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Abstract

Morphological features to some extent are similar among plant species/genera, so the number of
distinguishable morphological traits useful for plant taxonomy is limited. With the progress of
global projects of the tree of life, 4 universal DNA barcodes (rbcL, matK, trnH-psbA and ITS) are
recommended for global plant classification, 3 (rbcL, matK, and trnH-psbA) of which are from the
chloroplast (cp) genome. However, short DNA fragments provide less information and relatively
limited number of plant species can be resolved satisfactorily. Assembling and operating the com-
plete cp genome with approximate 150 kb in length require skilled high-level experts and involve
a large workload. It is still difficult to accurately identify and digitally manage the global plants. To
provide a more convenient, simple and accurate method for plant identification and classification,
for the first time, we used single-nucleotide polymorphic characters from the large single-copy (LSC)
region of the cp genome for compilation of molecular taxonomic keys to Lagerstroemia species. To
ensure simplification and accurate identification, we avoided the use of molecular traits from the
following three categories of genomic DNA regions: gap regions, poly-N regions and simple se-
quence repeat regions. With the huge number of plant species in the world, genetic variations,
such as those resulted from gene transfer and loss, may cause the target DNA region to be un-
available and further make comparative analysis impossible in plant DNA barcoding in some cases,
but the LSC region is present in each cp genome in the plant kingdom. Thus, comparative analysis
of all plant species worldwide can be conducted based on sequences from the LSC region. The cp
genome can provide rich information for plant identification. Our new methodology is valuable for
improving plant taxonomic revision, upgrading the digital management platform and accelerating
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phylogenetic and phytogeographic insights into global plants. Nine Sargassum species/varieties
(Sargassaceae) of marine plants were also successfully identified in the similar way, indicating
that our method is suitable not only for identification and classification of higher plants, but also
algae of lower plants.
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1. 518

ik 200 Z4EKR, ERVUEPNBHT T KB AMEE . AR, WIERSREIH T 2K,
MHERGKARR, HATEYHILEHF[L]-[9]. B T HEYWEMEE[10] [11]. EFER, hERFREE
SCHE - AEMBEE R AL, HEE T B AR E 5 R FE R ) R [12] . R A TS SRAE P RFAE
N IR AR RIR FH B2 LR 2 4

PR TR 42 () R ) R 8 TR A2 AR B 2 B TR AS ARACLE . P TR 20 506 B T S MR R A PR3]
[13] [14] [15], iXLELAAEYIYIFN 4 8 1 RAR KBk o DA P B RL A AT 78 BT 0hm AT ], 122 VR PRk
HYIFRA 295 JFithy, FoHr, 206 60 Fitnbr A& A S E, JREKZ &l TARAE Z IR A RFIE B8 1% A R
TEVIRBI B ZOREEE o IXREAERERR AR Z B AERBEMELE . Goodwin et al. (2015) [3]¥FH 1 21 AME %K
40 MFRATEY 4500 17 AP ZEFL Zingiberaceae G & Aframomum HEIARAS, K ILZE /> 58% 1 AR A 4 R4S
SEHER, RN A A&l Dipterocarpaceae 2.0 7 J& Dipterocarpus #4 LA & Jie f£ £} Convolvulaceae % 2 J& Ipomoea
TEVIIAR A AFTE AR B B3] AR IFR A5G 50% LA I A R4 e 5 [3]. M 2 ARV BEUR 1Y)
5 5 AR F OO the P KR SR [16]

T 20 4E3k, > THEREE B % & O BN ISR T 2 — o HERIE R F Ay —Fh s B &
Ky BUEREAERIEH THED S EMRARRETFRCOH T 28552, FHBA YIRS BRI H L5
B[R AL RO FP [17]-[23] 0 B A= fir < B BRAIF 7T TR ik e, HERASE FH K 4 N8 A DNA 26 TEAS(rbel,
matK, trnH-psbA J2 ITS), - 3 /N(rbel, matK, trnH-pshA)K [ 44 AL R 41[2] [24] [25]. Hi T DNA A
Bt s B ED, REEX A RBEMNEYFZ, Gail, RISk E AT 5ER— 8
2% DNA TS TR Y Fp 4 5E [2] [20] [21]. SRTfT, WAt iR A P 91 1) K K2 15 IR,
BETAERE R N THRAE—MEEINEE AE6R IR 73 858 5, A F0 1 (R - G ik DR 2 1)
KEEFE DX PR IR 200, BT B R R, NRRE 1 2 i ) B UR B OR3P 5 0 FH 2
PEHAR S HF .

2. M5 5%

M T A3 T 32 AL (Lythraceae) 45 7% J& (Lagerstroemia) 16 #[2] [20] [26] [27] [28]f) 31 AMA Y H-4i44
SRR 1), FIF MAFFT v7.055b 344:[29] (http://mafft.cbre.jp/alignment/software) b % . AR L
HOR RS TTIX P 1, R Mega 7.0 BEE[30] 53 T 28 567 s o AR B BRAZ TR 2 A5 5, R Suo et al.
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(2012, 2015, 2016) [15] [31] [32]#IR K J5i, WHVEKEIBIFN I T R R K . KRR AR
R %2 254 A N> T 80E, A Mega 7.0 B4 [30145 % 16 AR R4 KL< RAPPIRE . I D R A
(Sargassaceae) 5 [ # J& (Sargassum) (1) 9 ANFPAIASFR 1)t SRARTE R A 7 51, B0E 1 A T7 V5 %8 SR IE H
P

Table 1. Chloroplast genome sequence data of Lagerstroemia used in the present study

# 1 AREANERBEYIH R EEEFTIEE

Species name Accession no.
P FP3S

L. anhuiensis % 487k MT019856.1
L. calyculata &% 487 MT019850.1
L. caudata J& M 47k MT019857.1
L. excelsa )I| B4 7% MT019858.1
L. fauriei J& A 548K KT358807.1
L. floribunda £ 7487k MT019849.1
L. glabra Y6257 MT019859.1
L. guilinensis A4k £ 7% KU885923.1
L. indica 47 MT019862.1
L. intermedia z #5457 MT019847.1
L. limii #2855k MT019855.1
L. siamica Fg 7R 2874 MK881628.1
L. speciosa KL 275k MT019863.1
L. subcostata Fd 47 KF572029.1
L. tomentosa k& 287 MT019851.1
L. villosa %% MT019853.1

1-1a. Type A3200C3205A3473C 4484 T4510C 4728 T'5126 A63a5G6681Ac698A6882C 7186 T 7188C7416A8170
.................................... Clade 1
1-1b. Type G320013205G3473G1484Ca510A4728G5126Ge345 A 6681 Go69sCoss2 T7186G 7188 T7416Cs170
...... Clade II, Clade III, and Clade IV
2-1a. Type Ces501C7533A8180G 18322 123111C49472C66561  +vvvvnvnvenennnnenennannnn. L. intermedia
2-1b. Type Ass01A7533Gs180T18320C23111A29472 T 66561
............... The fifteen species other than L. intermedia
2-2a. Type Cos14G19138 T26998A31946G46643G50457G63996 66208 vevevnvinnnnnnn. L. siamica
2-2b. Type Aos14T19138G26998 131946 T a6643A59457 T'63996Co6298
......... The fifteen species other than L. siamica
2-3a. Type Taca0Tas05Go183A28722G32302 T 57428A57598 T'62004C64003A72939 ... L. speciosa
2-3b. Type Ca40Cas05A6183G28722T32302G 57428C57598C62004A64003C 72939
...... The fifteen species other than L. speciosa
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1-22. TYPE Gaaa9G5675A8017  +eeneneneeee et et et et e Clade 11
1-2b. Type A4449T5675C8017  wovreeneininirinienenenenes Clade I, Clade II1, and Clade IV
2-4a. Type Gs5449C0040G15021G47734 T 63700  wovenvnniniiniiiiiii e, L. fauriei
2-4b. Type Tsa49R0040T15021C47734C63700  -vvvenen The fifteen species other than L. fauriei
2-5a. Type T797C18094A27916A43334 T50255Ge3958G 70044 cevvvvviiniiiiinnenne. L. limii

2-5b. Type C797T18094C27916C43334C59255C63958 T'70044 . .. The fifteen species other than L. /imii

2-6a. Type A128Ci2047T13235T 15382A16047A17177Ga5187 T 45310G47325G57389 T 65380 Te6313G66865 T 73190
L. subcostata

2-6b. Type G12sT12047G13235G15382C16047C17177 T 45187C45310C47325 T 57389G65380C66313A66865C73190
The fifteen species other than L. subcostata

1-3a. Type Az084C3321T3620G6275Ge838C7192A7193 T8212A8301C8308  +vnvenvenvennennennennn. Clade 111
1-3b. Type T308413321C3620A6275 T 6388A7192C7193Cs212C8301Gs308 ... Clade 1, Clade 11, and Clade IV
2-7a. Type A4489A19018C24365A35296 140206(G57701A58874  +evvvvnnvennnenniinninnnsnn L. calyculata

2-7b. Type Guaas9G19018A24365C35296G 40206 1'57701C58874
The fifteen species other than L. calyculata

2-8a. Type Ci1771T2086C30780G48464C58378 150760 vvvvvvvvnninneeiiiiinianannnns L. floribunda
2-8b. Type T1771G20s6A30780A48464A58378A50760 ... The fifteen species other than L. floribunda
2-9a. Type C14273C15084G18548G63558C69056  vvvvvniniiiviiininiiiniiiiins, L. tomentosa
2-9b. Type T14273A15084A18548A63558A69056 - .. .. The fifteen species other than L. fomentosa
2-10a. Type A6226C6513C7128A12831T17834A65101  +vvvvenverieneeinieeeiieanianannns L. villosa
2-10b. Type Cs226A6513G7128G12831C17834C65101 ... .. The fifteen species other than L. villosa
1-4a. Type G3863C4904A5562G5942G6047G8070 - vvenvnvnninininiiiiiiii i Clade TV
1-4b. Type T3853A4904C5562T5942T6047C807o .................. Clade I, Clade H, and Clade I
2-11a. Type G4172G1173G8310A8448C72550 - vnvvvenvninenennnnnns L. anhuiensis and L. glabra

2-11b. Type A4172C4173T'8310C8448A72550
The fourteen species other than L. anhuiensis and L. glabra

3-1a. Type Gsos1AG031A69912  «evuerrenenieenenteneneiieeeeeeenaenens L. anhuiensis
3-1b. Type Tso81G64031C69912  +vveverenenineneaeeteniineneeteieeieeneneenn L. glabra
2-12a. Type Goo23A6024G13290G26732 135413 T47983C50704C67460  wovvnvnivnnninnnn. L. caudata

2-12b. Type Te023C6024A13290 126732C35413C47983G 59704 A67460
.................. The fifteen species other than L. caudata
2-13a. Type T7992T28044G37240 T 41953 T'55025A57490 T'58685C72330  vvvvvvvviiennnnn.. L. excelsa

2-13b. Type C7992A28044 137240C41953G 55025 T'57290G 58685A72339
The fifteen species other than L. excelsa

2-14a. Type A7804C35671G72262 «vnvenennineitine e L. guilinensis
2-14b. Type Trs0aT3s611T72262  oeevninn The fifteen species other than L. guilinensis
2-15a. Type T3320A4479T4938C2077G30647Ge66103G67237  vvvvvvivviniiiinnennnnn, L. indica

2-15b. Type G3329G1479C4938A8077A30647C66103A67237
.............................. The fifteen species other than L. indica

Figure 1. Molecular taxonomic key of the sixteen species in Lagerstoemia based on the single-nucleotide polymor-
phic characters from the large single-copy (LSC) region in the chloroplast genome. The figure following the nucleo-
tide character indicates the position of the corresponding SNP from the 5’ end of the LSC sequence alignment as
described previously by Suo et al. (2012, 2015, 2016) [15] [31] [32]; the clade numbers correspond to those in Fig-
ure 2

E 1 ETHREEREAXRBENXMNEZHRLZSUSNERRE 16 MEDS FORRER, RERFEE
R FARGHBRSTUR/MTHREEREREENXANME; SXHHSS5E 2 PHD MRS —
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BRE 16 APPSRk A R R 2H 7 51 FO HE R R B S 153826 bp. 103 MR Z A0 Ak H
LSC XI55 128 AN 255 73199 /ML XN, 1A FHEAR, W70 7 R R (14 1) %€ T
LR YF . R R R AL 103 N ERAL TR 2 507 5, A2 16 MR R G K ARk ZRDIR B (14
2)o 16 MIFR 9 4 A KIISEER, 1 1L AT IV, AR 3~15 N HZH IR 2 2540 5 T B E B4 32,
FIH] 3~14 AL IR 2 4L /7T BLEE AR (18] 1) F— DR WHIMIR BEAIE SR R (K 2).
TV R, ZEUE TR Lagerstroemia anhuiensis F1G4E7% L. glabra B ERITZHIX R, E13E4 54
MR AL ETR Z AL, B cpDNA_LSC_Ga17:G4173G 8310”8448 C 72550

L. excelsa
31 .
L. indica
5 6_ L. caudata
I olabra Clade IV
99 - &t
62_|— L. anhuiensis
60 L L. guilinensis
L. floribunda
59 L. calyculata Clade ITT
oWp—— L. villosa
26— | tomentosa
L. fauriei
L. limii Clade 11
44 L. subcostata
L. siamica
100 { L. speciosa Clade T
46 L. intermedia

0.05

Figure 2. Phylogenetic tree of the 16 Lagerstroemia species based on 103 SNPs using
the neighbour-joining method with the Tamura-3 parameter model. The numbers near
the branches are bootstrap support values (%) of 1000 replications

B 2. ET 103 MEZEFRESSMSBIENEREE 16 M RZELEXR

4. ¥W1ig

LERE T AR R A, KRR IXOKERERAREZXKERNL 3.2 5, Z/NRE XK
FERIIE 5 £ o REFE DX AR e 7 s 80 B, /N DX 2 2.4 %, IR EEX P 7 £5[20] [26] [27]
[28]. KEF IXHIX 103 MR Z S0 A, DA RB X5 16 Frm@myn[27] [28] [33] [34] [35]-
ST I ARl 1 I S A R TR L 7 AR A1

HEEWN gap A . poly L5 K EAE S, W(A)n, (C)n, (G)n, (T)n, DAL EEFHIHIK
JEARSE, ATUMEND PR . X 3 28 “o MR st FoRIX 9. SR80, )14 gap [A]
AP AEAE T AL B, BT 2%, gap Z 181057 514 B AR METAC 20 ME— AL E . 4 poly 45
P B 1 PR R A K AR K P i, 8 5 MBI iR 22« EARH FE R (Bl gap. poly £5#4 LA
Jfa e E R P A IR AEYE R . 1X 328 “OrTHHE” METHS 0 T B RE. K2 £ LSC XKH
B Z S0 SR RAKER R

ZFR - B AN ARG AR R R XU T R 7 7 %8 TEM 5 — ik, M EEHEm[17] [31]
[32]. #RT, IRGKERKIEZ R - EOMERSEHCER TS, GRS BRK R . WS,
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2348 DNA 0 H T3 2RMM ) 43 R R G0k A2 R R FL[36] [37] [38] [39]. L R R i Bty
ST “UFIRARM” PVE BN RIFN . BATRIH SRR O BRI 14 SRR EERH T A (GE 2), IRTEK
J5°H 74409 bp [¥) LSC X [\ LLXF 751, 5 5336 e 2258 10027 e X B 17 51 (1K R 4692 bp (i
LSC &K1 6.3%), Hr, fllZ1H /KM AR PR ERRZ S M 221 4, WRI%E 7 SREEER 9 1
FhASTR, UL 3R] 4, Z5REM], AT 73 REEHITEAUEH T =55, i Tk,

ENIEER RS e R

Table 2. Chloroplast genome sequence data of nine Sargassum species/varieties used in the present study

® 2. AAREANDEER 9 MYEMEIM R IR EEF IR

Species hame

Accession no.

s R3S

S. confusum ¥ & ¥ MG459429.1
S. feldmannii isolate 2017030072 9% K5 2 #: MW784167.1
S. fusiforme “EHiz% MN794016.1
S. fusiforme isolate fusiforme £47i2% MN121852.1
S. graminifolium isolate 2016030038 M- & i MW?784163.1
S. hemiphyllum var. chinense - J2 75 1[5 45 MT873582.1
S. hemiphyllum var. chinense voucher Wu202001 2} H- I 2 35 o [F 35 Fh MT800998.1
S. henslowianum isolate 2017050197 ¥ (K 2 # MW784169.1
S. horneri 47 MN265366.1
S. horneri 47 KP881334.1
S. horneri isolate JD i MT795188.1
S. horneri isolate SC 4 MT795189.1
S. ilicifolium var. conduplicatum &5 I J2 78 B 2 A5 fh MW767830.1
S. kjellmanianum #2871 0K323194.1
Scytosiphon lomentaria & #E (MR, E#EEl Scytosiphonaceae) MW415415.1

1-1a. Type Gs363Gsa57G5514Gs568Cs5574Gs5613G5666G5815Gs841 T5902A 5922 T051A6075G6105C o289

Co670C6763G6775G6811G6969G7033G7042C 7756 T7828C 7870 A 7927 T'8023C 8059 T'8083 A 8143C 8323

Ags36Gis542 T8719C38720G 8851 C8887G9046 C9060C 09250 A 93909A9533G9789C 9807(59922 A 9962

Clade 1 containing only S. horneri

1-1b. Type Ts3s3As5457A5514 5568 15574 A5613A5666A 5815A 5841 A5002G5922C 6051G6075A 6105 T 6289
Te670A6763A6775A6811A6969A7033A7042 7756 A 7828 T7870C7927C 3023 A 8059 A 8083 G 8143 T'8323
Tss36A8542Gs719T8720A 8851 T'8887A 9046 T'9060A9250 T'9399G9533 T'9789 T'9807 T'9922 T'9962

..................... Clade 2, Clade 3, and Clade 4

1-2a. Type Gs382Cs5391T5306C5397G5415G5622C 5662G5766 A 5900G 5901 G283 G304 T 6526 Ass14C o826
A6915G6943G6982 T 7096 C 7837 T7903 T7970G 8056 C8167G8415C 8566 T '8623C 8866 8893C 9238

Co500C9752C9788C 9790 T9863C o881

...... Clade 2 containing only S. fusiforme

1-2b. Type As3s2T5301Cs396 T'5307A5415A 5622 T 56624 5766C 5900A 5901 A 6283 A6304C6526G6s14 T 6826
C915A6943A6982C 7096 T 7837C7903C7970 A 8056 T'8167A 8415 T 85668623 T'8866 A 8893 T'9238

Tos00T9752A9788T97900C 0863 T9881

......... Clade 1, Clade 3, and Clade 4
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1-3a. Type Ts304Gs446A6721A7015T8518G8533  ceneviniiniiiiiiiiieeas Clade 3

1-3b. Type As5304A5446G6721G7015Cs518 L8533 .o.oentt. Clade 1, Clade 2, and Clade 4
2-1a. Type Cs424Gs575T 5840C 6069 T6a69A 6515Ge604 T 6607C6970A 7876C 7936G8020A 8530G 8602

Gs725A0417C0524Cos66Cos72 - ........ S. hemiphyllum var. chinense

2-1b. Type Ts424Css75A 5840 T 6069A6469G 6515 A6604A 6607 6970C 7876 T 7936 A8020G8530Cs602

Ag725Go417T9524Tos66 Tos572
The eight taxa other than S. hemiphyllum var. chinense

2-2a. Type Cs376G6691A8656G9009  wvvvnvneniniiiiiiiiinnne, S. kjellmanianum
2-2b. Type As376A6691Gss56A9009 ... The eight taxa other than S. kjellmanianum
2-3a. Type AssosCs520 1576245889 T'5971G6946Cs320Cs524Too1s ..o S. confusum

2-3b. Type Gss0515520C5762G 5889C 5971 Agoas L8320 1'8524A 9013
The eight taxa other than S. confusum

1-4a. Type Cs493Gss522A5615Cs760 6064 T 6070C6601Ge664A 6751 A6955G 818218203 T8726 T9010C 0440

A0sssGo673Co751T10015  eeeiee e Clade 4

1-4b. Type Ts493A5522C5615A5760C6064C 6070 T6601 A6664G6754 G955 A8182C8203C8726C 9010 T 9440
GoassTo673T9751C10015  evvvvnenennnnen. Clade 1, Clade 2, and Clade 3

2-4a. Type Asa13T6077T6517G6586G6727T7045  vvvvnvnininiininienines S. graminifolium

2-4b. Type Gs473Ce077Ce6517A6586A6727A 7045
The eight taxa other than S. graminifolium

2-5a. Type Gs336Cs108A6246G6532C6598G6910Cs176G464Cs704Go152A9754
.............................. S. ilicifolium var. conduplicatum

2-5b. Type Gs336Cs108A6246Go6532C6598G6910C8176G8464C8704Go182A 9754

The eight taxa other than S. ilicifolium var. conduplicatum

2-6a. Type Gs3s5T5701G5894C35912C6128C6262Co328A6523A6736 16784 T6990C7007C7036G 7673
Gs308A 8500 T'8587C 3758 T'3994G9102G9157A9518G9523 T9548C0693G9759C 9905
...................................................... S. henslowianum
2-6b. Type As3s5Gs701A5894Gso12T6128T 6262 T'6328G6523C 6736 C6784C 6990G 7007 L 7036 A 7673

As308T8500C8587T8758C3994A9102A9157 T 951849523 A 9548 A9693 A 9759 T'9905
The eight taxa other than S. henslowianum

2-Ta. Type Ts423T5640A5691C5704G5896G6076G6136C 6251 Co689C 7054 A 7082 T 7551 A7940G8512
G3761Cs819G3835A8345G9286A 9437195569925 T9969 T 10027
................................................ S. feldmannii
2-7b. Type Gs423C5640G5691T5704A 5806 A 6076 A6136A 6251 T 6689 T7054C7082G7551C7940A 8512
Ts761A8819C3835G3845A9286(9437G9556A9925G9969A 10027
The eight taxa other than S. feldmannii

Figure 3. Molecular taxonomic key of the nine species/varieties in Sargassum based on the sin-
gle-nucleotide polymorphic characters from the large single-copy (LSC) region in the chloroplast
genome. The figure following the nucleotide character indicates the position of the corresponding
SNP from the 5’ end of the LSC sequence alignment as described previously by Suo et al. (2012,
2015, 2016); the clade numbers correspond to those in Figure 4
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Figure 4. Phylogenetic tree of the nine Sargassum species/varieties based on complete chloroplast genome sequences using
the neighbour-joining method with the Tamura-3 parameter model. The numbers near the branches are bootstrap support
values (%) of 1000 replications
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