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Abstract ; Number of frond per plant, number, total length and mean length of root per frond, and length
and width of frond of all clonal ramets of 3 clones of Spirodela polyrhiza (Linn.) Schleid. and 3 clones of
Landoltia punctata (G. Meyer) Les et D. J. Crawford were analyzed, and genotypes of 6 clones at each
microsatellite locus were analyzed based on microsatellite marker amplification result. In addition,
associations of each microsatellite locus with growth traits of 2 duckweeds were analyzed, and multiple
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comparisons on growth traits of different genotypes of 2 duckweeds at each microsatellite locus were
conducted. The results show that there are significant ( P<0.05) differences in number, total length and
mean length of root per frond and width of frond of S. polyrhiza among 3 clones, and in each growth trait
of L. punctata among 3 clones. Genotypes of 3 clones of S. polyrhiza are different at loci of Sp25, Sp30,
Sp47 and Sp53, and those of 3 clones of L. punctata are different at loci of SpI10, Spl4, Spl6, Sp42,
Sp47, Sp51, Sp52 and Sp53; genotypes and alleles of 3 clones of S. polyrhiza are different from those of
L. punctata at loci of Sp6, Spi4, Spl6, Sp25, Sp36, Sp45, Sp47 and Sp51; genotypes of 6 clones of 2
duckweeds are the same at loci of Sp4, SpI12, Sp28, Sp29 and Sp43. Associations of loci of Sp25, Sp30,
Sp47 and Sp53 with number, total length and mean length of root per fond of S. polyrhiza are extremely
significant (P<0.01), those of locus of Sp30 with length and width of its frond are significant, and that
of locus of Sp25 with its width of frond is also significant. Associations of loci of Spl0, Spi4, Spl6,
Sp42, Sp47, Sp52 and Sp53 with number of frond per plant and number of root per frond of L. punctata
are extremely significant, those of loci of Spl0, Spl4, Sp42, Sp47, Sp51, Sp52 and Sp53 with length
and width of its frond are significant or extremely significant, and those of loci of Spl6, Sp51 and Sp53
with total length and mean length of its root per frond are extremely significant. Roots of S. polyrhiza of
genotype of BD at loci of Sp47 and Sp53 are evidently more and longer, and those of L. punctata of
genotype of AD at loci of Sp51 and Sp53 are evidently longer; in addition, fronds of S. polyrhiza of
genotype of CE at locus of Sp25 are the most and the largest, and its roots are also the most and the
longest. It is suggested that the microsatellite markers tested have cross-genera amplification, and can be
used to analyze genotypes of S. polyrhiza and L. punctata; loci of Sp25, Sp30, Sp47 and Sp53 are
closely associated with length and number of root of S. polyrhiza, while loci of Sp10, Spi4, Spl6, Sp42,
Sp47, Sp51, Sp52 and Sp53 are closely associated with number and size of frond and number of root of
L. punctata.

Key words: Spirodela polyrhiza ( Linn.) Schleid.; Landoltia punctata ( G. Meyer) Les et D. J.
Crawford ; growth traits; microsatellite marker; association
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Table 1 Sequences and characteristics of 19 pairs of microsatellite primers tested

gll\lq?gﬁ;)? BIYF5 (5 —3") Primer sequence (5'—3") ilﬁigﬂfb ' A (B K BE /b ]EAJI(H{E;%:;C
primer 1E 5% Forward primer JZ [ 51%) Reverse primer Repeat motif Allele length temperature
Sp4 TGAATGCAAAGGATAATTGGG GAGGATGTCAGACCTGGAGCT (AGA), 202-205 55
Sp6 GAACCTTAATATGCGACCAAG CAAGAAAGTCAAATACAGCGG (TC) o 262-270 54
Spl0 CCATCTGTCGTCCTTTTTCCC CGCCCCATCACTTATTTCGTA (GA) 46 186-194 55
Spl2 CGGTCCCCGTCCAAAGTACTC GCAGCCACCCCCCCTAAAATC (AG) 5 269-291 55
Spl4 GTCCATCCTTCTCAGCACAAT CCGTACAAGATCTAAGCCTTT (CT) 4 239-271 56
Spl6 GGATCTGTATATGCCCTCTCT GCCGCTATCTCAGGTCTTGCT (CT)y 256-262 54
Sp25 GGCAGAGACAGAAAGATCATC CCTAGTTCCCTAGAGCGAGAG (CT) 153-235 53
Sp28 GCTTATATACACCGCAAGGGA GGAGGGAAAAAGGTTGACGAC (GA)g 146-154 53
Sp29 TAAATGACAGATGAAAGCCAA ACTCCAACTCCCACAAGAAGG (ATA) 281-297 56
Sp30 CGCCTATAAGTAACCCCCTAC ATCATATCTGCTCGAACCATC (CT), 199-209 54
Sp36 GCGTCCTATGAATCGGGGAGC TCGAGTCAGCGTTGGGGTGTG (AT) 49 218-226 54
Sp42 TGAGATCAGGCTGGAGCAGTG GTTTACGTGGGCTACCAAACA (GA) 55 179-195 55
Sp43 GGAAAATCAGCACGGAGACAC TTCACATAGGACGAGGTAGCG (GA), 210-238 55
Sp45 AGGATATTCCAGGTGCTCATC CCTTGTTTCCGTTCAACTTCT (AT), 285-289 56
Spd7 TGGGCCTATGGCGATTAGGGG GCGGCATCCACGGAGAAAATG (GA) 261-298 56
Sp49 GGAATCAACCCAAGTATAGAA CATAGCAGAACTTTAGCGATC (TTA), 181-185 54
Sp51 CTCGCACATCAGTTCACAGGA TCAGACATCTGGCGCAGTAGA (CT) 5 254-276 56
Sp52 GTCCTCCCTTTGATTGCTCGTC AAGCATCATGGGCTCTTCAGG (ATC)4 264-266 56
Sp53 AGGACGACGACCTCTACTGCC TACGAGTTCTGCGGACCATCA (AG) s 257-298 58

FH Bio—Rad T100 PCR ¥ ( 3£ H Bio—Rad /A )
PEATY G O, PR R SR 20 wL, 2 4E 4 U
Taq DNA RE M4 T AW T8 (L) oA R
A2 pL 10xXPCR buffer 0. 8 mmol - L™ dNTPs.0. 3
mmol + L' IEA 5147 .0.3 mmol + L™ 2[5 47 .50 ~
100 ng DNA #4472 ,ddH, 0 #MEARF, ¥ 32T .94 «C
AP 5 min;94 CAEPE 30 .53 C ~58 CiBk 35 s,
72 CHEAH 40 s, 3k 35 PDEH; e 2 72 CHEAH 3 min,

JH ABL 3730XL W ¥ A% ( & [F ABL 24 ]) Al 4 1% 7
W, AR RGN 25 5 AT 45 0 T A a5 A SE PR AR
1.3 HESIToH

K HI SPSS 19. 0 B4 XTS5 Bl A7 et
R B 114 7 25 55 M SR A e /N W 28 22 850 (LSD %)
F1 Dunnett T3 367 X0 A0 S K b 751 7 2 88 Ho e i
— PR (GLM) X 4% 1o TR A7 A5 5 S5 A 24 [
FEA KR A B AT B/ N IR
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Table 2 Comparison on growth traits of different clones of Spirodela polyrhiza (Linn.) Schleid. and Landoltia punctata ( G. Meyer) Les et D. J.

Crawford (X+SE)"

53 SRR Growth traits of S. polyrhiza

Clone N Ny Ly/mm Ly/mm Ly/mm W/ mm
I 2.9+0. la 2.6x0. lab 20.457+1.938b 2.746+0.211b 5.764+0. 233a 4.167+0. 184b
I 2.7+0. la 2.4+0. 1b 15.933+1.377b 1. 875+0. 122¢ 6.029+0. 212a 4.702+0. 167ab
i} 2.9+0. la 2.9+0. la 35.769+2.767a 3.531+0. 174a 6.398+0. 170a 4.944+0. 148a

ke L ICPERI AR Growth traits of L. punctata

Clone Np Ny Ly/mm Ly/mm Ly/mm Wp/mm
v 3.0+0. 1b 2.3+0. la 28.361+2.587b 3.791+0. 290b 4.109+0. 155a 2.538+0.077a
\Y 3.1+0. 1b 2.2+0. la 20.707+1.983b 2.534+0. 195¢ 3.369+0. 158b 2. 157+0. 086b
VI 3.5+0. la 2.0+0. 0b 37.289+2.935a 5.816+0. 463a 3.477+0. 105b 2.215+0.061b

1>NF; FRRITIRAZL Number of frond per plant; Ny : BLIRIRIAMEL Number of root per frond; Ly : HLIR{REM K Total length of root per frond;
Ly : FAHRAART 3R Mean length of root per frond; Ly : MERIAHE Length of frond; Wy : FPIRIARTEE Width of frond. [R5 FAS [F] (1) /NE 6
FoRnE 5 5. (P<0.05) Different lowercases in the same column indicate the significant ( P<0.05) difference.

B AR AR A B R B 2 B K s SRR IV A B R bR
B LA K v VI B IR AR AR B e /b, e B Vit
PRAA 0 R 5 R o R AR 1) AR R B4 AR K
BN, BAORE S mo e A A KR T 5 e
I AT A AR PRAR 2= R PEFERE IV A VI B A= K PR
Fribe VagA K pk,

H126 2 00T LA 50 P bR AR A AR 45 B AR
PRI B bR AR T B2 A 3 A o B[R] A7 7 i 3%
(P<0.05) 25, 2 MRS A K HIRTE 3 4> FobEl)
WAFAE B E SR,

2.2 EHMEREAARESEMIEMRNERE
S

R 45 7R L 7R S >4 FCPE Y 6 A Fa b 3t
DU 50 A~A5A7 FE K, S35 3 A7 0 1) 45 o7 S PR 8K
2.6, IFH, BT REREALLE Ay 10 A5 B o ik
(2207 st FE R RUAR [R] , 4594 3 A Sa B A 22 FQ3HE 3 7
W R 6 AN TR A 220 o5 S R R | 58 B (35 ) 5 A 24
FCPER AR IS o0 o [ BB A AR . 2R 9 R 2% [ [R] 5
R TR S R SE I R A T 5 SR WL 3R 3, th& 3 7]
DL HY 2535 3 D TLETE Sp25 .Sp30 . Sp47 Fl Sp53 fif
S FERIAURTR] 76 HAY 15 AN TR AN 5 1 366 R A

RI EHFN=ZREFAAEESMIECRNERRS

Table 3 Analysis on genotypes of different clones of Spirodela
polyrhiza (Linn.) Schleid. and Landoltia punctata ( G. Meyer) Les et
D. J. Crawford at each microsatellite locus

SETEA U B 1 i ] 7Y = RS T B A R [ 25
7 8 Genotype of each clone of Genotype of each clone of
Locus S. polyrhiza L. punctata

I I I v \Y Vi
Sp4 AA AA AA AA AA AA
Sp6 AA AA AA BB BB BB
Spl10 AA AA AA AB AA AA
Spi2 AA AA AA AA AA AA
Spl4 AB AB AB CD cc cc
Spl6 AC AC AC BB BB BD
Sp25 BE AE CE DD DD DD
Sp28 AB AB AB AB AB AB
Sp29 AA AA AA AA AA AA
Sp30 BB BB AB BB BB BB
Sp36 AC AC AC BB BB BB
Sp42 BB BB BB BB AB AB
Sp43 AA AA AA AA AA AA
Sp45 AA AA AA BB BB BB
Sp47 BD BE BD AA AC AC
Sp49 AA AA AA AB AB AB
SpS51 BB BB BB AD AC AD
Sp52 AA AA AA AA BB BB
Sp53 BD AC BD BB BE AD
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MRl 22 P 3 AN SEBEALE Splo, Spl4., Spl6, Sp42 .,
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RIAAE , JFH, Bk Sp28 i si Ak, o 4 AT A 8
B HA 1 AL
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S

R A5l T3 12 A7 A5 35 PRI R0 1 o A 85 1%, 4 i) &k
4 T BT A (FL4E Sp25 . Sp30., Sp47 il Sp53 ik

M) 5P A A AR SR L B 8 AN T AV A
(G045 Spl0. Spl4 . Spl6 . Sp42. Sp47 . SpS1. Sp52 Fi
Sp53 1) 5 2% A KPR A SC B EA T F G50
GOR B 4 TR 5,

7% 4 Af LI . Sp25 . Sp30  Sp47 Fl Sp53 7 45,
5B B R AR I AR | SRR R AR A 1 S e
W 35 (P<0. 01) , Sp30 v 15 5 583 R A4 1) 1 B A
BT IR 1835 (P<0. 05) , Sp25 {37 s, 55 48 3 IR
TR TE R R OCIB PRt 35 R A5 Tl TR i 5 58 A
IS EINITPQI SR NTE N

F4 WIEGASEFERIEREBEMEN F HBERY

Table 4 Result of F-test on associations of microsatellite loci with growth traits of Spirodela polyrhiza (Linn.) Schleid. b
. Ng Ny Ly Ly Lg W
LA,
Locus FAiH PIE FAiH P1E FAiH P1{H F1H P1{H F 1 P1{H F 1 Pa

F value P value F value P value F value P value F value P value F value P value F value P value
Sp25 0. 631 0.533 7.482 0. 001 23.105 <0.001 19. 793 <0.001 2.345 0.097 5.761 0. 003
Sp30 0.293 0. 588 35.548 <0.001 43.704 <0.001 26. 850 <0.001 3.891 0. 049 6.434 0.012
Sp47 1.264 0.262 10. 148 0. 002 17. 567 <0.001 28. 941 <0.001 0. 008 0.928 0. 698 0. 404
Sp53 1. 264 0.262 10. 148 0. 002 17.567 <0.001 28.941 <0.001 0. 008 0.928 0. 698 0. 404
D Np: JERIIRAEL Number of frond per plant; Ng ; SLHIRAMR %L Number of root per frond; Ly: BAMIR{AR AR K Total length of root per frond;
Ly : BATHRARSE AR K Mean length of root per frond; Lj: HRAR K B Length of frond; W : HRAK S8 B Width of frond.
x5 WIBMASZRFEERKERXBEMEN FHBRERY

Table 5 Result of F-test on associations of microsatellite loci with growth traits of Landoltia punctata (G. Meyer) Les et D. J. Crawford"

NF NR

(s
s FIL P FIE P FIE P P8 P FE P A P

F value P value F value P value F value P value F value P value F value P value F value P value
Spl10 7. 860 0. 005 12. 555 <0. 001 0. 462 0.497 2.167 0.142 16. 332 <0.001 14. 836 <0.001
Spl4 7. 860 0. 005 12.555 <0. 001 0. 462 0. 497 2.167 0.142 16. 332 <0.001 14. 836 <0.001
Spl6 15. 496 <0.001 21.769 <0.001 15.278 <0.001 34.184 <0.001 3.341 0. 068 2.965 0. 086
Sp42 7. 860 0. 005 12.555 <0.001 0. 462 0.497 2.167 0.142 16. 332 <0.001 14. 836 <0.001
Sp47 7. 860 0. 005 12. 555 <0.001 0. 462 0.497 2.167 0.142 16. 332 <0.001 14. 836 <0.001
SpS51 1.373 0.242 1.992 0.159  12.831 <0.001 22.858 <0.001 4.711 0.031 4.398 0.037
Sp52 7. 860 0. 005 12.555 <0.001 0. 462 0.497 2.167 0.142 16.332 <0.001 14. 836 <0.001
Sp53 8. 129 <0.001 11.525 <0.001 9.482 <0.001 19. 750 <0.001 8.304 <0.001 7.559 <0.001

D Ny : HFRIIRAAZL Number of frond per plant; Ny : BLIIRIAMREL Number of root per frond; Ly : SRR EAMR K Total length of root per frond;
Ly : BAHRAOSE AR K Mean length of root per frond; Ly R AR B Length of frond; Wy : HRAA 52 Width of frond.

H 2 5 T LA B SpST Ak, HeAx s (B
Spl0 Spl4 Spl6 Sp42 Sp47 .Sp52 Hl Sp53 i i) 5=
PG M AR DR AASORN BRI PR AR AR B0 SR 25
Spl0 . Sp14 Sp42 Sp47 Sp52 Hl Sp53 i 15 22 [P
ARAR B BE 0 58 B A9 QIR MR b 3, SpST v i ) 5
2 PR PR A 1 R R R ) G R T iR 3 Spl6
Sp51 Fl Sp53 37 5 5 2% PG B bR AR 1) B AR K FF
PPRRAC A SCHR AR 35

2.4 EHEMEREKRMIEMESAEERE EEK
R ELE

B TS AV 1 AN [1) 5 R 764 ] 5% 38 A % PG AR
PEIRI Z 5 LSS R | L3k 6 FiEk 7,

2 6 T LLE . Sp25 . Sp30 ., Sp47 Fl Sp53 i 15,
AN [7) 5 [R] 8 ] 5 1 AR IR AR B0 i) 25 R R i 2
Sp25 i CE LAY Sp30 i 15 AB FER KL Sp47 fii
S BD JERUAT Sp53 7 55 BD K& R Y 4835 B ifR {4
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Table 6 Multiple comparison on growth traits of Spirodela polyrhiza (Linn.) Schleid. among different genotypes at each microsatellite locus"!

sepgm T ERIPIRIRKL FLRAAR L AR BAR K /mm SR ARG/ mm WP K/ SR A 5/

Genotype frnlii;r;}:rﬂ‘pﬁnt rolnjlu ;?;c;(())rfld fz:tll[}zf ?ﬁf:n(()if ]\f:;npl:rnfg:(?nzf Length of frond Width of frond
Sp25
AE 2.7+0. la 2.4£0. 1b 15.933+1. 377b 1. 875+0. 122¢ 6.029+0. 212a 4.702+0. 167ab
BE 2.8+0. la 2.6+0. lab 20.457+1.938b 2.746+0.211b 5.764+0.233a 4.167+0. 184b
CE 2.8+0. la 2.9+0. la 35.769+2.767a 3.532+0. 174a 6.398+0. 170a 4.944+0. 148a
Sp30
AB 2.8+0. la 2.9+0. la 35.769+2.767a 3.532+0. 174a 6.398+0. 170a 4.944+0. 148a
BB 2.8+0. la 2.5+0. 1b 18.438+1.243b 2.357+0. 132b 5. 882+0. 160b 4.406+0. 127b
Sp47
BD 2.8+0. la 2.8+0. la 27.435+1.713a 3.104+0. 142a 6.053+0. 149a 4.521+0. 123a
BE 2.7+0. 1a 2.4+0. 1b 15.933+1.377b 1. 875+0. 122b 6.029+0. 212a 4.702+0. 167a
Sp53
AC 2.7+0. la 2.4+0. 1b 15.933+1.377b 1. 875+0. 122b 6.029+0. 212a 4.702+0. 167a
BD 2.8+0. la 2.8+0. la 27.435+1.713a 3.104+0. 142a 6.053+0. 149a 4.521+0. 123a

D 3 HOR [N PR R 7 R — 3 TR 37 25 R[] 25 (X 280 ] 25 53 4 3 (P<0. 05) Different lowercases in the same column indicate the significant

(P<0.05) difference among different genotypes at the same microsatellite locus.

®7 EWIEMATEEEIEEKEERIERNSER
Table 7 Multiple comparison on growth traits of Landoltia punctata (G. Meyer) Les et D. J. Crawford among different genotypes at each
microsatellite locus'!

sepgm T PRIPIRIRKL BRI %L BRI BRI /mm F R/ mm WP P FE /mm PR AR 1 /mm

Genotype . Number of Number. of Total length of Mean length of Length of frond Width of frond
frond per plant root per frond root per frond root per frond
Sp10
AA 3.3+0. la 2.1+0.0b 30. 669+1. 998a 4.506+0. 306a 3.433+0. 089b 2. 192+0. 050b
AB 3.0+0. 1b 2.3+0. la 28.361+2.587a 3.791+0. 290a 4.109+0. 155a 2.538+0.077a
Sp14
cc 3.320. la 2.1+0.0b 30. 669+ 1. 998a 4.506+0. 306a 3. 433+0. 089b 2.192+0. 050b
CDh 3.0+0. 1b 2.3+0. la 28.361+2.587a 3.791+0. 290a 4.109+0. 155a 2.538+0.077a
Spl6
BB 3.1£0. 1b 2.3+0.0a 24.885+1.691b 3.220+0. 186b 3.773+0. 113a 2.365+0. 059a
BD 3.5%0. la 2.0=+0.0b 37.289+2.935a 5. 816+0. 463a 3.477+0. 105a 2.215+0.061a
Sp42
AB 3.3%0. 1a 2.1+0.0b 30. 669+1. 998a 4.506+0. 306a 3.433+0. 089b 2.192+0. 050b
BB 3.0+0. 1b 2.3%0. 1a 28.361+2.587a 3.791+0. 290a 4.109=+0. 155a 2.538+0.077a
Sp47
AA 3.0+0. 1b 2.3+0. la 28.361+2.587a 3.791+0. 290a 4.109+0. 155a 2.538+0.077a
AC 3.3+0. 1la 2.1+0.0b 30. 669+1. 998a 4.506+0. 306a 3.433+0. 089b 2. 192+0. 050b
Sp51
AC 3.1£0. la 2.2+0. 1a 20.707+1. 983b 2.534+0. 195b 3.369+0. 158b 2. 157+0. 086b
AD 3.3+0. la 2.1+0.0a 33.325+2.011a 4.917+0.294a 3.757+0. 092a 2.358+0. 049a
Sp52
AA 3.0+0. 1b 2.3%0. 1a 28.361+2.587a 3.791+0. 290a 4.109=+0. 155a 2.538+0.077a
BB 3.3%0. la 2.1+0.0b 30. 669+1. 998a 4.506+0. 306a 3.433+0. 089b 2.192+0. 050b
Sp53
AD 3.5+0. 1a 2.0+0.0b 37.289+2.935a 5. 816x0. 463a 3.477+0. 105b 2.215+0.061b
BB 3.0+0. 1b 2.3%0. 1a 28.361+2. 587ab 3.791x0. 290b 4.109=+0. 155a 2.538+0.077a
BE 3.1+0. 1b 2.2+0. la 20.707+1. 983b 2.534+0. 195¢ 3.369+0. 158b 2. 157+0. 086b

D G5 AN [ /N R 3R 7R R — 8 TR 7 A5 S [ 5 [ 780 i) 2% 5 i 2 ( P<0. 05) Different lowercases in the same column indicate the significant

(P<0.05) difference among different genotypes at the same microsatellite locus.
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