapindales)

#F R (Cucurbitaceae) (2)
ZFl (Fabaceae) (4)
BTl (Elacagnaceae) (1)
2%} (Rhamnaceae) (1)
WAL (Rosaceae) (2)

P& IR (Myrtaceae) (4)
HiH-328E (Onagraceae) (4)
+#%} (Brassicaceae) (3)
IRl (Malvaceae) (2)

% & Fl (Thymelaeaceae) (1)
BE (Meliaceae) (1)
Z%% (Rutaceae) (2)
THETF (Sapindaceae) (1)
#HHEL (Buxaceae) (1)

DQ119058, KY014105

KR136271, LN555649, AP002983, AC093544

KP211788
KU351660
KP760070, KX768420

HM347959, GQ870669, KC180805, AY 780259
AJ271079, EU262890, KX827312, EU262889

AP000423, KJ716483, KT844940
DQ345959, JF317353

KT148967

KF986530

DQ864733, KT153018
KM454982

EF380351




¢ 3% Chinese Traditional and Herbal Drugs 35 48 & 25 15 2017 8 A

° 3215 -

2.3 yofl5s ERERK

it 1 29 MR ye1s R, iRk
A TP TR ] SRR,
B TR IR AR (Poaceae) P4, TR}
(Fabaceae). figf6F} (Convolvulaceae) P IS Fl
(Campanulaceae) H1[1)—SEHE 0 yef15 FEB, o
G 17.7%.
3y 15 ERYMEENESRAEFEX

yef15 DR e SR i B AR 53 U5 33 AR
BLRL, NHIBIPT yefls SEBEEERM R E X,
ASCHEAT TR 51 081 7% APG L (2009)
W KRG, MARSIEE . RIHE . JEEH.
SILHAGIHE 5 H 11 B3k 26 N AAEE yof15 £
R R RG S R e A i, S5 R R T IR R4t
FREFR, WENMEHSERAN KX, SAORHRME
N3 (B35,

88 | Actinidia polygama
| Actinidia tetramera
3 4| IDiospyros lotus
+64Diospyros kaki HA%1E H
97, |_Camellia reticulate (Ericales)
69'Camellia leptophylla
74 —'— Primula poissonii
99 Primula veris
Olea europaea
& Cistanche deserticola
L ‘ Perilla frutescens
5 | Rehmannia chingii JEIXH
36\Salvia miltiorrhiza (Lamiales)
21| Scutellaria baicalensis
T# Lavandula angustifolia
ﬂ Panax ginseng
941" ' Panax quinquefolius A H
Panax notoginseng (Apiales)
99| Gentiana crassicaulis
Gentiana tibetica JefHH
‘ Gentiana cephalantha |(Gentianales)
18 [—Solanum melongena
33 Capsicum annuum
[Atropa belladonna jiils!
Nicotiana tabacum (Solanales)
Solanum nigrum

—
0.005

1 000 bootstrap replications, Kimura 2-parameter model

E5 ETF 26 MIFTE yor1s EE FFIEE ML 3
Fig. 5 ML phylogenetic tree based on intact ycf15 gene

sequences within 26 species

BEIFET 45 MR yef15 78 (BEA 52 33 A
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DNA 73 F 7Kt — B S Wphd T RS A
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PR S R R 2 A, XA BRI R
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IR HIRT I LAE R, EER ye1s R EG YR
YR o BRI R — TSRS N R 5
AL T B 7 BT, RAEE yefls FER S,
KRBT ZEEF T HTE )

4 HEERE

yef15 AENFT 7 Fhric B BRI 7 2 (6]
S . HMABET: (1) ZRRAHERE, 5
AR v BOR L, B/ e, FTS2i 4.
(2) AE NS ER F 5, Rk, R
SERT B, ] BELARAE T A I R R ST X B i
WIS 51, SRR RN S e R .
(3) TINS5 WAE s o) J S5 SR R, TR 25 FE
i HR ) DNA SO AR P, RS IE T3
HREM R B ye15 B A B ERU/NMRE A (—
M 250~550 bp); [AIEF, # EAZLETF I FIAFE
LB FEI R MR S 5, R RS E T
GBI — 40 Rk, AT HA K TR
WA, Hizh B Tmmse, 5T, 5
H B4 B mT se oK R He e

RETFHNFEHEIRN ye15 R T IR X ye2 5
trnL-CAA 2 [8], {HRAT — s T {ER2 80 % 5L
HINL BIERELE rpsT 5 trnV-GAC 28], X 2{HAS R
MEIP) o

IR IE FAAAAE—E R BRTE, S RBHRIR
KEVERYIN yef15 BEREEMBREK, ¥H 3
FERI g5, mT AR Nz S BRI B,
HRIA & B Z 18] yef15 FERA SRR, JLF—
B/, HAE R AR S E B A K AER
> FHRIL s yof1 S FE R AR HE HLARSHE R Wi
SRR, AT —HET 8
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