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Tab.1 Results of SRAP and SSR analyzed in P. haitanensis DH population
FricRA SIS SRR EZ DAL ZBNLHE A (%)
marker type primer combination no. of total loci no. of polymorphic loci  percentage of polymorphic loci

ME1/EM5 34 8 23.5

ME1/EM7 37 7 18.9

ME1/EM9 29 9 31.0

ME2/EM1 41 8 19.5

ME2/EM5 37 10 27.0

ME2/EM7 45 11 24.4

ME2/EM9 30 9 30.0

ME3/EM7 38 12 31.6

ME3/EM9 42 7 16.7

ME4/EM6 27 6 22.2

ME5/EM4 33 7 21.2

ME5/EM6 36 8 22.2

SRAP MES5/EM7 40 9 22.5
ME6/EM7 34 5 14.7

ME6/EM9 32 7 21.9

EM1/ME10 43 7 16.3

EM3/ME10 36 7 19.4

EM5/MES8 47 11 23.4

EM2/ME3 24 1 4.2

EM5/ME7 41 13 31.7

EM3/ME6 37 7 18.9

EM1/ME2 31 9 29.0

EM5/ME10 38 5 13.2

EM3/ME3 40 7 17.5

A1t total 872 190 21.8
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marker type primer combination no. of total loci no. of polymorphic loci percentage of polymorphic loci

Phes02 5 1 20.0

Phes03 4 1 25.0

Phes06 11 4 36.4

Phes07 5 2 40.0

Phes09 9 3 33.3

Phesl1 8 3 37.5

Phesl2 9 2 22.2

Phesl4 7 1 14.3

SSR Phesl5 13 3 23.1

Phesl7 8 1 12.5

Phes20 9 2 22.2

Phes24 10 3 30.0

Phes28 7 2 28.6

PH14 1 25.0

PH47 3 37.5

PH49 : 2 40.0

41t total 122 34 27.9

39 Xf SSR 5IMXt 2R A K 5 AT AU Rt AT
T 51, 45 2RAT 16 XI5 R T Ak
A B, HAE AU 0 BPIR S AT B A€ A%
i o PR R Y 16 X SSR 5| 4%} DH 1 &
PR R 157 SRR R PEAT T 3842 0 A, 3L 3
122 A7, o 34 MR TESEA PR BN 235
P FE TR T (R 1), BIP- 2 R 5
WY T 7. 63 AL, Hp A 213 M
A Z TSR, 2R 725N 27.9% .
2.2 EEEEEGE

=L — AR BB, 224 AR

(4% SRAP #5ict 190 >, SSR #Ric 34 M) &l R
Jrkis A 67 MRic (f43E SRAP FRic 58 4, SSR
Fric 9 A>) fi B d B8R 73 B A (P <0.05) , fii 7
B 29.9% |, iX S o3 B AR ICAME At g Kk
FREMARIC (3R 2) o FF A Fa iR 4 B ALY 132
> SRAP F1ic 1 25 4~ SSR Fric 4 Mapmaker 3. 0
AR ICIE B3 AT, 25 104 4~ SRAP FRic A1 20 4~
SSR FRICA AL 1T 5 i 8iHE, 2 > SRAP FRic Fl 1
A~ SSR AR AL T —A~=HkK{4&, 7 4~ SRAP fric il
1 4~ SSR FRICA AR, 1 4 &R, FF 19 4~ SRAP
PRI 3 4~ SSR brid K& (£ 2) o

R2 DFFIEEPITER

Tab.2 Results of markers linkage analyzed

L e b IE—— R 7 A S Sy ROy el g
S StEbRid ic e 2 3% B = i EPRIFRIC EibRIC
P % f&”rm‘ B oy EARICER SR H/EEL:J ﬁ{(ﬁx_ EaHZMm' e EY ﬂ/T. o REBHRICE
no. of no. of . 3 AFRIE) #5108 no. of unlinked no. of unlinked no. of
molecular . . rate of distorted . . .
polymorphic distorted no. of linked markers markers in unlinked
marker type markers o .
markers markers markers in triplets doublets singles
SRAP 190 58 30.5% 104 2 7 19
SSR 34 9 26.5% 20 1 1 3
A1 total 224 67 29.9% 124 3 8 22

f1 104 > SRAP #ric Fl 20 /> SSR Fric #4) A%
(1 5 AN EPE KBl 879.2 M, B EBTRE K
ok 134.2 ~213.6 cM, {1 & FRic 18 ~31 4~ ( 3
3,08 1) o P gRAT a8t A% 3% B ] T 35 A 12 ] B
A 7.09 cM, i KFRICEI G R 33.3 oM, Fie/PMrid
R 0.4 cM(FE3, K1),

2.3 ERARKERBEEERR

JIT A T 1) 35 5% 3 A 3 R L S TR 4
KN 879.2 eM( K 4) , iR b =B A A %
B RS, WL L I AL HE O 9475 M, T
KT 3 BRI 5 5 RS 2 R 35 S A T 2k N
R0 955. 3 M, f IR 35 5 5 ot %
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Fig.1 Genetic linkage maps of P. haitanensis

Size of the linkage group( before slashes) and the marker number( after slashes) of each group are at the top,in parenthesis. Marker names

are shown on the right of each group and the adjacent marker spacing is displayed on the left in cM Kosambi.
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Tab.3 Summary of the genetic linkage map for P. haitanensis

iRt K (M) bRiCH TAFFHCHR (M) BRAFCHM (M) BMRCRR (M)
linkage group length of group no. of markers average marker spacing ~ maximum marker spacing minimum marker spacing
1 213.6 31 6.89 26.9 0.4
2 191.7 24 7.99 33.3 0.7
3 176.6 26 6.79 19.2 0.7
4 163.1 25 6.52 21.7 1.2
5 134.2 18 7.46 15.2 1.4
4T total 879.2 124 7.09 33.3 0.4

T4 RERBERAKEREEEEESE

Tab.4 Genome length and coverage of genetic linkage maps of P. haitanensis

WGEHE PRI K E (eM) flTF S 2 K BE (eM) FHHETH(% )
observed genome length estimated genome length genome coverage
Goa Gol' Gel GeZ Ga‘% Ge Col’ Cm\
(8 value 879.2 947.5 950.5 953.6 961.8 955.3 92.0% 99.2%

T G iR I SEBRAC R 5 G AR 33 G TR I b =6 (A B B R 5 G AR Gy, G Fl Gog =07 AN T 5 R ALK B 197 3518 C o I
Co 73548 Gl Go, UKL R B 25

Notes: G, observed total length of the framework map; G,,,the map length based on framework map plus triples and doublets; G, is the

average of the estimated genome length G, ,G,, and G, (see ‘ ‘ Materials and Methods’ ’ ) ; C; and C,, are the genome coverage of G,; and

G,, ,respectively.
3 e
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SRR 2 R, DRI ITT AR, 52 5k
B 5 A I 8] 5 0 B — EOR B 5O A
g ) I R S e A
R BETS o SRR (R AL TR 1 K B
BN N IBAL R IC DT T i i s A% o A 5 5%
WA B R A I o UL SR A T AR
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ST RE R 22 R R SR AR H R E A ZAE R 2
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Construction of a genetic linkage map for Porphyra haitanensis

XU Yan'?, XIE Chao-tian®, CHEN Chang-sheng”, JI De-hua’, GAO Ya-hui' "
(1. School of Life Sciences ,Xiamen University ,Xiamen 361005, China;
2. College of Fisheries , Jimei University ,Xiamen 361021 ,China)

Abstract; Porphyra haitanensis is an important economic marine crop in south China. The development of
the P. haitanensis cultivation is highly desirable to select or breed new lines of P. haitanensis with strong
economic traits and use them for cultivation. Molecular markers and molecular genetic maps are pre-
requisites for molecular breeding in any plant species. A comprehensive genetic linkage map for cultivated
P. haitanensis has not yet been constructed. In this study,157 double haploid( DH) lines[ derived from a YS
I (wild-type) x RTPM ( red-type artificial pigmentation mutant) cross ] were used as a mapping population in
P. haitanensis. A total of 100 pairs of sequence-related amplified polymorphism ( SRAP) primers and 39 pairs
of simple sequence repeat( SSR) primers were used to detect polymorphisms between the two parents and 5
DH lines. Twenty-four SRAP and 16 SSR polymorphic primer pairs were selected to analyze the DH
population. A linkage genetic map comprising 104 SRAP markers and 20 SSR markers in five linkage
groups, witha total length of 879.2 cM and an average of 7. 09 cM between markers was constructed. The
linkage groups comprised 18 —31 markers ranging in length from 134. 2 to 213. 6 cM. The estimated genome
length of P. haitanensis was 955. 3 ¢cM, with a coverage of 92. 0% coverage. This is the first report of a
comprehensive genetic map in P. haitanensis. The map presented here will provide a basis for the
development of high-density genetic linkage maps, which will facilitate QTL mapping of desirable traits,and
provide markers for MAS , map-based cloning of genes,and the introgression of beneficial genes from wild
species into modern cultivars in P. haitanensis.

Key words; Porphyra haitanensis; genetic linkage map; sequence-related amplified polymorpyism
(SRAP) ; simple sequence repeat( SSR) ; DH population
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