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45%. 20174F, Appenroths! 53 8 H V4 v 1 K
H R B & &5 R DA H L (WHO) RS
NEROME ) L-FAH R, G0F S35 2 — Mg fE i
ATRIE . Ak, 7EIEIR 9110 pmol/(m™s),
Lemna aequinoctialis {f1 55 K ¥R 7 8499870 g/m’,
UtV AR T T B AR SE A A B B R
Pz~ B LA, VR AL S AT R A/
RUK AR T 1A, & — Flhad F T B Al A0 S FH AE 7E 1)
B A R o

bEE AR BRI BEA, B 7T A% 2k
PRI 7% BRI T A 27K K B 48 7K1, 7
B0 R B EYAE R T A 22 KF, R
T BRI R MR fo B ik 2 Y, %
A SA BTN, gL 2 R 1 B8 52 e HL R A
FEAEANHAR AP AR, AT T BOF FEX AN [F] 5 SR 3R
B8 F 3 AN )T A% 5 R R A A 7B R
FIIE B AR G AR AE e 77 I B B8 A S RN R AR, X
AN [EHb DX R P AT @ 2558, 70 B Fo A 5T 95 s
() 3 A L, AN R ZIZ L e R R 38 0 3
(2 REPEA S 0, R, R SR At T A
2 A1 43 AT B XS AN () 1 XV 5 AR 40 0 Bt LR 4t
AL MR . 20094F, MartirosianZe 525 375 7
BHEII G K)rpS16 & 1P 51 50 M W, 2 T rpS16
W& B 18 AL #5870 W SCRPRE Landoltia punctata
MEE T 53 B R B MR B R . BE S, Wang
252811 £ 7 CBOL (Consortium for the Barcode of
Life)$ th 174 BUAFRIC X 97 4 ¥ A3 1 B A1)
AR 71, )5 K Iatp F-atp HIE] R Y 51 5 e
PV 2 FEVERRE S, AL T B TR 7 41 2 P
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1.1 EYMRIRE

B A b A H ] R Pl b X, B VTR
BRI KK R, T db424°37'—29°13", R&
103°36'—109°35"; T M 55 P9 Hh 545 78 = ARG, W3R AE
157—2841 m, J& YU #aiy {1 28 S A, S AR IR,
R B 7e i, AR H B 1354h, IR E18°C A A,
HEFH/SR24°C, AR 81200 mm™. 54744
B A A R AR, LT 43RS B 126
TFPEAE N — P N B8 T 9k AR, TESR M B W) i2
I3 AT, A FEAE 51 N A48 9N ML AT BUIX R 4R 31 2 Fh
TR, 4ty (B D).

1.2 &AM

R NaClO. 75%Z. % . MSH; % (Hopebio;
i) k1% Z (Ameresco; USA). Hoagland:% 77
W ik 2B (Aladdin; L), CTAB. #ZERHEEL
W (Acmec; FifF). FNEE(Aladdin; Fi#). Taql
(Trans Tag DNA Polymerase High Fidelity; 1t 57)+
B i B (Sigma-Aldrich; USA).

{38 RN BB (SMZ-171; Motic; ET1). A
LA 256 (GXZ-80; Thermo; £[FH). #HiF G
(SW-CJ-1D; F5&; Wiil). KE4(DR60DA; ZEAL-
WAY; USA). pHAX(pHS-3C; FHE; L), @K
. EOHL(TG-16S; & FF; IY)I1). T100 Thermal
Cycler PCRAX(T100; Thermo; USA). 7K-FHL kX
(JY1600C; JUNYT; db57). &t ik sif 4% (biorad
ChemiDoc MP; Bio-Rad; USA) .
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Fig. 1 Distribution of duckweed germplasm collection sites in
Guizhou Province
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AL BRI B R T VR IN50 mg/L 3k AU 55 3 M [ 44 355
FrIE TR BT RAT, RARE A H, NG SR
BER R IEARL. DNASRECHT, MARAF RIS FR L L
FEM10—20 P PEAE MR R 32 2 pHI 225.0—5.5, i
T01.5% 34 J5 K b6 AR #E i Hoagland & 57 15 77
AT R 2, B35 1 e B BRI 5000 1x, iEL
FE25°C, Yt 1E JE B 16h/8h(L/D), I FE75%, 157 [A]
2 A .
14 EESFEE

P AR R 58 A8 B o T T 1% 9% (T e AT T A 2
Yw, B RMEE. AN BEBEEE,
FHIE %5 @ EWERE R 5. FEIEMES IR, Je it
J&(Wolffiella) AR AE B W &I, ToAR M J& /75 ¥ &
(Wolffia) WA E/N, TR, 2RUNERCIR, 25 HAh
JEX I, LR J& (Lemna) 53 )8 (Spirodela) F1 Bt
P B/ 22 IR & (Landoltia) #3545 MR AR R, 1R/ TF
6, HAE PR AR 2 25 0 00 B R 2 Rl AR R AR, 7
ARFPRAR IZ K MU FE iz o AR i 7 R AR
()T 25 W0 22 I AR 7R T - 1 T T 34 A £, T
PN, KA 60 % 5 R, R Z11—25 mm®, %
T H R B AT, T T, EH T—4 B — [ IR A
K, BRI VR H K (AR, AR 20, A8 40 14k
FEAEIT, 25 A A0 28 102—3 AN HOIR A4 it 25 BEAAC 7 H K
1, J& T 48 8 (Lemna); W F R THIAR 5 2804 J8 AHAL,
SREIGPIE, B o gR e, kS LLT, 14—
Pl 0, I TN O, iRBUD T M TR e =
QP& (Landoltia); W R BOK, B8R BT, A X
B, HORAR IS T i, R ERZ01 em®, k526 B L,
B2 e, Wil E e, e e K, 15—
35 mm, HL5E B 5, B T 08 (Spirodela)™ .
1.5 DNAREX. PCR3¥ 18K

{# FHCTABIESRBUF M DNA, B0.1—0.5 g fet
FHEH A5 F15 mLEOE T, I mLEH2 uL
ff)2xCTAB, 65C/K¥#30min, 8 AW #Es), {#
ZIREL KM E A H B IR, NSRBI
B, 241, 12000 r/min 0 10min; B HiEREE
FIREE— W B EIER T H LS mLE O, N
ANO.6 5 AR FRUK I 1 5 A B, 7E-20 CUKAH T E
30min/&, 12000 r/min, 4 ‘C & >10min; B _E 5,
TEVTHEHFINANT mL 75%(1) B, 12000 t/min, 4°C 5§
O>Smin, W25 OWE; 7R & 6 WU, TIA30—
50 L ddH,0, ¥ fi#DNA, & T—20C 1417

PCRY$8 V7 3% (11 - S¢ AR atp F-atp HIRI K& 7 51 il
rpSI6WEFIF AR 1), RNARZR25 pL:
2 uLIJDNA ##%, 0.25 uL 5 U/uL HiFifi§, 2.5 uL
10xTrans Taq HiFi buffer, 2 uL 2.5 mmol/LHJdNTP,

1 uL31%2, 17.25 pL#IddH,O. PCRI™ 1 5 i F& e
95°C Fi# A P 5min, 94°CAEPE30s, 50°C B4R 30s,
72°CIEfH45s, 30MEH, 72°C LEMH2min. Fo 18
FE AT B G B A IR R VR, ) e R A A
MF
1.6 DTFERGFRIEEZHESH
TENCBI(National Center for Biotechnology In-
formation)F 4 H1 R 2 RN 3 TR BEY) R AR
FKIEFF, S HiBioDeit R AF1E4T I3 51 Lt Xy FH BT 1),
P53 K F atpF-atp HIE @ 75 S5 rpS16 W & F )7 5
1EMega6. 03 £ H 14 E#NJ(Neighbor-joining Tree)Z!
RGREW, B8 2T B FhE 7025, P i
FT A A i 7 21 B 0T 45 B4 ADNA SPO¥R A, 7 #hr ot
N 28 AN [ 1 DX P ot VR PR A 22 R A, A0
RERE(H) . A2 SR E(H) . BERZE
PEIREU(P) . REARRAZF(0,) NI I EEKbAZ IR 72

S0,
2 ZER5178

21 WMEFEE

1 3 P AR R S A B R I 9 PR A AR a2 47 0
®qOEERMEXRENAOMRF R AR
(Lemna) 53 )& (Spirodela) BT & /2% KM &
(Landoltia). HH &k @ s %, 3334 Hpf e
SRR, 2R (R 2M A 2). BERH AL T B
AR, AKBIE TR, FERE T NG & A
DR JE, R VIR S 2 T A7 T 53 M o 0
VO, FUR BN E, WA KRB BB &8, 2R
A FES ALt X8 SCRI AR A T 245 SR J8 AL
J&, £170% 4% &, B vt th X A4S /S 2 K A EE Y
&, FEREIN RSB MBEMNEE, EH R
KRBNGRF R, SR BN 8 AP
22 MEIMMRTFFIIPCRY IS

] 302 H9VF BEAR R M atp F-atp HIA B 5 51 Al
rpSI6N & TP HIPCRY 45 3 o HA 1A P 5t 4T 1
Dhr s B 2k, K apF-ampHIARE P51 I B
9 687—708 bp, rpS16W & F 7 FI K B 91020—
1059 bp -
23 DFEVMFLEEER

) V5 S S Ak atp F-atp HIR) B 7 5 RlrpS16
W& T FIREAT 4y 7 R, 4140 5 3 Bl 5t 2R
KB4ANF, 439 FEL. aequinoctialis~ L. minor-
Spirodela polyrhizaf Landoltia punctata. FAWF T
I F 25 R &, BRI K S5 TRAF K
MR —8 KL minorM B E R Z, H291,
4 J& T-L. aequinoctialis, 641 J& T°S. polyrhiza, 24}
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Tab. 1 Primers for the amplification of atpF-atpH and rpS16

e Elk2

Name Sequence (5—3")

atpF ACTCGCACACACTCCCTTTCC

atpH GCTTTTATGGAAGCTTAAACAAT
rpS16F AAACGATGTGGTARAAAGCAAC
rpSI6R AACATCWATTGCAASGATTCGATA

J&T-L. punctata(F 3).

FIH atpF-atp HIAIRE FF 5| FlrpS16 N & ¥ 5143
il F BioDeit# 4 LL X f&, FIMAGE6 3 A 44 2 73
ARG RKEW(E 4).

MNCBI_E N 17 F 374N i Sk atp F-at-
PpHIEIRE T3, FE34 88 A3 7 41 o d5 J 10 PP 51 kAT BY
VI, M Rk B W EEC R AL, FIFE, 176
NCBI_E F#25% % rpS16 N & T F4), H, &
MH TN AR, TR 1IN AKE], EHEEEIAN

RARE, ARAETTINA P BIFE SR A2 5 LA
VAT, BT LUK S 43 b 45 R BN K

HH R B dan] & H, 0168 FTE 12013734
Fh 5t HH atp F-atp HIA] B 7 51 BTk i 32 48 % 8 S
5L. minor$FEN—3%, L, X290 F i NL. minor,
0145, 0080 0083101805 L. aequinoctialis5& N—
%, LL0079 NRFE M6 1n Bl it 5. polyrhizaZE H—
%, 0169, 0174 5L. punctata® 9—335; RS
AbRHNT L, B FAHE . R4 10T ol 5 43 233t
1T 25 (3K 3).
24 BREZHMSH

FIFIDNA SP6 IR A 73 #1 o M 48 15 B A o3 1) at
e 2R . 45 B3R I 51 M 48 ¥ S Al T 1 8 4% 2 1
AR E &, T atpF-atpHMrpS16 W) B4 T 45 5L
G313 FN10, B TR 2243 511 750.153804110.14334,
M H R 2 A VEFR 505 71 90.08725410.09158,
kb P HIA% R % 7 $0UN47.20000161.72200, {5

x2 FEMROESELE
Tab.2 Morphological identification of duckweed germplasm
J&% %5 TEA AR KA X
Genus Strain Morphological characteristic Gathering area
SRR 0080 0082, 0083. 0084, 0100, 0108, AT, B, —2—3 mm, LT H W, BERH, 14, R,
Lemna 0113, 0117, 0122, 0123, 0126, 0128, AR 2, T T, MR, 2—4 4> RIS, K E, 2
0133, 0136. 0138. 0140. 0142, 0145. PR AR B A AE — 2, 3R THI B e, VURg, LI, ANAK, B
0147, 0150, 0151, 0152, 0154, 0157, TR IARAR LA TR, K10— FS
0158, 0159. 0161 0168. 0173 0177. 20 mmZc A5
0180. 0184. 0185
eSO 0079+ 0105, 0127. 0143, 0178, 0186 i F o, 8K, K5—10 mm, B[R ARE, 15 Si6H, ML W17, 2R
Spirodela ﬁﬁ%é; 2SRRI AR AE TR — ke, AR 2 KIS, KR
B, £915—35 mm
el W, B, K2—3 mm, TE I 24 6, 11 ‘
2R 0169, 0174 N 1SR RRFE A TE— 2, AR BERH, 3K
Landoltia 44, £710—20 mm
a C € g
1 mm 1 mm 1 mm 1 mm
b d f h
I mm 1 mm 1 mm 1 mm
B2 AR RS F L

Fig.2 Morphological observation of representative strains of Duckweed
a. 0082 L. minor1EH; b. 0082 L. minor [M; c. 0174 Landoltia punctatalFTi; d. 0174 Landoltia punctata 5 Ti; e. 0105 Spirodela
polyrhizalETHI; £. 0105 Spirodela polyrhiza 5T ; g. 0080 L. aequinoctialisIETH; h. 0080 L. aequinoctialisiy Tl
a. Adverse side of L. minor 0082; b. The back of L. minor 0082; c. Adverse side of Landoltia punctata 0174; d. the abaxial surface of
Landoltia punctata 0174; e. adaxial surface of Spirodela polyrhiza 0105; f. the abaxial surface of Spirodela polyrhiza 0105; g. Adverse side
of L. aequinoctialis 0080; h. The back of L. aequinoctialis 0080
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T2 MR E05) 31 90.98700F10.64700(F 4).
KNI JE AL Z et e 2 7, G R 3
atpF-atpHI B A5 B8 5065 K FrpSi6f7 5'JEI’J$F”“
TR AL, 2 M5 B AN /b HLSE 0 T B s R B 40 0l o
SHIN, SR8 P RO H IR Z F UM HR 2 &
PEFEHUR R, FLUE S IR AR AR FE R
JR K, FOE &, B R B R AR R

i 2 BN 5).

3 iTig

3.1 HBINEFEMR ,Fﬁ#ﬁ
MBS B BT, Bk, BARFMEIL

/\ﬂmz B XA AR BE A . 2 IRAE T, JB T RALL
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2528 CH KBIRFE, BB AR L ; Bk
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——650 bp
bp
2000
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Fig. 3 Gel electrophoresis of atpF-atpH interval sequence and
rpS16 interval sequence of some duckweed germplasm
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Tab. 3 Classification of 43 duckweed germplasm in Guizhou

Province

Yol %5

Species Strain

Lemna 0080. 0083. 0145, 0180
aequinoctialis

Lemna minor 0082, 0084, 0100, 0108, 0113, 0117,
0122, 0123, 0126, 0128. 0133. 0136.
0138. 0140. 0142. 0147. 0150, 0151.
0152, 0154, 0157. 0158. 0159. 0161.
0168. 0173. 0177 0184. 0185

Spirodela 0079. 0105, 0127, 0143, 0178, 0186
polyrhiza

Landoltia 0169, 0174

punctata

C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

a 0154(29)

Lemna_minor_strain_ CPCC 492 reverse_complement(2)
Lemna_minor_strain_RDSC” 7123 _reverse_complement(2)
—] Lemna_minor_strain_reverse_complement(3)
Lemna_minor_strain_CPCC 492 reverse_complement
Lemna_minor_strain_ RDSC_7123_reverse_complement
Lemna_; minor_ strain_reverse_complement(2)
Lemna_minor_strain_reverse_complement

— Lemna_turionifera_strain_reverse_complement

Lemna_aequinoctialis_strain_LCO1_reverse_complement
0145

Lemna a%gumocualls strain_LC42_reverse_complement
Wolffia_globosa_reverse_complement
Wolffia_brasiliensis_strain_7710_reverse_complement

Spirodela_polyrhiza_strain_LC48_reverse_complement
0105

Spirodela_polyrhiza_strain_LC48 reverse_complement(2)
Spirodela_polyrhiza_strain_LC37 _reverse_complement
Spirodela_polyrhiza_strain_reverse_complement
Lemna_gibba_strain_RDSC_5504_reverse_complement
— Wolffiella_gladiata_strain_8350_reverse_complement
Lemna_aequinoctialis_reverse_complement
Lemna_perpusilla_clone 8612 reverse_complement
Lemna_japonica_strain_0216_reverse_complement
Lemna_obscura_clone 9235 _reverse_complement
Lemna_{risulca_reverse_complement
Lemna_tenera clone 9243 reverse complement
Spirodela_intermedia_strain_7291 reverse_complement
Landoltia_punctata_reverse_complement
0169
0174
Lemna_disperma_clone_7842 reverse_complement
Lemna_yungensis_strain_9208 _reverse_complement
Lemna_minuta_clone_5573 reverse_complement
Lemna_valdiviana_clone 9475 _reverse_complement
Wolffiella_hyalina_reverse_complement
Wolffiella_rotunda_strain_9072_reverse_complement
Wolffia_microscopica_strain_2006_reverse_complement
Wolffiella_lingulata_reverse_complement
Wolffiella_caudata_reverse_complement
Wolffiella_oblonga_reverse_complement
Wolffiella_welwitschii_reverse_complement
Wolffiella_neotropica_reverse_complement
Wolffiella_denticulata_strain_8221_reverse_complement
Wolffiella_repanda_reverse_complement
Wolffia_arrhiza_clone 8853 reverse_complement
Wolffia_cylindracea_clone_9056_reverse_complement
Wolffia neglecta_clone 8917 reverse complement
Wolffia_borealis_clone 9147 reverse_complement
Wolffia_angusta_clone 7480 reverse_complement
Wolffia_columbiana_strain_8265_reverse_complement
Wolffia_elongata_clone_9T97 reverse_complement
Wolffia_australiana_clone 7540 reverse_complement

0.2

b 0173(29)

Lemna_gibba_strain RDSC_7741_reverse_complement
Lemna_trisulca_strain 9.1 reverse_complement
Lemna_japonica_strain_reverse_complement
Lemna_turionifera_strain_7.3_reverse_complement

Lemna_aequinoctialis_strain_ DW2301-5_reverse_complement

0145

0080

0083

Lemna_aequinoctialis_strain_ DW0101-3_reverse_complement

Lemna_aequinoctialis_strain DW0101-3 reverse_complement(2)

0180

0169

Landoltia_punctata_reverse_complement

| Landoltia_punctata_reverse_complement(2)

0174

0079

0105

0127

L0143

—+ | Spirodela_polyrhiza_strain_DW0202-3_reverse_complement

0186_reverse_complement
Wolffia_brasiliensis_reverse _complement
Wolffia_| boredlls reverse_complement
Wolffia_australiana_reverse_complement
Wolffia_microscopica_reverse_complement
Wolffia_cylindracea_reverse_complement
Wolffia_globosa_strain_ DW2801-3_reverse_complement
Wolffia_neglecta reverse complement
Wolffiella_hyalina_reverse_complement
Wolffiella_hyalina_reverse_complement(2)
Wolffiella_repanda_reverse_complement
Wolffiella_denticulata_reverse_complement
Wolffiella_caudata_reverse_complement
Wolffiella_gladiata_reverse_complement
Wolffiella_neotropica_reverse_complement
Wolffiella_ welwitschii_reverse complement
Wolffiella_lingulata_reverse_complement
Wolffiella_oblonga_reverse_complement

Spirodela_polyrhiza_strain_7498 reverse_complement
Spirodela_intermedia_genome_assembly_reverse_complement
Lemna_minor_chloroplast_reverse_complement

Lemna_minor_reverse_complement
0.1

K 4 BHHALGE R T R E W
Fig. 4 Phylogenetic tree of 41 Duckweed germplasm in Guizhou

Province

http://www.cnki.net



7H o Y SHNREF IS

FEE S LT R AT 979

F4 BIMEFERESFHMEDN

Tab. 4 Genetic diversity analysis of duckweed in Guizhou

Province
75 H Item atpF-atpH  rpS16
P A TR B ¥
Haﬁgfﬁdﬁ(m 13.00000 10.00000
LAR G AR 2
Theta iff}fekgziﬁion(ew) 0.15380  0.14334
S AT R, AE =R’
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Tab.5 Genetic diversity analysis of duckweed in different genera

i H Lemna Spirodela Landoltia
Item atpF-atpH pS16 atpF-atpH pS16 atpF-atpH pSI16
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MORPHOLOGICAL IDENTIFICATION AND GENETIC DIVERSITY
ANALYSIS OF DUCKWEEDS IN GUIZHOU PROVINCE

FENG Dan', TAN Ai-Juan', LU Shi-Ming’, ZHENG Meng-Meng' and YANG Gui-Li"’

(1. Key laboratory of Plant Resource Conservation and Germplasm Innovation in Mountainous Region (Ministry of Education),
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Guizhou University, Guiyang 550025, China; 2. College of Animal Science, Guizhou University,

Guiyang 550025, China; 3. State Key Laboratory of Environmental Geochemistry, Institute of
Geochemistry, Chinese Academy of Sciences, Guiyang 550025, China)

Abstract: Duckweed, a small floating aquatic plant, belongs to the monocotyledonous family of Lemnaceae. Duck-
weed consists of 5 genera and 36 species with a wide distribution in the natural environment. The genetic diversity of
duckweed affects adaptability to different natural environments. which is important to evaluate the evolutionary poten-
tial and survival pressure of species. Guizhou Province has a subtropical humid monsoon climate area with rich duck-
weed germplasm resources. To explore the evolutionary potential and survival pressure of duckweed, 41 duckweed eco-
types were collected from 9 cities in Guizhou Province for genetic diversity analysis. The chloroplast atpF-atpH spacer
sequence and rpS16 intron sequence were used for molecular biological analysis, and NJ phylogenetic Tree was con-
structed by MEGA 6.0 software to determine the species classification of samples. Morphological identification showed
that 33 ecotypes belong to Lemna, 6 ecotypes belong to Spirodela, and 2 ecotypes belong to Landoltia. Molecular bio-
logical showed that 41 ecotypes were clustered into 4 species, including Lemna aequinoctialis, Lemna minor, Spirodela
polyrhiza, and Landoltia punctata. The haplotype diversity of the atpF-atpH spacer sequences and rpS16 intron se-
quences were 0.98700 and 0.64700, the population mutation rates were 0.15380 and 0.14334, nucleotide differences per
Kb were 47.20000 and 61.72200 and nucleotide diversity were 0.08725 and 0.09158, respectively. The results provide a
basis for genetic relationship analysis of duckweed, and lay a foundation for species identification and resource utiliza-
tion of plants in subtropical humid monsoon climate area.

Key words: Morphological identification; Molecular biological identification; Genetic diversity; Development of tree;
Duckweed



