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Effect of @alinity on genetic differentiation of Kandelia candel population
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Abstract: K andelia candel isa geciesof mangrovew hich arewoody plant communitiesgrow ing in tropical and subtropical areas
along seashores and w idely distributed in Guangdong, Guangxi, Hainan, Fujian and Taiw an provinces of China This study
investigates the genetic structure of three K andelia candel subpopulationsgrow ing on different il salinity along Jiulong River
of the Fujian province The three K andelia candel subpopulationsare Haicang, Jinshan and Fugong naned after their location,
and the il salinity of each subpopulation is 10. 26%o, 1. 910%0 and 13. 28%o, regectively. The am sof this studywere (i) to
analyze the genetic diversity in three K andelia candel subpopulations (ii) to analyze the genetic differentiation and gene flow
w ithin the subpopulations (iii) to investigate the effect of il salinity on the forming of subpopulations M utilocus enzyme
electrophoresis (ML EE), using starch and polyacrylamide gels, was used to detect the genetic diversity and differentiation in
random ly selected young leaves in three sample sites The allozyme detected were esterase (EST), superoxide disnutase
(0D), agpartate aninotransferase (AAT), peroxidase (POD), malic enzyme (M E), malate dehydrogenase (MDH) and
aloohol dehydrogenase (ADH) representing 8 distinct allelic loci (Est-1, Est-2, Sod-1, Adh-1, Aat-1, Pod-1, M e-1, M dh-1).

A coording to the allelic frequency of each allele, several other indices were alo measured including the percentage of
polymorphic loci (P), the expected heterozygosity (H e), the observed heterozygosity (H o), the fixation index (F), the
genetic identity (1), the coefficient of gene differentiation (Gsr,) and gene flow (Nm). The results showed that the genetic
diversity of three subpopulations is high, with an average of Q 286 How ever, the genetic diversity betw een the Haicang and
Fugong subpopulationsw as snall M ost of the F valuesfor the different allelesw ere snaller than 0, w hich indicated that these
allelesw ere hybrid How ever, the genetic differentiation anong each subpopulationsw as quite snall (Gsr= 0.0230), w hich
indicated that only 2.3% of total differentiation was coming from inter-subpopulation w hereas the rest (97. 7%)w as from
intra-subpopulation At the sane time, the genetic identity of the three subpopulationsw ere quite high (1= 0.9850) and
genetic distancesw ere quite snall, w ith amean genetic distance of 0. 0151 These resultsclearly show that the three K andelia
candel subpopulations have a high degree of genetic identity and have little genetic differentiation, suggesting that the salinity
differencesmay have littleor no effect on their genetic differentiation of this pecies This low genetic differentiationmay be a

consequence of the significant gene flow among different K andelia candel subpopulations (N m= 10. 62).
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Table1l Salinity of Kandelia candel population along Jiulongj iang Estuary
Position Dongyu  Haicang Baijiao Fugong Qiongtou  Shimei Jinshan
(1982 7 )A verage salinity
22 16 18 09 14 14 13 28 12 30 3 66
of il (Dataof July, 1982) (20 40am) %ol
(1998 4 )A verage Salinity
of il (Dataof April, 1998) (20 40an) %o 1026 1328 19
12
121 , 5 10m ) )
122 , , , TrisHCI , ,
, 4% Tmm ( ( ), - 70
tel TrisHCI el
13
(PGE) (SGE) 7 8
PGE 2.5% 7.0%,pH 6.7 8.9 SGE Sigma (s
5691) , 12%, Tris -EDTANa(pH 8.6) (# 10)
2 8
2 EC
Table 2 The enzyme systans E C. code nunbersof loci and buffer systensof Kandelia candel subpopulations
EC ( )
Enzyme systan E C oode Type of gel (buffer in parentheses) N umbers of loci
(EST) Esterase EC 33 3- SGE(TVB) 2
(S0D) Superoxide disnutase EC11511 SGE (# 10) 1
(AAT)A gartate EC2611 SGE (# 10) 1
(POD) Peroxidase EC11117 PGE 1
(M E)M alic enzyme EC 1140 SGE(TVB) 1
(MDH)M alate dehydrogenase EC 1137 PGE (& SGE# 10) 1
(ADH)A locohol dehydrogenase EC1111 SGE (# 10) 1
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Table 3 Allelic frequencies of subpopulations of K. candel (standard errors in parentheses)
L ocus A lleles Jinshan H aicang Fugong Pop. level
Est-1 A Q 500(Q 050) Q 500(Q 077) Q 500(Q 057) Q 500(Q 034)
B Q 500(Q 050) Q 500(Q 077) Q 500(Q 057) Q 500(Q 034)
Est-2 A 1 000(Q 000) 1 000(Q 000) 1 000(Q 000) 1 000(Q 000)
Sod-1 A Q 951(Q 021) Q 952(Q 033) Q 987(Q 013) Q 964(Q 013)
B Q 049(Q 021) Q 048(Q 033) Q 013(Q 013) Q 036(Q 013)
Adh-1 A 1 000(Q 000) 1 000(Q 000) 1 000(Q 000) 1 000(Q 000)
Aat-1 A Q 630(Q 048) Q 643(Q 074) Q 615(Q 055) Q 627(Q 033)
B Q 370(Q 048) Q 357(Q 074) Q 385(Q 055) Q 373(Q 033)
Pod-1 A Q 765(Q 042) Q 477(Q 075) Q 652(Q 059) Q 670(Q 032)
B Q 235(Q 042) Q 500(Q 075) Q 348(0 059) Q 326(Q 032)
C Q 000(Q 000) Q 023(Q 023) Q 000(Q 000) Q 005(Q 005)
M el A Q 000(Q 000) Q 000(Q 000) Q 130(Q 046) Q 069(Q 025)
B 1 000(Q 000) Q 950(Q 049) Q 833(Q 051) Q 902(Q 029)
C Q 000(Q 000) Q 050(Q 049) Q 037(Q 026) Q 029(Q 017)
M dh-1 A Q 064(Q 028) Q 276(Q 059) Q 207(Q 053) Q 170(Q 027)
B Q 000(Q 000) Q 034(Q 024) Q 017(Q 017) Q 016(Q 009)
C Q 423(Q 056) Q 224(Q 055) Q 328(Q 062) Q 335(Q 034)
D Q 462(Q 056) Q 345(Q 062) Q 397(Q 064) Q 407(Q 035)
E Q 051(Q 025) Q 121(Q 043) Q 052(Q _029) Q 072(Q 019)
8 .2 (Est-2 Adh-1), Est-1 3
,Sod-1A Sod-1B Aat-2A Aat-B Pod-JA Pod-1B M e1B M e ID M dh-1E 9
3 , Pod-1C, M e 1A
( 4, , 1.875,
2.250
1. 747, 1. 641, (1. 647)
He : 0.301 0.304 3
(0.286) (0.294)
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Table 4 Genetic var iance of subpopulationsof K. candel

L ocus Jinshan H aicang Fugong Subpop. level Pop. level
A 1 875 2 250 2 250 2 115 2 250
P % 62 5 75 0 75 0 70 83 75 0
Ae 1 505 1 747 1 672 1 641 1 647
He Q 253(Q 091) Q 301(Q 101) Q 304(Q 094) Q 286(Q 093) Q 294(Q 093)
Ho Q 388(Q 158) Q 484(Q 168) Q 457(Q 151) Q 447(Q 015) Q 437(Q 015)
' (Sod-1 ) Fir
HardyW einberg : Fis (Sod-1 )

, Aep He ) ,

2.2
( 5), 0.0230, 2.3% , 97. 7%
Ht 0.2924, Hs 0.2857, Dst 0. 0067 , Mel
,  0.0666, Est-1 ,0.0000, 0. 0260
5
Table 5 Genetic differentiation between K. candel subpopulations
L ocus Hr Hs Dst Gst Fis Fir Fst
Est-1 Q 5000 Q 5000 Q 0000 Q 0000 - 1 000 - 1 000 Q 000
Sod-1 Q 0701 Q 0706 Q 0005 Q 0079 Q 329 Q 334 Q 008
Aat-1 Q 4663 Q 4665 Q 0002 Q 0006 - Q 590 - Q0 589 Q 001
Pod-1 Q 4451 Q 4710 Q 0259 Q 0551 - Q519 - Q435 Q 055
Mel Q 1276 Q 1367 Q 0091 Q 0666 - Q 036 Q 032 Q 066
M dh-1 Q 6762 Q 6942 Q 0180 Q 0259 - Q 402 - 0 366 Q 026
All locus Q 2857 Q 2924 Q 0067 Q 0230 - Q551 - Q516 Q 023
3 F 6 3 F
( 6, , , Table 6 The fixation indices of alleles of polymorphic loci in three
Esr ’ 0. 023, Gst subpopulations of K. candel
, 3 ) )
L ocus Allele Jinshan Haicang Fugong
F- Mel * Est-1 A 1000 -1000 - 1000
0. 066; Est-1 , 0. 000 B - 1 000 - 1 000 - 1 000
(Fir) 0, , Est Sod-1 A Q 790 - Q 500 - Q013
B Q 790 - 0 500 - Q013
Aat-1 A - Q 587 - Q 556 - Q625
3 B - Q 587 - Q556 - Q625
(7.3 ' 0. 9850, Pod-1 A - Q090  -0Q913 - Q401
, B - 0 090 - 1 000 - Q401
0. 9920, , c Q 000 - 0023 Q 000
0.9778 M el A Q 000 Q 000 - Q149
B Q 000 - 0053 Q 067
( C Q 000 - Q053 - 0 038
7 8), 0.0153 0.01112 0.0151 3 M dh-1 A - Q 068 - Q381 - Q261
(0.0081 0.0056 B Q 000 -Q03 - 0018
0.0080), (0. 0227 0.0165 c -Q7s - 0289 - 0487
0. 0225) 3 ’ D - Q651 - Q374 - 0 369
E - 0 054 - Q137 - Q0 055

’
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? W right 7 ( ) (
Fst 9 ) ( )
10. 62 Table 7 Genetic identity (below diagonal) and standard genetic
A at-1 249. 75, Sod-1 31.00 distance (above diagonal) between subpopulations of K. candel
(standard errors in parentheses)
3 Jinshan H aicang Fugong
Jinshan —_ Q 0225(Q 0165) Q 0149(Q 0097)
[9.2] , Haicang Q 9778 — Q 0080(0 0055)
[10,11] Fugong Q 9852 Q 9920 —
’ ’ ! 8 ( ) (
[12 15]
) ( )
Table 8 The maximum genetic distance (below diagonal) and
minimum genetic distance (above diagonal) between subpopulations
3 , Gst of K. candel (standard errors in parentheses)
2.30%, ,
2. 30% 97. 7% Jinshan Haicang Fugong
' ’ ' Jinshan — 0 0165(0 0107) Q 0112(Q 0066)
H aicang Q 0227(Q 0641) —_ Q 0056(Q 0036)
s Fugong Q 0150(Q 0620) Q 0081(Q 0769) —
, ) 9
Table 9  Gene flow between K. candel subpopulations
' L ocus Fst Nm
' ' ( ) Est-1 Q 000 Q 000
3 : Sod-1 a 008 31 00
, (161 Aatl Q 001 249 75
Pod-1 Q 055 4 30
(Fer= 0.043) M el Q 066 354
Fst= 0. M dh-1 Q 026 Qq 37
' : M ean Q 023 10 62
el Nm= 5.56, Nm 10. 62
(Cyclobalanaopsis glauca) , Gst
0.976% , ; Nm= 7.37 26.07,
1 [17,18]
[29]
[20]
Gottlieb™ :
) (100%) 22,
[19] [7,15]
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