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& Fi§ % (Saccharina japonica) ¥ & %
kSRR

g H 2 o xEA P ERATY RN
EXR® IBE® g’
(1. RImFERERK= S drgbe BifE 201306;

2. Ok AR ROl AT RS R R ST P EK R B S K T R 2660715
3. W IR SEARZLRE R R SRy IR RERE FH 266071)

BE HIREL 3 AN ¥ (Saccharina japonica)# i A (“HlER 1 57, “B X257 “BR3E")
A CEE 1T W S AR A E R, N A R R R R RN,
RHF R K SSR 2 FARITH A, A 20 x+ SSR 5| 4 # 26t 8 ¥ 3 RAF Ay 51 4, X 4 NiEW &
R 120 MEEARSAT T MBRE SN, ERET, ST HAESME 28 NEH S AUMEMER,
9 M FMEAMILE, FHE ] eI B £ E Y 4.6250 N, 4 DN S A B Nei's £EH %
R (H) A R 36 20 (1) F 310 51 4 0.3809 71 0.6702, % SAEH AT RIK, AELXA&n, &
H,OKR1ET EHIH, |ERE, SANMARS, AEAHEGTEMIMNEYRE, 98
K257 [ “BR3IEF f “HE 15 BWRELSHEEKTRABRK. REMNMERE T, “E
K15 5§ “BR3IE” BEELXRARL, M5 “HE 15" BH¥ELKEZKIT. AMOVA 4 1r
R, 4 MEFRF 9206%HEREETRRZAA, 794%0ERRETRLZRE, “HE 1 57 &
W SR AANETER TR, UHENFERET TSN, NEERE FRORESHF
M, RESHEERTHNE “BR157, TR AAEMNEEFRRNI SR,

KIE W LS FEM; SSR; RE AT, AMOVA

FESEE Q943;S917 CHIFRIAEL A XEHS  2095-9869(2017)03-0155-08

7571 (Saccharina japonica) & B E I & 3 s, & \EAEH . BET, WM BER AL L TRA . Uik
TR AR RN R A (XIAR A A, 2012), TEEN P2 (7 5 B, 1963), B0 25 AT 72 1) ml
T AT BEZAESURERA T N EMREE, Sk R, UL, ISR XA R A A AL O R R
2001). H 20 et 50 4EAGER, RERUFRE Migirm s 2t LEKR
EE Mo 5 MW TAE, SEEEE B2 meh SR AL Z R A FARIE IR AR 2,
(Liu et al, 2012a), 7EHEH FRAEHAIIG ™ | BR0h RIE T RAPD(Random-amplified polymorphic DNA)fRiC, #
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DGH L DNA /b, (HEE MRS A = GG,
2003; JH &M%, 2003); AFLP(Amplified fragment
length polymorphism)bic HA7 4 R M . T 2D
2P 75 | 400 25 F ) ARG D DR 67 A, LT s P 20 4 2
HIR I 45 1 325K 4 75 (Shan et al, 2009; 5K 4> J1E 2,
2008; ZEttE 4%, 2009); ISSR(Inter-simple sequence
repeat) bRiC LI F AR FRAE T L . PRl L =Rk, (HFRE
R [E] R di i 25 A, HASRE DX R 25 Al 5 kA
#l(Wang et al, 2005)L) &2 SSR(Simple sequence repeat)
(P EEAE, 2013; K8 RAE, 2016), RAPD ., ISSR
HAFLP 4Ri0 5 |98 T3 519, 2 AR R s tedric
SSR A FHARic AR EAT LU R RS itk FemtEm
(RA2E, 2006; £ BEUEZE, 2008; M X JH%E, 2009Y),

RERRBEARAE BARAE T4 Bl R
APER . Gerber %£(2000)% B, AFLP fricHy L&k
WL/ T SSR FRICHY Z A ; HEAS DNA i i 205K
fi% . A . Chamberlain 25(1998) 1 5| AZ & PCR
HAR, # SSR AR EME S 2 # PCR 11 il & R A
ih, RIS T SSR ZpRIZE, MMIFEAR T e
GBI S A, DAk, AR P RO 1 K
WREAR T 3 TR AL B R AS , HF & R i T
EAMEKIHEFISE, 2013; Song et al, 2013), #git, 4
2RSSR FRic B AT & R B il RNt (L £

BEFEIEAT ST
R BT MR 28T R R 38T

J2 TP K B AR 0 5 B iR K 7 I 5T I 5 L AR 2R
FIERILFEEF Y 3Nl H MR, BA-E
w L M E R SR R AR R, Hh, TR 1 5
ACT5 R S A AR AR, R 2 5
BT BIMEILER RS, “BR 357 2 N
H 157 SAMEHET TG, N T i# 4 TR
e ZREMERBE LR, AL SSR 4 Fhrid,
M 20 X%} 5147 (Zhang et al, 2015; Liu et al, 2012b; Shi
et al, 2007)fiik i 8 XJ 4 HEBORBAF 514, XA
AR 30 NREAGAT PP, AT SR L
KR BRI AG Z FE T B IR 22K

1 #wRERE
1.1 I

AN R 1S R 257, K3
STORCECE 15T 4 AN R R AR U T R
T N A SR, B R AR 30 A4

TR L 10 em), MUFPRICTE A AE4E, HIKE
A [l S

1.2 SFHIGHE

1.21 DNA #I  RHRRHEYHEFLH DNA 42
O G PR 4 AT R SR 120 RS R4
DNA. fifi B AE W 56 1 o Dk A il I 2H DNA 1 58 %
PEFIGERE , T—20°CUKFARAEA I

122 HMIEZ3NHiHik BEBLEL 4 DT
Wy, 3 TS 0 2 A R B | AT IE
A HSLE: . PCR W AR FR A 10x Ex Taq Buffer 2.5 pl,
dNTP(2.5 mmol/L)2 pl, Mix primer 1 ul, DNA1 pl,
Ex Taq 0.2 ul, H,0 18.3 ul, AAFL 25 ul, PCR
R 95°C 2 min, 95°C 30s, 56°C 20s, 72°C 30s,
25 M, 72°C 5 min, 12°CHEE.

1.2.3 HIE% o 5 H7 FH 0S50 7 6 H1 1Y) 8 XoF
RStk | 2R, X 120 DA S TY 1S
ALK . B ML SR SO A Genemarker,
e L1Z500 AR AESEATECHE 5007, 4807 a5 0 5]
Excel i mif7 B35,

H4E Excel JRUa 5, LFBRAERE MW, XTRE
SRS e BOR /NI G ME BT L e SR BT
YA R B RN, B R IR AR R A BE . T
Convert 3 H A 48 i e s =X

FHER A Popgen 32 Xt 4 NG i ZR I 38t 15 AR L
HATVEAS , BN SEEIEELIEE(), 286 AT
(P, S PEU(N) FI A R 5P (Ne), Nei's 3
K Z PR R (H) , RS G BE (Ho) R EE 24 5 B (He)
o

Al 2% B8] Y 38245 73 A T Popgen 32 11555t A4 3R 4L 5
B(Gg) MEEF (N ; F Mega 4.1 H 52 E 2R A
UPGMA(Unweighted pair group method with arithmetic
mean) J; A HE S R BN RIS HTE . (] Arlequin
version 3.11 X} 4 /M1 i REFT AMOVA (Analysis of
molecular variance) 7T , 11515 4 48 S5 R IR L Z& 1]
ML S R AL

2 FHERESW
21 5|¥fEik

REALHMEC 4 VA AR S IR 4] DNA, ##8
SSR-PCR [ W AR RIEATHIES 9, L5 1, 73
2 AN SRS SSR261.DQ978345 . DQ978340 .

1) Cong YZ. Germplasm analysis of Dongfang No.3 hybrid Laminaria. Master’s Thesis of Chinese Academy of Agricultural
Sciences, 2009 [AA . K5 3 S5 RS, RO B B - A5 AR A 118 5, 2009]
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Unigene8756. Unigenel5777, ¥ 34t 3 P4 A95I
YA CS55. Unigene95068. Unigenel7168, HiAth5]
YR G 1 AN SR LRCR L. YRS
2 ANEL 3 ANARAR X 8 XTS5, XF 4 ASE R 120 A
FEARMEAT BN IR, 5> SSR 51 Wik i B i b
T L VK 25 SRR B A4S L VK 5 S il L I 1 A 2,
S1YME B L 2,

I 2 iTUE S, 519 DQ978340 1E “MEK 1 5”7
1) 4 SR AR R A I 280, 3
R REPI A9 R(362 . 377), (377. 377), (368. 368),
(350, 362), ZAEMENIEEM R BAR/INTHIR 350,
362, 368 Fil 377, ik SLLEA I A IG5 R H o AR0E
BB AR B 5 5 H A 7 X5 5149 53 TSR A

®1 20 X510FIRER

Tab.1 Screening of twenty pair of published primers

EIk/ B Bl JrBe2 FrBE3
Primer name Fragment 1 Fragment 2 Fragment 3
CN468232 Z4iff Nonspecific banding
AW401303 Z447 Nonspecific banding
SSR261 212 214
DQ978345 238 240
CN467174 Z4ifi Nonspecific banding
CS55 266 287 289
CN467886 ZLilif Nonspecific banding
DQ978342 282
SSR278 394
DQ978340 361 377
Unigene3299 119
Unigene1084 156
Unigene83950 119
Unigene93270 141
Unigene95068 154 157 160
Unigene8756 152 158
Unigenel5777 125 128
Unigenel7168 151 156 159

1L, PIRERCUF S A [T i R AT AL 70T o
22 S|ty EER

8 XIHI WY EE R L2 3, i 3 WA, 8 Xt
Sl RGN Y 37 NSRRI, BN IR BN 2
8 A, FHIh 4.6250 1~ ARENI IS 1.1353—
3.3431 >, Hirf, SSR261 WIECAERI L | A3 50450
FRBEZ AN 8. 3.3431 4>, CSS55 WIELAE(
B A REE NSRRI D 20 11353 4>, 8 X
SSR H1¥IH4 A 2751k, Unigenel5777. Unigenel7168
Fl Unigene8756 M ZAFwlhf, iAF] 100%, HAKMY
J& DQY78340 5 #(42.86%), JLXF T W1 £ 5407
FUA TR 77.86%

8 XTIy Ky th 9 MRS, BRI/ A
156-368 bp (3 4). “MF K 157 Wiy A 6 MERF
PN, BHKRZ; “BRK25" M “HE 15" 4o
FILEA 2 LA FER SN . AR R e
T 8 XTI AT R 30 DNEEA, ARERILIAYUE
XUERE IR L R TR R, RS E 2N
FE ST RIE
23 RAREMEESH

K RN SRR 5, 4 AT b R S0 3%
K (Np) A 2.6250-3.6250 , Nei's 3 [K £ k¢ % (H) N
0.2943-0.4705, FARIEE()H 0.5072-0.8583, PilHiX
4 AN S R E SRR R SRR Hi, TR
157 F MR 257 i BE & BE R B 5
Wims “EE LS EWNRM. BRI
) Nei's FEHZHEME(H) . FRIGE(0)FIZBPEALSI

R, CHEE 15T RN 3 NSRRI,
MR e[, “WK257 M “HEK3S" HE

MBS 09707, “WBR 157 M WA 3
57O IR A A R B AR, R 0.0297, 4 AN
ot 2 1B 1 ) 38 A AR 2R ORI AL B 40 B T 0.8732—

Bl 1 ABs> SSR 1M WIS g 1y 45 2R

Fig.1 The results of pre-experiment amplification using partial SSR primers

M: DNA Marker; 1, 2: DQ978345; 3, 4: CS55; 5, 6: AW401303; 7, 8: CN468232; 9, 10: DQ98342; 11, 12: DQ978340
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K2 5% DQ978340 1 “MER 157 HE A 4 DA RT3 45 R
Fig.2 Results of four individual Sjaponica “Haitian No.1” amplified by primer DQ978340
&2 8XEW SSR 3IMHFE
Tab.2 Characteristics of eight pairs of SSR primers of S. japonica
Gk ETReS BlE7E 2]l Eivzigdl KGR F BN
Primer code Primer sequence (5'-3") Repetitive sequence Annealing temperature (‘C)  Fragment size (bp)
CS55 F: CTCTAAGGAGGACGTGACCAC (GAG) 7 56 280
R: CCGAACATGTCCAATGCC
DQ978340 F: TATCCCGTTCGTTCCACTC (CAA)9 56 380
R: CGACCCTAATAAGCTCTACCT
DQ978345 F: AAAAGGTGAAGGGATTCGTCG (AC)9 56 240
R: CTGAGCAGATTTATGTGGAGCG
SSR261 F:AGATGGAAGAAGACCTCG (GA)23 56 226
R:ACATGAACCAAACCTACAGT
Unigenel5777 F: TTGGGAACAGGTAGCCAAC (CCM11 56 129
R: AGGGGTACCAGGAGAACTAGGAG
Unigenel7168 F: GAGATGACCTTTTACCCTTACGC (CCT)10 56 160
R: GTGGTGCTGATCATAAACCAAG
Unigene8756  F: CAAATCTCCTTTTCCATTGACAT (GAG)7 56 156
R: CGGGGGTTAAATGAATAAAAATG
Unigene95068 F: ATGTAACTGTTGACGCTCCTAGC (AGG)5 56 155

R: CTTCAACGCTACCTCCTCCTCT
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Tab.3 Genetic parameters of different SSR loci
a1 MEEEAIENE  ZBMA AN AR WERGEH, RS Nei's\%%ﬁﬁ
Primer N, Number of Percentage of Ne Number of Observe He Expected FE%U H Nei's
observed alleles  polymorphic loci (%)  effective alleles  heterozygosity —heterozygosity — gene diversity
CS55 2 50.00 1.1353 0.0000 0.1197 0.1192
DQ978340 5 80.00 2.2592 0.5598 0.5598 0.5574
DQ978345 7 42.86 1.9446 0.4174 0.4879 0.4857
SSR261 8 75.00 3.3431 0.9224 0.7039 0.7009
Unigenel5777 4 100.00 2.5878 0.4583 0.6161 0.6136
Unigenel7168 4 100.00 1.3485 0.2917 0.2590 0.2579
Unigene8756 3 100.00 1.4263 0.2069 0.3002 0.2989
Unigene95068 4 75.00 1.6708 0.4500 0.4032 0.4015

®4 HREFVERRHT

Tab.4 Unique alleles in four cultivars of S. japonica

" JTBOUN e co i e o 2

Primer l:irsegr&gl)t Cultivar with unique alleles
CS55 256 3K 1 5 Haitian No.1
DQ978340 368 K 1 %5 Haitian No.1
DQ978345 230 #EK 15 Haitian No.1
DQ978345 232 K 15 Haitian No.1
DQ978345 241 WK 2 5 Haitian No.2
DQ978345 242 #5E 1 5 Huangguan No.1
SSR261 210 K 15 Haitian No.1
SSR261 218 WK 1 % Haitugn No.1
Unigene95068 156 #H 1% Huangguan No.1

=5 44

0.9707 1 0.0297-0.1356 YL N, LB 4 M7 5 &R
FHXRBIE., WIEHRBMBAES, FIH
UPGMA LM E T 4 M RN R 591k
(K13)o 4N RSP R 2 KA, “HE 157
VR BOOR B T 1A . S A 3 AT i SR 4 B
T2k, H, “BR15” M “BR3IS” 14
IR, MR 25T MH—aBL

4 AR A R ] 3L 43 AE R UG E R 0.082,
TN A 2,797, FBH 4 ANEEAT 5 &R Ae L il
PR, HA—ENRHEZH . AMOVA %
W, 7.13%M st 28 R AAE T AR & RE, W
98.94%FET M A NERGE 7), i RIS R N5
75 A 595 5(P<0.05, 1000 REH),

wmARKNEEEY

Tab.5 Genetic parameters in four cultivars of S. japonica

550 Genetic parameters

W25 AV B R % N, Number of observed alleles
AR FE L N Number of effective alleles
WELZ4 FF Hy Observe heterozygosity

WA B He Expected heterozygosity

Nei's 2K Z P H Nei's gene diversity

Z 57 54X Nnumber of polymorphic

LM 5 L P Percentage of polymorphic loci (%)
A FEH | Shannon Index

R 15 R 25 K35 HWHE 15
Haitian No.1 Haitian No.2 Haitian No.3 ~ Huangguan No.1

3.6250 3.1250 2.6250 2.7500
2.1358 1.7959 1.8339 1.6351
0.4245 0.4780 0.4307 0.3720
0.4785 0.4044 0.3855 0.2998
0.4705 0.3976 0.3791 0.2943
8.0000 7.0000 7.0000 6.0000

100.0000 87.5000 87.5000 75.0000
0.8583 0.6781 0.6372 0.5072

®6 4NMEHERAMEEHORRG LAMFIEEEEZET M)

Tab.6 Nei's unbiased measures of genetic identity (above diagonal) and genetic distance (below diagonal) among four S japonica cultivars

A Cultivar code

WK 1 5 Haitian No.1 K 2 5 Haitian No.2 7K 3 5 Haitian No.3 #F 1 ‘5 Huangguan No.1

WK 15 Haitian No.1
K 2 5 Haitian No.2
3K 3 5 Haitian No.3
T5'H 1 5 Huangguan No.1

sfeskeskeosk

0.0603
0.0297
0.1048

0.9415 0.9707 0.9005
oAk 0.9654 0.8732
0.0352 Ak 0.9458
0.1356 0.0557 o
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3 iFig
3.1 S|¥ffik

TE & W D RS YR B A B L2 4RiE
Billot %5(1998) &tk 37 (Laminaria digitata) K 21
DNA JF & 10 A 28RN DR 2, WROF
(2013)V A7 5% 57 2H (EST-SSR)FIB: [ 240 DNA HiIF
K 143 XWEA BT . AR NE T LI
SSR B|¥H#kiE T 20 xF, He, HA 8 XREWHIHLT
FAEM PCR 9 HAVEMI Y 45017 . B AN ra Ik 4
RE/xR, 8 MWW HARSHWEZEE, LN
12 X514 PCR 43 Z52 wREL, ToIkibAT S8 FE A 1)
Pl s 2 B ERAR, FEE R AR IR DNA 17
E T PCR 4734 I i i 9 [ (Patwary et al, 1994;
Varela-Alvarez et al, 2006)F147 {3 T 5|47 X 8728
SRR, PEA R ¥E % (Buchan et al, 2005; Hoffman
etal, 2005), HIk, S5YFA-ARRENP) 2 5 F1 PCR 73
(S AVYNEEE K g8 & S M IS g8 @ walll oy
R, BRI A A S R 2 i LA R R

32 ARETRABNEESHEEIEEXR

SEiAEYHLL, wHEEMh g KA T T
i, #LkZ2 A RS AE, Fe B R L TR AR
SRS, MR IR AL Z R @it AT
K, MRS M RAA R L 2,
“ECH 1 ST AR 2R EAR . Ak,
“HUE ST A2 A L Nei's SRR ZHEEE

RAGEIE T2 HE Q1) 45 3, 1EF NN,
XEFREN “HE 157 R ELEig)h, X&
iR AZEE M, 76 [ 38 A R P AE7E MR 5
BN ELGEMS ., HIs b, B E] AR R
HEER TR, BABRMWBE 2R,

T A X6 AN [ T A i R D) 0 R PR L 3 A% B S A
R A BB A3HT R B, 3 AR 7 R 22 TR 0 g A%
SRR EEAOE, B R SR RIAE] 0.9707,
R B B /R 0.0297, UPGMA VEH4 EE 114 2 S b 45 R
Bk, “HWRK 157 M X357 B EEER
I, 5 “HE1ET WiRE. WR3IET i
B oL ST EAMOHE AR, B RS CHEE 1
57 A I AT /N A 38 A5 S RN A G 1 a8t A% A AL
PEo XU, SRAMEPIAE—ERE ERUE T TR 3
SO R, RS CEHE 1S
LY AP —E AR S

AMOVA B, 4 AN T R A9 AE 5 20k
FoSh RN ES, Ok E S &R AR S AN RAE
7.94%, ULHIIX 4 MO R SRR R T, £E
SERONTERE B AR, G MR R AR A e L
R A RS, A BRI AMATE R E
R PR B ROk, X BT AL 2R T AR
(ZFH5,2012).

Y fhis f Z RE R K R =y, RS
N AR KRR AT, YRR AL R
o BB AL AR S R, X IR B AR IR A 3 B B T it
(RUIRZE, 2013), [ 2 W FREE Y 38 17 BE 7 st SRR A

¥#§R 1 5 Haitian No.1
1 x5 eitannos

¥R 2 5 Haitian No.2

#H 1 5 Huangguan No.1

i
1

3 MRS LI B R UPGMA B iy 4 AR i 2R 11 2R e kAL
Fig.3 Dendrogram of four cultivars of S. japonica by UPGMA clustering based on genetic distance

®7 ANEHERER AMOVA 7347
Tab.7 AMOVA analysis among and within four cultivars of S. japonica

78 S 1 S R FI H1EE -5 A AR S AR o AR
Source of Variation Degree of freedom Sum of squares Variance components  Percentage of variation
i &[] Among populations 3 27.729 0.12911 7.94
fh £ P Within individuals 236 353.167 1.49647 92.06
BE 5 Total variation 239 380.896 1.62558

1) Rui FP. Development of EST-SSR markers from Saccharina japonica and the study of the genetic diversity. Master’s

Thesis of Ocean University of China, 2013, 22-23 [
,2013,22-23]

EST-SSR
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P [ 5 BH A0 Vgl 35t A 22 AR AR, PR IE N 2
FEPER 0.451, FRIGEE 0.18-0.55 Z [0 (L5,
1999), AWFFEHE 3 AN [R5 15 2R 7RI —
LN B 510, X 4 AT R AL
ZREER T —EM TR, W R R A | 2%
EEATERE AR RGP S PR AL T 5E AR o
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Study on Genetic Diversity of Four New Saccharina japonica Cultivars
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Abstract In order to provide reliable theoretical basis for high-efficiency utilization of Saccharina
japonica germplasm resources in its breeding practice, the information of genetic diversity and structure
of three new edible S japonica cultivars (including “Haitian No.1”, “Haitian No.2” and “Haitian No.3”)
and “Huangguan No.1” were explored in this study. We selected eight pairs of primers for the simple
sequence repeat (SSR) molecular marker technique to test the genetic diversity of 120 samples of the four
S japonica cultivars. From 20 pairs of SSR primers published online, eight pairs were identified because
of their good amplification patterns on the majority of 120 DNA templates. The results showed that 28
polymorphic alleles and 9 specific alleles were detected by eight SSR markers, and the average alleles per
primers detected were about 4.6250. The Nei's gene diversity (H) and the Shannon index (l) of the four
S japonica cultivars were 0.3809 and 0.6702, respectively. It indicated that the genetic diversity of the
four Sjaponica was relatively low and four species were genetically related. Among them, the Nei's gene
diversity (H), Shannon's information index (l) and the number of polymorphic alleles were the highest in
“Haitian No.1”. This indicated that the genetic diversity of S. japonica of “Haitian No.1” was higher than
other three S. japonica cultivars. The levels of genetic diversity of “Haitian No.2”, “Haitian No.3” and
“Huangguan No.1” decreased successively. Cluster analysis demonstrated that the relationship between
“Haitian No.l1” and ‘“Haitian No.3” was close, but the relationship between “Haitian No.l1” and
“Huangguan No.1” was not. AMOVA analysis showed that about 92.06% of the variation was derived
from individuals of the four S japonica cultivars, and 7.94% of the variation was derived among the four
S japonica cultivars. The genetic diversity of “Huangguan No.1” was the lowest, suggesting the need of
strengthening the biodiversity protection; the highest genetic diversity was the “Haitian No.1”, and could
be used for developing new cultivars.
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