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Discriminant Analysis of Pine Hybrids and Their Parents Using
Near-Infrared Spectroscopy

LUAN Qi-fu,LI Yan-jie,JIANG Jing-min
(Research Institute of Subtropical Forestry,Chinese Academy of Forestry, Fuyang 311400)

Abstract: To discriminate among pine hybrids and their parents with simple rapid operation in forest tree
breeding and improved pine variety promotion, the partial least square-discriminant analysis ( PLS-DA) regression
model was established using the data of near-infrared spectroscopy of the dried foliage from two pine hybrids and
their three parents in southern China. The results showed that PLS-DA had a high accuracy rate, allowing a secure i-
dentification of two hybrids and their three parent species. It was clear that near-infrared technology could be used to
identify pine hybrids and purebreds, and it was a more simple, inexpensive, and easy operation than standard
isozyme and molecular techniques. The near-infrared technology had vast potential for applications in the discrimi-
nant analysis of forest tree species.
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AR AR RA IR g0 AR S H R A R T
R (3R 1) o Hor 2R AR o A0 45 BEAS KRR
( Pinus taeda L. 455 &y PTA) {RHHA ( P. elliottii
Engelman var. elliottii , 45’5 A PEE ) FIAC AL #4730
JInE Fe#S (P. caribaea var. hondurensis Barrett et Gol-
fari, 455 0 PCH) . Z2 A #5 Bl PTA x PCH (85 R
PTC) 1 PEE x PCH( {85}y PEC) ,
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Table 1 Experimental materials

A EEE
s ) Fo 447 gy AR
18] A7 52 N
FFiT 4 No. of
Abbreviation  Code Established
Pine species sampling
years
PEE 1 TSILEVN 1979 90
Pinus elliottii Engelman
var. elliottii
PTA 2 KIEH P. taeda 1. 1994 90
PCH 3 BEERRLEANE) LA 2005 90
P. caribaea var.
hondurensis Barrett
et Golfari
PEC 4 RN (PEE x PCH) 2008 90
PTC 5 KJ#E(PTA x PCH) 2008 90

PTA 1 PEE JC 1% 2 (R A7 76 W V128 Be M i A de
X[ 5 K AR ARk (30. 33°N,119. 86°F ) , PCH otk %
TREFTE T R WL T ARK R A 3 (21.38° N,
110. 26°E) , 2003-2007 43 H 16 4~ PTA #1 16 4~
PEE fiL R ICPE R AE R 28 s A BEAS 9 4~ PCH 1
R IoHE R A AR 2458 BRSSP A b T

B S AF 350 FH A LASR , 43 7F 3853 R 7 AR T R
f£o 2007 4F75 2108 HUHR 73 2 58 R PE K SR AR 37 1 [
HATE I ,2008 4EFZETERK SR PH AR IX R F B
PLIX A 318 2 A IR AR, 54T 6 BR/NX 6 IR
B MRITEE N 2 m x3 m,

1.2 HmRESHIE

2012 4% 10 H AR AR50 AR B AL X 6 4>
M INAA (PEC) 16 AN K IHA (PTC) Z4FiFadl &, B4
A FEHLFE 15 A~ 5pk, HE3 90 AN A F1 90 4>
KIMPAREAS ; L1 12 AN Ec LA B AR O R fE 6
AMBHA (PEE) 6 A K XEAS (PTA) A1 6 A PE#R 7
P LeRA (PCH) otk &R, RS To M R BEMLIEHC 15 4~
g3tk BNEEZESEA R 90 N EABRFEA (R 1)

B A FEAS L I 119 SR 2 AR 1 B — 4 A= { e 1)
A 5 2 B 4R 4% 1 SR SR 4R B[] 5 R A 4
5 MR 70 C LT R I SR e XUES
A HLREET I S BRI 26 B A o O L 0, ARIE
W AU 35— S0, SR )5 FER ARE i FE B A
HEATEIR 70 CHE 24 h JF AT AN, 180 4
FeRIAEAS A 20 AN TERET B Ry i R i 2k
WK, R R AR D, Tk 3RS NIR £
P, B LA e T Bt iR AR Bk 160 4>, Bk 1Y
FEACHR PEC M 12 4>, PTC 1 8 14,

1.3 iE45hRigRE

HET IS PIRE SO AT E RS 1/ NSRS AR v S ot
P21 AN ( Model N-500, NIRFlex , BUCHI, Switz-
erland ) 7E L2140 B (4000 ~ 10000/ cm ) #4744
BRI 8 YOGS 1 AEIEE , 6l
BN BE 4/em i858 1 B , 2 1500 45508 i, 2N
TS IR AHERSTE 24 °C |, BE S DR B BE 78 %
FERT 7 d,

1.4 PLS-DA ©#775%

PLS-DA J&—Fh T PLS [8] 3434 X6 A~ [5] 2% 5]
Z IR PR 22 ST A0 R — P oy STk . B R
BN AR RN R R AT S, SR ST
G378 5 6 B R Y PLS A5 AR R A 34 N7 )
Jei W A Hh A i AR AARE AU R A 138 R IR
A3 SAR B> IR 20 28738 (R 0 SR SRR i ot
P2 B0 7 1 ok A8 UG IR 7 | Y6 v [l ik #
4000 ~ 10000/ cm,, 43 B B BEALIC 2/3 BFEA T
AT HAY 173 VR R IRARE

PRI B 59w 5 (R 1) , R 48 PLS-DA 43
Bror s, X 5 iy 5 500 B9 A% i b4 ek 35 2 22 i A )
(RIS Ffrp Ak 0 F0000 A5 H A48 e 3500 1) (%) T30 A% £
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Yp, Hrp & 25IRE Yp 2325001 F . (1) 0.5 < Yp <
1.5, HAw2E <0.5, A E R fsw T 7028 1 (HNE bR
PEE, Fl); (2)%4 1.5<Yp <2.5, Hfw# <0.5,
FIERERB T2 2, (3) 2M2.5<Yp<3.5, HiW
26 <0.5, FERTR T 028 3;(4) M 3.5<Yp<
4.5, B2 <0.5 FERMR T 006 4;(5) M 4.5 <
Yp <5.5, HAWZE <0.5, HERES R T 28 55(6) 4
Yp B 2E >0. 5 i HE AR AFERE o
1.5 RiLwmsE

T S BRI g 2t B AL A T R AR
R & RIE R B G RAE SMR T 05,
TS I AR T HEA T 3 Y ) TAL B AN BT B R (E
HIMETS 315, S R 5 b 42 SRS BB A vh L0 A &4
ARG R . AWTTEERT 5 B [E 8965 sk
PRV (£ 2) , AT F 1AL #E (smoothing ) | 2 JCHUST
# 1F ( MSC , multiplicative signal correction) |5 7 5
—4k (SNV, standard normal variate) ,— [ 4 (1
STR, the first derivative transformation) Fl — B 5§ 44
(2" STR, the second derivative transformation ) 5>F¥
eI A T

09

MZCZR (%)Absorption

1.6 Zits#hr
BE Ak PR PO AR AR i 48 57 3R Unscrambl-
er® 4 (CAMO Software , Inc. ,NJ,USA) #H47,

2 FERE5HMH

2.1 E) S T AL T8 X AR B ok A e A B2 0

AT BT LU S [R] R it ol 2 516 33 o 7 6
WA (R A7 AR /NI 22 5 D e R Fy R AR B TR] L (R
JR IR YIS A AR B 0 ) R 2R TR B4, 3 A5 AR T
DR A AR K s, BRIIE , R T S5 KRR B IR R
PO B AT R L, 25 R 2R A B LA R HL A e 7 Y
TP, T BRI WAL B AR5 A T AN ROk
T T A B 9 Kok A TR o A R AR R (R 2)
A DLE W20 i B S Bk PR O 1 BT 2
WA EUD, H R FK, 9 0.99 , RMSE {HAY 4 0. 18,
K2 Rzt — i SEUCBRS  5 R R OERE
P2 AT 17 T B 5 RORT DU R s Ak FE TR
B, TG b S WO 9 A A501E B, DA T 4 s T
BRE . DRI G 190 A B 2 3 R P i — B
LGB

4000 4500 5000 5500 6000 6500 7000 7500 8000 8500 9000 9500 10000
IELAMERE NIR/cm

B 1 PEE.PTA.PCH.PEC # PTC $tM 3t T4TEEFHIIE LIS A3
Fig.1 NIR spectra for dried conifer foliage from PEE,PTA ,PCH,PEC,and PTC

% 2 PEE, PTA.PCH, PEC #1 PTC $tMHIE£T5MiE PLS-DA &R E Gt
Table 2 Statistics for the PLS-DA regression calibrations of NIR spectra for dried conifer foliage from PEE, PTA,PCH,

PEC,and PTC
St Spectrum HF# Factors YT iiRZE RMSE R? FrifER SE
JEUHAYGIE Original spectrum 12 0.68 0.75 0. 68
ZIGHSHEIE MSC 12 0. 60 0. 80 0. 60
PRI —1k SNV 12 0. 66 0.76 0. 66
- H AL Smoothing 12 0. 68 0.74 0. 68
WAL + — B F 4L Smoothing + 1% STR 12 0.22 0.94 0.22
AR + B 34K Smoothing +2" STR 8 0.18 0.97 0.18
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Fig.2 Smoothing +2" STR NIR spectra for dried conifer foliage from PEE,PTA ,PCH,PEC,and PTC

2.2 PLS-DA H|FEE & 31 5164

BT PLS kg ar THEAM AR S NIR J6
TEAFAE [B] 9 [l AR SR 5 R PLS 8] A 5 2 % A
IEARFEA Y NIR Stk 540 A8 s AT 1 407, IF
ST NIR YRR 5 /3248 2 (] (1) PLS BEAL | 303F
T R A LIRS i Ak 31 5 e 8 W +
TR EAE R O FETE R 4000 ~ 10000/ cm

&l 3 & PLS-DA 1 5 2R A8 g T 3 > F B
T E =4E, I 3 AT LAE ) BERA R A 45
H o3 X3, 2 A2 9 20 A1 XSk B S AR K, W]
RE P Ay H LA (] B S A I LU A 5 3 R AR S AR
() o0 A IX 3 25 5 X 4y, s Hetb A kit 7. 0 b s

Factor-2(7%,33%)

Factor-3(3%,11%)

Factor—1(12%,44%)

= PEE e PTA
3 PEE.PTA.PCH.PEC # PTC jE£I5p
Fi&H) PLS-DA B FESHZ4E
Fig.3 Results from the PLS-DA factors scores of all the
individual NIR spectra of PEE,PTA,PCH,PEC and PTC

4+ PCH +PEC vPTC

7E NIR D3l B /9 22 5, JUH 2 Lol (1 = A 1K
Bi) 5 5581 2 A (D7 BLRBIE ) 2 (8] 4 = 4k & v
JUF-3A B X, R 2 [m A Ah 22 bk de K iX
5 D. S. Gernandt %" R 4 FARICHF 58 BIFAR 43
FGE A

HET PLS-DA J5 69 NIR S0 5 RAARE 943
BT 45 FANE R % 8 - Hb ) 500 25 2 ol A — 2 A
IR R T AR E R SE SR, BoR H NIR XF 4R
b B Hoop A B 3 iR B Re 0, 9F H HA 545
TFARICAHZS RN P Fh o 2% 56 R B 5 (645 7E M
KL B Dy 2T
2.3 PLS-DA FZ#REI R 36

T KIS PLS-DA #EHY Y 5 v M B R S
BEAL ST (IR A AR b JEF PR R 50, &5
RULE 4 FE S5, B4 hgh b1 ~5 Rtk
A5 5 PEE . PTA \PCH .PEC I} PTC, [ 5 ) Fh
HRIERR ML ] ok . Bt EE BoR , fE R 25 <
0.5 MYE LT, F0 HERH 31K 100% , Ktk PLS-DA
SEA R LT AN TS EE ST A F BB R AR B A AL, TR
KFNA R Z2R R HEA B 5 DIRE s g
ST HI A HTEE R R AR S E 3 R A
2T T HCKS 5 SRR DX 23 Ik AR X 07 R
P14 5 ) %) S % 0 2R TR A

3 #Hit5itie

LA AR A RS DR Yy b 8] 1) A 52 BE S
TERR A 388 A 2 R AN I B R AR B . 252
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Fig.4 Discriminant results for PEE,PTA ,PCH,PEC,and PTC samples by PLS-DA model
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Fig.5 Discrimination polt of PEE,PTA,PCH,PEC,
and PTC validation data sets
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