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Identification and Genetic Diversity Analysis of Duckweed Germplasm
Resources in the Middle Reaches of the Changjiang River
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Abstract: Duckweed, a family of aquatic plants, has the characteristics of fast growth and reproduction,
strong nitrogen and phosphorus absorption capacity, and high protein and starch content.Therefore it has great
potential in feed and bioenergy production.However, the information of duckweed germplasm collection and
diversity analysis in the middle reaches of Changjiang River has not been systematically reported.In this study,
112 duckweed germplasms were collected from 42 representative natural aquatic habitats in three provinces
of the middle reaches of the Changjiang River.These germplasm resources were classified into 4 genera and 6
species by morphological and molecular biological identification.Lemna contained 3 species and 54 accessions.
Spirodela, Landoltia and Wolffia contained only 1 species,and their collected germplasm number was 33,19 and 6,
respectively.Genetic diversity analysis showed that the number of haplotypes of their AtpF-AtpH spacer sequences
and 7pS16 intron sequences were 11 and 18, the haplotype diversity was 0.748 and 0.892, the population mutation
rates were 0.03013 and 0.03507, nucleotide differences per Kb were 31.386 and 61.263 and nucleotide diversity
was 0.04713 and 0.06623, respectively.This study plays a key role for the utilization of duckweed in the middle
reaches of the Changjiang River.
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TR IR R K AR AR, FEAERK TR
W H S HAD KA AR IR AR 20 1, A
PR M, R AR R A B /I 45 ) e T
2 — 2 SRR A R A, A T
(Lemna L. ) . ZH 4L 3 ( Spirodela Schleid. ). /DA 45+
( Landoltia Les & Crawford ). 7¢ ¥ ( Wolffia Horkel ex
Schleid. ) Al J i ( Wolfiella Hege Im. )5 1~J&, 37 1
B TR BAER EAEE 4 JE L 10 R R
EEA EA ORI R, L B R BN K B
A SRR FR A BRSSO
BB W KK, I KR SRR
A PR A AR B S R R BURTERS , ATAE
VR T, TR R, — A
R ERA R T A0 7, AR AR OB T
Je AR 7 5 A F R

o EH T i b X F 2L HR W RS L ANV
3 ANAEN 2 DO I XA, 2 iR
WY, AR AVDR, &SR RHE Y AR K B 2
FEPEABNT S E R o BRI A RGO CF M
PR IR AR IE P ARFTE A XM X R AR 112 Fk
TR PRI R, M S o T skt
HEAT T A S Fs iR ZREVERESY, A R FRIEHK
TEH I PR RS IRAL R I 2EE T 566
1 #REFE
1.1 FHFEMREENEUESRE

AR R YT e b DX i A A RS VP 3
B 42 A HA RN A SR KR R T
i BT B 8, I sk HARAE B (3 U http : //doi.org/
10.13430/j.cnki.jpgr.20191205001, Fff % 1), B 5

R 1 AtpF-ApH 1 rpS16 FE 531454
Table 1 AtpF-AtpH and rpS16 sequence amplification primers

PE R PP T (] S0 =, FHZR IR K i 1
Joi L BRIEA ST A T B 5 T IO AR N B R
Ferp BUJE RERNETE RE R AT I U I B T )
RigR W E SR TR 15 do PRI R A BRI+ 255 3]
— AR TR K AL, T TAES N
5% TR 5 H 52 UE K (CARE = 40 /L) b3
3 min, JCRZKIEVE 5 i, B2 R0 F PH 5.5 % 1% JFEbE
B A N R g5, 24 COERE MR RE3R, 1 A)S
4 TC T PIRR R AN ST G2 IR A TR A o
1.2 EEEMEE

K FH S 3 i PR R 25 T vk LS V7 P R I
B KN B, R R AEE , 8BS RE,
MR Landolt" '™ X 4% Foft J A4 18 o SR 4 1) 17 35 Aol I
HEFTHIAL (R S o
1.3 DNA f2EXS PCR # 1%

B AT ¥R R AR, A Hi-DNAsecure Plant
Kit ( RARAFIA AL AL ) =i 5L 40 DNA £
BT G SR IS T AR IR AR ) DNA K42
B DNA PRA7TF -20 COKFEN & H .

G R 85 IF PR T SRR SE R 4 AepF-AtpH
[ P 50 1 rpS16 N & 50T 1, BARI Y™
WS IR 1, P 3R VAKZR A 50 pL: 4351 inA
25 pL 2xTaq PCR T iR W& ( KR 4k i 70 28 Wl db st ).
22 pL ddH,0 L RS 14945 1 uL 1 uL ik, AtpF-
AtpH [a) [ 7 519 BEFR 74 : 94 CHZ IR A8 7% 4 min,
94 CAEME 30's, 58 CiEk 45 s, 72 CLEfH 1 min, P~
14 34 AMEH, f)5 72 CHEM 7 min, mpSI16 N T
FEHI R R PR R B R 50 °C, AR5 ApF-
ApH [8][ 75 1) PCR BIFAHIF] . PCR & 345 ) )5
HEFT LRI A A5R

HAn731 514 EL 2]

Target sequence primer Primer sequences

AtpF-AtpH HNP307 ( L5149 ) 5'-"ACTCGCACACACTCCCTTTCC-3’
HNP308 ( i3 14) 5-GCTTTTATGGAAGCTTTAACAAT-3'

rpS16 rpS16F ( L5149 ) 5'-AAACGATGTGGTARAAAGCAAC-3'

pS16R ( FiF5 14 )

5-TATCGAATCSTTGCAATWGATGTT-3'

14 FISHEHFHIFERE

B4 45 TF HEFR T PCR 48 72 36 1 4B 02 |1
7, 7 45 S MacVector 15 844 1T PR, M
6 43 24 45 L 9 e B AT 5, 43 590 JH ApF-AtpH 6]
W 751 | rpS16 N & 7 17 51 L S FHl MacVector 15 %k

1 ¥4 AwpF-AtpH 8] [ ¥ 51 5 rpS16 N & ¥ J7 %1
il B B R — A AR T A 40 S B R 37 A4
I A 81 (1 U http: //doi.org/10.13430/
j.cnki jpgr.20191205001, Bff & 2 ) ¥EA7 L XF 43 #r,
Mega7.0 BRI HE R G K B M, 0 PITISCAE I 77
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b 5 A2 1], 55 J5 1 DnaSP5.10 Xif 4% 7 HF A 5 At -
SRR AtpF-AtpH [RIREF S A rpS16 W T 51 i H
FERRE AT 2R BRSSP AT IR
22 SR B TR ZRE I Tt AL ZRR M T o

2 HER55H

2.1 WEFETE

TR T XA TR AR B R AR AR A T (R
1), KM i b X ORAE R 112 BRIF R T7E
B EATEE ZHRENE RSN EACE 4
A8, PR IE 54 3R T, ZHERHEE I 34
[, /DARERHEIR L 18 (RS, FETEE 6 IR (£ 2),
22 FINHRYTSFEE

112 Gy PR B3 i B DNA, 3@ i PCR
TIEYHE) 112 IR BT AtpF-ApH [R5 )
A B EE 2R 650 bp, rpS16 N & T 1590 F Be K i
2574 1000 bp ( & 2 ),

HR A5 17 ¥ o 5 S A4 AepF-ArpH (8] B 7 51)
pS16 N FIFIIME ARG KB W (K 3), 458 %
B S U8 T K VT i X A4 112 43 2 3 o o 43
408 6 P, MR IL sS4 R, A 3 AR,
Pt HB1203 F1JX0101 344X 2% 4 41 ik ( Lemna
aequinoctialis Welw. ) 3t 44 {3 5z, LL HB0101 AU
BN ( Lemna minor L. ) 3L 9 3R, LA JX2003
AR B H KR ¥ ( Lemna perpusilla Torr. ) {4 1

F2 KB RFEMREOTEEFESE

B M ARUCH LG AR AR RTS8 N
P RKTRRE . ACONATFE T T A , A 0  r 1 ]
From top to bottom: Landoltia punctata ( G.Meyer ) Les &

Crawford,, Lemna aequinoctialis Welw. , Spirodela polyrhiza (L. )
Schleid., Wolffia globosa ( Roxb. ) Hartog Plas, Lemna minor L.,
Lemna perpusilla Torr. The left side is the front view of duckweed,
the right side is the back view of duckweed
B1 KREFEFRAMNERMTEES
Fig.1 Morphology of the dorsal and ventral
sides of representative strains

Table 2 Morphological classification of duckweed strains in the Central Changjiang River

% %'

Generic Name Accession

TR

Morphological features

HifE HB0101, HB0202, HB0204, HB0302, HB0303, HB0401, HB0501,  W-R{A ks, i A5 24 b 4 (0, K2y
HB0701, HB0801, HB1203, HB1502, HB1503, HB1504, HB1505, A 3~4 mm, %% %9 2~3 mm, &P R4
HB1103, HB1602, HB1701, HB1702, HB1703, HB1704, HB1705, FAUA 1 £ R 11~23 mm
HB1803, HB1804, HN0302, HN0502, HN0604, HN0703, HN0801,
HN1102, HN1203, HB0702, JX0101, JX0202, JX0302, 1X0402, JX0502,
IX0601, JX0602, JX0701, JX0801, JX0901, JX1002, JX1201, JX1401,
JX1602, 1X1603, JX1801, JX1802, JX1901, JX1902, JX2002, JX003,
JX2102, 1X2103

Z A HB0201, HB0203, HB0301, HB0305, HB0402, HB0502, HB0603, M R{A i F, i b &k, iy A, K
HB0703, HB0802, HB1101, HB1104, HB1105, HB1202, HB1201, JEZN 6~9 mm, T8 & 2 K 3~7 mm, 2 3~4
HB1302, HB1303, HB1501, HB1801, HN0301, HN0401, HN0501, AR, A HRIAT 4~10 5640, K 18~
HN0601, HN0701, HN0702, HN0803, JX0201, JX0301, JX0401, JX0501, 30 mm
JX1001, JX1601, JX1701, JX2001, JX2101

RS HB0602, HB1102, HB1301, HB1401, HB1601, HB1802, HNO101, M-WRIA N AKIEIE , i i, i 5 4

HNO0201, HN0202, HN0203, HN0602, HN0605, HN0606, HN0901 ,

HN1001, HN1003, HN1101, HN1201
e IE

HBO0601, HB1002, HB0604, HN0102, HN0103, HB1202

@, K EEZ) N 2~4 mm, % E 244 2~3 mm,
BAHARMAET A 3~5 54, K 17~28 mm
TCHR A R AR A, B AN/ N
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yo ZAREEMIEIL 33 pFhfT, T 22 L) HB0201 A1t
R ZHREM: ( Spirodela polyrhiza (L. ) Schleid. ), /b
MREEHE AL 19 (3P, 2 LA HN0201 SRR
HEHE ( Landoltia punctata ( G Meyer ) Les & Crawford ),
JerhE At 6 (AT, 22 LI HB0601 LR IMER
WRIEHE ( Wolffia globosa ( Roxb. ) Hartog & Plas ),

A: AtpF-AtpH, B: 1ps16
M: D15000+2000marker, 1: HB0801, 2: HB0802,
3:HB1001, 4: HN0602, 5: HN0602, 6: HN0604, 7: HN0605
B2 #BHIEHEMR DNA ¥ 8= hEE R ik E
Fig.2 Gel electrophoresis of DNA amplification
products of some duckweed germplasms

23 EEZEFEESH

NG PRV T AL AR ET T AT AR B
YL IR 112 77 PR B 24K AtpF-AipH (8]
FP 3 1 B RO R | PSR 2R ME BRI AR R P
Bi5g Kb AT IR 22 80 IR FEE YT rpSI6
WEFPH(R3)., BK L, rpSIe W& FIFFI I
AtpF-AtpH (A1 7 51 HAG B & 138 A5 2R

W E e 2R R E SR
WL 2R M IEA T 43 AT , 5P 1Y) AipF-AipH (8]
FEBNAT ipS16 P51 FE 50 A A AR B A 2 B
P BEARRAR R AR Kb T2 A AT IR E
FEME L2 4, 25 R IR st 2R R,
HYCHFEMETE , T Z2 M5 JE A/ DR S R it G 2k
PEFAIXT AT 2, AT RER A PR T 3 SRR T
PR T AR R A AR R R & 1 AT

3 iFig

Fe [ MR AL ] , b DX ] AR AR AR 22 57, 0]
JE AU HL X, T BOPE AR 2 A A7 A DX 22 1]

R X PR PR R — B AL b X £, anFR
VR X AL BRI 4 08 4 A FR, 40 58 T EE Y
YK BV IE B AR R AR SRR 1 AR
P JETEJR B BRI TEE 1 R X A R R
5 g L X A AR R ZE WYL VLIRS R TR Ui
DX R BTETE 4 T8 S A, 430 o SR I AR 5
P, JETE IR BRI IERE , 158 1 S AR, AR
SR B/ DR EIR E A AR AT AR A
R 2 @ 4 AT, 5300 R 25 0 8 1 2 AR 550, 7
P IE AR KR /INTT AR ( Lemna turionifera
Landolt )"* ',

F VT i X 3 A 2 KU, e K
TR, A FREEREIE 0 CLL L, EF3T1
MR 25 CEL, BERRMAFETEFERD
FOE IR, RIAF R 2 TR R S . ARFoE R
SN 112 3 PR RS AT 4 A8 6 B, 4300k
IR AR NGV R KIE R, R 1 AR
S, DA R AR R JE B AU ER I E B
AR R DX 5 K VT T e X R A R
AL WE TR —K R, AR AR T iR 4R
AT MRS B HRGE T T U TR R 2R
25 25 5 A AR SO B A Ok T AN A
KA FUFBA KB VT U & B A S A AR TR
WA R R PR . HIREATRER 2 A, — 2
VA HbL R AE 5 AR A7 A SR B 3 BN 1) (], — R B
T A LEVEEMI R B o A . A AR
YR AE AT R i 3008 7 J 7 35— e o A1 e TR I 2R
ACH X, 75 R 7 ML X B A, AT g db  my & HE T
2. A SCHR [ 15-20 10 Fb B A BRER L TG 2
FE i XA 2SR R M X A SR R AT 4 bR
PR S A3 LY R AR )4 T A A S 5
PEAETR AR AU X IR & B, 325243 A7 1 U L) g
X,

ARWFTOHG 112 BrIF R A TR A 2 R
P 17 FEIR R AR AT A5 HEAT LEE , 0 2B 45 1 75 7
JE I 54 OyFRET, K HIEIE 34 3 FRTT, AR R R It
18 P, ZEEJE 6 (PP, K V7 TR T 1Y AtpF-
ApH ][ 550 F1 rpS16 N F )7 511 5 T Fl s
AT P I B U 22 1) P A 7 X AR i R 4
KB, PSR 2 0 K B WA B0 4 7R s
()3 JEEE FAR R NP AP R R KB W,
RENNEERYE rpS16 W& TN RE LT W
—3, T rpSI6 WE TIPS Z , W PiEz
J& rpS16 J ) 5 4 FEFR
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A g5 IX0101 (43) B
73 Len;_i;gfl;ggmocttalts 6612 9% Lemna aequino_ctiali_s_ 6612
1X2003 Wolffiella welwitschii 7468
90 = Lemna perpusilla 8539 931 JX0101 (44)
51 Lemna tenera 9020 100|| JX2003 .
’7 Lemna yungensis 9207 84 Le'Zan rfaer {‘; Izzsel;l‘laa 98052309
96 98 fiﬁ% ;%ﬁ;;zag&?% Lemna valdiviana 7298
50, 1 Lemnuj(‘)‘bA\'clégzé;SZS IOOH Lemna minuta 8065
emna turionifera 831 Lemna yungensis 9207
Lemna trisulca 8137 Lemna trisulca 8137 -
56 97| 94, Lemna disperma 7223 Lemna turionifera 8339
Lemna gibba 7741 0— Lemna disperma 7223
Lemna japonica 8695 4“4 Lemna gibba 7741
o1 HBO101 (9) Lemna japonica 8695
Lemna minor 8721 HBO101 (9)
4]00{ ?N?iz(l)tl' (191 2 9264 1000 Lemna minor 8721
andoltia puctata
99, HBO20T (33) 50T L heiata 9264
Spirodela polyrhiza 7498 100r HB0201 (33)
Spirodela intermedia 8410 Spirodela polyrhiza 7498
97 Spirodela polyrhiza 9203 Spirodel Lorhiza 9203
1B0604 Spirodela intermadia 7290
Wolffia globosa 9123 9 Spirodela intermadia
HB0601 70" Spirodela_intermadia 8410
HBI1002 (4) Woljﬁ:a brasiliensis 7150
31 Wolffia neglecta 9150 77| Wolffiella repanda 9062
Wolffia angusta 8878 Wolffiella oblonga 9136
99 Wolffia columbiana 7972 68 Wolffiella oblonga 8072
95 Wolffia elongata 9197 100 Wolffiella neotropica 7279
+————Wolffia arrhiza 7193 Wolffiella denticilata 8221
"~ Wolffia cylindracea 9080 Wolffiella hyalina 8640
36 Wolffia australiana 8730 Wolffiella rotunda 9072
100 Wolffiella hyalina 8640 51 Wolffia australiana 8730
Wolffiella rotunda 9072 . L 7 Wolffia arrhiza 7193
43 Wolffia brasiliensis 7150 79+ Wolffia cylindracea 9080
Wolffiella denticulata 8221 Wolffia columbiana 7972
Wolffiella welwitschii 7468 Wolffia elongata 9197
Wolffiella neotropica 7279 Wolffia angusta 8878
Wolffiella lingulata 7655 Wolffia neglecta 9150
99 |63|_| Wolffiella gladiata 7595 100l HB1002 4
Wolffiella oblonga 8072 Wolffia globosa 9123
87 Wolffiella repanda 9062 901 11BO601
Wolffiella oblonga 9136 64l HB0604
Wolffiella caudata 9158 Wolffiella gladiata 7595
—
0.050

0.0100

78

Lemna aequinoctialis 6612
HB1203
JX0101 (43)

Lemna perpusilla
78L1X2003

Lemna tenera 9020
Lemna valdiviana 7298

Wolffiella_welwitschii 7468
8539

4100ELemna minuta 8065
45 Lemna yungensis 9207
Lemna trisulca 8137

Lemna obscura 7325

Lemna turionifera 8339
FLemna disperma 7223
Lemna gibba 7741

90 Lemna japonica 8695
100 Lemna minor 8721
HBO;OII 9)
100, Landoltia punctata 9264
HN0201 (19)

100 Spirodela polyrhiza 9203
Spirodela intermedia 8410
100 Spirodela polyrhiza 7498
100- HB0201 (33)
Wolffiella oblonga 9136
Wolffiella repanda 9062
Wolffiella oblonga 8072
Wolffiella neotropica 7279
Wolffiella denticulata 8221
Wolffia brasiliensis 7150

Wolffiella rotunda 9072
Wolffiella hyalina 8640

Wolffia australiana 8730
Wolffia columbiana 7972

Wolffia elongata 9197
Wolffia cylindracea 9080
Wolffia arrhiza 7193
Wolffia angusta 8878
Wolffia neglecta 9150
HNO0102 4

Wolffia globosa 9123
HB0601
HB0604

86

96|

99

Wolffia gladiata 7595

0.020
A KRR AtpF-AipH [P ;s B AR rpS16 N8 TIF ML ; C: ARHE AtpF-ApH (W55 rpS16 % T RGP IR
55 RIS AR RV R R Rl B
A': Based on AtpF-AtpH interval sequence, B: Based on 7pS16 intron sequence, C: Based on the fusion sequence of
AtpF-AtpH spacer and rpS16 intron .The total numbers of germplasms of same species were shown in parentheses
B3 HREKIFHEE 12 HFEHRNESLEN
Fig.3 Phylogenetic trees of 112 duckweed germplasm collected from the middle reaches of Changjiang River
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#3 BEKISEOXZEERNEESHEES T
Table 3 Genetic diversity analysis of duckweed in the middle reaches of Changjiang river
T H Type AtpF-AtpH pS16
PR (h) Number of Haplotypes 11.00000 18.00000
AR ZREVE (Hd ) Haplotype ( gene ) diversity 0.74800 0.89200
A ZAE AR (OW ) Theta ( per site ) from S 0.03013 0.03507
YA 22 588 (Kb ) Average number of nucleotide differences 31.38600 61.26300
AT R Z 861 ( Pi) Nucleotide diversity 0.04713 0.06623
F4 BEKISFOXESEFEREESHEES N
Table 4 Genetic diversity of duckweed genera in the middle reaches of Changjiang River
HE EZiis o YRS Siar JETRIE
Wi [ Lemna Spirodela Landoltia Wolffia
Type AtpF- AtpF- AtpF- AtpF-
P pSI6 P pSI6 P 1pSI6 s pS16
ApH ApH ApH ApH
BAAERE (h ) Number of Haplotypes 5.00000  4.00000  1.00000  4.00000  2.00000  2.00000  2.00000  8.00000
BAETRIZ M (Hd ) Haplotype ( gene ) diversity  0.35500  0.64700  0.00000  0.59200  0.10500  0.51400  0.53300  0.90900
HEAZAE R (OW ) Theta ( per site ) from S 0.01158  0.01690  0.00000  0.00820  0.00039  0.00068  0.00184  0.00383
- R 25 58 (Kb ) Average number of  9.09700  25.99300  0.00000  1.69100  0.10500  1.54100  1.60000  5.45500
nucleotide differences
BARRZHEE (Pi) Nucleotide diversity 0.01328  0.02680  0.00000  0.00166  0.00014  0.00146  0.00224  0.00522

TSR R SIS e S R AT — Lk
25, Heln HB1803 ¥ L4 A e , (H 7+
W T8 R R, W RE A T TR AR R [ AR ER
BT AERESS AR, RIS E B
— BB R LS R A RN Lo T A e S 2 R
I

A 35 4% b DX 7 FE R 38 4L Z AP R X6 T
PLR A T il DX V7 st A% 2R LU e, 1T
REPR A VT A il X A DGR AT A AR AR RS
BIF IR T AR, S PR B a8 2 )
T4 Hod rpS16 A ZAEE = T AtpF-AtpH
FE3 o 1P RN AR, A L AN ], A= 2k
WA A, AR, TR AR i A
B L R At AL A R S S S5 s B 11 B i), 4 St
AP REUR AL = 10 048R H 28R R . PR RTE Ry &
S HAA SRR B O, B4 BT T I T AR
P35 FORA Y I TE A & &, R 20058 A 5 R
VEVEAAE P IRRE T RN 37 SR T Y R 1
T IR FRAL A, T LR R shA iR R 5
B ARG R e B KU P R AT AR 2
FEPERIFSE , F 5 T 3R EF MR RTER , 4 5 Xz
DI PR A 1 R AL T S5 440
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