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Identification and seedling stage evaluation of
Pinus tabuliformis hybrid progeny

LiuJia Zhou Chengcheng Li Wei
(School of Biological Sciences and Technology, National Key Laboratory of Forest Genetics and Breeding, National Engineering
Research Center of Forest Breeding and Ecological Restoration, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] Pinus tabuliformis is an important ecological and timber tree species in northern
China, possessing high economic and ecological value. This study conducted parentage identification,
investigated the physiological and molecular mechanisms of cold tolerance, and performed seedling
evaluation on its hybrid progeny. The research aims to provide a scientific basis for genetic improvement

and germplasm innovation in Pinus species. [Method] Taking hybrid progeny of P. tabuliformis as the
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research subject, this study performed parentage identification and genetic analysis using molecular markers
at two levels: organellar (chloroplast and mitochondrial) and nuclear (SSR) genomes. Systematic
comparisons were made with parental P. tabuliformis and another high-quality pine species, P. sylvestris var.
mongolica, in terms of growth traits, physiological and biochemical indicators, as well as transcriptomic
responses under low-temperature stress. Finally, a multi-trait comprehensive evaluation and selection of
superior individuals were conducted using the fuzzy membership function method. [Result] (1) Analysis of
chloroplast and mitochondrial DNA sequences confirmed that the paternal parent of the hybrid progeny was
P. tabuliformis and the maternal parent was P. densiflora var. zhangwuensis. Both genetic distance and
cluster analysis indicated that the hybrid progeny were most closely related to P. tabuliformis and grouped
within the same clade, suggesting that their genetic characteristics were primarily inherited from P.
tabuliformis. (2) Compared with P. tabuliformis and P. sylvestris var. mongolica, the 3-year-old hybrid
seedlings exhibited greater average height and ground diameter, indicating superior growth performance.
(3) During natural overwintering, low-temperature stress significantly affected the physiological metabolism
of the three pine species. The hybrid progeny exhibited more active photosynthetic pigment metabolism, the
greatest increase in malondialdehyde accumulation, and rapid and efficient responses in soluble sugar and
soluble protein levels. Both peroxidase and superoxide dismutase activities remained at relatively high
levels. Overall, the hybrid progeny demonstrated superior physiological regulation capacity compared to P.
tabuliformis and P. sylvestris var. mongolica, indicating stronger adaptability to low temperatures. (4) Gene
expression analysis among the three pine species revealed that the hybrid progeny had the highest number of
differentially expressed genes under low-temperature stress, with the most pronounced changes in
transcription factors and protein kinases. Four key transcription factors (PtZFP30 PtNAC83. PtMYB230 Fll
PtNF YB3) were identified. (5) Using the fuzzy membership function method for comprehensive evaluation
of growth and physiological traits, 25 superior individuals were selected from 150 hybrid progeny. Their
average membership degree (0.458—0.578) was significantly higher than that of P. tabuliformis (0.457) and
P. sylvestris var. mongolica (0.455). [Conelusion] This study systematically elucidated the advantages of P.
tabuliformis hybrid progeny in terms of growth, physiology, and molecular mechanisms, established a
comprehensive multi-index evaluation and selection system, and selected 25 superior individuals. It not only
provided empirical evidence for understanding the mechanisms of heterosis in forest trees but also layed a
material and theoretical foundation for the breeding of new pine varieties.

Key words: Pinus tabuliformis; Pinus sylvestris var. mongolica; hybridization; parentage determination;

comprehensive evaluation; germplasm innovation; forest tree genetic breeding
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Tab. 1 Characteristics of chloroplast and mitochondrial primer sequences

/B 5751 (5—3") K /bp 1B KR E/C
F: TTGGAAAATTACCTGAGGCTTATG
psbk 718 55.0
i R: TACGTCCGGGATTACGTCCT
- F: CGAGGAAGAGAAGAGAGGG
rbel 1360 56.0
R: ATGCGCATGATCAGGTCATT
F: CCACTTGAGCAATCTGCCATTG
atp6 669 57.6
- R: ACCGGTCGGTGCAAAAACTAT
ZRAM.
F: TAAAACTCGTCGTCCACCTCC
rps4 960 58.3
R: TTCGTTCCTGCTCCGAAGG
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Tab.2 Sequence characterization of 16 pairs of SSR primers
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4 Pita_est0325 (CTO), 250 ~ 265 MN514996
- R: CGAGGAAGAGAAGAGAGGGA
F: CCAAACAAAAAACAGTCTGC
5 Pita_est0217 (GAT)g 280 ~ 304 MN514997
R: CTGGATTTACCACGTCCAC
AGGAGGGGTAAAGGCGAGA
6 Pita_est0310 (AGG)s 261 ~273 MN515001
- R: TGGAAGGGCACCAAGTTC
F: GGATGAGGTAAAGGGCAA
7 Pita_est0446 (TCT);, 144 ~ 151 MN515004
- R: GACGAGGAAGACGAAGATG
F: GGCCTCCTCAAGTGAATAGT
8 Pita_est0218 (GT)g 234 ~242 MN515005
R: ATGACACGGGACCCAAAA
AGAAAACGCTCTGAACAAATT
9 Pita_est0443 (GGA), 249 ~ 261 MNS515008
- ACCACCATCGTCGGCAAC
F: GCCATTTTTTTCTTCTCTCCT
10 Iw_isotig04306 (TCO), 197 ~215 KF501205
R: GGTCGGTTTCTGAATTTCTAA
F: CTCCGTTTGGGTIGTGTTTG
11 Iw_isotig04204 (CGGCT)s 243 ~ 263 KF501187
R: ATCCTTGCCGCCAGATTTGT
TGTGCGTATAGGAGGTGGAG
12 Iw_isotig05123 (GAG)4 180 ~ 186 KF501206
R: ATGAAAGGTGACAAAGCGGT
F: TCCGTGACCCTATTACGT
13 Iw_isotig01420 (CTG)s 184 ~ 196 KF501198
R: CGATTAGTTGCTTGCCTT
F: CAAACAAAAAACAGTCTGCA
14 Iw_isotig07383 (GAT)g 198 ~216 KF501190
R: ATCGTCATCATCATCGTCAC
ACACACACTGAGCTCCAATTT
15 Iw_isotigl 1166 (TA); 160 ~ 170 KF501208
R: AGTCCCACCTCTGCTGATACA
F: AGAGGTGATCGCAGTCAAAGA
16 Iw_isotig20215 (TA); 194 ~212 KF501210
R: TTCAAAAAGACCAAACCGTAG

FAr AT 2023 48 10 A 12 H (R IE RT3, H 58
162 €. 2023 4 12 A 18 HURIEMA, HIYEN
—14.2 C)~ 2024 4 2 H 28 HUR RS #1, HIE
N=2.9 C), IR AEK TR BRI E R R, RE M E
AR S AR BT, ARAF-T—80 °C vkHh, FFH4 &
TR, BHY PREE. W _BMMDA S &, M
BESSHE &, MEEEA P R, d A Y
(PODDJE 1 S ALY B AL (SOD) ¥ 4 55 A= B 4R
Frilll & . Hr, MDA, SS. SP. POD. SOD ¥ 4: 1k
Fabr i A Ab R B FRHE A IR A m G Sk AT,

BT B A&, HagRsaE, KRy
N2 A B 5E 7S IR Arnon! T R 5 v 3R BA
U, MEfRFR ISR a & TR Kb S E.
MR SR KHY PRSE. B ESR 3 X,
BT H41H
1.2.5 #Fan 5

NT NG T E P R D Re o %
SRR X 48 S T AT A BTG B (1) 431 BILL, 4
IR Z BT AR BA RO FEAA B Gt A S A8 144D I IR
TS AL IR 0 ) e ot R AT e S A e A A A A 4



28

R RS A A AT E S Y 145

MNEY)HEE . S RNA PRI H R A A
A A RNA $RBGRG & AL RBUERHE A F
1) T7 “F & 347 @ 22 77 o % 5 S 20 304 134T R 4t
G3AT, 8 R AR A AT 25 S R AK B TR 43 B,
5 W LE AR 38 AR o (B i € 14 22 S AH O 1) 5%
BEIEA ;{8 H TB tools B % 72 S HE K 14T GO L)
REE BT, AR 2 5 2l i, ik —P 0t
FASFACRE S e 22 R B DR R P 42900, B ik th
TR I iR A 5 PR 3 s R 1
1.2.6 S8 RAE ZHIE

K F S 5% % 5 B PCR(RT-qPCROEE AR, X} 4%
SRZELI P 43 A o G Hh 1) G S DRk A T Rk K11
KR IR S € B, DAA R 5 I 45 SR 1
Al S . SIS 5] W8 i 7 26 °F £ (https://sg.idtdna.
com/Scitools/Applications/Real TimePCR/ )it 417 # i1,
Fe A TAEY TRECEEORAR A IRA R A . &
TEAS JEAEY) PR IEFE 1 P18G22100 1E AN S A
ffi i CFX96 TouchTM # 4t #E4T £l PCR = i {4
ZAd A 2R 4E A F] 1) 2 x SYBR Green Pro Taq HS
Premix i 7, FTH B cDNA Fi B8R EHKRIERN
100 ng/pL. @I 2747 THE 4 ANBE LG B A 1) AH
Xk, Horh R AGEE 8 Excel #PFALEE, WAL

153 #1iE it GraphPad Prism 8.0 SZI .
127 %440

SR FHASER S5 Ja oR Bkl I e 2 4 R v PAN ALY,
E AR R e A K S A BRI B G —, TR
FR R B TRR ISR R U, AR5 BUA R R AR 1~
BIE, W28 FARS WS TR A RV REEAT LG
PEAN, G R AR, S35 SRR R AR K, RV
i &5 LT
1.3 #iR4bIE

{8 F Excel 2016 #ll IBM SPSS Statistics24.0 &
AT B e B B 7 T A

2 HERE

2.1 HREZFREFEREE

W S A R e 1 51 0 e A bR 285 SR (B DR
20 N IEAZFARKEARN] rbeL F psbk ¥ FVRFE 55 0 F2A
FEAVCEDL o ZRRLAARRE J: M 5| 0 7 51 B &8 5 (1 2D
IR, B FRERIAR atp6 F rpsd 751 582 A 58
A BT RME Y40 i %% DNA B8 A& R (i
LRARAL R IEAE . R BE R IR, HIDIE B Ak
LA AREISCA ML, BEA I i

Nk — PR THREGE KRR, BT 16 X4t

BC-1~BC-20 fRRiMFAZ 5 7, RAMERIZL (F7 Sk ZoR AR AR AR — B ¥ 5. TR,
Bl 1 MEARTIH) rbeL 75X

Fig. 1 Blast of chloroplast primer rbcL sequence
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Fig. 2 Blast of mitochondrial primer atp6 sequence
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Tab.3 The genetic distance among 4 types of pine trees

il RAETAR LIEA T AR IR
RRAEFIR 0
IV 0.273 0
(ESRIN 0.332 0.511 0
BRI 0.317 0.430 0.467 0

(EERIA

&Rk

TR
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Fig. 3 UPGMA phylogenetic tree of 4 types of pine trees
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Tab. 4 Growth situation of 3 types of pine seeding
) HHEIN (RN AT
M5 — — —
Wiz /cm T /cm 4% /cm Wi HE/em Hif%/cm i &/em
1 0.86 28.00 0.50 19.10 0.83 27.00
2 0.55 16.50 0.62 18.60 1.09 32.70
3 0.65 16.30 0.45 17.80 0.84 33.20
4 0.78 21.00 0.46 20.10 121 29.90
5 0.76 23.80 0.68 17.60 0.85 26.50
6 0.66 24.10 0.63 19.50 0.93 31.00
7 0.65 17.00 0.57 18.20 0.75 26.20
8 0.62 18.10 0.51 18.60 0.91 30.10
9 0.63 18.60 0.63 19.20 1.00 27.00
10 0.62 23.20 0.60 18.50 0.86 26.20
FHE 0.68 20.66 0.57 18.72 0.93 28.98
xR5 IHRAREHEHERKERTEST
Tab.5 Analysis of variance (ANOVA) for growth traits of 3 types of pine seeding
i H B2 Ly F P
AR SRR
iz i iz i iz i iz e iz i
N g AN TE] 2 2.058 1 1 453.96 1.029 1 726.98 35.437 88.97 <0.001 <0.001
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Fig. 4 Effect on photosynthetic pigment content of 3 types of pine trees during natural overwintering period
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Tab. 6 Average affiliation function value and ranking of
superior trees of hybrid offspring
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BC-65 0.482 11
BC-150 0.481 12
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BC-10 0.476 14
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BC-75 0.474 17
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