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Byt i 2 AR R ZE 1 A B R BUF SN

XNEF, FaH, Rkit, LTI, THF, HNEXL, F33%, FIEW, KER,
LS

(TR KRF, HFRERGEUHRATRAREA AL EERE, A4t 071001)
WE: REULRAMREZNEFEY, A2HEEAARRERLETE. REERANEERR,
AL A A B AR TR P AR RS T AR A, AF R UL A EF LT HEE A
2 HH B A FE 851A F1 ZB79185R R EAR, DUFEMAR & TEARRKA 372 fiR A 20 4
ZHRERGFLT R RERZFT A #AN T FEENET, UL 85LA HHA, LIKRA 372
ARABATEXRFBEFLR, ZEE5XRFERELH#TSRER, HEEFEHRENEL
WiEN, BRERERERE. FUERZNERBTER, RERGEEARERETENTE
REAE AT REEFEWET, U ZB79185R A # A, LUK A 20 AR ARHAT RIS FL
R, ZEE5ZhFEREZERX 6 K, £4aHRAASKEEFZFEHN SSR #71T
NAU6466 1 COTO10 # AT Byt £, ®HA&H BRI HEKKEE X R EAR — KW E
PREEATEZT, 3k7F BCOFl, E=x 14K, *HEH BCOR2 #ATHMIE A L=, KIILHEH
WO, BT R R ERIENRERTME. AF XA T EARERETENH LT R
FRE R, FAR A E I AR AP B R R 2 ah, HWATBREE A HEEY
B,
KERIE: AR ARAENRLTER; REAR; H THB®E
hE 5T S562

Creation and evaluation of new materials for cytoplasmic

male sterile line and restorer line in upland cotton

LIU Sainan, KE Huifeng, ZHANG Yan, WANG Zhicheng, WANG Xingfen, SUN
Zhengwen, WU Ligiang, LI Zhikun, ZHANG Guiyin, MA Zhiying
(Hebei Agricultural University/North China Key Laboratory for Crop Germplasm Resources of

Education Ministry, Baoding, 071001, China)
Abstract: Cotton is an important cash crop worldwide. Utilization of heterosis is an important way to
improve cotton yield and quality. To solve the key problem of narrow genetic basis of parents in cotton
heterosis utilization, the cotton materials 851A and ZB79185R carrying sterile genes and restorer genes
respectively were used as donor parents, and cotton backbone parents Nongda 372 and Nongda 20 were
used as recipient parents to create new materials of sterile line and restorer line. For developing new
sterile line, the 851A served as the female for the initial cross while Nongda372, showing good genetic
background, was used as male parent. This cross produced F1 progeny. For backcrossing, ‘Nongda372’
was used as the recurrent paternal parent to generate six successive backcross populations. For each
generation, only plants with abortive stamens and relatively better agronomic traits were selected as
maternal parents for further backcrossing. For developing new restorer line, the ZB79185R served as the
female for the initial cross while Nongda20, showing good genetic background, was used as male parent.
This cross produced F1 progeny. For backcrossing, ‘Nongda20’ was used as the recurrent paternal parent
to generate six successive backcross populations. For the advanced backcross population, only plants
with SSR markers that associated with restorer gene as well as relatively better agronomic traits were
selected as maternal parents for further backcrossing. At last BC6F1 generation was self-cross to develop
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BC6F2, and the seedlings with strong pollen vitality and best fertility were selected as new restorer line.
In this study, the new sterile line and restorer line with good genetic background were created, which will
broaden the genetic basis for the utilization of heterosis and lay a material foundation for the developing
strong heterosis hybrids.

Key words: Upland cotton; Cytoplasmic male sterial line; restorer lines; Marker assisted selection

0 5§

e 2 mE MR THEY), ERETKE S EATERIHAL. P ILH (heterosis) &
PR RO, A4 AH S IR B SR e B R S i, W 24
WHRFH @A NTEME. FAEEAE R R MR RIRSE, HA R A
BRI A m . BIR S T A mAN, 20 e 60 A3 E 1 Meyer 2P vk
B RO (AN AR BT (Bi) I HEYEA T &, MITFIS T X R AR HEYEAN T R IT

H A i 35 2 28 1 /D i) 20 35 TR B 4 S M (R R T ARHE T, BT DLE— 2B W E RGN E &R
WE R BRI SCE K, SR L 1 2 AR =R & R R 2 B A B RARE R FAR
PR, 7 FARIC R B AT fr sifte 2R EBEF R —, RIEE SR s Puis e s dh A
P B IR A SRR AP AR B4R B AT FARiC £ B4 RFLP. RAPD. AFLP fil SSR
%, SSR HAWHEE MM, LB, EL. ZRMFE . 200 R HE 5 1w
T B2 B0 B R, 8 S Fhas A% 22 RERE DR AN S 5 v R R O,

ARSEER M “EMEE” Kwt i s, KRR INEEMEAET /P 8T
IR E MR o AR EE R ER, GRS RGBS R R, RES5REA
BARAMRHAGENHARZHE, EF BRI R

1 MEFE

1.1 R

Fii b AR A L AN 7 DR AR 2 B AR K ST S RIA KL : AN E &R (851A) , FEFEIBL S(rr);
¥ & (851B) , FEEA N N(rr): KE FR (ZB79185R) , AN S (RR) o Eik#Hkl
rh LRV AR AR AL 0BT T AT A T A AR AL

AHIEFC A BT I FH 155 B 2R SE AR BT RO K 2 AR AL 18 A% B R 78 S 32 40L, 2051 bk
HFRZEA MR R R G 15 13) , B4R AR (Y385-Y397) A oA (f
K372, RK20) , it 28 AsEA, FEREALIE N N(RxRx+background). FTf #4845 F1 44
PRI 1.

R LARE RWHE RBP4 5 SR 44 7R

Table 1 CMS and restorer material number and material name

A B BRGNS ANGE LR W ARG = W AR AR
QZH-2 i 2A QZH-31 SF-3R
QzH-4 i 4A QZH-32 SF-6R
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QZH-5 i 5A QZH-33 SF-8R
QZH-6 i 6A QZH-34 SF-9R
QZH-7 i 7A QZH-35 SF-12R
QZH-8 i 8A QZH-36 SF-14R
QZH-9 i 9A QZH-52 SF-14R
QZH-10 & 10A QZH-37 SF-15R
QzH-11 fh 11A QZH-38 SF-152R
QZH-12 i 12A QZH-39 SF-161R
QZH-13 i 13A QZH-40 SF-163R
QZH-14 i 14A QZH-41 SF-187R
QZH-15 i 15A QZH-42 SF-189R
QZH-16 i 1A QZH-43 SF-194R
QZH-17 i 2A QZH-44 SF-206R
QZH-18 i 3A QZH-45 SP-280R
QZH-19 i 4A QZH-46 SP-285R
QZH-20 i 5A QZH-47 SP-290R
QzH-21 i 6A QZH-48 SP-295R
QZH-22 i 7A QZH-49 SP300R
QZH-23 i 8A QZH-50 SP305R
QZH-24 i 9A QZH-67B SF-3R
QZH-25 i 10A QZH-68 SF-6R
QZH-26 i 11A QZH-69 SF-8R
QZH-27 i 12A QZH-70 SF-9R
QZH-28 i 13A QZH-71 SF-12R
QZH-29 i 14A QZH-72 SF-14R
QZH-30 & 15A QZH-67A SF-14R
QZH-19(123) i 4A QZH-73 SF-15R
QZH-20(124) i BA QZH-74 SF-152R
QZH-23(127) i 8A QZH-75 SF-161R
QZH-76 SF-163R
QZH-77 SF-187R
QZH-42 SF-189R
QZH-78 SF-194R
QZH-79 SF-206R
QZH-80 SP-280R
QZH-81 SP-285R
QZH-82 SP-290R
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QZH-83 SP-295R
QZH-84 SP-300R
QZH-85 SP-305R
QZH-53 IR
QZH-54 i 2R
QZH-55 i 3R
QZH-57 i 6R
QZH-58 7R
QZH-59 i 9R
QZH-60 i 10R
QZH-61 i 11R
QZH-62 i 12R
QZH-63 i 13R
QZH-64 i 14R
QZH-65 i 15R
QZH-66 i 16R

12 ®EHE

12.1 NERFMHQIHIT5iE R EAR L

(1) 851A A H RERHNAE S(m), KM AMME AT ZIEEARERE N
N(RxRx+background) , F M A M i 7] & . & Jo ¥ 851A M &F A, ¥ Z1kE A
N(RxRx+background) 524, T B 4 52 24H A 3R 15 L K1 By S(rRx+background) (1445 F¥- Fy,
HRINAE KB

(2) #&Fh FLAX S(rRx+background) -, FEJFAEIRDRE FyfERA, FESZARSRAAE A A2
FTIEIAE, 1535 K A Y {S(rRx+background)+S(RxRx+background)} ][5 3¢ i -7 BC1Fy .

(3) #&Fh BC.F, AL T-{S(rRx+background)+S(RxRx+background)}, 7E JT- 4L e &A1k}
tHE A E b 10 S ERE S(rRx-+background)fit 1132, 153 0132 fh T BCoFy .

(4) MR HRF T, EEMERENED 10 NMRRGSEEE, RE T —REEL
. Wi, BEZRIRMEIZE 6 18 BCoF MK}, 13 EEHETRE A E RFTH kL.

R A &AM R EE R R B B A OIR = AT, BEER 3 MR, 2018
4 QWGRE A AN E B ) BCoF, m ikl 28 4.
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AE Z S(rr) X N(RxRx+background)

v

F, S (rRx+background) X N (RxRx+background)

BC,F, S (rRx+background) + S (RxRx+background)
ERFERENERD S(rRx+background)

BC,F; S (fRx+background) XN (RxRx+background)
EIE EREMEFEY S(Rx+background)

BC:F, S (rfRx+background) XN (RxRx+background)
l EEEZe

IR o

B 1 AE RFRA AR B

90 Figure 1 Clay line new material creation technology route
1.2.2 RERFHEIEURIITIE KB AR BR LR
(1) SHMEIEF I HASEA ZB791685R, HEFIA S(RR), RIAMMBAE: ZAE
AFEFAN N(RxRx+background), RIUAME AT E . B ZB79185R fihbA, 52 iksE
A N(RxRx+background) 52 A, Bt & 4278 4H & 3RS 2 K B S(RRx+background) (1) 2242 Fil ¥
95 Fi, HRIVAE I
(2) #EFh Py AR T IAENBREAR, H 8 2 MORANE AR R A AT RIAS, 132952 BCyFy
Fie
(3) At BCIF AR ¥, Wi IR 5 Tk R BLEBU 70 7 FR D #EAT FHPE AR I A%, N
WA N BEA, B RISEA N OABEATRIAE, 753 B 52 F T BCoF1o
100 (4) Tk BCF AR 7, WA 5 R E R RLEBUN 70 7 Fric #EAT FRPERERR IR, FFAN
W AR BEA, RERIPRA N SR HATIRIAL, G252 F0T BCaFyo
(5) &M Lifi 7y AR iCHl Bk BN Bl A2 R A R SR A AR 1 557, e mI5E 6 ARG A%
TRARE & A KR L ) BCoFy #1EL
(6) HEAh BCoF ANRI T, BAZ 1M, FAFIALRE IR AR IR E A08T AR

FEHRBEREZ S(RR) X N(RxRx+background)

F; S (RRx+background) * N (RxRx-+background)
'
BC,F; S (RRx+background) + S(RxRx+background)
lﬁﬂﬁ'l&ﬁﬁﬁ*]gﬂ S(REx+background)
BC;F; 8 (RRxtbackground) * N (RxRx+background)
l EREHIFHERZ S®Rx+background)
BC:F1 S (RRx+background) X N (RxRx+background)
EREHIFHERZ SRRx+background)
BC,F1 S (RRx+background) x N (RxFx+background)
EEE R HFHERD S(RRx+bad{ground)l
BC:F; S (RRx+background) XN (RxRx+background)
S FILEEnEEREEEER S(RRx+background) lﬁﬁ
EE Rt

Kl 2 PSRRI AR B 24

105

-5-
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Figure 2 restores the new material creation technology route

123 T BB RR 2 H

P B AT 7L = M Ae /i DNA $RIU77%, $2BURAE4E DNA, AT Fheickail. F
5k H R 2 E B0 4 Fhric NAU6G466 (5-3° @ GCCTCATGTTTGTTTTCTGTT/
TCTTGAAACCTTTCGGACTC Pla| 4 157 Wik 52 244 K} DNA.

124 ANERFMEHBEHEEE

2017 £ 5 [, K RURIIA T RBRHER AL AL R AR R85 7 RS2 56 3T 156 . 7
4y, FERROTAERT B, SR mAey] Lo+ R Rt T, BeA e i E, SREIRIEE
BB BT 10 vk, BEARIAE 3 Wk, BIRIE A 3 5608, WAEAEHRAEE,
FHatrgiitaik.

125 ERFMEERNE S5FEELE R AL

2017 £ 7 H A BAEIIG R L7 9-11 sl BURE, REATHURE 10 R (20 AT Mk % 50%),
KB E RAELG T EAERB L, T 1-2 1 1% 1-KI B B B8 2 kb, o b
Fis AERr RO MIAPRHE R L 1-2 WA IRK, RIBR TR U AR 2GR K b, 1
BRI R 1-2 WA, o DRk 3 SR 7E B PR IE R Y it
126 AER. MERFHRREHERAR

R RREARIE B R SEae /L, 5 A 1 Bk, 7 KATH, 178 76cm, #kEE 23cm, 7
KATK, PREE 23cm, 4TEE 76cm, SRAVH RUOCHRBGE B, WORMIR & HpkE . 58— R
Bi RBEL B8 RS EIR ZIEIRIRR.

12.7 RE RFABHET4E 0 9

RAERALEN EI (USTER® HVI 1000) MEMICHAM RIS ekl . Bk, o
PSS TR bR . REAMRST B =k, R SPSS(19.0 FiR) AT A AT 5 ZE A

2 ER54HT

2.1 SZAFEAR ZHR R B A% Z Rt AT

Z IR B2 113U 5 ol ) i b AV AR 2R IE T illumina63KSNP 5 i 4 JE PR 2H S Ik
SEREARE, B DS T AR TCITIE AR 156, RK 204 2 ANETSRAM LA, K
W2 NMETFRASNEH S ERE RIS SNP 2 41/62, 41/62; 54 4E5 i BE X
ERAIAE S SNP 2K 17/46, 22/46, S Eh MR E G AU 5 SNP . 1% S8 & i R AN PTadi 11
5 SNP HIAELERN 3 A AR 78 1 = ToR AR I B AR 2R (1 8 % B

2.2 HIEBEEEAE RNES

R FONEHAE ROAE EFRBECEAER AN E R S(r), ZHEARIEE I N
N(RxRx+background), 7E458 A1) Fy ARRIEERIAL S S(Rxr+background).  FH T2 Jfa Jo Ak 4

-6-
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AFRA BRI, S PER IR R AL I 2 S B R ), LMK
FISCTF M, RAMEIAC MR AGHIRR, SEHOT BPERF, 7E8 0752 200H BLADRIEEF 50,
ISR ARG 10 HRARSEE S0 S . ABEESENERT 6 RIS, P T AR
PR B OB, R ABLIR 2 MO R BB, TER R II, AR R sk A

2.3 TR iCRBNE R K EER

PLI B AN B 1t fA 55 A ZB79185R (FE [ 4N S(RR)) N EBEA, ¥ 2 ko A
N(RxRx+background) 524, @it~ 458, FAGHEF AN S(RRx+background) () 2 52
T Fio BT FBIMRBEAE, Bk Fy 0 & VERD B 4 A A B DR il o 7R AR IR (R0 22 AR P R
[PIE R B 7328 S(RRX)FT S(RXRX) Bifh, PIFPESR BRI E YIRS . A TPk &
AR IR RE R, A0 700 F 54052 6 R R B 1Y) SSR Ari NAUB466 A1 COTO010 X %F
A EIAZ AR BRRIEAT > AR B B, ik A A AR i 25 AR KA 5 4G PSR A AR DL RE
=10 #RVER N —RIEIZZ M NE SR . FIH 514 NAU6466 X% & 11 BCeF, BT R 244
KE 16 43, it 1752 DRI TIRE RER AL, PCR ¥ 8L 2] 415 ¥Ry A K& LK
S FARCIBH AR (B3)

P 3 -l B b s DA 52 6 P 45 2R

Figure 3 Molecularly assisted marker detection restores gene results

24 ANEZMKRE R PR HETHERAE

WA, RIEEM 15 MAE RIMEAEKRE N 100%, ~F RWE 4 Fisies
fH MRk AM R, TeZ598 /N HEEE: e kiscd sk, o e/ HAek Bea witE. Bk
B AMBMESS TR 5 iR, T2, L2613, (e 2 ek & R HAER TG s .

4AH ZHME A PR

-7-
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Figure 4 Fertility survey of new material in sterile line

160
Kl 5 kB RHHE EERA
Figure 5 Restoration of new material fertility survey
2.5 TEMMEGEBLEE SR
165 FAER TG DG BTN ANE RFAERERE TR, S8R K 6 hIE B Prntbkik

(7]
¢ (8]

EAH o
—= KUAEREHERE | RNREBEERE () m?,

Kl 6 A H R IKE R PR A DI

Figure 6: Detection of new material stains in the sterile line of sterile lines

170 2.6 EMBERREEL R

26.1 NERFMR=EHRERAELE RO

B3 3 Giit /T tHAN B RHTAEHk = 4B 7E 80~120cm Yo N s 25— FE 5 A7 K 70 Fl
TR, ARG AR E BB B AR TS B — R AL AR = R4

R, LA RIS RV 0 s ki AR B AR 5 R MU, WT O AR E MR o 2 YR USRI A

175 i3 2 fIZE 3 2503 QZH-2. QZH-4. QZH-7. QZH-10. QZH-12. QZH-16. QZH-18.
QZH-19. QZH-26 XLEAH BRI = EMORARKI R K, AT AR H SR 24 41 A 42 L3Rt
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180 4 2 R RBHRPE R R R A P
Table 2 Survey results of main yield components of new material materials for sterile lines
R PR B RBCT L REH
QZH-23(127) 90.3 7.2 124
QZH-6 92.0 6.9 111
QzH-24 92.2 7.9 11.6
QZH-25 95.8 5.7 13.6
QzH-21 96.0 6.1 12.3
QZH-11 96.4 5.8 12.2
QzZH-9 97.0 6.1 11.8
QZH-19(123) 97.1 48 11.8
QZH-29 97.1 7.1 131
QzZH-16 98.0 6.5 13.1
QZH-27 99.3 6.1 115
QzH-28 99.3 75 12.1
QzH-17 100.0 6.2 12.0
QZH-26 100.3 5.3 12.7
QZH-2 101.2 5.0 141
QZH-12 101.2 5.4 12.7
QZH-18 102.0 6.1 13.3
QZH-4 102.1 5.3 144
QZH-23 103.2 6.2 11.8
QZH-19 104.0 6.1 14.6
QZH-20(124) 104.2 4.9 114
QZH-10 104.8 5.7 12.6
QZH-8 105.2 6.2 131
QZH-15 107.2 6.4 11.2
QZH-7 107.2 74 124
QZH-22 108.1 51 13.0
QZH-30 108.7 5.5 10.7
QZH-13 109.5 6.0 13.8
QZH-14 109.6 5.5 145
QZH-5 112.1 5.3 14.0
QZH-20 119.3 6.5 14.6
185
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R 3ANH REE T B U R R I
Table 3 Performance of major yield components of new materials in sterile lines

7 M o o T e
H 5 (cm) 90.30 119.30 101.95 29.00 6.40 6.28
H—IRECI L 4.80 7.90 6.06 3.10 0.80 13.14
R 10.70 14.60 12.69 3.90 1.11 8.75

190 2.6.2 IKE RFMHF=EMRE R RELS RO

B3 4 1R 5 LR & TR tH OGBS R EHI = SR R R PEIRIE R . QZH-32,
QZH-34. QZH-36. QZH-38. QZH-39. QZH-42. QZH-43. QZH-44. QZH-46. QZH-49.
QZH-71. QZH-80. QZH-82 kMK m A — R M B, RAAEAREAENEZ, 12
BAU D IR B B R 3R SE A R TR v AR B O R R R AR AARL (R — 2
195 pUAC

AR FEA R T A R 2R R A A R
Table 4 Survey results of major yield components of new materials in the restoration system

R e o R AL KB B SREE
QZH-69 62.0 41 12.0 11.0 0.0
QZH-68 64.7 4.0 10.0 155 0.1

QZH-67B 69.2 6.3 10.8 10.2 0.0
QZH-70 70.0 3.8 12.3 27.3 0.3
QZH-67A 74.1 4.9 115 22.2 0.0
QZH-72 75.5 4.4 11.7 18.0 0.0
QZH-79 80.5 51 114 24.8 0.2
QZH-73 80.7 3.8 111 234 0.0
QZH-81 81.9 6.8 11.4 20.5 0.2
QZH-76 84.2 6.5 12.2 19.2 0.3
QZH-78 85.6 6.0 10.7 22.8 0.3
QZH-71 86.1 4.8 12.2 20.3 0.0
QZH-36 89.3 4.5 13.6 14.5 0.0
QZH-77 89.7 53 11.6 21.3 0.3
QZH-75 90.7 7.0 13.1 22.2 0.1
QZH-74 914 6.3 11.2 22.3 0.1
QZH-52 91.4 3.8 12.0 14.9 0.1
QZH-33 91.6 24 10.0 10.2 0.0
QZH-31 92.6 3.4 14.0 12.4 0.0
QZH-82 93.2 6.7 12.7 24.0 0.0
QZH-32 94.2 2.8 13.7 21.2 0.0
QZH-83 95.7 6.3 11.0 17.8 0.0
QZH-42 96.0 55 15.0 7.3 0.0
QZH-37 98.6 3.6 15.0 18.8 0.8
QZH-38 99.7 5.0 14.3 4.0 0.0
QZH-53 99.8 53 12.0 19.3 0.1

-10-
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QZH-39 100.3 5.1
QZH-44 100.4 4.6
QZH-34 100.5 5.0
QZH-46 100.8 5.6
QZH-41 101.7 4.7
QZH-47 102.3 4.0
QZH-43 102.6 4.9
QZH-40 103.7 6.0
QZH-48 105.3 75
QZH-50 106.0 6.7
QZH-45 107.4 5.3
QZH-80 107.9 5.6
QZH-85 109.7 7.0
QZH-84 110.9 6.5
QZH-49 120.6 5.6
QZH-35 122.1 43

13.3
14.6
14.5
13.9
14.1
12.5
12.9
13.3
12.6
11.8
12.8
13.1
12.6
114
13.8
15.0

6.0
11.0
17.5
13.1
13.1
158
124

9.0
12.6
12.9
12.7
28.2
19.5
22.8
21.0
28.6

0.0
0.0
0.0
0.0
0.2
0.0
0.0
0.3
0.0
0.0
0.0
0.0
0.3
0.0
0.0
0.1

R 5 R AHMRL T 2 B A R R

200 Table 5 shows the performance of major yield components of new materials in the restoration system
WSt 5 M Sl 9t %p bt %&iﬁ
k= (cm) 62.00 122.08 93.94 60.08 13.21 14.06
H—RAEAL 2.40 7.50 5.41 5.10 1.22 22.50
R 9.80 15.00 12.42 5.20 1.40 11.31
B 4.00 30.00 17.97 26.00 5.91 32.89
JEEAL 0.00 0.80 0.09 0.80 0.16 179.03
2.7 KRB RBP4 5 B 8 MR 45 R 7t
FIFH RSB 460 1 (USTER® HVI 1000) J5E KEAEVKSE 2Bk i, 536 LA
T EA SRR TR IS RN R 6, SR WL R R 7.
AR MAEKE RBAEHO A 4K P IME N 29.19mm, A 45K EE7E 28mm~31mm
205 AR QZH-36. QZH-32. QZH-76. QZH-57. QZH-68 %5 18 iy 5 #i A1) 45%, MUk
AT AL i A bR BT IR ) AR R RE R 22 AT R U2 Tl R oK
AR PE: MRV R PEHP SR B IME 29.22¢N/itex, 5EFETE 29.0cN/tex LA
BB QZH-85. QZH-82. QZH-57. QZH-37. QZH-72 % 26 4 (5 ¥iARHK) 65%, SREETE
30cN/tex LA _EREH# RIS QZH-75. QZH-46. QZH-74. QZH-83. QZH-49 %% 14 1 54k}
210 1 35%, KR mF REegit k2 ey, DNEoaedim<ey, & 7FEF— PR

LR YERE S L 2 95 2 Tk B 75 5K

o I P AT 2 A RN AP g P o0, Bl bR S 7 FE (T 8 AL B. C X
AN, Hp A BERUHEN 3.7~4.2, 2B IRV Bl 2% 3.5-3.6 fil C1 4¢<3.4,
J&T LR mAH T, B2 2% 4.3-4.9 F1 C2 2¢=5.0, J& T Sref&maniiE . MifemkE Rt

-11-
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BHO S5 T I9E N 4.69, SrilEEfE IR TEE 3.5~4.9 MFttkla QzZH-31. QZH-40.
QZH-41. QZH-47. QZH-48 %5 28 {i} (5 Hi A k1) 70%.

K 6 MK 7 58 0 TS K S AR AT 4 i ORI R, i QZH-31. QZH-32.
QZH-36. QZH-40. QZH-41. QZH-44. QZH-46. QZH-47. QZH-48. QZH-49. QZH-50.
QZH-74. QZH-78. QZH-80. QZH-53. QZH-54. QZH-55 iX L&tk 4 4 K # Ak T 28mm,
LR 4EiRSE KT 28.0cN/tex, iR AGASI B AL, MR KAYE. W QIR IR

JEAL L
R 6 TR A RL 2 IR R 45 2R

Table 6 Test results of major quality traits of new materials in restoration

FE} LR S5 o
QZH-31 30.56 31.69 4.80
QZH-32 28.09 29.90 4.03
QZH-33 26.37 27.32 3.80
QZH-35 27.55 27.43 5.05
QZH-36 28.07 29.35 4.02
QZH-52 26.61 28.82 4.45
QZH-37 24.79 26.55 4.33
QZH-39 29.20 33.71 5.36
QZH-40 29.54 31.37 4.42
QZH-41 31.35 3191 4.63
QZH-43 29.83 26.74 4.86
QZH-44 30.04 3291 4.88
QZH-45 31.49 32.78 3.17
QZH-46 32.92 30.18 4.27
QzZH-47 31.51 30.92 4.49
QZH-48 30.36 32.44 4.44
QZH-49 30.86 30.81 4.42
QZH-50 29.86 28.53 3.43
QZH-67B 29.65 28.97 5.56
QZH-68 28.73 27.16 4.90
QZH-70 27.04 28.57 5.73
QZH-71 27.35 26.89 4.61
QZH-72 26.88 26.70 4.72

QZH-67A 29.22 28.37 5.09
QZH-73 27.70 27.02 5.34
QZH-74 29.54 30.39 481
QZH-75 29.46 30.14 5.01
QZH-76 28.10 29.59 5.12
QZH-78 28.94 28.80 451
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QZH-79 29.45 28.30 5.06
QZH-80 31.38 32.01 4.06
QZH-81 31.62 27.74 4.85
QZH-82 31.22 26.09 4.59
QZH-83 27.44 30.79 4.63
QZH-84 30.14 27.00 5.02
QZH-85 28.97 25.31 5.03
QZH-53 28.98 28.33 4.92
QZH-54 29.82 32.57 4.86
QZH-55 30.20 29.41 4.82
QZH-57 28.49 26.36 4.80

2T PR FHAMRE 2L 0 BRI 2 3
Table 7 shows the performance of major quality traits of new materials in restoration

/M N st i Y T
100%
e 3.17 5.73 4.69 2.56 0.51 10.90
YK FFE (mm) 24.79 32.92 29.19 8.13 1.66 5.68
21 I (cN/tex) 25.31 33.71 29.22 8.40 2.16 7.38

3 it

WAL AR R R B LR, BB —H I LA R T NTEBERPIR, HlFhRL
215 I TR SRR A DR AR T AR T IAE s 55 RN B RIRE RBT R R [ =
LY AP R R, i LASE & T R R AR 8 A S Pl Ok R I B RBH T 55 = AiAE
AE REM—REEE T EPUR, B X, BrAIHIA S RIKE R F AT DLE b i
FARAL T BB AL RARAE SR

[l B Fpo B R AR BT B, B AT A BRI A [ A E b R Ok
G BRI T — AL R SR T B TR (A, M DUER R ILTE SR SR e AR R B . 274l
BIFRICIE £ AT LU R & Mg e, AN SZ s R AL KR LB, 15 Bl 73 AR ic BT B AR EE AL
FLUCRIF 4 7 hric o] BRER H AR SE R AP B R A B 20, DA RIS SR8 i m] LA
Je AR A TR T P B2 [ S AR A% 15 S5t o A TR0 7 T A i il B 0 i 2] 415 BRAT A T
SR TGP R, KR T B RIKE RFrbbeh e,

T AR 25 TR 5 PR DA BB A Atk 1 T A A S P A A S5 1 52 A M e
AR SEI6 R FH 8 W B BI85 BB B I R B (R A AL, R R 4 T K E S
N7 AL TR E AR I S B R, RS [F bR 1 B RgEAR s Gl A B A
N EE P AER I 1t 5 e 0 — 2D IR H A Bl B fE R AR S B R AR R — 2
BrvPAy, 07k t = A R A0 B QZH-2. QZH-4. QZH-7. QZH-10. QZH-12. QZH-16.
QZH-18. QZH-19. QZH-23 A& RHA B B A s H 2= 5 it i MR A R 1) QZH-32,
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QZH-36. QZH-44. QZH-46. QZH-49. QZH-80 MK E ZFATEl, NAHE R HH &Lt
T PR B R A
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