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Development of Specific Molecular Markers of 2V
Chromosome in Haynaldia Villosa
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(nstitute of Wheat Research, Shanxi Agricultural University, Linfen 041000;>College of Agriculture, Nanjing Agricultural
University, Nanjing 210095 ;*Agricultural and Rural Bureau of Yangcheng County, Shanxi Province, Yangcheng 048000)

Abstract: Haynaldia villosa is an important genetic resource for wheat genetic improvement. The 2V
chromosome in H. villosa , which hosts many important genes, such as powdery mildew resistance, glume ridge
bristles, photoperiod response, longer spikes and more grains, are valuable in common wheat improvement.
However, the lack of molecular markers to the 2V chromatin impairs the introgression into wheat. In order to
develop specific molecular markers on chromosome 2V, we designed two sets of primers, including: (1) 30
pairs of sequence-tagged site primers based on the expressed sequence tag sequences of different segments of the
2nd chromosome of common wheat, and (2) 296 pairs of intron targeting primers designed based on the
homologous comparison between wheat 2D and rye 2R. Two and 33 specific molecular markers on chromosome
2V were validated and successfully developed, accounted for 6.7% and 11.1% of the total primers tested,
respectively. This result suggests that marker development based on next generation sequencing technology is an
efficient method. Most of the genes on the 2D chromosome of wheat were collinear to those of the 2V
chromosome, while few exceptions were also observed, indicating a complex collinearity on the 2V
chromosome of H. villosa to the 2D chromosome of common wheat. A total of 35 markers were finally qualified,
including 1fz8187,,,,, that was located at 2VS FL0.68-1.00, and 1fz8387 ,,, 128462, and 1fz8470.,,, that were
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located at 2VS FL0.00-0.26, as well as 31 markers that were located on the long arm of 2V chromosome.

Collectively, these markers provided an effective tool for identifying structural variation of H. villosa 2V

chromosome, as well as the beneficial genes introgressed into common wheat.

Key words: wheat; Haynaldia villosa; 2V chromosome ; molecular markers

% B Z (Haynaldia villosa (L.) Schur, ¥ 4
Dasypyrum villosum (L.) Candargy, 2n=14, VV) J&
INAE I — B A b, /N st el R AL R
SRR, HA X /N ORI AR R AR AR
I EEI 7 TR U IR BB SR BT, DA
BRBORPRL R R 1 AR BRI, I ELA g
BE TR PUIEM LSRR R,
BT 2V R ORI AV 28l /N E A B 1A
T PRI BRI, A0 PR B 18] Pm62" ) 3P s 1
W B JE D] Bgr- V1™ 56 8 3 0 13 3% (X Ppd-v1™) |
KRR AT, O TSR B 2V P A 15 5
] /NG RS IR F RS B R 4y Fhnid,
HERR B BR 45 A 0 BE KO A/ N2 2V G 0 )i
i 1 43 F s 1] 4l B i £ (MAS, molecular marker
assisted selection ) R4 E FA HT, g2 H /A2
BRRALE,

A7 2V O K F o FARC AR > i
A MR e /N A2 3R GK TP 4 bR 2 (EST, expressed
sequence tag) 3 LT 81 A5 1C 07 &L (STS, sequence-
tagged site) 5|4, Cao 55 Wik th 5 M T 2VL 4§
TRIRE S Fhric, Liu 582005 1 3 AN F2VL 1Y
T FHRid , Zhang Z L H 9 AT 2VS Fl S
A 2VL 9 bRid o 2 T8 — A ad 2 0 ) (NGS,
next generation sequencing) 4% /K , Zhang 482 I &
EEZZ 1V~TV ZIIN &L (IT, intron targeting)
Pide HZ, HRETE XL B 2V G R 1047 5 53
FhRc B oA R A AR R T oK -
I, 38 V)T L4242 0 il JEHOR A S 53
AT G e A N ARe, LS RE 2V i
BRMGNOLR, [FEH R 2V Je AT 25 3 R Y
ROk T 5508 #1348 B A IR 4 I B
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)V e R ZH g ] — &8 43 (R P i e fAC, 2L
AVF 2 HAHF 0 53 F A MHESI . R A2
Ry i DR 2 P 56 DR R 52 40 ) AL 2 B R <
PR TR S RAF IX B it 514, ilad PCRYHY , 704
HARST 519 7 51 22 18] ) DNA 1 B < 5 1 2H il

U Z 85 PE 0 R B, T DUSR s brac (0 ad P A 2
P

B m

ABIF T3 T B A 5 AR A2 B IR 2 1y o [+ 1R
TR IR PR DR AT, A /) 22 1A B PR AL e 14
SEmf b RPN S T RIEZ SN, BT &
ST PCRRFA 51 WIS, INOT K 1 TR 42 2V %
ORI FARICH AT T RO s X BUE L,
NRETHE 2V Y O £t BE IR 038 S A T B AL T
W T H..

1 RS

1.1 RZesrR

S/ N (Triticum aestivum L.,2n=42, AABBDD)
Hh [E % (CS, Chinese spring) , 7% E 4 (H. villosa L.,
2n=14,VV) WK /N (Triticum durum (Desf.) Yan,
2n=28, AABB) , i/ INAZ -1 T 2 WUARHA (T durum-
H. villosa,2n=42, AABBVV) , /N - B —{h S
Wi fn 3 DAIV~DA7V (2n=44) , /N -FE B 5 5
{if Z T2VS - 2DL (2n=42) I T2DS - 2VL (2n=42) , /]n
A - H B 22 s /D v B By i 2% SAST (Small alien
segment translocation, 2n=42 ) Fl Ti ¥ K A Bt 5 fif £
LAST (Large alien segment translocation, 2n=42) , L'
R R A M K A R A T B (AR
1212/T2DS - 2VL)F, fl (J4 1212/T2VS - 2DL)F,, &
PG AR R 2 /N2 5 e LAAIRA 1212 SR BEAS 43 531)
PAT2DS - 2VL # T2VS - 2DL J XA il 438 2 A 4K
130 F R, 25 B0 55 R A 72 B b4 7522, SR FHBT L
TAECFINUT G o
1.2 5|¥i&it
121 EF/MZESTFFiEH54 M Grain
Genes (http://wheat.pw.usda.gov/) T 38 v T-35-18 /)
FEE 2B R EORTR X B EST 351, % X 227
511 Blastn F1 Blastx ## 2, 0B HARSF M, FH Primer
Premier 5.0 #4151 STS 514 30 %
122 EFNGSEARIZITY HEELZ2VEE
R ARI)T , FEFVEY) L R AL A e 1 O 2R AT
GOB BAAZ (Secale cereale L.,2n=14,RR) KK 4 5 /)N
A SR H AT IO, it 519 . FIH/NEE D BRI 2
EL 7 R Y 3[R 7 371) (http : //plants.ensembl. org/index.
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html) , [R5 2R 22 SL R 41750 2 Fn v [ 3R 225 5L
2 I 51l (TGACvV1, https://wheat-urgi. versailles. inra.
fr/Seq-Repository/Assemblies) #E47 kb X, i ¥t HH 5
2D RS BA R C R A B D RIEEKIZ AP
F A0, T AR AR AN B 2 18 N TR RN, L
PR 5N L A K22 S5 M 10% N 75 1,
T 55 D 27 R A HP R L N B R i 1 A1 S I 8
BTN T A T) 511296 X, 43 FFric 27k
I g5 s ic K B i brid K EE A T M
TR,
1.3 WHEFER

F 5% £ 3% B35 K 2H DNA E %4t (Fluorescein-
12-dUTP bRic) #1728 A 4258 o MR AR A
2 4y Sdrp e A S B8 Gill 52 5 ik R B #
FER 41 DNA #EBCR MR CTAB 322 - EHric R
FH Bl 2 S 8% 1, 3k IR 41 9% Ok B A 4% 52 (GISH,
genomic in situ hybridization) 2} Zhang %' F2 7 .
Fe Az Yo fA ) R vk U 5 P LK A B¢ (PT, propidium
iodide) & Yy, 7E9G Wi B N MR YL ik iR B A2
e o R ok (o, Bl N Y R o, Bk R
Ve % 4~8 20 it , FH SPOT ¥4 31 =X % (0, 5005 AH HL
(SPOT CCD, SPOT cooled color digital camera) %14
RGinRE L.
1.4 SDFHRIEHHT

K SDS 7B R 41 DNA, F | <TE ¥%f# , &
T 4C - A . PCR X N S AR 10 uL, £ 45 2x
TSINGKE Master Mix 5.0 pL, 55 F 2 DNA 1.0 L
(#5300 ng/uL) , 514 0.6 uL,ddH,0 3.4 pL., ¥ 17
¥l 94°C 7% 1 3 min; 94°C 30 s, 55°C 45 s, 72°C
655,35 MIEFR ; 72°CHEH 10 min. PCR Y34 7=k
M 7 2 B8 Tixier %2 F2 7, DNA 4 F = 2 BbRid
1E F] DL2000 (Promega) o =¥ H il A 2.0 uL RN
A7 Tk g B8 Je P Dk % P PR 2 o, TR ST 5 0, TR
5wl INFE 22 8% 5 PN M Tk g 25 M v 14 H Dk e
HL UK 2% WP 0.5 TAE, HL % 220 V, Bif ] 20~30 min.
TG I B I E B M A A S R0 AR

2 HRE59H

2.1 HEZR2VEEERRS FIRISHIE
TSk AR RN B 22 S R 4 DNA #E47 PCR
PrHEREI , 3T /NAZ EST 08T 30 XF 519,
A 2 X5 1] LA B RN B 242 13 o 2 A8
207, BB 6.7%; 3T /NG BRI 255
B 296 X151 Wy, A 47 %5140 a] LATE H E A

B MY 1S 2B &w, 5 B5II015.9%.
FEFTAT A LR 326 X5 195 A7 49 X514 e ™
WIHE /N R B2 P e 2850 RITEN 2R E
B AMFET S 1Y, A FhRidiB R
ALl

Do R S o TS T = WA AV LR R 7 NI S 7.
M EFR R RN - B A AUSA RN
A B IV~TV IR DAIV~DATV 23t 11y
RL, DISZEZK Roxof B FIX 49 5% 5 [ 476 H DNA i
TPPCRY MY . WUIRAT 51 W XFE R B3 MR /INEZ -
B FEIHERF DA2V H 44 H B 5 /9 PCR 7=4) ,
M 7E E & RN \DA1V . DA3V~DA7V H1i%
BT, WA LI R 2V e 68 44 i e S AR e .
5P 2vo2l, fEfE B KL/ NE - T 22 AU A
FIDA2V H 2547 14 H AH [R] (19 1050 bp 45747, 1fii
A B /IN A7 A B R 0 T e (&1 1), R B
2VO021 00 AT HE R 55 T 2 2V Yo (0 1A 1 4 5243 T
0o 49 X5 514 L0k 1 35 %t 2V HR 7514, 55 14
X5 )4 38 R S 450 BN T L B DA2V ToE 5+
e BRI BRAE 2B & B R BRIy 2V
RRE R FhRid.

&M 1 2 3 4 5
2000

6 7 8 9 10 11 12

750
M:DL2000; 1 : 1[I 4 5 2 FREF2 33 TR/ N R B 22 UAAA;
4R/ 5 5~11: DAIV~DATV; 12: WK
Witk TR TR, TR
M:DL2000;1:CS;2:H. villosa;3: T. durum-H. villosa;
4:T. durum;5-11:DA1V~DA7V;12:ddH,O; The arrow
shows specific molecular markers, the same as below
E1 5142V020 XMEARMNE-KEE
SN DNA B3 18
Fig.1 Amplification of DNA of parent and
T. aestivum-H. villosa addition lines by primer 2V021

22 HBROFICERBEEENM

J T TR R ) 2V YRR RS
CE ARG AR | S EAR R RN
A AWEAR  T2VS - 2DL A T2DS - 2VL 5 3 b
BE, 35 XRE 5 1% DNA #1743 20 Fr .
WOV S B WIERE B R/ INE -FE B 32 S
T2VS-2DL 8§ T2DS - 2VL Z i & Hh 34 th e Rl i) 2
A ABFE ERM S — B S AR
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MM Z AR O ENL T Z B MEAAF e A . 2DL HR oA, 8 I 1£28138 4, 4 2VL B 45 524 1
51 1628138 TEXT 5 ist (M B DNA 374 Fnice MRUL ik, 23 50K 35 M Anicif 47 1 2v 3¢
Hi([E12),691 bp 4571 R BIERR B2 R INE - R e, b 31 AN 7 F 2VL 4 A e F
BB AL T2DS - 2VL P E FE M T2VS - 2VS(E2 3% 1),

(bp)M 1 234 512345123451 23451 2345123435
2000

1000
750
500

250

100
1f28138 1£28153 1£28187 1f28236 1fz8266 1£28288

(p) M1 2345 1234512345123 4512345123435
1000

750

500

250

1£28290 1fz8291 1£z8308 1fz8381 1fz8387 1fz8462
(bp)M 1 2 3 4512 3451234 51234512345 123435
1000

750
500

250

100

1£28330 1fz8343 1£28345 1£28350 1fz8354 1£z8470
M:DL2000; 1 : PEZ ;2. E3 ;3 Mk /NE- B E WA ;4: T2VS - 2DL; 5: T2DS - 2VL
M:DL2000;1:CS;2:H. villosa;3:T. durum-H. villosa;4:T2VS+2DL;5:T2DS-2VL
2 BEZHTVERS FIRCEBEEEN

Fig.2 Chromosomal arm localization of some 2V-specific molecular markers in H. villosa
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Table 1 Specific primers and molecular markers of the 2V chromosome of Haynaldia villosa

519 . [y AN
o ; . 2V ENL
G Fe4il ElE/E S INZE A (bp) . (bp)
. . o Location on 2V
Primer Sequence Source of primers Wheat localization Length of
chromosome
number marker
1fz8138 F:CAAACTTTGACGGTGATTCT Traes 2DL_1227A48DF.1  2A:697993878~697994832 2VL 691
A LS 2B:667972852~667974644

2D:557012572~557013509

1fz8153 F:AAGATAAGCTCGGGCAGTA Traes 2DL_IC3067FFD.1  2A:763749902~763750229 2VL 191
R: CCAATGTACTGCAATCCAAGC 2B 763749902~763750001

2D:633777587~633777965
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b 51 51D AN (bp) 2VIEL ﬁi;r;
Primer Sequence Source of primers Wheat localization Location on 2V Length of
number chromosome marker
1fz8158 F:TATCATCGGAAGTTGTTCCAG Traes 2DL_1FF716E43.2  2A:576727047~576727712 2VL 293
R:CACTCAGCATATTCCATAGCA 2B:513556645-513557311
2D:430743709~430744373
1fz8170 F:TTGGTGTCAAAAGAATGGGT Traes 2DL_2641A5662.1  2A:387800022~387800646 2VL 587
R:ATCGTCTTCCCGGACTATTT 2B.376243632-376243185
2D:307586702~307587321
1fz8187 F:CTGCTCGGGCGGTTT Traes_2DL_306769E64.1  2D:575704514~575704903 2VS:FL0.68-1.00 1100
R:GAAGTTGCCGTTGGGTAGT
1£z8207 F:TACTTGTTCTGAGAATCGGC Traes 2DL_427469E3B.1  2D:390158282~390157786 2VL 700
R:CCGCCTCTGTTTCTGAACTT
1fz8214 F:GCCATCAACGTCAACGAC Traes 2DL_488816050.2  2A:727359648~727360799 2VL 860
R:AGTGACGGCAACCGTA 2B:725028845~725028321
2D:591766313~591767495
1£z8231 F:CTGGGGAAAACGATCCTACA Traes 2DL_53DSFD18C.2  2A:578429664~578428909 2VL 750
R:GCATGCGACGAGCTTC 2B:515458850~515552902
2D:432004222~432003691
1fz8234 F:TACTCTCCGAAGGACAATCA Traes_2DL_557987E70.1  2A:248100228~248100640 2VL 500
R:CATCTGAGAGAATGGCATGTA 2D 143348873~143347623
1£z8236 F:CAAAGGAGTTCGTTTTCACTA Traes 2DL_55CA34235.1  2A:555083963~555085244 2VL 682
R:CACTTGTTGACCCTGTTCTC 2B 491600304-491601544
2D:410227962~410229040
1fz8261 F:AATGTTCTCGAGTGCCTCA Traes 2DL_65376FE69.2  2A:500340368~500340197 2VL 280
R:TGTTGTCCTTGTCCTCGTA 2D:369532905-369532730
1fz8266 F:CGCAGCCTAGTCAACTG Traes 2DL_6796FE975.1  2A:590911650~590911255 2VL 134
R:CATTCCTGAGCTCTGTCTTC 2B:530870129~530869729
2D:446727199~446726842
1fz8284 F:ACTGGTAAAGCAGTTCTTGAG Traes 2DL_6FBEBY9EDO0.1  2A:684681826~684681138 2VL 940
R:GAGCAGTAGACAACACGG 2D:541250312~541249621
1£z8288 F:ATGTTGACTTCGGATGGTC Traes 2DL_71DE4A971.2  2A:455003266~455002653 2VL 620
R:TCATTAAGAGCCTCCATCATC 2B 414759207~414759896
2D:342711301~342711989
1f28290 F:AATTGACTTGCTTCAAAAGGG Traes 2DL_71F120931.1 2A:538480953~538480569 2VL 440
R:ATTTCAAGGTTACTCTCCAGG 2B.478231542-478231156
2D:398929903~398930414
1fz8291 F:CTGTTCTTGGTCGTCTGCG Traes 2DL_72D36B9E0.1  2A:595018743~595021160 2VL 550

R:GTCCATTTGGAACCTGTCCG

2B:

2D:

534780225~534781002

449188313~449187876
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519 . PRCIKE
i Fs 1k NS i (bp) 2VIER: (bp)
Primer Sequence Source of primers Wheat localization Location on 2V Length of
number chromosome marker
1£z8308 F:TGCTCGACCAATTGTTGT Traes 2DL_884AA53B3.2  2A:756212153~756213148 2VL 250
R:CCTTGTATTGCTTTCTTGAGG 2D 623505883~623506876
1£z8325 F:GCCATCGAGGACGAGAACC Traes 2DL_958533E92.1  2A:769067517~769068178 2VL 720
R:CGGATCCATCTTGTGCACCT 2B 789674815-789675472
2D:639319632~639320290
1fz8330 F:CTTTAAGAATGCTCTTCCCC Traes 2DL_9DD224B48.1  2A:696306077~696307039 2VL 750
R:TCGATTCAGCTCATCTATGT 2B 665652394~665653382
2D:555033783~555034760
1fz8343 F:TGATTTGCCTTAACCAGACT Traes 2DL_A9E675A4F.1  2A:698810317~698828351 2VL 380
R:TACATAAGGTCTCCATGCAC 2B 670580416~670580656
2D:558939200~558939440
1fz8345 F:ATATGTCTACATCTTCGCCT Traes 2DL_AB324879E.1  2B:482506936~482507571 2VL 750
R:GAGACGGAAACTCAGTGAC 2D 402219056-402219760
1fz8350 F:GCGACGATCGTTCTGTACTA Traes 2DL_AD551D884.2  2A:738112147~738111901 2VL 444
R:CTAACGGTGTTATTCCTAGCAT 2B.739234456-739234906
2D:603707448~603707246
1fz8354 F:TTCTCTGAAATGAAGCGAGT Traes 2DL_AEE535136.1  2A:687133297~687133921 2VL 680
R:TGTCCCAATTCTTGTAGGTC 2B 652417563-652418154
2D:542580881~542581472
1£z8356 F:TCATCTTGCACTCTTCTTTGA Traes 2DL_B18351047.2  2D:530043270~530043852 2VL 430
R:AAATGCTTCCTACTCCTTTCA
1fz8370 F:ATGGAGCTTAAAGCCGTTT Traes 2DL_C56BC9707.1  2A:319392687~319391946 2VL 740
R:TTGAGGTAATCAAACCCGTC 2B:354050787~354051681
2D:292877085~292877971
1fz8381 F:CTTCCAACATGACGTACAAGG Traes 2DL_D23336B31.2  2A:322288781~322296900 2VL 680
R:CTCGAAAATGGTCTGGCTAC 2B:321910108~321914284
2D:261287726~261288521
1fz8387 F:AATTCAGGCATCTCTTCTACA Traes 2DL_D758D6120.1  2A:370734038~370734435 2VS:FL0.00-0.26 280
R:TCAGTTCTCCATATGAGTTGAC 2B.380772825-380773222
2D:295769287~295769684
1fz8389 F:CATCAATGGATCTGCTTGCT Traes 2DL_D814281E8.1  2B:696493859~696493923 2VL 480
R:AGATTTCAAAACCATCTTCACC 2D 575759137~575759605
1fz8403 F:CCCAACTTGGACAGTTGAA Traes 2DL_E2F6CE2D9.1  2A:559484462~559485012 2VL 600
R:CCGAGTTCCAAAGGTATTGT 2B 494329634-494330183
2D:415106494~415107044
1fz8408 F:GACATTGTCGACGACTACC Traes_ 2DL_E9164FBF3.1  2A:666246324~666244811 2VL 1400

R:CGTACTCCTTCACCTCCT

2D:

520402561~520401339
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®1(4)
EiL7] g PR
. . e 2V ENL
G 5]l BlL/E S /NEE AL (bp) . (bp)
. . L Location on 2V
Primer Sequence Source of primers Wheat localization Length of
chromosome
number marker
1fz8450 F:TTCCCTACTGCAAAGACAAA Traes 2DL_3F691BC13.1 = 2A:773764041~773764432 2VL 240
R: CTGGAGGTACTTGATGGC 2B:798043740~798044039
2D:643091138~643091315
1fz8462 F:AACAATGTTCAAAAGCTGAAGA Traes 2DS 0BA3257BE.1 2A:58300939~58301996  2VS:FL0.00-0.26 760
R:CCCTTCATATAAGCTTGCCT 2B.88920369-88921425
2D:58300939~58301996
1fz8470 F:GGACAACCCACTGAACCT Traes 2DS_125F19ADE.2 2A:76415202~76415427  2VS:FL0.00-0.26 200
R:TCTAACCATTAGTGTAGGCCA 2B 118468753~11846898 1
2D:75521312~75521540
2V013  F:CTCTCCGCCGAGAAAAG BE433024 2BL:FL0.50~0.89 2VL 650
R:GAGGAAGACCTTGACGATG
2V021 F:GCTCCTCAGCAAATGCCTAC BF282507 2BL:FL0.89~1.00 2VL 1050

R:GATGAAGTGGTGAGCAAGCA

FRARIEMG Y1, RER W51

F means forward primer, R means reverse primer

23 HESFRICLAEEREEM

FEABFE N B 44~/ N2 -T2 2V Gy i &tk
TR DO IR, Gy G R 18] 3 HES , i
B KRBT RIS N/ NE R EE 2V 5
PE YL oA GISH &, 7E 2VS FA 2 W 2407 o5, B
FLO0.26 F1 FLO.68 (IX13) , il I~ 2 M 4&5 5 i & , AT LA
W 2V YL @R 43y 4 A~ X 38, 43 51 4 2VS FLO0.00-
0.26 .2VS FL0.26-0.68 .2VS FL0.68-1.00.2VL,
FL: 1.00 [ S I % e, T gt MG TGS i |

FL: 0.68

FL: 0.26
FL: 0.00

R W s PR s e S S PO |
SAST T2VS-2DL LAST T2DS-2VL
TR EAELIN 4 DNA #%] H Fluorescein-12-dUTP FRic, 538 /N4 e
GIRELLE, FREL YOI RLR O FL KRR IR R B 220 B
H. villosa genomic DNA labeled with Fluorescein-12-dUTP. Wheat
chromosomes display red color, H. villosa chromosomes show green
color; FL represents the distance from the site to the centromere
3 NE-HEZRVEMERLEBEREMRMAS
Fig.3 Structural variation chromosomes and

its breaking site of involving 2V chromosome
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1£28187 1£28387 1£28462 1£28470
M:DL2000; 1 : H 45 ;2 FEEHE 5 3 MR/ INAZ - B A2 WS4 ;4: T2VS - 2DL;5: T2DS*2VL;6: SAST; 7: LAST
M:DL2000;1:CS;2: H. villosa;3: T. durum-H. villosa;4:T2VS+2DL;5:T2DS*2VL;6:SAST;7: LAST
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Fig.4 Localization of 2VS-specific molecular markers in H. villosa
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Table 2 Identification of individual plant in wheat-H. villosa F, population

(#04¢ 1212/T2DS - 2VL)F, (Yannong 1212/T2DS-2VL)F, (A4 1212/T2VS - 2DL)F, (Yannong 1212/T2VS-2DL)F,
iﬁﬁimam 128153,  1fz8207.,, 1fz8266,,, 128389, GISH Nuiﬁﬁiam 128387, 1f28470,,, GISH
1 + + + + ++ 1 - - -
2 - - - - 5 - - -
3 - - - - - 6 - - -
4 + + + + + 7 - - -
6 - - - - - 8 + + +
7 + + + + + 9 + + +
8 + + + + 12 - - -
9 + + + + 13 - - -
11 + + + + + 14 + + +
12 + + + + 15 - - -
14 + + + + 16 + +

15 + + + + + 18 - - -
16 + + + + + 19 + + +
17 + + + + + 20 + + +
18 + + + + 21 + + +
19 + + + + 22 + + +
20 + + + + + 24 - -

21 - - - - - 25 + +

22 + + + + + 27 + +

24 + + + + 28 + + +
25 - - - - - 29 - -

26 - - - - - 30 - - -
27 + + + + + 31 - - -
28 + + + + + 32 + + +

29 + + + + + 33 + +
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&2 (%)

(#W4& 1212/T2DS*2VL)F, (Yannong 1212/T2DS*2VL)F, (#W4% 1212/T2VS-2DL)F, (Yannong 1212/T2VS-2DL)F,
fﬁﬁifplam 128153, 1f28207.,, 1fz8266 ., 1f28389,, GISH Nui*iziiam 128387, 1f28470,, GISH
30 + + + + 34 + + +
31 + + + + 35 + + +
32 + + + + 36 + + +
43 + + + + ++ 37 + +

44 + + + + ++ 38 + + +
47 + + + + + 39 + + +
48 + + + + 40 + + +
49 + + + + 4+ 42 _ _

50 + + + + ++ 44 + + ++
51 + + + + + 45 _ _ _
57 + + + + ++ 46 + + +
58 + + + + ++ 47 + +

59 + + + + 48 — —

62 + + + + 49 + + +
63 - - - - 50 + + +
64 - - - - 51 + +

65 + + + + 52 + + ++
66 + + + + + 53 + + +
71 + + + + + 54 - =

72 - - - - 55 - - -

SR FARIC S E 45 R -3 5 3R 8 AR % i e A GISH S 85 R h -+ A0 I 3RR 3% 2 5600 L SR G e, - FOR R & G LY e f,

IR AN E

In the molecular marker identification results, + and - respectively represent the presence and absence of translocation chromosomes; In the GISH

identification results, ++ and + represent the presence of 2 and 1 translocation chromosome, respectively, - represents the absence of translocation

chromosomes, and a blank space represents the absence of identification
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