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Constructions on the Linkage Genetic Map and Initial Locations on QTLs
Related to the Hay Yield of Forage Triticale
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Abstract: In this study,F, generation derived from forage triticale hybrids were used as the mapping popu-
lation, The genetic linkage map was constructed by using ISSR molecular marker and QTLs were mapped
to yield-related traits (plant height,number of tillers,above ground biomass of single plant) of triticale. It
could lay a foundation for main QTL mining,functional gene mapping and molecular marker-assisted breed-
ing of triticale. The results showed that the field phenotypic data of 521 F, generation grass yield-related
traits showed continuous variation,and the distribution frequency was close to normal distribution, which
could be used for QTLs localization. The linkage map included 7 linkage groups, the total length of map
was 542. 9 cM, the averaged distance among markers was 5. 90 ¢cM, and there were 92 loci. QTL results
showed that there were 17 QTLs related to the hay yield in triticale. These QTLs distributed on 6 linkage
groups. There were 5 QTLs controlling the plant height, which contribution rate varied from 6. 7% to
13.2%. There were 7 QTLs controlling the number of tillers, which contribution rate changed from 5. 4%
to 15.4%. There were 5 QTLs controlling the aboveground biomass of the single plant,which contribution
rate varied from 7.4 % to 12.4%. Among them,QPH7-2,QNT2-2 and QBS2 have the highest contribution
rate to plant height,number of tillers and aboveground biomass of single plant, respectively,so they were
the main QTLs,which could be further cloned, transformed and utilized.
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Table 1 Comparison of the forage yield related traits between the F, population and their parents in triticale
A . R Parents TR E F, Bk F, lati
B A e Ak Parents , PRI E population
LA H¥N Mid-parent FHE  BREH A i U i g
Forage yield related traits .
Male parent Female parent value Mean CV/% Range Kurtosis Skewness
¥ /cm Plant height 122. 30 113.99 118.15 135.75 10. 89 80~120 3.01 0.23
43 BERC/ A The number of tillers 4.69 5.43 5.06 10. 33 48.69 1~42 9.07 2.05
RV R/ g -
13.32 15.42 14. 37 29. 33 56.29 3.01~134.81 4.76 1. 46
Biomass of the single plant
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5 140 (.‘ 5
£ 120 z
S 100 F 2
Z 80+ <
B 60l )
® ®
= 40F
20 -
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I /.ﬂ I
55 80 100 120 140 160 180 2 4 6 8 1012 12 16 18 20 22 24 26 28 30
ki Plant height/cm Ay BEXT/Number of filler
70
60 T
5 A
2 50
5
= 40+
g 30+
E ol
10 +
ol L LB L L L L T LT TS )
4 15 25 35 45 55 65 75
FARRZE Yt Biomass of the single plant/g
Bl NEZZEXF BUEKS SEBNEREYVENRESF
Fig. 1 Distribution frequency of plant height,the number of tillers and biomass of the single plant in the
F, populations of triticale
F2 WABMNEEZF KBEAEFSEAXCEROEXRY
Table 2 Correlation coefficients among forage yield related traits in F, populations of triticale
PEAR Trait # & Plant height Ay BEH The number of tillers PR A 41t Biomass of the single plant
# = Plant height 1. 000 0.354™ 0.545*
4y BEXL The number of tillers 1. 000 0.772%
Bk Ak W) i Biomass of the single plant 1. 000

T R I MR (P<20. 01)
Note: ** indicate significant correlated at the 0. 01 level
2.2 AABNEEF BEEEEHEIEHESSN
LA F, AR 521 > bk ¢ T 0] 2 20 54 o L il
FIH Joinmap 3. 0 5 BB AF 347 388 45 3% B2 B 1
PR T 1 ks % 3 B T (IR 2) . AR HE B
AL E T AU (Bl 6 4 08 LG1~LG7) . ISSR
oy Fhsicdt 92 A4~ AR B E O 5. 90 M. A

MK 542.9 M, PR LI FhRid 2L
FETEZE S AT BN 9~ 18 AN 5 4% 3 BIURE X I 114 23
B g H A A ) AR FR T Ll 8~ 17 A 5 45 3% SR
EFRIERIBEAE 9. 6 ~15. 0 <M Z ] ; ¥ 8 #F L brid
) - 247 8 A2 Sl I AE 4. 93~7. 80 M Z ] ; & 3%
BRI BETE 54, 7~124. 8cM Z ] (& 3),
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Table 3 Characters of 7 linkage groups for forage triticale
PR Fric - hRid 25 B P i ] 4 B B KB
Linkage group No. of markers Density marker/cM  No. of intervals ~ Marker Intervals /cM  Average Interval /cM  Length/cM
LG1 12 0.16 11 11.6 6.21 74.5
LG2 15 0.19 14 15.0 5.31 79.6
LG3 18 0.19 17 10. 4 5.17 93.1
LG4 16 0.13 15 11.9 7. 80 124.8
LG5 12 0. 20 11 9.6 4.93 59.2
LG6 10 0.18 9 10. 2 5.70 57.0
LG7 9 0.16 8 10.9 6.08 54.7
Bt Total 92 0.17 85 — 5.90 542.9
LG1 LG2 LG3 RS 5 4 QTLs 40 fi 78 LG2,LG3
LG7 % i/ [, 43 5 h QPH2-1,QPH2-2, QPH3,
0.0 — UBC815-8 oo uUBC825-4 grg 332:2;: R . .
10.2 —H— UBCE494 oo aceos.s 15.5 ggcgﬁ&é QPH7-1 #1 QPH7-2, Fr{E X 6] 43 5 & UBC873-1~
211y eeezen 250 UBGBOB: 255 uBces7-6 UBC873-5, UBC826-1 ~ UBC847-5, UBC849-3 ~
32.8 —— UBCB34-5 nr 3:2:;;:3].”‘ UBC849-3
asa—H-vscssoa o L amnl | et UBC834-2, UBC815-3 ~ UBC826-5 Hl UBC826-5 ~
pagpummmy o siceuEmddl Scian UBCS57-1. iR 124041 9 UBCS73-3, UBC8A7-5.
e ol oeasise 668 vaceaz.dl 67.0 uBCe3s-5 UBCEIS-3 . . .
74.5 —J— UBCB22-3 @ e ppetyieeid i UBOS10-2 UBCS857-4 ,UBCS808-9 1 UBCS857-5,
796 uBcCsa2s5-8 UBCe25-2 ) B
ool | Wb 7 A 4y BERCI QTLs 4 i 76 LG1,LG2,
LG4 LGS LG6 LG4 %ﬂ LG5 E%ﬁﬁiaﬁ‘jﬂﬂ]ﬂﬂ QNTl*l\QNTl’Z\
co—fvecsies 20-plisSliURSS  ssofrieEn QNT2-1.QNT2-2.QNT4-1.QNT4-2 fl QNT5, i
sva || vocaoeogfin? - dBER072 835 veeemnd £ X [ 43 515 UBC849-4~UBC834-5, UBC826-4~
200t yacaore s froswe TR SR o UBC822-3. UBC873-3 ~ UBC860-1, UBC860-1 ~
210 | {-umcaers 523 | uscetss oL veceron UBC826-1, UBC860-3 ~ UBC857-2, UBC815-1 ~
720 - uBcszze mcsors UBCS815-7 #i UBC835-4 ~ UBCS815-4, IIfi i #5 iC 43
O Bt T " B o 51 %5 UBC825-1, UBC822-3, UBC873-5, UBC873-6.,
soua—H- uscerer .gul] QBs UBC808-8, UBC815-5 Hl UBC849-5 , X 1 fr 32 14 B
124.8 —\— UBCS34-4 pressr B (cM) Ayl 21, 13,74, 5,39, 90,53, 33,21, 24,

B2 /NEEZETF, Bk ISSR ZEEHEEHE
REFEMHXMIK QIL EfL
Fig. 2 Genetic linkage map and QTL for forage yield related

traits in F; population of triticale based on ISSR marker
4 QPH SR il k= 19 QTLs; QNT 2 7% 4% il 4> BE ) QTLs;
QBS KR & bk A Hy ik 19 QTLs
Note: QPH means QTLs controlling the plant height, QNT means
QTLs controlling the number of tillers, and QBS means QTLs to

controlling the biomass of single plant

2.3 HABNMNEERELF REGEFESHEXER
B QTL ZE i

iz ] MapQTLS6. 0 8 {4, L LODZ=2. 0 Sy [ {H , Xf
T FHALNER A F, BER B B A SRR (R i 40 B
FRRAEY D AT QTL 5 i 43 Ar. IR 2] 17 44
XK QTLs, 43 4ii 75 6 > % 8 #F (LG1, LG2, LG3, LG4,
LG5,LG6) b P E P 2.8 4. QTLs 78 6 1~i%
BiRE E AR LG2 R B 5 A QTLs; i
BiRE LG3 Barfidl, HA 14 QTLIA 2),

92.50 F 43. 76,

SAEM PR AEY R QTLs 431 78 LG1,

LG2.LG4 Fl LG5 #8i#F F . 735 QBS1.QBS2,
QBS4-1, QBS4-2 1 QBS5. FF 16 X 6] 4+ 5 N
UBC849-4 ~ UBC825-1, UBC822-1 ~ UBC826-1,
UBC860-3~ UBC857-2, UBC815-1 ~ UBC815-7 #
UBC835-4~UBC815-4, Iifi 3T #7132 43> %1y UBC825-
1, UBC822-3, UBC873-5, UBC873-6, UBC808-8,
UBC815-5 il UBC849-5, X I [ 1t 1% i B 43 51 Ay
16.23,53. 34,21.24,92. 50 Fi1 43. 76,
2.3.1 #EH S QTL 2081 5 44 bk m i
QTLs(QPH2-1,QPH2-2,QPH3,QPH7-1, QPH7-
2), %R LOD B 43 518 4. 37.2. 78,4, 82.,4. 52 il
5. 65, B4 QTL (% 5Tk % 43 3k 10. 4% ,6. 7%,
11.4%,10. 7% £ 13. 2% (5% 4), Hh 5tk F o
13.2% 1 QPH7-2 2 F2 54 QTL. i &40 1) 4% 1k 3
Bl h-23.22~17.91,
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Table 4 QTLs mapping on plant height,the number of tillers and biomass of the single plant in F, population of triticale

R (A= i X [ o1 & LoD Dl i

Trait QTL Linkage group Interval Position/cM Expl/ % Additive

i QPH2—1 LG2 UBC873—1~UBC873—5 36. 06 4,37 10. 4 —16. 23

(Plant height) QPH2—2 LG2 UBC826—1~UBC847—5 66.79 2.78 6.7 —8. 44
QPH3 LG3 UBC849—3~UBC834—2 39.07 1,82 11.4 —16.08

QPH7—1 LG7 UBC815—3~UBC826—5 33.55 4.52 10.7 —23.22

QPH7—2 LG7 UBC826—5~UBC857—1 45. 88 5.65 13.2 17.91

43 BEAL QNT1—1 LG1 UBC849—4~UBC834—5 21.13 2.35 5.7 4. 20

(The number of tillers) QNT1—2 LG1 UB(C826—4~UBC822—3 74,45 2.21 5.4 2.31
QNT2—1 LG2 UBC873—3~UBC860— 1 39.90 3.10 7.5 4.11

QNT2—2 LG2 UBC860—1~UBC826—1 53. 33 6.67 15. 4 8.91

QNT4—1 LG4 UBC860—3~UBC857 —2 21. 24 2.37 5.8 4.59

QNT4—2 LG4 UBC815—1~UBC815—7 92. 50 5.04 11. 8 —4.88

QNT5 LG5 UBC835—4~UBC815—4 43.76 4.59 10.9 —3.82

HkkA i QBS1 LG1 UBC849—4~UBC825—1 16. 23 2. 89 7.1 19. 74
(Aboveground biomass QBS2 LG2 UBC822—1~UBC826—1 53. 34 4,41 10. 4 23. 60
of single plant) QBS4—1 LG4 UBC860—3~UBC857 —2 21. 24 5.30 12.4 21. 66
QBS4—2 LG4 UBC815—1~UBC815—7 92. 50 3.34 8.0 —12.88

QBS5 LG5 UBC835—4~UBC815—4 43.76 4. 89 11.5 —12.63

2.3.2 I 4 QTLs 4305 il fa A /N B
HArBERR 7 A QTLs #5id QNT1-1, QNTI1-2,
QNT2-1,QNT2-2,QNT4-1, QNT4-2 F1 QNTS5, Xf
REH) LOD B 43 5% 2. 35,2.21,3.10,6. 67,2. 37,
5.04 F1 4. 59, B4 QTL MY STl 51K 5. 7%,
5.4%,7.5%,15.4%,5.8%,11. 8% 1 10. 9% (%
) H A TRk 15. 4% ) QNT2-2 4 E54 QTL,
T S 9 75 Ak 7 R 7R 4. 88~8. 91 Z [A] .

2.3.3 #IHEHRAHE QTLs 44 LL LOD=
2. O AA 5 A 45 il B bk 4= W i 1) QTLs (QBSI,
QBS2,QBS4-1,QBS4-2,QBS5) % 1/ ) LOD & 43 3
Jg2.89,4.41,5.30,3. 34 Fl 4. 89, Ba4 QTL 1y 57
MR K 7.1%,10.4%,12.4%,8. 0% F1 11. 5% (&
4, o SRk R Ry 12, 420/ QBS2 A E# QTL. i
PR3 0] 19 78 AL Y BBl E-12. 88~23. 60 Z[H],

3 it

NFRZEAR D R R A A, T E R L R
FIHLEE 135 & e o 78 7 B it e TR X A A L LT
b PG g DX A B ) R B B R 2
P LR L WA R A AR OCHE. I QTL
AR AT RURE B 57 8 AR S MOIR 2R A7 %2 37 . R] oy 2R
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