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Advances in Molecular Marker Assisted Breeding of Flax
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Abstract: Flax ( Linum usitatissimum L. ) is an economic crop with multiple utilization value. The rich
nutrients and active substances of flaxseed as well as high-quality fiber make flax more and more popular.
Therefore, producing high-quality flax varieties has become the current breeding goal. Traditional breeding
methods have the limitation of the long cycles and limited choices. With the development of molecular biology
and molecular markers, the traditional breeding methods combined with molecular breeding have met the
breeding requirements. This article reviews the advances made in the application of molecular markers in
flax, construction of genetic linkage maps, quantitative trait locus positioning, resistance and fertility marker
positioning and genome-wide association analysis. The current problems of molecular marker assisted breeding in
flax are discussed to provide some references for flax breeding in the future.
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P T BRRE SR DI RE , R R A /T U T8
fh R 24 BRI Rt R RE R,
MEIRAR 22 Bt B PR 32 24 5 I RRAT I R 2R
AR A B DGR  BUPEPEIR A BT 2205 L
FURYR BUEEIA (5T, ik Lo PR R BE R PR, i 32
RACHE PR NIRRT, 25 5 32 PR B2 0 o % S JFR
ZEVFTRIRIEATIEL MR, 4 /5 PR £ 4 R0 BROFF 1Y
P A e H AT RR A AR S AR, 25 F
FBL R EARIEAE Y 2= R A AR AR S A, BF 58
i A A A K R PR R A B /N
MR IIASRAEAN L o A Bl A B 5 A 7 M oy 1
AW DG T, 3 AR TR RR 5+ B A IS
I R A 22 T T ARIC S LU # 7&K DNA
() Z2 35 BRI — R st B ARl , BRI B4R I 3]
AR ] Y 22 55, 43 7 bn iC 4 B B R (MAS,
molecular marker-assisted breeding ) J& #| H 5 H #5
PR BB BRI B TR iC B T ik
AR, BATRE 5 S E AR
IR E PR T ARIC B B R
FE R 5 1% F Ao b, 2R 8L ZRE A

F1 HFRIEELFRAREZABRL—RE

FRGE R EEE Fe SRS b B3 IR A E R
T AT e A% R A A R PR3 (QTL,
quantitative trait locus ) #& i 5 73 41 | 423k P 4H OBk
47 B ( GWAS, genome-wide association study )
BT O SR SO R AT L B 7 R 3
A N ASHEATIE IR , WK 3T-hn iC 4l Bl & A fit
P EEAL

1 S FiRieEIL R T A e R A

Fl 1993 4F Gorman %5 "' ¥ Yk 16 W RRBIF 55 o i
FHO3 FARCHEAR LK, 43 FARICAE R 5T i 1L
MaErk@Z W AN Finic A R B REZE
4 ( AFLP, amplified fragment length polymorphism ) .
B Bl 9 3% £ 25 1k DNA (RAPD, random amplified
polymorphic DNA ). f& 5. J¥* 41| # 42 ( SSR, simple
sequence repeats ) LS FRAL TR Z 81 ( SNP, single
nucleotide polymorphism ), 43fFric 760 bk H 222
N Tt e i SR SURITER E CEE OGR4
B R BT B 5 M st B L QTL & i LA KOG
AT (£ 1),

Table 1 Application of molecular markers in research and use of flax

bric 28 E= B U

Type Application References

AFLP L EE Y EE Construction of genetic map [13]
TG ZAEVESI T MRS R YE5E Genetic diversity analysis and relationship identification [14-17]
Pkt Z9 BRI Fusarium wilt resistance linked marker [18]

RAPD AL EIEA #E Construction of genetic map [19]
L ZREVE T B 3R 2% R YE5E Genetic diversity analysis and relationship identification [20-28 ]
FREUE &R Construction of fingerprint [26,29]
TP A E Germplasm identification [30-31]
/7 FBIE Molecular verification [32-33]
HPEEPIRIC Fertility-linked marker [ 34-36
PilEFric Resistance marker [37-40]

SSR FRicHF & Mark development [41-48 ]
TG ZAEVESI T MRS R Y5 5E Genetic diversity analysis and relationship identification [49-53 ]
PR TEIRYEE Germplasm identification [ 54-55]
LR & QTL 55041 Genetic map construction and QTL mapping and analysis [ 56-60 ]
FBKAT Correlation analysis [61-62]

SNP FRC I & Mark development [ 63-64 ]
R T System evolution analysis [65]
L ZAEVESIHT Genetic diversity analysis [ 66-67 ]
WAL EIEH# I QTL % 543 #T Genetic map construction and QTL mapping and analysis [ 68-70 ]
HE R B/ HT Genome-wide association study [71-74]
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AFLP J&— 3T PCR H R 173K 41 DNA
P R F A 3G R BT R DA T e 5 R ik 4
Tk Y BE 2w B M, R
TALRRIRAL ZREE AT ISR G e R e, 2t
FH AFLP X 18 /> ot [5] & Fh R 67 3>k [t 514 1
(R0 SRR R AT a8 A% 22 REIE A3 M , 2 IS FH I Rt
G ZREVE B 5 T AP YRR , SRS R RO S FE T
LR 20 RR S 1 3 RR A9 36, Vromans 45110 3
T 110 32K A A4 Mo p SRR R IR AT 1 A7 A= 2%
Ffr Linum bienne W5 EF F SRR A IV RR g4 2208
P, FE A P JRR FNES £ VR L. bienne J&F & 274
VIR R R A P AE AR R JR. Chandrawati 550 X}
45 A~ BB IV PR3 PR 7R 8 47 95 S 1 1% A, NT SR 2
B 45 ANFEF AR 53R 3 A E BB, 20 T LR 7Y
FribaE R, 28 T SR, BRI LRy s S
VE T TR B A8 S, AFLP bric 5 B4 S, SR v
BER AH B v A M A SRR T R U
1o S A R AL A AR A, 1S AFLP Aic A
SRR AR ZREE AT RS RE B AT
SR T IIHEARTFBL

RAPD Fi| JH] 5 K £H DNA 4 %t 9 34 JL A B
US4 (8~12 NEZAFTIR ), S 1 Wb HL 1T, HRAE
MR TEEIIE N 4 DNA JE S B (B ARiC 2 i
P LI R AR AT AN, FE N T
. JBR 38t 15 Z2 R 0 A AR W TR S8 E 5T . Fu
25207 B RAPD FRicxt 22 A& kg f . 29 4
i Ve T SR FR AT 10 AN 30y S RP AT i 2R
YW RISESGE S R MEE , e AN [ Rl R B R 14 22 57 9
ARA S O 2727 433K 63 /4~ [ 53 bRk 85 i)
MRS AT AT, A X R 4ol 12 26, AR A
RN DX SR 6k A = T T B RE R R A 9 X
SRR A W X0, DU X R R AR R S R
A Y DX b R S AT, (5 B R R Bt XS
JRE 2 25 ABEHLE T 10 /3 R R E 5
DX )R i AP A T 5 AR Z2 R 2 B, UPGMA
TEHESE T 10 SRR AR ZC R RPIRE B A R 3
A, 27 P RREE R —2 Sl FHEIRRAS e . A4 At
226110 30 S A2 Pk RAPD B HI%F 26 45 0 JFf A4
BEAT AL ZREVESN T, 26 Y AHRL 0 0 T 3 N 25RE,
W51 RBER SR A 2 DN RBEI RS R R
FIH 32 4~ RAPD 5| 9 i % 11 10 S #%.0 51 9, XF
26 b EHIEAT DNA 5 SCE G F 3, 3 3 4
il B Hi s 4R+ B, R0 25 A T R RAPD
Fric o F B O WA &R LA K 26 0 # KBRS 4> T B

Pk

SSR & TE T A7 L A% 4 Jf TR 53 A% A6 ) L
PR T2 A7 A B — ey B A AT PR A1), HL T g
DNA J7 5 SF 750, LI e it 51 99 14 i SSR
RFEGCHAILEMNE Z8EET RN BEL 0]
WAL AT E R AT RS R R R AR AR .
BRATF S, ©JF % T #54) SSR #Ric, Cloutier 4 */
M 10 ™3I JfR cDNA SCJE R AR B T 146611 > ik
J¥ 5 b5 % (EST ), % 7€ | 248 1> SSR #7ic. Soto-
Cerda 25458 5 JE A 3242 /N0 JFR 5L R 41 51 4k )
118 NS AHEEWAETIARIT I, TE 57 A0l FH MR
BLF 3 ASZF T RRAT R 3 J5 1531 60 X Z 28 PER
51, Cloutier 2“7 XF 1164 /™40 B A T4 (4 1A K
Uit J¥ 1 ( BES, BSA-end sequences ), 342 4> % ik ¥
H b4 (EST ), 2L 1506 4~ SSR #E 47 P4k Al L 55 43
Br, Horfr 673 (58% ) F1 145 (42% ) A5 W%t 43 Bl e
BES il EST # LA 2451, Wu % i fi i 1k 5%
20 /¥ ( RRGS, reduced representation genome
sequencing ) ALK T 1574 M DA, FEH =
BAHR (56.10% ) M " AZH R (35.23% ) A A,
BASSE) T il 5~8 NEE AR, HE— L FIH 48 4~
JERFR BT BT IR UEBH T Br & SSR A e 1 R A Ry
StE. SSR FRICIE W HI T LR B AL ZAEVE AT 2K
G RYE Gt ERIE S QTL & v LA K &
WEAT BT . XSk % 535 43 IR A ek AT 22 T
PRAFFAE S8 RS AL Z R0 A T 182 iy
SRR BT GRAZ OB, HIOT K B9 193 % SSR
SUYIFEAT T S RRAZ O Bl T 1) 3845 22 Pk e B AR 45
F4, [R] A1 SIS 43 B A5 21 5 77 A DG MR 354
K BIFRICAL M, Ho A 3 A~ SSR {37 A 7E 38 FH 26 1
Fi7 ( GLM, general linear model ) Flii & 2k PR #Y
( MLM, mixed linear model ) PR3 s AUERFE B0 HY
55 2 AR R BUPRIR I [F] G

SNP tricd A% 3 Ao irid, BoA mfe e vk
B R 2 A SR AL BEE T AR EOR
( NGS, next-generation DNA sequencing ) A% Pt i &
Ji&  FEAE Y 2 R SRRk B2 %) SNP 7 55 H Tt %
TEURAEHE R AR RIS L QTL 2 . RStk ik ¢
A3 il B B Rh LA S D e 2 PR 20 2= 0 90 45 T
S T 5 4 213 43 SNP A7 4, Fu %51 F NGS
FOR 25 G 1 Ak 35 A0 3 R AE 015 B2E T B,
2 AN RRJE 1 22 S B il R S 211 BT RY SNP
F119 4~ 1 InDel, Kumar 25" F) ] lumina ]
V-5 456 AL 2R P 41 SC%E (RRL, reduced represen-
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tation libraries ) X 8 I~ JbK J P& 74 34730 ), e 1)
PO 433 x~15.64 x , K 55465 1> SNP Fx
ic, Hori 2 849% B SNP Sy BAFL R A, SRR o 42 4
I 2 BRAIE Y SNP bRic 8 T W bRt 4 2 FEPE 4
BT PP REZS RS 0BT R G iR AL s AE R g A L QTL
FENVE LA S 43 R 2 IR AT

AFLP . RAPD #ric F 245 H TRt % Z %
OIHT GBSO FR M LA R R S IR B (0 R AR
B 22 A R N B W ) I AFAE R L R 4 L
i 5 M AP i SSR.SNP #ric ir 2 48, SSR.SNP 45
0 DR 7 2 ) T 3R PR A 0 5 AR g P
JB& 5y R 22 WA S S SRR R B T RR
o 9 B AL R | QTL fE 7 4 [N 4 e B )
WrEEmise .

2 TRprEfEEEEIE TR

1A A T ( Genetic linkage map ) &8 DAist
fEbRic I E AR R A 1 1 255 AR Bl I R 67 55,
AT B LR HES R — ik e 4 B A s A 328 4 P
W n] DU FEZEPRIRE N FEF el | Ik R 4 2
o FhRCH B FErR 7, 4RSS T
BRI AN 2 55 07 30 3 e B A R T B4
T hrie A b s £ 32 0 Pl 2 I PRI PR A
FERYE AR

PR A% I 5T B R R T A, 5T
A TR 10 4F (3£ 2), 1998 4F Spielmeyer 45 "
F9# T DH ( DH, doubled haploid ) fEEI#E, F 213
A~ AFLP pRic#g s T35 1 3k & 18 MERifE 2K
1400 M Bt A& IS, IR0 17 2 AP AL 2=
% £4% QTL. Oh %" F] 94 /471 (13 4~ RFLP,
80 f~RAPD LI K 1 ~STS) My # T 42k & A
15 PR 4K 1000 cM Y i /£ K3 . Colutier
SO 113 S SSRARICHMI R T — K &4 24 4 i
IR A A% RIS, SOR FEE— ik R 0 v ) st A% P
% EE S 795 4 SSR FRIC, 15 A EATRE YT,
SLad s 2 LT P AT 0 Rk 55 A Diane 1 T W RE
FR BRI 17 2432 BB 30 4 F, BbR 1R R
A, 71 %t SRAP #i1 24 %} SSR 3t @ Mric iy 1
4K 546.5 M, A 12 NSRRI R L E S,
FRIC 4B B 5.75 cM. Asgarinia 258 ] 5 Ja&
LA NorMan TR RS i Fh Linda 4238774
1) 300 1~ F, BEAAM 2 st (% 5, 2K 1241 oM, &

143 4~ SSR bric Ml 15 A~ 7% BHE, A 4] 7 4 5 2
11.4 M. Z8 I 2507 L 750 ot i 4 52 Bl CN100910
1 i 50 2T ] 37 B Opaline 2% 42 F4 F, B 1A, B W%
F 169 > HH ¢ Ty 51 37 34 2 25 74 ( SRAP, sequence-
related amplified polymorphism ) FRiCHJ T &4 18
D IERTEE 2K 499.30 cM 1R AL EIE , ARid ) 1)
#H S 2.95 cM, Kumar 257" J i %= & & # CDC
Bethune F1 Macbeth 4% 22 7= A= 1) 243 N H 2 H 58
% (RIL, recombinant inbreed lines ) BE{A, [ 691 4>
FRic (362 4~ SSR, 329 4~ SNP ) 9 # T & A 154
HEPIRE, 21K 1266 cM 1YW Rk I3 1% B3, Fric B °F
KRR RS 1.9 M, AT R B 2 e 3 £ 00 e A Pt
Ji& DL B 7 AR 18 BAT , A1) FH 7 Ak 35 PR 0 AR
( SLAF-seq ) #F47 W J§R (= %5 i st A% K3 A4 & . QTL
SEAV LA 4 LA SR A HT B R o i & . T
BT R AS A 1S x B 10 S8 F, VR
FEAAR, SR FH SLAF-seq H7 A 2l 8K =5 5 i 43 35t
B % E 1S 1344 /) SNP ARic, 15 D IESIRE,
SRR 1.84 M, 4K 1495.89 cM, Yi 251 4l
A H 38 & RA3(BEAS) Al LH-89 ( A 7R ) 2% 28 R 15
i) F, YERIREA , Bl ] SLAF-seq £ ARIT & 1 4145 4
SNP #ric e T — 5K B HE 2632.94 M (115 1% &
TS 1S N ESRE, FRICRIPE I B 0.64 oM, X
JE TR FH SNP b e R A A s 2 IV Rt £ P
Wu %7 41 1) F SLAF-seq % A, Fii 2339 4~ SLAF
FEE T k2K 1483.25 cM M AL B, Bk o A
15 ANEBRE, bric IR ES 0.63 oM, X2 H T
W v R B BRI A 38 . Zhang 4517
FIRAE 4 DATFEPRESAE KB 2 A4 RIL BRA, M T
— ik 4K 1658 M, £ 1% 4497 4~ SNP Fricd, & 15
AR B AL RS AR (] S R 2.71 oM,
I bk 0 T A AR ST T QTL /2 1
Gaxin

VLAE A, 3T SLAF-seq £ A 0817 30 bR 348 % &
AL QTL N A 52 Bk B £, SLAF HE AR ]
DIFERH AR 25 B 2 19 SNP A 5, H 1
WS HR R 25 5 R4S 1Y F, B2 B A 1R
FIBEAR , RIS PS5 OB MR B IR ic B B
5 F, BEATCEA I, g A7 X el A, PR
KILKT , F, BEAAE R0 90E (A R FH AT SOE AR
o, ACANE 3 B R U B R A, (H T S A, AT
FHF 0 SRR A% B e s 2
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Table 2 List of genetic map construction of flax
. . RN N T NGERS] .
TR A P KB (M) pRiC PRICEL MR EE (o) B30k
C
Population Length Type Number Linkage group . Reference
Mean distance
DH 1400.00 AFLP 213 18 10.00 [13]
F, 1000.00 RFLP 13 15 - [19]
RAPD 80
STS 1
DH 833.80 SSR 113 24 7.30 [56]
F, 43.40 EST-SSR 13 3 3.30 [45]
DH 1551.00 SSR 795 15 2.00 [47]
F, 546.50 SRAP 71 12 5.75 [57]
SSR 24
F, 1241 SSR 143 15 11.40 [58]
F, 499.30 SRAP 169 18 2.95 [75]
RIL 1266 SSR 362 15 1.90 [76]
SNP 329
F, 1495.89 SNP 1344 15 1.84 [77]
F, 2632.94 SNP 4145 15 0.64 [68]
F, 1483.25 SLAF 2339 15 0.63 [78]
RIL 1658 SNP 4497 15 271 [70]

3 TREEIEPREREEAEMI R

B0 P R e AT s o A o 5 e R ) S A
FHIB AL AR IC B2 R A P B B B, & — 15
TI2AAE A, F M 7E L PR 41 IX B mT A7 52 e H Ak
RIMEAR 5 0T i R 2 B I 3 A% 1R RS X T QTL &
45 SR A v A S s R TG S B AR
OB, 7 RAE RO S s % B 9 73 B
QTL 5& o BRI TR 2 38 % PRI A T
PR ZAR IR QTL sE A, XT3 R A FARic il
Bl i JEDRORG 40 1 1A g | P19 7 s B A P
HEZEME.

MR B 2V R L ToRLE ok B )
oK B T AR e A, BRI
MLE (10D ), W JFRAR ( LIN ) V.30 BR ( LIO ). B A iR
(PAL ) MHARWI %5 o IEAER X RRAR 2R QTL 1Y
TF 5% 35 2 AR A8 S JRROFT R JRR 21 4 1) & o DA B ™
SN T, WO R R L BE B, Cloutier
2500 FH SSR A 1T KA 114 38 A4 PR3 T SIE B 1) IF i
PR PR R B DL S B A R QTL #E 47 3 A6 43t
HA5%5] 74~ QTL, 2 MR QTL ( QLio.cre-LG7,
QLio.cre-LG16 ). 2 4~ . Jik R QTL ( QLin.cre-LG7,

QLin.cre-LG16 ) Fll fift { QTL ( Qlod.cre-LG7, Qlod.
cre-LG16 ), 55 A0 i A6 I 31 1 4> 5 i 2 QTL 37 45
(QPal.cre-LGY ), 2 W 45171 i #g 2 119 SRAP it &
PRI, R 1) 5 27 2 5 1A 1Y 4 > QTL 7 55, 43
A T2 17 EBRERY 3 4 QTL AR~ ERIEH, A
T 2 BB 1A QTL AN, 5T 4K
JEAHICH 4 A QTL i i, Forb 3 AN 58 17 3%
BWiRE b, B K TTHRR K 31.48%, 1 /M T 18 1E 4t
BE, DTBREH 0.84% , AT UMM ; 524 ¢
/) 74~ QTL 2r 5 T55 4,15 17 EBURE, fe K&
RIS 52 320 56.83%, 3 PR 2 QTL & rp T4
17 SEARE b, A B E AR . Kumar %57
oz W 2 5 14 A YRR A 5E 1Y 20 4> QTL, i iR i At
N /R 43 %1 A9 3 A~ QTL, ¥ 3 82 A0 A8 43 ) Ay 2 4>
QTL, KA IR W PR IR . 757 i it Fp 7 25 1 L 40 i e
FEFFEE T RLE AN 7 i LSO ) QTL
B2 1| A O = N S O S ERE S S G
TR R B QTL #B47 T58 4 & BiHE L. LA
U7 R Y SNP AR IC B R I F 7 4 QTL
05, Bk 5 QTL A 5 2 AN, 43 Bl F46 4015 14 i
BEOTAEL QTL A A5 14, 7 F 5 1 S BRE, Bk ™
HQTL i 1A, AL T4 1 B8, Willig QTL iz
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ROUAS LT S R, B PE QTL i s 2 4, 43
BT 3.6 HBE, Chandrawati 285 K5 5
6 MERAE S 11 4~ QTL, 3 N EARR % QTL, Bk
T B SRR EATRLIE 5 4% 2 > QTL, 4B BRI P bk
RiEE4 1 QTL, Sl A% 10 4 QTL,
PR 2 A4~ QTL 200l F27 12,14 EBTRE, il e Al
BTk R 8.19% F1 12.00%, T. 2K B 1 4~ F 8 QTL
T4 3 EPRE, i B TTHR 3 10.90% , B 7= 5 1)
14~ QTL fi T4 10 & B, 5Tk 11.32%), i 25
FEi 34 QTL A 40 2.0 12 14 3E B RE, simk R A
T 7.96%~10.76%, £F 4k 7= & 2 4~ QTL fii T55 1.3
HERURE, TTERE N 9.03% 1 6.48%, 1 41 4 &
FHC QTL A T4 14 HAHE, TTHR 15.84%, 1= A
2O 13 AR SR BRI BEF T QTL 14347,
LA E] 35 4~ QTL, WM ER FIHLIR I 4 5 1> QTL,
SRR R AT T-RE B 4% 4 > QTL, A il R bk v . 12 22
KB4 34> QTL, BR Wi R A/ B 445 2 4~ QTL, H
PR R SRR R IR 45 1 QTL, K
A S 5 4 S T [ R R I I R Rk 5
QTL, HAGINF] 19 AS#k & QTL, [m] Fiof 3 i ) 1 e [A]
TR ) 5 A TR Gt T, 8 QTL-seq I3 45 4L
FQTL 5 A7 45 F AT A 43t 46 25 J5E PR 3
HE— P E TR IE P Lu CWINVI-1 A Rk
EALIE . Wu TS b A ) v R R
K 6 5 W RREF 4 A SR Y 12 4> QTL & 4
% scaffolds, Zhang 257" 4 I 3] 19 4~ 5 #k & F
T A BE A I QTL A 5, 78 MH BE AR vk i A
K QTL 5 8 4, TZAKEAE QTL fi i 74, 7F
PH BERTD  BREAIE QTL £ 5 6 A4, T LKA
QTL {37 i 3 />, i 3 F A WA BE AR 19 QTL e i
FEDIE R, KB 2 AN WL QTL i 3 AMEBEFE A
SRR 2 AR MR R IR QTL o7 32 %2
A TP RROFE RN 28 7 f B T, SRR T PR
FEMER R E MR T2 R = A i
STV JRR R T 248 SV bR 5 32 B2 (bR AT )2 L (HLL
AT WK QTL & M B/, A D Ehric bk
KGRI . QTL 22 {745 H M ERfE 5 RIS i DA R
BRI/ INAT G, DR T v 286 8 1) st A% 1R i ARGl R
INEYSE B REAA BT QTL A7, L M AERF Yo7
R T SRR B s T B R s AR TR, 100
FRRHE—AY K QTL & 7 i A

4 TRrER BHEIFCE LT FTER
SEBRATIEA TR ST SO i

A6, 0K S S M ) IV ORI JRR 2T 4 7= £ B it I
PR (BT TR QTL M5 A% . Spielmevyer
4L U TR Y AFLP ARIC % B i 6 1 2 AN R
i 2595 32 4% QTL. Asgarinia %58 22 i 5] 3 4~ i
FI#3 9% QTL o7 a5, 43 A F 205 1.7.9 SR, X
BB 9 BN 97% HYFRAVAE ok A T RS 14
o A, 78RRt A 2 R R 45 o T Fric i 26
FUmbRICHIRESE . R 0 S A R4 s ik
R4 5 A3 A5 FE DR R RE S LA I SRR Bison 4T
RAPD 7 #r, 15 5| 5 M7 3L %% % 8 1) RAPD #5
it OPA18432, Jf- 44 H sl L % 1k SCAR Frid. 73
N SEAFE, AFLP 23087, K FuJ7 (t) Fikhi 2=
FEH 54 AG/ICAG "B B 5, IF sy Hik
169 SCAR #Ric "™, XUTAH: %> ] 240 ANBEHLE
WYX W RRBT TR 2EFT T RAPD 4347, 1581 1 44fi
FESE A TR i [R] 7 18 A2 e 2 5 PE 19 RAPD
FRIC OPP02792, #5245 */fi] 9801-1 il DIANE %%
22 Fy BRI, %5 508 5 W R BT 118994 3 81 1Y) RAPD 4
i, & B OPPO2 FRic REAE TE 9801-1 T A HYHL I
AR YR AR 2 AR WK A BT T
I LA LA R E 1Y SCAR ARiT, ZEAERI
FIH SSR A ic %5 58 T 0 R BT (B3 5 5 U5 10
By, RIBFARAS T R IR B0 2 R Pm9801 i T
PRiC £2 x 4105 Bff 3T, 52 v 7€ ScaffoldA F BL 4, Jf:
B RRBUR R 3 A, SRS R SEA T R
kL 9801-1 F1 55 J& #4 L Diane #4119 =5 18 11 52
BER BCyF, i 560 A4 L, 121 %) InDel 47 i i 1E 2]
— A5 WK R BT L RGE SRR IC £2 x 4105, 47
T Scaffold145 [ 3T , ¥ i F& A iy 24 7 Pm-Linum,
SRR 255 SR 23 B AR 2328 43 1 ot I R T 35
FEHHEAT RAPD 4307, B 0 — 4% 55 i ¥ot 2 PR i )
RAPD #ric S1377-800,

BRI & B MEAR I B9 BF 58 K £ fi - RAPD
FRic, 0 22 SR AR sl 3k R s 5 | ik 5 B
PR E B AR 2 ES 1, DL E S Tk
B TARIC. w5z D0 I s 15 SR DL )
A7 Bk AR ¥R E 1T RAPD 43 #7, 78 252 45 B ML
Sl 2 &5l s s AN S BHEEAT
B 1 5 A 56 B RAPD #3 ic S62-500 A1 S135-
350, EFEC% D HIF BSA S BTk AT A ML D
RAPD 437, 73 5] 1 A1l B85 W KIR BUEEAR T R
] AP B RAPD FRic S1113450., Exit'* il
it BSA LI vER] 1 20T B85 WAKIRBUEEA T R
A LN E P SSR 2 A5 9 SSR757. FIH



916 7/

A = 22 %

AFLP RAPD L)} SSR FRic v 1 W K HR 4Ptk
NEMWHIR, BEEAZ, HRETIIRERAE, 767
KPR B M RS 2E AN

5 WRrEEEAXBKSTHRHE

G LR A G I BT R B SR A G T 4
PR 21 915 ] PN st G 72 S 2 S P A K BT A R A 5
TR 245 A P BEAOK 5 i, 248 S
PR A SEHE R GWAS 51 G V5 8 5 i AN [+,
LT A8 B A N [R] , o7 S5 R A% R, 0 AR Bl
# SLAF-seq H AR ARW A& J& , M7 BEAS AR Wi A1
Ao 3] Y SNP A7 s B0 K, AL GWAS #E 47 WE JfR
QTL & {7 I Rl 2 AN WS i

Soto-Cerda 25" ] 460 A f# T & M & T 390
3 T B R B AZ 0 J5T 5 B & 5 AH G 19 9 A4
QTL, 45 i i AR A IR IR VIR
JERIR FRILAE 5 I SCR R 200 FlAS [ SI0 R A r 1 kS o
Yy ¢ /| (MC, mucilage content ) FlAf5¢ & & ( HC,
hull content ) #F 47 4 % K ¢ Bk 43 #r, 75 21 5 MC
KA 74 QTL, 5 HC #1144 4 QTL'™, Xie
ST 204 GO TERRRRFOEA TR ] SLAF-
seq FEARNXS A KAE 3 MAFEIAEE Ntk T LK
BE B SR S TR S R SRR T 4
FE PRZH DI A B, SR 2 8 42 4> SNP i 5 5 4
A 2R B E AR G, B GLM Al MLM 1 Fifi A 751
e 5] 15 Mgk FE [, UGT H1 PL 2 bk 25 g 0 it
K, GRAS 1 XTH J& 43 5 85 26 HE A, Contigl1437
FLU00I9CI2 12 i 5 B fst v 3L B, PHOI 2 T i
FMELEIE N, Xie 457 I E T W RKEIE DB A
MR L, XA K AE 3 NSRS R 11 224 41
JREE A FH SLAF-seq #4718 W R 7 & it 42 3% R 21
KR, 456 T T it 22 5 R A PGS RR S R ) 3
AR Bl % B HEFE Y RNA-seq Ba 0 1 Fh 1R
I TR A 38 A e L D, GWAS A6 2] 16 41> i
TR & Bt i 35 A C 18 SNP 37 5, RNA-seq 23 B 46 ]
F] 11802 2257 FIAF A, 455 KEGG Hxd s LA
J qRT-PCR 7Afr B, A7 6 MEBRIEN S5 T EZE
(R 7 IR AC AR . You 2872 % 3 AN AN [ 1Y 37 Jjk
BEASE AR Y 260 A~ F , F Tllumina Hi-Seq 1
JEF- G K] 17288 4> SNP v 5, il 1 st it
{8 o BRI A R SV IR AN IV R IR 80% 1Y 3 AU AR
St RNEAE 23 Al 3k R 41 XK 33 4~ QTL
5, 33 4~ QTL fithé 1 48%~T73% 15 it L |
T AR U 7o P RSV JRR TR ) 3 AR S Sk v

KB T = U T 8%~14% [FRAAL R,
JE R A PR AN 2] 114 IR X,
JBE e (AR 3 T 7.82%, I H 55 11 4> GWAS 5
DU 11 AR 18 A~ QTL AH ¢ 114 3k R 41 X Jk
T, PANESE I 4 A FREE T B 269 145 TR R
AT B A B 28 1% i ilE AT 4 3L PR AL DGR A, 15 2]
13 /251 SNP A3 5 F 21 ML

GWAS 4 # 45 & 1% 48 QTL & i 75 ik, ae %
SHINORS it R 67 DX (] SE — 20 B e B P, PR
GWAS FEE A7 1M JFRAT i o1 f ™ 1A 5C QTL iz
S, TG IR B v SRR it JoT B 7 1 2 IV R e B (1Y)
B A Z —o AR HE AT e s
JF AR ) AR AS 17 9, 7 SRR -t 2 i it HH
TSR LS GWAS BG40 i e BE I Ao
ZFEORF-B S GBI 1 DhRe A A2 18
(I e ey 1A BE A2 4 A v
6 iTit

G FAMCHEART Iz AR YA 5T 20 B S 0 st
FEREARGE R T F5 SO A 2 D) K B B A A 00T
5%, AFLP , RAPD “5 4750 PRl # AR Sl 4 i D) 28 i
B, 1 SNP A WARHE TP AR 1) & S ek 3
TR TF-Bt o A TFIKRFE /N  KESEEY, I
JBRAT LR 25 R B TLRR L BEORR 2 JRR S5 A
IRZEAED) , (HRR A3 F A ic 9 iz AT A T i o B o

BP0 R A TR S ) v e U ES I SR T I
AR E I R A A L QTL e LA K GWAS
ST I B R BE A TR R R A TR
K U3 F 5 BRI AL, R WF 58 3 s B A
WP B AR T & SNP FRic, il W JFR 5345 12 v H
PIBIF ST, 4 ) 2 o+ i R AR 25 & QTL & i il
GWAS BK G 70T, RO i T PR e (8 5 A E A
JEo Ji4h, e s Al i E I GWAS 45 G, P4 B
DL S B} 9¢ 9 5 & PCR ( QRT-PCR, quantitative real-
time PCR ) Z5EHE A, X FRAC 2004 R B & Joa 1 R A
RIERBAT TN L5500 EAMITSE R K
WRRFP TR RN Y QTL A5 BT TG Wi
S FRGL AR T SRR S A T B B b, A
FIFiX seBL A sa b . O R R FHmid 4
Ja IR 5 K J AP BT R AR 10 3 i 4
PRI 2H B R AR TT % SNP AT, R IERRAR 2 K it ot
PRI TR 2D 28 7 IR e A DX I8, P25 5 T i 4
TR B R 43 HT ( BSA, bulk segregation analysis )
H1 qQRT-PCR %5 J5 ¥E BK A5 43 B 4 36 5 A 67 A% 6o



4 3

% AR TR G B R T

917

I3 AR X S A7 3] 18 i e R R A 7 D R, 41
LG RN AT IR R T R P AT
BUE , by i SRR o o ) 5 B B

S0k

(1]

(3]

[10]

BAIRZE 250, R0 . WS G R I I . ™ R T
(“#7),2008(2): 38-40

Hu X J, Li Q, Liang X. Research progress in comprehensive
utilization of flax seeds. Academic Periodical of Farm Products
Processing, 2008 ( 2 ): 38-40

XSJ, Wrd b, BRI A, T A, R0 A, T . FREE
JBRARN B S IR 5 A I AESE . P EDRRL AR, 2015,37(6) -
322-329

Deng X, Chen X B, Qiu C S, Long S H, Guo Y, Hao D M,
Wang Y F. Overview of the research and utilization of flax
germplasm resources in China. Plant Fiber Sciences in China,
2015,37(6):322-329

AR, SR | M RRET e R B T . AR 2F 54540
7R, 2019,48(4):36-38, 43,48

He W J, Wu A D. Characteristics and application of flax fiber.
Chemical Fiber & Textile Technology, 2019, 48 (4 ) : 36-38,
43,48

SR SR, oA RIR, ERE . WRRRF 0938 5% ST &
TR BAFIE SR, 2014, 35 (17 ): 122126

Qiu C S, Guo Y, Long S H, Deng X, Wang Y F. Research
progress on nutrition and development of flaxseed. Food
Research and Development, 2014, 35( 17 ): 122-126

A2, TR, A ST RIS, X AR . R A
A3 0 I o PRI S8 e . 02 T2, 2019, 40(21)
23-29

Wang Y, Wang Y Q,LuY C, Che D, Pan J M, Liu C, Yang C
Y. Development and application research progress of flax and its
active ingredients. Packaging Engineering, 2019, 40 (21 ) : 23-
29

TR S VO AT 2, TR . SV RRAT ) 55 B e D R
FEHEIRE . ETNG , 2020, 45 (4): 83-85

Wang WY, Xu S Q,He HY, Wang W. Research progress on
the nutritional components and functions of flaxseed. China Oils
and Fats, 2020, 45 (4 ): 83-85

WRoe 2, AR G, XA, AR a4, 2R & 7, SR, P %
o8 AN ARy F A R IR BUIR S R . AR AR
24, 2012, 27 (7 ): 780-786

Chen M X,QiJM,LiuW,XulJT,QiW,LiAQ,SulG,
Tao A F, Niu X P. Current status and prospects of molecular
breeding of hemp crops. Fujian Journal of Agriculture, 2012, 27
(7): 780-786

Sharma S, Ankita S. Molecular Markers based plant breeding.
Advances in Research, 2018, 16( 1 ): 1-15

TORAE /R, s, S | NA SRR IC A I B RS
PR HAR LR, 2015(6): 71-76

Yu Q X, Lei X L, Zhang J, Ma H C. Research progress in
wheat molecular marker assisted breeding. Gansu Agricultural
Science and Technology, 2015 (6 ): 71-76

AR WA 0, v L, i, E R . WRRAFhmic i AT
FOEE . WIF AR, 2000 (5): 21-23

He D F, Chen X B, Gao G F, Wang J, Wang Y F. Progress in

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

the application of flax molecular markers. Hunan Agricultural
Sciences, 2009 ( 5 ): 21-23

TRAAH, BRI A= R, S0 AR, E R . P EEERRS T
AW ERR A R S A . PR AEIE AR, 2015, 31 (30 ): 215-
219

Hao D M, Qiu C S, Long S H, Guo Y, Deng X, Wang Y F.
Research progress and suggestions on flax molecular biology in
China. Chinese Agricultural Science Bulletin, 2015, 31(30) :
215-219

Gorman M B, Cullis C A, Aldridge N. Genetic and Linkage
Analysis of Isozyme Polymorphisms in Flax. Journal of
Heredity, 1993, 84 ( 1 ): 73-78

Spielmeyer W, Green A G, Bittisnich D, Mendham N, Lagudah
E S. Identification of quantitative trait loci contributing to
Fusarium wilt resistance on an AFLP linkage map of flax ( Linum
usitatissimum ) . TAG Theoretical and Applied Genetics, 1998,
97(4): 633-641

RO MR BT 5 A 2R RSO R 1 AFLP 43 HT
VERA, 2011, 37 (4): 635-640

Li M. AFLP analysis of genetic diversity and genetic
relationship of flax germplasm resources. Acta Agronomica
Sinica, 2011, 37 (4 ): 635-640

Vromans J, X W& KO0, TR . BRI W RR 1) 35t 1L 2 AR PR
7% . FPEDFRE RN, 2011, 33 (3): 154-162

Vromans J, Liu F H, Zheng T, Long B. Research on the genetic
diversity of cultivated flax. Plant Fiber Sciences in China, 2011,
33(3): 154-162

Chandrawati, Maurya R, Singh P K, Ranade S A, Yadav H
K. Diversity analysis in Indian genotypes of linseed ( Linum
usitatissimum L. ) using AFLP markers. Gene, 2014, 549 (1) :
171-178

ZEPIPY . FR T SRR BT R A SRR AFLP 43 Fhric
IR AL RS T . RIS : SRR, 2015

Li D D. Genetic diversity analysis of main agronomic traits and
AFLP molecular markers of some flax germplasm resources.
Hohhot: Inner Mongolia Agricultural University, 2015

R AT, AR ZR eI RS . WRRBUAN 22 B A Fug7
(OB THRic . ELRE, 2003, 36 (3): 287-291
BoTY,YeHZ,Li X B, Zhu L H. Molecular markers of flax
fusarium wilt resistance gene FuJ7 (¢). Chinese Agricultural
Sciences, 2003, 36 ( 3 ): 287-291

Oh T J, Gorman M, Cullis C A. RFLP and RAPD mapping
in flax ( Linum usitatissimum ). TAG Theoretical and Applied
Genetics, 2000, 101 (4 ): 590-593

Fu Y B, Diederichsen A, Richards K W, Peterson G. Genetic
diversity within a range of cultivars and landraces of flax ( Linum
usitatissimum L. ) as revealed by RAPDs. Genetic Resources
and Crop Evolution, 2002, 49 (2 ): 167-174

Fu Y B. Geographic patterns of RAPD variation in cultivated
flax. Crop Science, 2005, 45( 3 ): 1084-1091

Diederichsen A, Fu Y B. Phenotypic and molecular ( RAPD )
differentiation of four infraspecific groups of cultivated flax
( Linum usitatissimum L. subsp. usitatissimum ). Genetic
Resources and Crop Evolution, 2006, 53 (1): 77-90

HEJ, Wm0, e A e, EEE . 10 MR FI R Z ORI
RAPD 4347 . s EFRALA: , 2007, 29 (4): 184-188, 238
Deng X, Chen X B, Long S H, Wang Y F. RAPD analysis of



918 L N7/ I S A S S 4 2%
the genetic relationship of 10 flax varieties. Plant Fiber Sciences 241-246

[30]

in China, 2007, 29 (4 ): 184-188, 238

A ARHE , Wi 8, MR, Je e, it , Bk, FR R . MRS
Z AR RAPD 2047 . A H AR 4, 2008 (5) : 126-129,
144

He D F, Chen X B, Deng X, Long S H, Gao Y, Wang J, Wang
Y F. RAPD Analysis of flax genetic diversity. Biotechnology
Bulletin, 2008 ( 5): 126-129, 144

TUERC . L FRR BT A A S 2 . R R NS
k2, 2009

Kang L Y. The basic classification of oil flax germplasm
resources. Hohhot: Inner Mongolia Agricultural University,
2009

1 1 G O < 97 7 B O T o A VN S
&, £EE . WH RAPD HRic i T BRI R A e 55t
ZREPEIT . PR IEAR, 2011, 27(5): 168-174

Hao D M, Qiu C S, Yu W J, Deng X, Jia W Q, Chen X B,
Long S H, Guo Y, Wang Y F. Construction and genetic diversity
analysis of flax RAPD marker molecular ID card system.
Chinese Agricultural Science Bulletin, 2011, 27 (5 ): 168-174
SRR R  TERL SE =L W RS . R T IR
T BT IR 00T Do DR BT ANy . ARl , 2012,
27(4):118-122

Zhang H, Bateer S Q, Kang L Y, Jia X Y, Gao F Y. Cluster
analysis of dominant genic male sterile flax germplasm
resources and establishment of core collection. North China
Agricultural Journal, 2012, 27 (4 ): 118-122

RS R R, 25, B IRE . 100 {3 FRF BT BT IR
W% 2R RORS R RAPD 4001 . BIARAOL AR, 2015
(24): 65-67,71

LiQZ,Song X L,Cao H X, Jiang Y, Lu Z J. RAPD analysis of
genetic diversity and genetic relationship of 100 flax germplasm
resources. Modern Agricultural Science and Technology, 2015
(24): 65-67,71

T ICHr . SRR BB S R BT SO RE S 26 3 T BT DNA 45
gty d . Jeat: hELLRFERE, 2010

Yu W J. Cloning of flax phloem-specific promoter and
construction of 26 germplasm DNA fingerprints. Beijing:
Chinese Academy of Agricultural Sciences, 2010

Fu Y B, Guerin S, Peterson G W, Diederichsen A, Rowland
G G, Richards K W. RAPD analysis of genetic variability of
regenerated seeds in the Canadian flax cultivar CDC Normandy.
Seed Science and Technology, 2003, 31 (1 ): 207-211

B, 5RO, TR R R L 38 T T ARIC RO S e TR AL ZY
Fige /MR IR R . DR, 2004, 26 (3): 150-154
Jia X Y, Zhang H, Bateer S Q. Using molecular marker
technology to identify plants of microspore origin in flax anther
culture. Plant Fiber Sciences in China, 2004, 26 ( 3 ): 150-154
KU, S8, DAt E 222k . AR A SRR B DNA 5 1% 5%
PAEEHIRR B2 RAPD 43 F403iE . AEbAfe 41, 2018, 33 (S1):
29-32

Liu D, Guo N, Ma J F, Li A R. Genetic transformation of
cultivated flax with total DNA of exogenous wild flax and
RAPD molecular verification. North China Agricultural Journal,
2018,33(S1):29-32

REEF B, PTG, E e, BT R . LT A RRAD A At
22 D1 AR RAPD-PCR 455 . i E R, 2019, 41(6) ¢

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Song X L, Cao H X, Sun Y F, Wang X N, Xia Z M. RAPD-
PCR identification of the D1 generation of interspecific
hybridization of fiber flax. Plant Fiber Sciences in China, 2019,
41(6):241-246

R TR, B EL R R L AR S M M RO B SR Y
RAPD #Ric . #AUR A4, 2007, 22 (1): 129-131

Gao F Y, Zhang H, Bateer S Q. RAPD markers of dominant
male sterile genes in flax. North China Agricultural Journal,
2007,22(1): 129-131

FEHE, SE i, SRACT R RV AR R A AR A
i RAPD HIR . PEALAR 74 , 2009, 18 (1): 123-127
Wang L M, Dang Z H, Zhang J P. A preliminary study on
RAPD of fertility-related genes in temperature-sensitive male
sterile lines of flax. Northwest Agricultural Journal, 2009, 18
(1):123-127

[ PN S g T IR S N4 RTA G R P N =S
B SERE S H0 04T . AR dE AR, 2011, 26 (5): 54-57

Gao FY, Zhang H, Jia X Y, Bateer S Q. Cloning and sequence
analysis of flax dominant genic sterile genes. North China
Agricultural Journal, 2011, 26 (5 ): 54-57

TR . WIRRHUEE HURZE MG HE R 1 43 7AiM it P o I
XIAGZER P AR : P14k, 2002

Bo T Y. Molecular markers of rust resistance and fusarium wilt
resistance genes of flax and evaluation of resistance to fusarium
wilt. Chengdu: Sichuan Agricultural University, 2002

TR, BE AR, BRI, R A A, i AR, £ R E . ORI
RAPD-BSA 15 i 8 0 JBR iR 358 2 K] 14 43 A acd . o ERRE B
%,2007,29(5):290-294

Zhang X P, Xue Z D, Qiu C S, Hao D M, Huang H Y, Wang Y
F. Using RAPD-BSA method to screen the molecular markers of
flax stain resistance genes. Plant Fiber Sciences in China, 2007,
29(5):290-294

XUTHE, %, SR AR N, 530, £ 30, AT, SR
XU, Bit, AR, 55 45, X0 42, 228k . 2 RR BT F1 R
RAPD HRICH 5 W0t e 15 S AR Sy . LR B
2009,31(2): 130-134

LiuLY, Yang X,Guan FZ,LiZG, Wu G W, Wang X, LuY,
Zhang L G,Liu Q,Chen H, Zhang LL,Wang X J,LiuZ J,Li T.
The screening of primers and reaction system for the resistance
of flax to powdery mildew RAPD markers establishment. Plant
Fiber Sciences in China, 2009, 31 (2 ): 130-134
T, G ZEREN B =, T3, BRI, AR, s Y
Wiy . R A 3R 9801-1 T BN £ R 1Y RAPD it . 4
FREEAR, 2011, 41(2): 215-218

Yang X, Guan F Z,Li Z G, Zhao Y, Wang X,Lu Y,
Song Y, Zhang L G, Xiao H, Chen H. RAPD markers of
powdery mildew resistance genes in flax line 9801-1. Acta
Phytopathologica Sinica, 2011, 41(2):215-218

SRR, F, B , ERIR 2 D WU, 58 i L R
EST J¥41h SSR FRiCifit . PHILMYI~EMR , 2009,29(5)
910-915

Zhang ] P, Wang B, Zhao L J, Wang L M, Yang C Q, Jie R
X, Dang Z H. Screening of SSR markers in flax EST sequence.
Acta Botanica Northwest, 2009, 29 ( 5 ): 910-915

Cloutier S, Niu Z X, Datla R, Duguid S. Development and
analysis of EST-SSRs for flax ( Linum usitatissimum L. ).



% AR TR G B R T

919

Theoretical and Applied Genetics, 2009, 119 ( 1 ): 53-63

JERA AR, A R R, EEE, I AR, BRI R
EST-SSR {5 B 43 H1 S4ric 7 % . sl BUE 5%, 2010, 28
(5):634-638

Long SH,Li X,Deng X,Wang Y F,Wang J,He D F,Chen X B.
Flax EST-SSR Information analysis and marker development.
Wuhan Botanical Research, 2010, 28 (5 ): 634-638

Bickel C L, Gadani S, Lukacs M, Cullis C A. SSR markers
developed for genetic mapping in flax ( Linum usitatissimum
L. ). Research and Reports in Biology, 2011, 2011 : 23-29

IR . WRE ( Linum usitatissimum L. ) EST-SSR FRic I & S st
TSR | MR : ARILA R, 2011

Su Y. Development of EST-SSR marker and construction
of genetic map of flax ( Linum usitatissimum L. ). Harbin:
Northeast Agricultural University, 2011

Soto-Cerda B J, Carrasco R A, Aravena G A, Urbina H A,
Navarro C S. Identifying novel polymorphic microsatellites
from cultivated flax ( Linum usitatissimum L. ) following data
mining. Plant Molecular Biology Reporter, 2011,29(3 ) : 753-
759

Cloutier S, Miranda E, Ward K, Radovanovic N, Reimer E,
Walichnowski A, Datla R, Rowland G, Duguid S, Ragupathy
R. Simple sequence repeat marker development from bacterial
artificial chromosome end sequences and expressed sequence
tags of flax ( Linum usitatissimum L. ) . Theoretical and Applied
Genetics, 2012, 125(4): 685-694

Wul Z, Zhao Q, Wu G W, Zhang S Q, Jiang T B. Development
of novel SSR markers for flax ( Linum usitatissimum L. ) using
reduced-representation genome sequencing. Frontiers in Plant
Science, 2017, 7:2018

T3k . EJFR EST-SSR AT SRAP A1 #F5E . 220 : Hlifl A
2£,2010

Wang B. Study on flax EST-SSR and SRAP markers. Lanzhou:
Gansu Agricultural University, 2010

TOCH, Wi U, BRIV A, XBRR, SR80 , R4, e, £ X
B . FIH] SSR BRic /W RRER HE R Y5 A Z R L bl
Fl,2010,49 (11 ): 2632-2635

Yu W J, Chen X B, Qiu C S, Deng X, Guo Y, Hao D M,
Long S H, Wang Y F. Analysis of the genetic diversity of flax
cultivars using SSR markers. Hubei Agricultural Sciences,
2010, 49 (11 ): 2632-2635

KA, LA, 7, ks, 2, BB, Beifgalie . R SSR
FRICIAT 17 DR A B AL R . PR E R, 2014,
30(21):211-216

Zhang Q, Jiang G H, Yang X,QuZ H,LiY,LuY,Duan HY.
Using SSR markers to analyze the genetic relationship of 17 flax
varieties. Chinese Agricultural Science Bulletin, 2014,30( 21 ):
211-216

Pali V, Mehta N, Verulkar S B, Xalxo M S, Saxena R R.
Molecular Diversity in flax ( Linum usitatissimum L. ) as
revealed by DNA based markers. Vegetos, 2015, 28 (1): 157
Pan G, Chen A G, LiJJ, Huang S Q, Tang HJ, Chang L, Zhao
L N, Li D F. Genome-wide development of simple sequence
repeats database for flax ( Linum usitatissimum L. ) and its use
for genetic diversity assessment. Genetic Resources and Crop
Evolution, 2020, 67 (4 ): 865-874

S, W AR B RE R B RO R AR A

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

BRPAAET 22 N AR B EIE ST, 2011
Dang Z H. Application of molecular marker-assisted selection to
breed excellent disease-resistant male sterile lines and hybrids
of flax. Lanzhou: Crop Research Institute of Gansu Academy of
Agricultural Sciences, 2011

ZEREN . SRR R PR RS DR LPm I KG A5 A7 . W IR
TR BLF BB ARBTSET, 2015

Li Z G. Fine mapping of flax powdery mildew resistance
gene LPml. Harbin: Institute of Biotechnology, Heilongjiang
Academy of Agricultural Sciences, 2015

Cloutier S, Ragupathy R, Niu Z X, Duguid S. SSR-based
linkage map of flax ( Linum usitatissimum L. ) and mapping
of QTLs underlying fatty acid composition traits. Molecular
Breeding, 2011, 28 (4 ): 437-451

SHEL WSO, AR AR T, LM, T XA, £ T
AR GRERIH] RE R, B, 5730, R | Rkt A
kA EYR, 2013,39(6): 1134-1139

Wu J Z, Huang W G, Kang Q H, Zhao D S, Yuan H M, Yu
Y, Liu Y, Jiang W D, Cheng L L, Song X X, Zhao Q, Wu G
W, Guan F Z. Construction of flax genetic linkage map. Acta
Agronomica Sinica, 2013, 39 (6 ): 1134-1139

Asgarinia P, Cloutier S, Duguid S, Rashid K, Mirlohi A,
Banik M, Saeidi G. Mapping quantitative trait loci for powdery
mildew resistance in flax ( Linum usitatissimum L. ). Crop
Science, 2013, 53(6)

Chandrawati, Hemant K Y. Development of linkage map and
mapping of QTLs for oil content and yield attributes in linseed
( Linum usitatissimum L. ) . Euphytica, 2017, 213 ( 11 ): 258
SRR i 2 8% S A S 1 R A RN 2T AR DGR
QTLs J3#T . BE/R S : ARJLMll R, 2018

Wu J Z. Construction of high-density genetic linkage map of
flax and QTLs analysis of fiber-related traits. Harbin: Northeast
Forestry University, 2018

KRR . AERRSF T HRC AT A B A DGR A IR 34 . b
A R RREARE, 2013

Deng X. Development of flax molecular markers and association
analysis of yield related traits. Beijing: Chinese Academy of
Agricultural Sciences, 2013

W . WRRRTIMAR S SSR FRic Y ICIES BT . W RN
B R, 2019

Pan H Y. Association analysis of flax phenotypic traits and SSR
markers. Hohhot: Inner Mongolia University, 2019

Kumar S, You F M, Cloutier S. Genome wide SNP discovery
in flax through next generation sequencing of reduced
representation libraries. BMC Genomics, 2012, 13( 1) : 684-
684

Fu Y B, Peterson G W. Developing genomic resources in two
Linum species via 454 pyrosequencing and genomic reduction.
Molecular Ecology Resources, 2012, 12 ( 3 ): 492-500

FuY B, Dong Y B, Yang M H. Multiplexed shotgun sequencing
reveals congruent three-genome phylogenetic signals for
four botanical sections of the flax genus Linum. Molecular
Phylogenetics and Evolution, 2016, 101 : 122-132

Singh N, Agarwal N, Yadav H K. Genome-wide SNP-based
diversity analysis and association mapping in linseed ( Linum
usitatissimum L. ) . Euphytica, 2019, 215( 8 ): 139

Hoque A, Fiedler J D, Rahman M. Genetic diversity analysis



920 L N7/ I S A S S 4 2%
of a flax ( Linum usitatissimum L. ) global collection. BMC 12-18
Genomics, 2020, 21 (1 ): 557 Li M, Jiang S, Zheng D Z, Yang Y. The construction of SRAP
[68] YiLX,GaoFY,Bateer S Q,ZhouY,LiQ,Zhao X Q,JiaXY, marker linkage map of flax and the location of three quantitative
Zhang H. Construction of an SNP-based high-density linkage traits. Journal of Northeast Agricultural University, 2014, 45
map for flax ( Linum usitatissimum L. ) using specific length (2):12-18
amplified fragment sequencing ( SLAF-seq ) technology. PLoS [76 ] Kumar S, You F M, Duguid S, Booker H, Rowland G, Cloutier
one, 2017, 12(12): 0189785 S. QTL for fatty acid composition and yield in linseed ( Linum
[69] @z . IR SNP jot % G A0 #4) # K2 B A G MR %) QTL usitatissimum L. ). Theoretical and Applied Genetics, 2015,
SENFTE . MR R : NSl ol R, 2018 128(5): 965-984
Gao F Y. Construction of flax SNP genetic map and QTL [77] FRIER . AR RIS FEER G TR G500
mapping of quality-related traits. Hohhot: Inner Mongolia ST 22 Hol R KA, 2017
Agricultural University, 2018 Wang L M. Genetic effect analysis of main agronomic and
[70] Zhang J P, Long Y, Wang L M, Dang Z, Zhang T B, Song quality traits in two-line hybrid combination of flax. Lanzhou:
X X, Dang Z H, Pei X W. Consensus genetic linkage map Gansu Agricultural University, 2017
construction and QTL mapping for plant height-related traits in [78] WulZ,ZhaoQ,Zhang LY,LiSY,MaYH,PanLY,LinH,
linseed flax ( Linum usitatissimum L. ). BMC plant biology, WuG W, Yuan HM, Yu Y, Wang X, Yang X,Li Z G,Jiang T B,
2018, 18(1): 160 Sun D Q. QTL Mapping of fiber-related traits based on a high-
[71] Xie D W, Dai Z G, Yang Z M, Sun J, Zhao D B, Yang X, density genetic map in flax ( Linum usitatissimum L. ) . Frontiers
Zhang L G, Tang Q, Su J G. Genome-wide association study in Plant Science, 2018, 9: 885
identifying candidate genes influencing important agronomic [79] RERE, FFER, K&, 5KK5, X8 A, i, JHE . W)
traits of flax ( Linum usitatissimum L. ) using SLAF-seq. Rk QTL BN S B H SRR 0T . th E Ol B S 40,
Frontiers in Plant Science, 2017, 8: 2232 2020,22(6):26-32
[72] YouF M, Xiao J,Li P C, Yao Z, Jia G F,He L Q, Kumar S, Song X X, Wang L M, Zhang J P, Zhang T B,Liu C Y,
Soto-Cerda B, Duguid S D, Booker H M, Rashid K'Y, Cloutier Long Y, Pei X W. QTL mapping and candidate gene function
S. Genome-wide association study and selection signatures analysis of flax plant height. Journal of Agricultural Science and
detect genomic regions associated with seed yield and oil quality Technology, 2020, 22 (6 ): 26-32
in flax. International Journal of Molecular Sciences, 2018, 19 [80 ] kA . WIRRHL A RMRIL R 1 0 . M /REE : BIBTT R, 2015
(8):2303 Zhang Q. Location of flax powdery mildew resistance genes.
[73] Xie D W, Dai Z G, Yang Z M, Tang Q, Deng C H, Xu Y, Harbin: Heilongjiang University, 2015
Wang J, Chen J, Zhao D B, Zhang S L, Zhang S Q, SuJ G. [81] Soto-Cerda B J, Duguid S, Booker H, Rowland G, Diederichsen
Combined genome-wide association analysis and transcriptome A, Cloutier S. Association mapping of seed quality traits using
sequencing to identify candidate genes for flax seed fatty acid the Canadian flax ( Linum usitatissimum L. ) core collection.
metabolism. Plant Science, 2019, 286: 98 Theoretical and Applied Genetics, 2014, 127 (4 ): 881-896
[74 ] ZE#DG, 8RR, 3%, I, AT, BRIERL, V0L, it [82] Soto-Cerda B J, Cloutier S, Quian R, Gajardo H A, Olivos
A BR A, SR AT, R A, B AR, XBAIRE L R ISVE YRR M, You F M. Genome-wide association analysis of mucilage
DR E 5 R L AR s A% B IR A AR, 2019, 20 (1) ¢ and hull content in flax ( Linum usitatissimum L. ) seeds.
11-19 International Journal of Molecular Sciences, 2018, 19( 10 ) :
SulJ G,Dai Z G,Yang Z M, Tang Q,Xie D W,ChenJ Q,XuY, 2870
XuJ T,Zhang L G,Gong Y C,Song X Y,Cheng C H,Deng C H. [83] M=, WK AR /N B =, W, 85, ik . )

Innovation and utilization of characteristic germplasm for bast
fiber crops. Journal of Plant Genetic Resources, 2019,20( 1) :
11-19

ZEW], ZE00, FBARTE, M 05 . TEJRR SRAP bRic i 9 Pl i iy Ay
B3 A B PRI E N . ARAfOl K=, 2014,45(2) -

JRRAR 193 2% 5 i (4 A D AL SRR A3 AT . 43 F A &, 2020,
18(3): 765-771

Yi L X, Bateer S Q, Feng X H, Jia X Y, Gao F Y, Zhou Y,
Zhang H. Genome-wide association analysis of lignan content
in flax. Molecular Plant Breeding, 2020, 18 ( 3 ): 765-771



