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Abstract: In order to understand genetic diversity of phenotypic traits of peanut germplasm resources in
high latitude and improve their comprehensive utilization efficiency, 226 accessions were examined for 19
phenotypic traits (eleven agronomic traits and eight quality traits) , followed by coefficient of variation (CV) ,
Shannon-weaver index (H') , cluster analysis and so on. The CV ranged from 2.90% (oil content) to 34.07%
(saccharose content) , including 13 traits showing CV over 10.00%, indicating abundant genetic variation in
these traits. The H " ranged from 1.237 (linoleic acid content) to 2.077 (pod length). The variations on diversity
were observed from germplasm types , and abundant diversity was detected at five quality traits in the lines and

eight agronomic traits in breeding varieties. The correlation analysis showed that seed length positively correlated
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with other agronomical traits, while oil content negatively correlated with other quality traits. Three groups were
divided by cluster analysis, including group I containing 14 germplasms, which were mainly characterized by
high oleic acid, and reducing sugar, soluble sugar, saccharose and total sugar content, with potential in
breeding for high oleic acid varieties and fresh peanut varieties. Group II contained 30 germplasms, with the
average values of 12 phenotypic traits that were the highest among the three groups. That included number of
branches with pods, height of main stem and oil content, which could be used for breeding high-oil varieties.
Group III contained 182 germplasms, showing the highest coefficient of variation at 13 traits among the three
groups, such as number of branches with pods and length of first branch, and rich germplasm types, which
could provide a wide range of basic germplasms for breeding high-yield varieties. Ten elite germplasms were

selected by comprehensive score F-value, with potential serving as parental lines in peanut breeding in high

latitude.
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Table 1 Information of 226 peanut germplasm resources

i EA e kW S EA Fm KW | S PR Femy ok
No. Name Type Source || No. Name Type Source || No. Name Type Source
Pl T4 40 WEWF WE | P39 201206-1 TEA LT || P77 07-9 EA LT
P2 BHFEAE9 WHE WA #HAR | P40 T3S pkEMA HAk || P78 HAE9717 EMWAN R
P3 FAAE21  BEFWF WL | P4l L3645 WHEMA W || P79 XL 96-3 BTN H
P4 HAE2 WwHESA Wl | P42 2016-19 ES INZR | P8O LXH 5| Hb 5 b Ak
P5 BeAe 22 WHWF T | P43 FI4E35 WwEMF  WE | P8l LIEs WHEM LT
P6 807 WwHEMF A& | P44 WAE 15 WwHEMF LA | P82 P06-1 A AR
P7 LA 9307 HEFMFN TR | P4S B9 HEH WA A | P83 fRik 11 R WA R
P8 BRAE 19 WHMA LT || P46 2014-10 EA LT | P84 a1 R WA R
P9 FALT S WwHEMA k| P47 BAk 16 WH WM LT | P8S LR EHE WM IR
P10 2L 4% EHF WA AR | P48 iEAE 4 EHF R LB | P86 C-50 E STy
P11 £1614 WE WA K | P49 IS WHEMF bk | P87 2014-8 AR MO
P12 HHk3 HEEWF Ak | PSO HH 9514 WwHEMA A& | P88 FEFEEIES  HEFMF LR
P13 C-56 WwHEMM LT | PSl HIEG6 PEHE A IR || P89 9612 TS Ly
P14 532010 WwHEWM LT | P52 82 S iz | Poo C-53 ES N
P15 BIEL6S  wEMA  EHAK | PS3 1H 20 WwHEMF LAk | Pl 1EH 954 wESA A
P16 HefE 1645 ETMAT IR | P54 1315 EEWF AR | P92 C-8525 LTS 1%
P17 JH1E9 5 WH WA R | PSS By Hb g b L || P93 HAES WwHEMA e
P18 A8 22 WH WM LT | P56 FH1£.6036 WH WM A | P94 9804 WH WM LT
P19 By wEWA & | P57 L] -4 wEMA P95 XUk 288 WwEMA AR
P20 519818 hEA iy | PS8 BAE19 WE A WL | P96 1316 REAS H
P21 4315 WEH WA R | P59 70308 WEEMA &K | P97 At 21 HHE WA
P22 #1314 bR FH | P60 B K9704-4 WEWF T | P98 2016-11 e bENE]
P23 YY2013 IES WE | P61 402-7 R 7 | P99 179826 WwEMA LT
P24 BAETIV T W | P62 BAE 1S WE WA W | P100 07-4 MES AR
P25 HEIET1 WHEMA  WE | P63 k201 WE WA AR | Plo1 EAE1107 EEFAEN AR
P26 TEH 661 WHEMF A | Pe4 HF3E WHEMM IR | P102  XGIHGIRE  wESA
P27 wAE2S  EHMA  EHAK | P65 W 65 wEMA k| P103 EfE69S  EEMFN M
P28 79304  BEFMF WA | P66 59938 WHEWF L7 | Pl04 #1317 e b
P29 W25 WHE WA Ak | P67 31 20 WHMA T4 || P105 C-20 LES 7R
P30 BHEE1S  EEWM Ak | Pes FEZ% 9805 WH WM R | P106 J-9 e U7
P31 GYS2 EHE SR IR || P69 B 16 wEMA LT | P107 J10 A o
P32 Hbife2s  EFEWA F P70 R-999-5 S 4 | 108 SD-3 HES AR
P33 BAE 1235 EFMF W | PT7I AL 2167 HbJ5 i FHHR || P109 2 WHE WA b
P34 A 28 WH WM R | P72 I5E4E 2 WHE WA LR | PLIO J-5 AR L7
P35 FAE311 wEmA W | P73 k4 wEWA PIIl  C-7Ei£39  #EF&F IR
P36 HidE 155 EFEMA Ik | P74 36 EEA L || PlI2 BIE 14 EHF WM LT
P37 B1E20 wHMF LT | P75 c-49 A % | P113 2016-24 A LT
P38 C-10 e 7R | P76 15 963 WHE&SM IR | Pl14 FE13ES O @mEFSA
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F1(4)

Py 2R Al KW || s LR Al KW | s R ZeHy X 5
No. Name Type Source || No. Name Type Source || No Name Type Source
P115 J-11 AEA i || P153 C-22 ES 7 | P191 FAE309 WHE MR E
P116 2014-22 E % | P154 TH13-4-2 LES W7 || P192  #:4E807 S = Rt U PN
P117 FHAE54 PEF AR AR || P1SS AL 655 WHWMF W | P193 MHETH PEF AR AR
P118 3023 A mA | P156 AL 24 WHEMF W || P194  ERIESS EEMF
P119  FlE35 WEMF WA | P157T WERME2 S WH WA WE || P195 REiE125 EFMF K
P120 2014-17 ATEA i || P158 H4£.9503 WEEMA R | P196 LS E WHE MR EHAk
P121 C63 T 175 | P159 KAt 14 WHEMA W || P197  ABAE12S EEMF E
P122 A 23 WwEMA LT | P10 FERAEISS EFWFA WHL || P198 PRl MO EFR AR
P123 LT WHMF L4 || P16l 2102 A L7 || P199 el S WHE MR
P124  BlEAE7 WHEMWF P162 BIE13 WHMA LT || P200  FBEAEL3 BEFEMF EHK
P125 HEE6 WEHEWF L7 || P163 V0410 R % || P201  KiEE1S  EFEMF EHK
P126 C-59 A F || Ple4 DFL-1 A IR || P202 B4 BEESAN A
P127  X4£2028  EF WA IIA || P165 RR(I PEF A VIR || P203 25 WHE M
P128 A 20 WH WA dus | Ple6 0 WEMF LA | P204 HAES8 WHEMF
P129 13 ATEA L7 | Pl67 #:26 WE WA T | P205 FHAEST PEF AR AR
P130  fEH 657 wE WA IR | Pl68 [110-206 WwEMA LT | P206 EHALIESS  EEMA EHMK
P131 #10-5 WEWF W | P169 C-25 ES iy | P07 BEEE13 EESA T
P132  WASVEVEAEAE MJPEFR VTR || P170 L7 2-3-3 ES R || P208  ZEAESE WHE MR
P133 2017-76 AEA e | P171 2016-20 e Mg | P209  BlEAE14 BEESF A
P134  JiifE2008  EFH A WAR || P172 342 06 WEWF &R | P210 FiEfELIe  IEFHMF TR
P135  fE3C9618 iEF AP LA || P173 WILF]-2 EH WA WA | P211 AL 59 B = Rr s Y N
P136  4E396l6  HEFHMA K | P174 g4 5 WHEWA WL || P212 i 23C1 A W
P137 C-28 AREA L7 || P175 HH 6313 WHEMM A& || P213 #2302 AREA AR
P138 C-fi 16 PEF MR LT || P176 4K 609 WHWM LT | P214 T 23C3 LA R
P139 HH 63 WwEWA K | P177 1318 WwHEWA Ek || P215 T 23C4 A bk
P140 BAb 24 WEWF T | P178 FAb4 5 WEWF &K | P216 7 23C5 pES H
Pl141  £EFE9309  #EFMF WA || P179 C-61 A % || P217 5 23C6 AR Fk
P142 C-9 LTS MRg || P180 IEH 16-8 WH WA R | P218 T 23C7 AT AR
P143 #50112 wE A e | P18l TS AR A WA LT | P219 #23C8 M ER EER
P144 FH4£200704-9 AR b || P182  #4£2007-2 ES wHE | P220  #23C10 A w
P145  EARAELS ETAF AR | P183 2017-96 ARE i || P221 T 23C11 bR H
P146 41821 ES 14 || P184 801 LRES 14 || P222 #23CI12 LES N
P147 L1 BEF A LA || P18S FAE16 WHE MM A || P23 F23CI13 A TR
P148 C19 ES LT | P86 FAY T WEEMA IR | P24 FH23C14 AEA W
P149  #1E1026  HEFMA  EHAk || P187 TEAEE Hi 7 H P225  #23Cl6 RHES H
P150  VEAE3S TR Ak || P188 V9 MES TR | P26 F23C17 LHES W
P151  {R7E4087  EFMF  WE§ || P189 FHAESS WH WA Ak
P152 402-3 AR 1z | P190 HAES6 ST =N U
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Fig.1 Temperature and precipitation during the growth and development of peanut
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Table 2 Genetic diversity and variation analysis of 11 agronomic traits in tested materials

bR BAME R BoE PME G BREE(
Traits Min. Max. Range Mean SD cr ?E‘[jy
45 K% PBN 3.90 9.10 5.20 6.54 0.806 12.33 2.044
F2£ 5 (em)MSH 24.90 51.90 27.00 36.74 4.448 12.11 2.030
H—MIF K (cm)FBL 29.30 55.20 25.90 39.15 4541 11.60 2.051
JERK (mm)PL 22.63 44.89 22.26 33.18 4.947 1491 2.077
JERFE (mm) PW 10.08 16.41 6.33 12.96 1.124 8.67 1.947
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Fz2(4)
i .

. - o wifl Z A
[N He/IME KA & FIH R A5 ZH (%) ;u;&
Traits Min. Max. Range Mean SD cv E;q/
HRE(gHPW 107.70 254.30 146.60 181.79 22.060 12.13 1.973
74K (mm)SL 11.02 21.83 10.81 15.34 2222 14.48 2.029
B9 (mm)SW 5.57 10.10 454 8.21 0.851 10.37 2.043
HA-HE (g HSW 41.90 108.00 66.10 72.83 12.454 17.10 2.027
HgkAE 71 (g)PPY 12.40 31.32 18.92 18.30 3.486 19.06 1.990
FARREE R PPN 11.10 34.20 23.10 17.12 3.275 19.13 1.855

PBN: Number of branches with pods; MSH: Height of main stem; FBL: Length of first branch; PL: Pod length; PW: Pod width; HPW: 100-pod
weight; SL: Seed length; SW: Seed width; HSW : 100-seed weight; PPY : Pod yield per plant; PPN : Pod number per plant; The same as below

LR ENEIRAS 5 R BGE R 8.67%~19.13%,
SEXME R 13.81% , o SRR ZE R Bl K, TR T A
AN, A ORI A S REHE PR DA RN <56
— AR <E R <2 2R E <4 R <R TR <
REK<EE<HRA T, 2260 T IR B R ER
ZR, H146.60 g; F A E I ZEIRZ., 7 66.10 g;
Fh 7 Se B 25/, M 4.54 mm, 48 b, 11RETE
RAEF B ML ES
212 BRERNEESHIBESHFEER 81
b R B GE T A (36 3) B, Bt Z AR R 5

®3 SEMBSNRRMEKNEZATRBEERSHES

FE 1.237~2.053 2Z [0, i id JFOpE 5 5 fe K, ST R
BN, AR MR A8 AL ZRE TSR B K
YRR 2 e < TR <P T <PV B
H<EIHE<SE SR, AR REE 2.90%~34.07%
Z Ia], H AR RO, SR R A
RAG7AE 5 R BCHE AR U R SO 5 <R T <
SR <R B R <IER A R<T A MERE Y
F ] L, 226 1 46 AR i B i st AL 2 AR R 2L
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Table 3 Genetic diversity and variation analysis of 8 quality traits in tested materials

PR e/ ME R AE ez FHE ez BRREE (%) ﬁfgfﬁﬁ
Traits Min. Max. Range Mean SD cv jﬁflﬁ
W (%)PC 17.22 33.27 16.05 22.33 2.199 9.85 1.981
i (%)0C 45.83 57.77 11.94 54.05 1.566 2.90 2.024
AR & (%) OAC 24.24 81.28 57.04 37.55 10.484 27.92 1.298
AR 5 4 (%) LAC 432 51.96 47.64 41.70 8.923 21.40 1.237
M 5HE 5 (%)RSC 0.62 0.88 0.26 0.75 0.049 6.58 2.053
A PERE S 5 (%)SSC 0.53 6.30 5.77 2.95 0.850 28.85 2.022
TR it (%) SC 0.23 5.51 5.28 1.63 0.554 34.07 1.962
SR (%) TSC 10.03 25.09 15.06 15.95 2.523 15.81 2.030

PC: Protein content; OC: Oil content; OAC: Oleic acid content; LAC: Linoleic acid content; RSC: Reducing sugar content; SSC: Soluble sugar

content; SC: Saccharose content; TSC: Total sugar content; The same as below

2.1.3 AERBMRTRS T RIBESHEST

1 e 4 &1 2 v, AR R AR T A 25 bR % i o
AR 75 5 2R BTE L 2.09% (55 ) ~36.44% (TEAE
i) Hor AR PR FFrE A ESE
TARZEMEAR, LA AT 3 A L RERE B O i 3 A
il BT IR 1728 S R B KT 10.00% , 156 B by it e
X0 R A FE s R MR ECE R

ST AR

BARREE T 15 9 AR, LK TR A B
SRS 3l SRR A R S BB R T 10.00%,
YA ah R A 12RO EE s 5 ik H
an A TR 2R R S BRR S AR 11 R
AR, DL FI BT TR P R 7% 155 6 /1> it SRR
(47 5 2 B0 KT 10.00% , Ui B 36 & 5 R 93X 17
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X It o
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Table 4 Genetic diversity and variation analysis of different germplasm types

HoJ5 i F landraces fh 7 Lines PEFH LA Breeding varieties
e e R O LT T C R T E I
cv s cv o cv s
25 PAE PBN 7.40 1.550 11.37 1.997 12.68 1.955
F255% (em)MSH 14.96 1.277 11.53 1.951 12.32 2.018
55— MlA% 4 (cm)FBL 15.93 1.550 11.38 2.029 11.55 2.064
FERA (mm)PL 12.09 1.550 14.91 2.019 15.00 2.075
JERTE (mm)PW 8.27 1.550 8.65 2.075 8.64 2.035
HAHE (g)HPW 9.82 1.748 10.36 1.897 12.96 1.946
FfF4 (mm)SL 20.51 1.550 15.28 1.877 13.87 2.077
FF 58 (mm)SW 20.09 1.550 9.75 2.006 10.06 2.055
H{HE(g)HSW 20.29 1.550 16.20 1.983 17.39 2.015
kA 1) (g) PPY 10.56 1.154 22.17 1.847 17.15 2.029
bk T PPN 7.26 1.154 15.87 1.958 20.47 1.787
BT i (%)PC 7.19 1.550 8.86 2.059 10.16 1.964
it (%)0C 2.09 1.004 2.44 2.075 3.04 1.974
THER & 1t (% )OAC 9.25 1.550 9.56 1.905 32.69 1.256
MR 5 5 (%) LAC 4.99 1.748 6.64 1.871 26.32 1.250
W JFHE B i (% )RSC 5.67 1.748 6.30 1.970 6.72 2.074
AV PN (%) SSC 21.53 1.550 23.44 1.966 30.52 2.028
RS 2 (%)SC 23.69 1.352 26.00 1.986 36.44 1.965
SBEE (%) TSC 14.04 1.352 11.65 2.028 17.34 2.045
2:300 HuJ7 S Landraces M i & Lines W % SLFF Breeding varieties

& 2000

ﬁ 1.500 | & s i i i ek 1 s d 1 I : i

H I i I

0
PBN MSH FBL PL PW HPW SL SW HSW PPY PPN PC OC OAC LAC RSC SSC SC TSC
IR Traits
B2 FEZEBFMREE SR
Fig.2 Shannon’s index(H') of different germplasm types
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Table 5 Shannon's index (H') of germplasm from different sample source

PR A | ) ur AR Fiftag (1)
Traits Jilin Hebei Henan Liaoning Shandong Others
45 A K PBN 1.957 1.642 1.870 1.906 1.877 1.834
F 2555 MSH 1.726 1.162 1.879 1.945 1.968 1.696
H—MF K FBL 1.532 1.264 1.812 1.975 1.853 1.696
FEFRK PL 1.713 1.376 1.910 1.966 1.970 1.609
SR PW 1.639 1.720 2.020 1.993 2.063 1.609
TR E HPW 1.693 1.720 1.925 1.911 1.619 1.696
Ff 7 SL 1.614 1.846 1.973 2.046 2.069 1.748
Fh 5% SW 1.681 1.846 1.956 2.006 1.533 1.696
1 HSW 1.977 1.846 1.970 1.901 1.981 1.643
bR S PPY 1.459 1.540 1.936 1.953 1.945 1.887
BARREEILEL PPN 1.739 1.241 1.856 1.917 1.598 1.471
HHABTE & PC 1.751 1.414 1.896 1.926 2.036 1.887
it OC 1.715 1.673 2.010 1.970 1.967 1.418
MER & i OAC 1.123 0.655 1.343 2.038 1.278 1.359
MR i LAC 1.108 0.655 1.309 1.956 1.230 1.471
57 i RSC 1.944 1.673 1.856 1.843 2.021 1.696
AR i SSC 1.668 1.673 1.959 1.966 1.959 1.609
MERE & 1t SC 1.480 1.768 1.852 1.925 2.008 1.696
JBES R TSC 1.654 1.894 1.959 1.932 1.943 1.834
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HEARSEPC
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TN E Rt SC
RS R TSC

— * * O *
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Fig.3 Correlation analysis of phenotypic traits
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Table 6 Principal component analysis of 19 phenotypic traits in tested materials

EIN FHGFL FERGF2 FRUR3 FRUr4 FRGS S ERGre ERGT
Traits PC1 PC2 PC3 PC4 PC5 PC6 PC7
45 BA B PBN 0.047 0.056 0.171 0.164 0.087 -0.015 0.026
F2£ 5 MSH 0.033 0.170 -0.178 -0.094 0.310 -0.262 -0.099
— A7 FBL 0.032 0.170 -0.171 -0.096 0.322 -0.253 -0.104
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PR FRGL EMG2 O ERMG3 S ERUr4 RS FRUre FERGT
Traits PC1 PC2 PC3 PC4 PC5 PC6 PC7
JERK PL 0.094 0.162 -0.045 -0.046 -0.165 -0.043 0.453
JERTE PW 0.057 0.150 0.080 -0.008 -0.077 0.158 -0.384
HRE HPW 0.051 0.235 0.022 -0.016 0.039 0.109 -0.056
FiF& SL 0.072 0.178 0.113 0.053 -0.227 -0.007 0.350
758 SW -0.033 0.093 0.177 0.041 0.013 0.350 -0.490
H{E HSW 0.062 0.228 0.099 0.001 -0.076 0.114 -0.003
¥k )1 PPY -0.014 0.021 0.174 0.245 0.359 -0.013 0.172
FARREE A PPN -0.009 -0.047 0.222 0.271 0.277 -0.009 0.209
T PC 0.015 -0.026 -0.212 -0.005 0.177 0.615 0.225
ikt oC -0.180 0.066 0.159 -0.077 -0.096 -0.315 0.048
AR B OAC 0.052 -0.050 0.201 -0.417 0.141 0.080 0.114
WAMER 2 5 LAC -0.055 0.054 -0.197 0.415 -0.143 -0.088 -0.113
M i RSC 0.180 0.015 -0.044 0.062 -0.012 0.084 0.146
A PERE S & SSC 0.239 -0.080 0.008 0.047 -0.017 -0.074 -0.087
HERE S SC 0.233 -0.088 -0.013 0.052 0.010 -0.032 -0.099
B TSC 0.205 -0.092 0.082 0.019 -0.045 -0.261 -0.189
FHIE(E Eigenvalue 3.950 3.414 2.558 1.830 1.701 1.136 1.034
Biik% (%) Contribution rate 20.789 17.967 13.462 9.631 8.953 5.976 5.444
EBITIHRF (%) Cumulative contribution rate 20.789 38.756 52.218 61.849 70.802 76.778 82.222
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Fig.4 Cluster analysis of 226 peanut germplasm resources
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Table 7 Average values and variation coefficient of phenotypic traits in 3 groups

" 2T Group 1 ST Group 11 &I Group 1T
Eﬁs FEE A5 2B %) SEHE AR5 R E(%) SEIE AR5 R %)
Mean cV Mean cv Mean cv
45 K% PBN 6.69 1111 6.85 7.69 6.48 12.94
F255 (em) MSH 35.71 12.67 41.02 7.53 36.12 11.78
H—MIF K (cm) FBL 38.35 10.99 43.61 7.08 38.47 11.34
JERAK (mm) PL 31.89 15.18 37.25 9.23 32.61 14.91
JERTE (mm) PW 13.09 6.22 14.15 7.40 1275 8.10
HRHE(g) HPW 180.91 11.03 217.18 8.06 176.03 9.61
A4 (mm) SL 14.80 14.24 17.39 9.83 15.04 14.16
A5 (mm) SW 8.51 7.01 8.79 9.77 8.09 10.18
B H (g) HSW 74.23 14.29 92.23 7.61 69.53 14.62
HbRE"71(g) PPY 18.15 18.14 18.61 12.05 18.25 20.13
HRREEHE PPN 17.75 17.50 16.28 11.56 17.21 20.05
E AR (%) PC 21.89 8.97 22.13 8.31 22.40 10.15
il (%) OC 53.94 232 54.19 272 54.04 2.97
TR & it (%) OAC 75.23 6.74 34.45 7.81 35.16 11.55
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x7(48)
" B Group 1 BN Group 1T ZEHEIIL Group 11T

E:?; M 5 F (%) FEME 57 H(%) FEE 5t (%)

Mean cv Mean cv Mean cv
MR % i (%) LAC 9.44 47.65 44.44 5.09 43.73 7.52
M5 1 (%) RSC 0.76 5.71 0.76 7.76 0.75 6.44
AR 5 (%) SSC 3.56 18.08 2.82 23.04 2.92 30.02
BB 1 (%) SC 2.00 21.19 1.53 28.15 1.62 35.41
SEE (%) TSC 18.06 12.00 15.35 10.97 15.89 16.30
F8 EMRTEREMERESEMN
Table 8 Comprehensive evaluation on phenotype traits in tested materials
£ AR e >k I FH Hi4 £ AR FAl ki FAd Hi#
No. Name Type Source  F-value Range Name Type Source  F-value Range
P4 K2 Sur=lp i M| 0.722 9 P142 Cc-9 AR bilEe] 0.919 4
P9 LTS EFEWM w0933 3 P144  JH1£200704-9 AT WL 0.767 8
P41 WfE365  EEMF bEN] 1.141 1 P176 HEAE 609 HEH S AN SISy 0.706 10
P90 C-53 TR L] 0.820 6 P178 F45 TEF A IR 0.819 7
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